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Introduction
This contribution introduces a use case and solution for enhanced action triggering related to TR-0021. 
1. Change of skeleton 

2. add to summary of current TR 0021

3. Use cases for enhanced action triggering

4. action triggering enhancement

(1) Action triggering for multiple, ordered, and time-based operations

In addition, there exists a case where multiple operations should be performed based on a specific order or specific time. For example, when a vehicle is near to the home (satisfying evalCriteria), multiple operations can be executed in a specific order such as 1) turning on air conditioning, and 2) turning on the light. In this case, the operation 1) should be done before operation 2) because operation 1) needs more time to perform. Additionally the operation 2) can be executed with a specific operation time. To support this, operationResourceID and operation should have 0..1(L) type multiplicity and  objectResouceIDs should have ordered list and triggering time information. 

(2) Introducing time window mechanism between dependent events into <dependency> resource

One or more <dependency> may exist to provide complex events for triggering. Multiple events may occur at difference time intervals. Thus a mechanism supporting time window mechanism can be used in determining whether to send action triggering or not within a given timeframe. The hosting CSE issues action triggering when evalCriteria is met within the given time window. The timeWindowSize can be set to zero. To implement such a time window with zero value, when one of the designated event conditions is triggered, the resource host has to check if other event criteria are also met. The action triggering is sent if the conditions are substantially simultaneously satisfied.
-----------------------Start of change 1-------------------------------------------
5
Study of action triggering technologies
5.1
Introduction

5.2
current action triggering in oneM2M TR 0021

Action triggering enables the system to monitor events and based on the events, trigger actions or operations to be performed on devices or services of the M2M system. The events include any change of the state of the system or requests from the applications. Actions or operations are to change the state of other devices or applications.

In oneM2M, action triggering is to monitor the event in oneM2M which is the change of the state of any resource. And by the catch of the event, the oneM2M system determines if operations needs to be performed on other resources to change the state of those resources which could result in the controlling of certain devices. When determining by the oneM2M system if operations need to be performed, the oneM2M system checks if the events matches the predefined filter policies. Before the operation is performed, there could be some other dependencies as well. As a part of the operation, it also includes input and output.

Action triggering based on events is widely used in the M2M systems. It can bring great value added service to the system. For the application, instead of always online to monitor the stats of resources, it can just configure the action triggering mechanism in the system and went offline which can help the device save more battery power and even when the application went offline, the service can still be effective.
5.2.1
Triggering action model


[image: image1]
Figure 5.2-1: Triggering action model
Step 1: The change of the Subject Resource matches the predefined filter conditions that an operation is triggering to be sent to the Object Resource to change the state of the Object Resource.

Step 2: Before the performing of operation, it is also needed to check if all the Dependency Conditions are met.

Step 3: If the Dependencies are met, as a part of the operation, the operation could need input parameters. The input parameter can be read from the Input Resource.

Step 4: Send the Operation to the Object Resource. The Operation could be Create, Retrieve, Update, Delete or Notify.

Step 5: After the performing of the operation, the state of the Object Resource is to be changed which could result in the switching of some device. In this case, the effect of the operation can be read from the Output Resource.
-----------------------End of change 1-------------------------------------------
-----------------------Start of change 2-------------------------------------------
6
Use cases for enhanced action triggering

6.1
Car-to-Home service based on Geo-Fence

Car-to-Home services that provide convenience to users are gradually expanding.
In the case of a vehicle moving to a destination, it can be given a distance from the home, in order to activate some functions in the house. Typically this kind of service can be provided based on Geo-Fence, and it triggers pre-defined  multi-actions. (e.g. turn on a light, turn on a heater)
However, there is a case when a vehicle approaches to the given distance from the home, it is necessary to adjust the timing of the action triggering according to the type of action. For example, as shown in Figure 6.1.1, when a vehicle is near to the home, multiple operations can be executed in a specific order such as 1) turning on heater and 2) turning on the light. In this case, the heater on should be done before light on because heater on needs more time to perform. Additionally multiple operations can be executed with a specific operation time.
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Figure 6.1.1‑ Time-based multiple action triggering for Car-to-Home Service
And, action can be triggered based on complex events. However, these complex events may occur at the same time or different time. Thus a mechanism supporting time window mechanism can be used in determining whether to send action triggering or not with a given timeframe. If there is no time window mechanism, except for substantially simultaneously happened complex events, it needs to wait until second event for a long time after first event. 
The car to home use case poses the following issues in order to support enhanced action triggering.

