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1. Introduction

Machine-type Communication (MTC) has been defined by SA1 as: "machine-to-machine communication, which is seen as a form of data communication between entities that do not necessarily need human interaction" [7].
UTRA and EUTRA are mainly designed for the human-to-human mode, which means there are high requirements for mobility and human inter-active experience such as call setup delay, Qos, etc. Since MTC brings slightly different requirements and the number of MTC devices may increase quickly, RAN has approved "to study RAN technical enhancements for machine-type communications for UTRA and EUTRA" in [1]. 
In this paper, we summarize the standardization status, list traffic characteristic for the MTC applications currently defined in SA1, and present areas where RAN impact is likely.

2. Standardization Activities on MTC
2.1 RAN

At RAN#45, a study item on RAN improvements for Machine-Type Communications was approved [1]. RAN2 has prime responsibility of this SI, and RAN1/RAN3/RAN4 secondary. For reference, the objectives of the Study Item are as follow:

· Study traffic characteristics typical for different M2M applications that are using machine-type communications based on the SA1 requirements and define new traffic models based on these findings

· Study RAN enhancements for UTRA and EUTRA to improve the support for machine type communication considering their specific requirements identified by SA1 

· Study RAN enhancements which enable or improve efficient use of RAN resources and/or which lower complexity when a possibly large number of machine-type communications devices need to be served

· Study the feasibility of above enhancements with particular focus on  maximizing re-use of existing features while minimizing changes in order to keep complexity related to M2M optimizations at a minimum level

· Report areas where enhancements are found worthwhile to RAN

The SI is scheduled to complete a TR by RAN#48 in June 2010.
2.2 Related Standard Activities

In order to possibly help coordination on this popular topic, we provide a non exhaustive list of related activites below. 

· SA1 has created TS 22.368 in October 2008 to list Service requirements and optimisation categories for machine-type communications (MTC) in Release 10. SA1 requirements are now reaching completion. 
· The SA2 work item “Network Improvements for Machine-Type Communications” started in fall 2009 [5], to study and evaluate architectural aspects of the System Improvements for Machine Type Communications requirements specified in TS22.368. 
· A SA3 WI has been started: to work on the current SA1 requirements. 
· A study item “GERAN improvements for Machine-type Communications” has been agreed at the TSG GERAN#44 in Noveber 2009 [2] 
3. MTC applications for RAN SI 

SA1 TS [3] has made a list of MTC application examples as below tables: 
	Service Area
	MTC applications

	Security
	Surveillance systems,Backup for landline,Control of physical access (e.g. to buildings) , Car/driver security 

	Tracking & Tracing 
	Fleet Management, Order Management,Pay as you drive

Asset Tracking, Navigation, Traffic information, Road tolling, Road traffic optimisation/steering

	Payment
	Point of sales, Vending machines,Gaming machines

	Health
	Monitoring vital signs, Supporting the aged or handicapped,Web Access Telemedicine points,Remote diagnostics

	Remote Maintenance/Control
	Sensors,Lighting,Pumps,Valves,Elevator control, Vending machine control,Vehicle diagnostics

	Metering
	Power, Gas, Water, Heating, Grid control,Industrial metering

	Consumer Devices
	Digital photo frame, Digital camera,eBook


From above table we could see these MTC applications have different characteristics. We need anlaly these applications and summarize the RAN realated features of these applications, which maybe have impact on the RAN side and need further study.
· Smart metering [5] aims at providing customers and suppliers with updated meter information. Additionally it may allow the supplier to manage the consumption in their networks. This application is characterized by:

· no mobility
· small amount of data per session
· a large number of devices with potentially dense deployment

· possibly frequent interactive transmission between meters and server, to provide real-time status to the consumer
· on demand paging for meters may needed for monitoring and management
· less sensitive to call setup delay 
· Remote control or maintenance of sensors (for environment, field, pump monitoring, etc) is characterized by
· low mobility

· a potentially large number of devices with potentially dense deployment 
· possible synchronization of many call setups (e.g. sensors)

· on demand paging for devices to ensure connectivity 

· sensitive to call setup delay 

· Tracking and tracing can be used for asset tracking (cars in a parking, shipping containers), or to report traffic information from cars. This is characterized by
· high mobility (car);

· possibly restricted service area (asset tracking)
· a likely large number of devices with dense deployment (14'000 containers on the largest ships) 
· less sensitive to call setup delay 

