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Discussion and decision
1 Introduction

At the last meeting, it was decided that problems in RAN should be shown clearly with related use cases before the discussions on network optimization start. To have better understanding on the use cases, we provide our analysis on MTC use cases and its characteristics. And we introduce some general terms to describe the traffic characteristics of the use cases. Lastly, we present an example to show how to identify which MTC feature and which part of RAN/RAN2 will be impacted.
2 Discussion
2.1 Use cases analysis
During the email discussion [68b#17], several use cases are to be prioritized. Though the discussion is still on-going at this writing, we categorize the type of communication as follows. For the moment, we present the categorization without consideration of RAN/RAN2 impact to show our understanding of M2M applications.
1) Fixed schedule 
- periodic reporting, etc

2) On demand 

- request of MTC user and/or of service provider, etc

3) Event triggered 
- time-critical/non time-critical event etc

4) Management and Maintenance - firmware/software upgrade, remote control of devices, etc

As an example, we categorize the two use cases, Smart Metering [3] and eHealth [4], which are the leading use cases in ETSI TC M2M.
Table 1 Use cases categorization

	
	Smart Metering
	eHealth

	Fixed schedule
	periodic reporting of metrological data (and/or device status)
	periodic reporting of a person’s health (and/or fitness) data

	On demand
	reporting of metrological data (and/or device status) on request of user, service provider
	reporting of a person’s health (and/or fitness) data  on request of user, service provider

	Event triggered
	pre-defined event

· time triggered (absolute/relative time)

· threshold 
metering device malfunction
· theft/vandalism detection 

· leakage detection (water/gas), etc
	pre-defined event
· time triggered (absolute/relative time)

· threshold

critical condition
· cardiac arrhythmias detection
· fall detection for aged person, etc

	Management and Maintenance
	software/firmware updates,
remote configuration of the meter,
problem diagnosis, etc
	software/firmware updates,
remote configuration of the devices,

problem diagnosis, etc


The categorization and table 1 present an alternative to divide the types of communication which forms the  M2M applications.
2.2 Traffic characteristics analysis
In WID of RANIMTC [5], the traffic characteristics typical for different M2M applications that are using machine-type communications should be studied and new traffic models based on these findings should be defined during the SI phase. In the lasting meeting, the contribution [6] on the corresponding subject was provided and RAN2 had discussion on it, but no decision was made. In this section, we try to introduce general terms for modeling and new concept to help to organize more sophisticated model. In this section, we describe the terms and concepts mainly in session level. (Packet level design is FFS.)
Arrival time

Based on the expected pattern of the M2M applications’ activity, session arrival time can be categorized into periodic and aperiodic. A session is periodic, if the arrival times are periodic e.g. every 100 second. If the arrival times are irregular, it is referred to as aperiodic. As indicated in [6], aperiodic sessions are usually modeled as Poisson process.
In addition to the above two cases, we propose sporadic session in order to reflect the activity of M2M application more realistically. If the aperiodic arrivals have a minimum interarrival time that separates two consecutive arrival times, it is referred to as sporadic. If we assume a system which triggers an alarm when the pre-defined threshold is reached and the status of target object the system monitors does not change in short time, the alarm should be triggered after sufficient target monitoring e.g. for pre-configured time. A typical example is body temperature monitoring. Or if we assume the system which monitors the object whose status fluctuates too many during short time period, the alarm (or event) will be triggered too frequently in some  cases when the value the system monitors goes above the threshold and goes below the threshold continuously in short duration. Therefore, in this case minimum distance between two consecutive events is needed so that the above behavior can be avoided. 
Execution time
To understand the typical characteristics of M2M applications, it is also useful to adopt the notion of execution time, or workload of session. The execution time is general concept describing the duration of session. The execution time is also divided into two cases, deterministic and stochastic execution time. The execution time is deterministic, if the series of packets inside the session are “pre-defined [6]”. If the number of packets and/or the parameters of each packets (size, interval) inside the session varies due to human interaction, then the execution time of the session is referred to as stochastic.
Deadline
Deadline is not commonly used in traffic analysis. However, because many of M2M applications have real-time characteristics, it is worth to have the concept, as the deadline indicates how important the transaction is. Deadline is considered to be hard, if the consequences are catastrophic when the transaction fails to meet the time constraints. Deadline is considered to be soft, if a late completion of transaction gracefully degrades the performance of M2M applications. By adopting the concept of deadline, more features can be characterized for the traffic modeling e.g. priorities between M2M sessions, pre-emptive or non-preemptive session if parallel sessions are considered or applicable MTC features, etc.
Table below shows how the traffic characteristics are applied to the each M2M applications.
Table 2 Traffic characteristics of use cases
	M2M Application
	Detailed functionality
	Arrival time

