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1 Introduction

In RAN#53, the study item of the provision of low-cost MTC UEs based on LTE was approved [1] and the working scope of the SI was discussed in RAN1#66bis. Since there is a relationship between applications characteristics and cost-reduction solutions, it is desirable to discuss and summarize the characteristics of MTC applications in the initial phase of the SI in order to be able to identify the way forward of the study item.

This contribution provides an initial analysis of MTC applications characteristics for low-cost MTC UE in the SI scope.
2 MTC applications characteristics for low cost UE
2.1 MTC applications scenarios
Among the many possible scenarios for MTC applications, three use cases are described in [2]: 

1. Metering
Metering refers to power, gas, water, heating, grid control, industrial or electrical metering, etc. Meters could be used to monitor energy networks, to provide information on energy consumption and billing, and to improve end-user energy efficiency. 
2. Road Security
Road security refers to in-vehicle services which could provide location information and other specific information. The information could help to bring rapid assistance to motorists involved in a collision. Road security also includes some smart applications for ticketing, intelligent traffic management, congestion avoidance and fleet management. Some road security applications may be classified as limited mobility (i.e., seamless handover not required) but still move frequently (e.g., position track).
3. Consumer electronic devices

Consumer electronic devices include electronic equipments intended for everyday use and are most often used in communications, entertainment and office productivity. However, the consumer devices are diversity from remote control, to image upload, and to wireless display. The data rate spans from a few k-bps to probably giga-bps. Therefore, this contribution will not analyse its characteristics in detailed.

In addition to the applications mentioned above, another typical and popular MTC application is monitoring.
4. Monitoring
Monitoring applications include building structure, environment, health, security, video surveillance [3], etc. The monitoring devices with communication modules are mainly used to report information. Monitoring is periodic in normal conditions but multiple devices also can be synchronized to an event (e.g. emergency call) or a command (e.g. control information) at any time. 

A concentrator is usually adopted due to the strict energy consumption or low cost requirement in many MTC applications scenarios (e.g., the metering, monitoring, etc) [4]. Access through concentrators is used to connect a capillary network with specific capabilities and air interface (e.g., ZigBee, WiFi, etc.) to serve for data aggregation. For example, in a metering application there may typically be 10 devices per concentrator [5]. The characteristics of the concentrator may differ per individual application scenarios and should be considered further. 
2.2 MTC applications characteristics

Table 1 summarizes the characteristics and typical values for MTC applications. It is assumed that a concentrator serves a group of devices (e.g., meters, sensors). G devices are grouped and connected to a concentrator [2]. A concentrator connects to eNB and reports the data. The value of G is given by:

G = 10 (10 devices per concentrator)
or

G = 1 (no concentrator)
Table 1: Characteristics and values of MTC applications
	Service Type
	Uplink Dominant
	Periodicity and Burst
	UL interval
	Packet(bits)
	Mobility
	Latency(sec)

	Metering
	Yes
	Yes
	5min-24hour 
	<103(G=1)

<104(G=10)
	Static
	10-102

	Road Security
	Yes
	Yes
	5sec-1min
	<103
	High or low
	<10

	Monitoring
	Yes
	Yes
	5sec-1hour
	<103(G=1)

<104(G=10)
	Static or low
	1-102


Note that data rate is not listed in the table, as packet size, period, and latency are more descriptive.
· Uplink dominant
Usually, unlike traditional human-to-human services, there is more uplink traffic than downlink in most MTC applications [5]. The majority of downlink data is control or configuration information. Therefore, most of MTC applications are uplink dominant.
· Periodicity and Burst 
A significant feature of MTC application is periodicity under normal conditions. The period should be associated with the different MTC application scenarios, from several seconds to several days. But multiple MTC devices also may be triggered any time by an event (e.g., emergency call) or a command (e.g., control information) in some applications, such as monitoring, metering, etc. 
One important example of a burst is all meters reporting after a power outage. It is important that the MTC system can handle such an event, and not just steady-state periodic reporting.
· Low Data rate

The peak data rate requirement of common MTC applications will be significantly reduced compared with H2H services, especially in the downlink. If a low-cost MTC UE is used as concentrator, the uplink should support the aggregated data rate, which may need a higher data rate compared with a direct access connection in uplink. In some cases the number of concentrators (i.e., more than 1000 in a cell for metering) may be high enough and the data rate low enough (e.g., GPRS/EDGE gateway [6]) that the low-cost MTC UE would be preferred to a “normal” LTE device.
· Small data
The majority of MTC devices only transmit or receive small amount of data. For example, the typical metering data size is smaller than 1k bits.
· Low Mobility

The majority of MTC applications are low mobility scenarios except for road security. Several use cases of low mobility are described in [7] as follows:

-
Move infrequently, and may move only within small area, e.g., health monitoring
-
Move infrequently, but may move within wide area, e.g., consumer electronic devices
-
Not move normally, i.e., with fixed location: e.g., metering, most monitoring, concentrator, etc.

· Latency requirement

The normal latency value for different MTC applications may be from a second to a minute or more. It is noted that many of MTC applications are delay tolerant, such as metering, monitoring, etc. For periodic applications, it is desired to process one report before the next has arrived. 
2.3 Summary
Based on above analysis, Table 2 summarizes traffic characteristics for low cost MTC UE according to Table 1. These characteristics are summarized for periodic reporting on the UL. All applications are expected to be UL dominant (2:1 or more UL) and support both periodic and burst reports.  

Table 2: UL traffic characteristics for low cost MTC
	Use cases
	UL interval
	Packet (bit)
	Mobility
	Latency(sec)
	UE number per cell

	Metering and monitoring
	1min (optional)

5min, 30min,1hour
	<103(G=1)

<104(G=10)
	Static,

Pedestrian (optional, no seamless handover requirement)
	10 (optional),

60 or more
	5000,10000,30000(G=1)

500,1000,3000(G=10)

	Road security
	5s (optional)

10s,30s
	<103
	Vehicle (no seamless handover requirement)
	1 (optional)

5
	1000


The traffic characteristics of metering and monitoring are similar, but they are different from road security. 
Proposal 1: It is proposed that the following two types of use cases should be considered in the SI:

· Metering and monitoring

· Road security
These characteristics mentioned above may be sufficient for most of the cost analysis work. A full traffic model (including packet size distribution, arrival distribution ...) can be developed if necessary.
3 Conclusions
This contribution has discussed and summarized the characteristics of MTC applications.
Proposal 1: It is proposed that the following two types of use cases should be considered in the SI:

· Metering and monitoring

· Road security
In addition to the low peak data rate and limited mobility characteristics mentioned in [3], some other key characteristics of low cost MTC UE are summarized and discussed.
Proposal 2: In addition to the low peak data rate and limited mobility, other key characteristics for low cost MTC UE include, 

· uplink dominant
· small data

· periodicity and burst

· delay tolerant
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