· Health enable the remote monitoring of patient health and fitness information, possibly the triggering of alarms when critical conditions are detected, in some cases also the remote control of certain medical treatments or parameters. It could be used to record health and fitness indicators such as heart and breathing rates, energy consumption, fat burning rate etc during exercise sessions [9]. This is characterized by
· low/high mobility just like H2H UEs

· frequently send the information to service

· high priority for RAN traffice class 

· sensitive to call setup delay 

· small amount of data per session

· Payment can be used for vending machines located at public or train. This is characterized by
· no/low/high mobility based on the profile of the device

· a large number of devices with dense deployment (such as marketplace)

· sensitive to call setup delay 

· small amount of data per session

· Consumer Devices can be used for digital camera could take photoes and send them to a server. This is characterized by 
· no/low/high mobility based on the profile of the device

· a large number of devices with dense deployment (such as some travel industry sites)

· less sensitive to call setup delay 

· Security can be used for the traffic accident which the security MTC device could automaticly report this information. This is characterized by
· not/low/high mobility based on the subscriber profile of the device

· sensitive to call setup delay 

· small amount of data per session

4. High level RAN impact for MTC
According to some previsions, the most salient characteristic of MTC devices may simply be their large number. If one or more of the services such as metering, tracking, tracing, security or payment pick up, the number of MTC devices could quickly surpass that of human to human devices. Thereofore a capacity enhancements where optimizations are needed would be capacity. 

In order to enable such massive deployment of radios, they obviously need to be cheap to buy and operate. We believe that RAN should consider improvements on lowering the cost of MTC.

1. Paging capacity

The system may become paging limited in case the UE density increases twenty-fold, especially if some calls need to be setup concurrently. While the network planning can address the problem to some extent by reducing the LA/RA/TA sizes, such solution will adversely affect the power consumption of all mobile users due to more frequent location update procedure. Therefore it is proposed to consider enhancing the paging capacity for MTC devices.
2. Traffic capacity

User traffic will of course increase with MTC. Likely the amount of user traffic itself would not be large enough to have significant impact. However the large number of small sessions may increase the signalling/payload ratio dramatically. It is proposed to consider methods to keep the signalling/payload ratio reasonable and possibly also means to improve the traffic capacity.
3. Group management

As suggested by SA1 [3] handling groups of MTC devices may help in handling a large number of MTC devices efficiently.
4. RACH capacity

RACH congestion due to massive concurrent data transmission may take place. For example, after a power failure, all the MTC devices using the power grid will restart and attempt to access the network at the same time. 
5. Energy saving 

Battery charging may be inconvenient or impossible for some MTC devices. Power saving optimizations should be considered for some specific requirements of MTC, such as low mobility or large delay tolerance.
6. Efficient data transmission for small traffic data

This also relates to the possible need to keep the signalling/payload ratio reasonable. Most of MTC devices only transfer a small quantity of data, such as 100bytes. Currently the burden of signalling to setup RRC, security, etc is significant compared to such payloads. How to efficiently transmit small amount of traffic data should be considered
7. Reducing the cost of MTC Devices 

Obviously simpler hardware is cheaper. We should study the possibilities to allow reduced capability MTC devices.  

5. Architecture impact for MTC
SA2 just started M2M discussions in their last meeting and agreed to the Figure 1 below.
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Figure 1: 3GPP service model for Machine-Type Communication
The MTC Device connects to the 3GPP network (UTRAN, E-UTRAN, GERAN, I-WLAN, etc) via the MTCu interface. The MTC Device communicates with a MTC Server (handling M2M application control) using the 3GPP bearer services. The MTC Server is an entity which connects to the 3GPP network via MTCi/MTCsms interface and thus communicates with MTC Devices. The MTC Server may be an entity outside of the operator domain or inside an operator domain. Note that MTC Devices communication with each other without immediate MTC Server is not considered in this release according to SA1. 

From RAN point of view, we found no need to change the current RAN architecture to implement Machine Type Communication, as the MTC capability can be added to existing RAN/CN nodes.
6. Conclusion & Proposal
This document introduces the Rel-10 MTC Study Item [1] and summarizes ongoing MTC standardization activities. 
The high level RAN impacts should be identified firstly before we go to any solution, since this RANIMTC SI is led by RAN2 and supported by RAN3, so it’s proposed RAN3 to discuss this topic after RAN2 identify these impacts. 
A TR would be opened for RANIMTC SI, it’s proposed RAN3 to use a big CR to intergrate all agreed RAN3 CRs and propose such big CR to RAN2 when needed.
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