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Use cases for the MTC power saving study 
1 Introduction

At GERAN#60, a new Study Item called Study of Power savings for MTC devices [1] was agreed wherein the first objective is to “Identify MTC uses cases and traffic models where MTC devices would benefit from power savings”.  
This paper addresses general MTC uses cases as defined by 3GPP SA WG1 and how they map to the objectives of the MTC power saving study in 3GPP GERAN. 
2 Background

In the area of use cases for MTC devices substantial work has already been performed and documented in the Stage 1 3GPP TS 22.368 “Service requirements for Machine-Type Communications” [2].  
This work is used as a starting point when defining appropriate MTC use cases for use in the Power Savings for MTC devices study. 
3 Analysis of use cases in TS 22.368
3.1 General
In TS 22.368[2] a set of different use cases are identified. Here, only those that bears relevance for the MTC power savings study are summarized and analyzed in more detail. 
For the sake of this chapter the term Power Saving State is used as a general term to describe a state wherein the MS is consuming less power compared to legacy devices that are normally camped on the network. The exact configuration details of the power saving state are FFS. For a given power saving state the radio modem in the device may e.g. be completely switched off or periodically performing only a limited set of activities necessary to meet the needs/requirements of a certain use case. 
The term “latency” is used for mobile terminated traffic to set the requirement on how fast a device needs to respond to network triggering (i.e. the maximum acceptable delay for sending a trigger to a device to thereby cause it to send a report). The term “reaction time” is for mobile originated traffic to set the requirement on how fast a device needs to send a report to a network server either as a result of receiving a trigger from the network or autonomously determining the need to do so.    
3.2 Use cases
3.2.1 Addressing from a centralized entity
This use case addresses metering devices (sensors) that are monitored and controlled by entities outside or inside the operator’s network wherein a device normally only sends a report when triggered to do so by the network. Due to the centralized control, the metering devices are triggered to send a report to the network entity. Depending on the nature of the metering application low latency is sometimes required (e.g. metering for high pressure pipelines). 
Analysis: Depending on the actual frequency of triggers sent by the network this class of device would benefit from being allowed to go into a power saving state between each triggered report - the longer the device remains in the power saving state the larger the power savings. This use case is a network triggered use case with latencies ranging from seconds to days.  
3.2.2 Theft/Vandalism Vulnerable MTC Application

This use case addresses devices that send a report upon autonomously detecting the need to do so. From a network point of view there is the need to detect whether or not an MTC device at a remote location has been tampered with in any way and if this is the case the network may deactivate the service and the (U)SIM. For example, a device classified as stationary may be deactivated when mobility is detected. 
Analysis:  For this scenario there are no latency requirements if it is assumed that tampering is reported by the device itself. Instead there is a requirement on how fast the tampering needs to be indicated to the network. The reaction time may be vary from seconds to hours depending on how detailed use case (burglar alarm to temperature sensor).  These devices would benefit from being allowed to go into a power saving state after sending a report – the longer time between the mobile originated reports the larger the power savings. This use case is of mobile originated type with autonomous reporting.  
3.2.3 Time Controlled MTC Application