1) The oneM2M System shall support time-based multiple action triggering based on requirements defined by M2M applications.
2) The oneM2M System shall support time window mechanism in determining whether to send action triggering or not with a given time window. 
-----------------------End of change 2-------------------------------------------
-----------------------Start of change 3-------------------------------------------
7
Candidate solutions

7.1
action triggering enhancement in TR 21

7.1.1
Action resource type enhancement
The <action> resource enables the system to specify which actions or operations to be performed on system resources (e.g. devices or services) based on monitored events. The events may include state changes of subject resources, requests from applications, etc. Once the event occurs, and if specified <dependency> conditions are met, the Hosting CSE sends a primitive defined by <action> resource attributes. 
These child resources and attributes provide information about:

· The subject resource, which is the resource monitored to determine if a primary event occurs. Action is to be triggered if the primary event is the change of the state of the subject resource .

· The object resource, which is the resource which is the target of the triggered action

· The input resource, which is a resource which may provide input parameters for the action. Alternatively, an input value may be provided.

· Conditions to be monitored in order to determine if the primary event occurs

· Dependencies to be evaluated in order to determine if the action is to be conditionally performed.

· Parameters providing priorities of the action and priorities of the dependencies.

The <action> resource shall contain the child resources specified in table 7.1.1-1. 
Table 7.1.1-1: Child resources of <action> resource

	Child Resources of <action>
	Child Resource Type
	Multiplicity
	Description
	<actionAnnc> Child Resource Types

	[variable]
	<dependency>
	0..n
	See clause 7.1.2
	<dependencyAnnc>

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS 0001
	<subscription>


The <action> resource shall contain the attributes specified in table 7.1.1-2. 
Table 7.1.1-2: Attributes of <action> resource

	Attributes of 
<action>
	Multiplicity
	RW/

RO/

WO
	Description
	<actionAnnc> Attributes

	actionSubjectResource
	0..1
	RW
	The resource that is the subject to be monitored for triggering the evaluation of the eventCriteriaevalCriteria attribute. The action indicated by the operation attribute Action is to be triggered based on the change of the state of the resource indicated  the actionSubject Resource attribute.The subject can be any resource in the system. If the attribute is missing the subject is the parent resource. 
	OA

	actionPriority
	0..1
	RW
	Attribute indicating the priority of the action when compared with the other actions with the same event expression (subjectResourceID and evalCriteria), with highest priority indicated by the lowest value. Local policies are applied for equal or unspecified priorities.
	OA

	subjectResourceID
	0..1
	RW
	The resourceID of the resource that is the subject of monitoring for evaluation of the evalCriteria attribute. The subject can be any resource in the system. If the attribute is missing the subject is the parent resource of this <action> resource. 
	OA

	evalCriteria
	0..1
	RW
	This attribute provides the conditions determining if the action is to be conditionally triggered to the object resource.
The evalCriteria attribute, in conjunction with the subjectResourceID, forms the event expression that is being monitored. See further description below and in table 9.6.X-3

	OA

	evalMode
	1 
	RW
	Attribute provides the macro control mode of the evaluation of the <action> resource. Some values are:

0 = off

1 = once

2 = periodic

3 = continuous
	OA

	evalControlParam
	0..1
	RW
	When evalMode= periodic, evalControlParam represents the periodicity. 

When evalMode= continuous the evaluation is restarted as soon as an action has been triggered. In this case, if evalControlParam is specified, it determines the number of times the Hosting CSE shall trigger the event , otherwise it is repeated indefinitely.

When evalMode is off or once this attribute can be ignored.