(periodic/aperiodic/
sporadic)
	Execution time

(deterministic/
stochastic)
	Deadline

(hard/soft)
	FFS
(()

	Smart metering
	periodic reporting
- metrological data

- device status
	periodic
	deterministic
	soft
	

	
	on-demand
- request of the user
	aperiodic
	deterministic
	soft
	

	
	M&M
- problem diagnosis
	periodic
	stochastic
	soft
	

	eHealth
	periodic reporting

- heart rate

- body temperature
	periodic
	deterministic
	soft
	

	
	event-triggered

- body temperature above the threshold
	sporadic
	deterministic/
stochastic (*)
	soft
	

	
	event-triggered

- arrhythmia

- fall detection
	aperiodic
	deterministic/

stochastic (*)
	hard
	


(*): up to implementation, because such event may trigger the action taken by user/service provider.
((): for more probable useful characteristics (e.g. session duration (or length), burstiness, etc)
2.3 Problem identification
Current 3gpp network’s provisioning of the soft deadline applications in M2M applications seem to be practicable, however it is quite obvious that inefficiencies in radio access network are unavoidable. Also, when it comes to the hard deadline applications, probabilistic delay (or failure) of data transmission may not be an acceptable behavior even if the probability is low. These time-critical applications are represented by Priority Alarm Message (PAM) MTC feature which requires the timely notification of urgent event to trigger immediate attention. We have to consider the worst cases like when the MTC device is not able to find the suitable cells, or when the MTC device fails (or experiences delay) to make connection with eNBs etc. Therefore, it is worth to discuss the PAM in RAN WG2 to satisfy the time-constraint of the hard real-time events when the worst-case scenario is assumed.
In addition to the time-constraint feature, it is also important that the data should be transmitted successfully and decoded at the server without an error. In other words, the reliability of transmission should be guaranteed (data integrity should be assured). This requirement largely depends on the channel condition and the (re-)transmission scheme. Though the current system fulfills the requirement with the advanced schemes like MCS, ARQ and HARQ, the retransmission scheme may not be suitable for the MTC devices. It seems that MTC devices are to be designed as very cheap, simple, and battery powered device, so the consideration on rather simple solution for reliable transmission may be needed. And these features are related with Extra Low Power Consumption and Online/Offline Small Data Transmissions. Of course, the discussions should be done on the other issues which are related to the reliable transmission e.g. which transfer mode of RLC (AM, UM, TM) will be used for typical M2M applications and so on.
3 Conclusion
In this contribution, we provided our analysis on the M2M use cases and its characterisitcs. And we suggested the general terms and concepts to describe the traffic characterisitcs. With the traffic characteritics proposed in the previous document[6], our analysis on the traffic characteritis will be helpful in achieving the objective of SI and to determine the scope for the following RANIMTC specification work. Therefore, our proposals are
Proposal 1: RAN2 is kindly asked to have discussion on which types of communications to be supported in Rel-10 network. (The use cases analysis presented in section 2.1 can be an alternative to categorize the types of communcations.)
Proposal 2: RAN2 is kindly asked to adopt the terms and concepts presented in italic in section 2.2 for the following RANIMTC work: arrival time(periodic/aperiodic/sporadic), execution time(deterministic/stochastic), deadline(hard/soft).
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