This use case addresses devices that autonomously detect the need to send a report but need to have as low communication fees as possible by only allowing the report to be sent during low traffic time periods (i.e. pre-defined time periods).  The network may want to dynamically adjust these time periods based on the actual network traffic load at a specific time but will be limited to using reporting events as opportunities to reach (i.e. send messages to) these types of devices. 
Analysis: This class of devices would benefit from being able to go into a power saving state between each communication with the network – the longer time between the mobile originated reports the larger the power savings.  This use case may be classified as autonomous mobile originated reporting if it is assumed that the network load is slowly varying so that the network may adjust the reporting time window by sending downlink data in connection with the mobile originated reports. 
3.2.4 Extra Low Power Consumption
This use case addresses devices used for tracking of goods or people as well as gas meters. All types of tracking devices need to have extra low power consumption in order for the device not to run out of power during the actual tracking period. The loss of power could in extreme case be fatal when e.g. searching for a missing person. Due to regulatory restrictions gas meters need to be battery powered.  These devices may be highly mobile or stationary.
Analysis: This use case would benefit from allowing the devices to be in a power saving state when not communicating with the network. However, for the case where tracking is based on the device receiving network triggers, this use case is essentially a special case of “addressing from a centralized entity” described in section 3.2.1 and can hence be described as network triggered use case. Similarly, for the case where tracking is based on the device autonomously deciding to send a tracking report, this use case is essentially a special case of “Theft /Vandalism Vulnerable MTC Application” described in section 3.2.2 which could be described as mobile originated type with autonomous reporting. Both paging based reachability outside the reporting period and ready timer based reachability within the reporting period are seen as potentially being required for this use case. Both latency and reaction time will depend on the exact details of the specific use case and may span from seconds to hours. 
An MTC device used for tracking, e.g., elderly people with memory problems need to be extremely power efficient in order not to fail when needed and would therefore benefit from being network triggered (not sending periodic reports every few minutes). At the same time, latency needs to be fairly short (order of minutes or less) in the event that the device needs to be reached for a “real time” location report.  Moreover, the tracker may also be programmed to send a “real time” alarm for which a short reaction time is needed, e.g., the device is outside a given geographical area or when detecting that the bearer has fallen down. 
Additionally, an MTC device used for tracking of goods where reporting is periodic could either belong to the network triggered or mobile originated use case. Either the device is programmed to send reports e.g. every x min/hours or the network triggers the device to send the reports. The benefit with triggering reports is better overall network control (to avoid congestion) since the time for sending the reports can easily be adjusted. 
3.2.5 Extra Low Power Consumption with Time Controlled MTC Devices
This use case addresses time controlled MTC Devices that send or receive data only during certain pre-defined periods and that are also expected to receive non-periodic messages (e.g. emergency messages or notifications of altered access period as with the MTC Feature Time Controlled) outside the pre-defined periods (e.g. by monitoring a paging block). The lowest possible power consumption level to extend battery life should be achieved.
Analysis: This use case would benefit from allowing the devices to be in a power saving state when not communicating with the network.  However, since the devices also need to be able to receive data when not actively communicating during low traffic hours the devices need to be reachable on a regular basis when in power saving state (e.g. by monitoring a paging block). However, there may still be use cases where such devices can accept ready timer based reachability within the reporting period. With requirements on both sending reports in pre-defined periods as well as being able to receive notifications outside this period this use case is a mix of both the network triggered and mobile originated type with autonomous reporting use cases. 
4 Discussion and proposal
4.1 General
When going through and analyzing the different uses cases in section 3.2 it is clear that they span a wide range of various ways for using MTC devices. It is therefore proposed not focus on individual use cases when devising solutions for a power savings state but to approach it from a more general perspective and acknowledge that all types of MTC devices would benefit from saving power as long as they are not making excessive uplink transmissions due to network triggering or mobile originated autonomous reporting.  
In principal, all of the analyzed use cases in section 3.2 could be mapped to one or more of the three general use cases below: 

· network triggered reporting use case
· mobile originated autonomous reporting (periodic or event triggered) with ready timer based reachability inside the reporting period
· mobile originated autonomous reporting (periodic or event triggered) with paging based reachability outside the reporting period
Table 1 summarizes how the each of the analyzed use cases map to the three general use cases above.
Table 1: Mapping of genereral uses cases to the specific uses cases
	
	Network triggered reporting use case
	Mobile originated autonomous reporting with ready timer based reachability inside the reporting period
	Mobile originated autonomous reporting with paging based reachability outside the reporting period

	Addressing from a centralized entity
	X
	
	

	Theft/Vandalism Vulnerable MTC Application
	
	X
	

	Time Controlled MTC Application
	
	X
	

	Extra Low Power Consumption
	X
	X
	X

	Extra Low Power Consumption with Time Controlled MTC Devices
	
	X
	X


Moreover, the latency requirements is very wide spread depending on the exact use case - a tracking device for elderly people may require latency on the order of a minute or less while a tracking device for goods could do with latencies on the order of 10-20 minutes.  Similarly for all mobile originated autonomous reporting use cases the periodicity of sending reports to the network varies greatly with everything from seconds to days all depending on the type of MTC application.  A sensor in a production system may need to send reports every minute while a sensor measuring precipitation may only need to send a report once a day. 

The last factor affecting all MTC devices and applications is the mobility of the devices i.e. if they are stationary or not. A mobile device in a power saving state may, e.g., wake up in an entirely new Routing Area. This needs to be addressed in order ensure service continuity.    
5 Conclusions
Analysis of the different use cases in 3GPP TS 22.368 reveal that the use cases for MTC devices are quite varied. However, with a bit of generalization all cases can essentially be mapped to one of three general use cases 
· Network triggered reporting
· Mobile Originated autonomous reporting with ready timer based reachability inside the reporting period
· Mobile Originated autonomous reporting with paging based reachability outside the reporting period. 
Based on this it is proposed to adopt these three use cases as base for further development of traffic models for the MTC power saving study. The ranges for the latency, reaction time, and periodic reporting interval range from seconds to days all depending on the exact application and can therefore be managed as configuration parameters associated with the traffic models. 
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