	OA

	evalPriority
	0..1 (L)
	RW
	List of priorities to be applied for the evaluation of the dependencies . This is an ordered list of the resourceIDs of the child <dependency> resources. 
	OA

	objectResourceID
	0..1(L)
	RW
	The resourceID(s) of the target of the primitive to be sent  when the event specified by evalCriteria occurs at the subject resource. The target may be specified also as the URI of a resource attribute. This attribute could include an ordered list.
	MA

	actionPrimitive 
	1
	RW
	This attribute stores the entire content of the primitive associated with this action with its parameters (e.g. the op parameter indicating the operation to be performed on the resource identified by objectResourceID), with some parameters being overwritten by the Hosting CSE when the action is triggered as follows:

· the to and resource type parameters will be derived from objectResourceID attribute.
· the content parameter is derived from the input attribute.
When objectResourceID or content the input attributes are empty, the respective parameters are maintained as indicated by actionPrimitive.
	MA

	TriggerTime
	0..1(L)
	RW
	This attribute indicates the trigger time of 

of an action. When there are multiple action to be triggered, each action can have different trigger time. 
	OA

	input
	0..1 (L)
	RW
	Input parameters for the operation, used by the Hosting CSE to overwrite the content parameter of the actionPrimitive before sending the primitive, at the time that the action is triggered. The attribute could be one of the following:

· a string 

· a resourceID 

· the URI of a resource attribute.

The Hosting CSE overwrites the content parameter of actionPrimitive with the following (respectively):

· the given string

· the resource representation of the resource with the given resourceID.
· the value of the given resource attribute

	OA

	outputResourceID
	0..1
	RW
	The resourceID of a resource where the results of the action are stored.
	OA

	actionResult
	1
	RW
	The result of the action. If outputResourceID is set, the Hosting CSE performs a RETRIEVE based on it when the response primitive of the action primitive is received and stores its content. Otherwise, the response primitive of the action primitive is stored in this attribute.
	OA


The conditions represented in the evalCriteria attribute determine if the action is to be conditionally triggered.  

The evalCriteria attribute is comprised of triples (subject, operator, threshold) with the parameters shown and described in table 7.1.1-3.
Table 7.1.1-3: Parameters in evalCriteria triple
	Name
	Description

	subject
	This parameter shall indicate an attribute of the subjectResourceID resource e.g. “tempContainer.content”

	operator
	This parameter is a keyword used to construct the evaluation logic, e.g. ‘equals’, ‘not equals’, ‘greater than’, ‘less than’, ‘greater or equal’, ‘less or equal’, ‘string match’, etc.

	threshold
	This parameter provides a value used to evaluate the criteria. The value type shall match the type of the attribute used as subject. 


7.1.2 Dependency resource type enhancement

The <dependency> resource represents  conditions that determines if the action or operation specified in the parent <action> resource is triggered. One or more <dependency> resources may exist to provide complex events for  triggering. The <dependency> resources provide conditions that always need to be checked before the action or operation is triggered. The difference between the evalCriteria  specified by an <action> resource and the one specified by a  <dependency> resource is that the former applies to the subject resource and triggers an evaluation, while  the latter applies to other resources which provide conditions used in evaluation.
The <dependency> resource shall contain the attributes specified in table 7.2.2.

Table 7.1.2 : Attributes of <dependency> resource

	Attributes of 
<action>
	Multiplicity
	RW/

RO/

WO
	Description
	<actionAnnc> Attributes

	logic
	0..1
	RW
	Indicates if the dependency is SUFFICIENT or NECESSARY. The operand of the related parent <action> resource needs to match:

At least one of the SUFFICIENT dependencies OR
All the NECESSARY dependencies
	OA

	evalCriteria
	0..1
	RW
	Attribute providing conditions determining if the dependency matches the criteria.

The evalCriteria attribute in conjunction with the dependentResource attribute forms the dependency to be evaluated. See further description in table 9.6.X-3.
	OA

	dependentResourceID
	1
	RW
	The resourceID of the resource for which the evalCriteria is evaluated for the dependency.
	MA

	timeWindowSize
	0..1(L)
	RW
	This attribute indicates the time duration (e.g. in seconds) defining the time window size of sending the correspond  action triggering shall be generated.
	OA


-----------------------End of change 3-------------------------------------------
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