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Introduction
Semantic query has been well defined in TR-0033 including its functionalities and new semantic contents required to support semantic query. According to the recommendation from the joint ARC/MAS session in TP29, this contribution proposes the following changes to contentInstance resource in order to represent actual content in semantic triples; this approach is complementary with another approach where a new resource semanticContentInstance is proposed to represent the actual content semantically. 

· Introduce a clarification that <semanticDescriptor> can also store the RDF representation of the actual data for supporting semantic resource discovery and semantic query. 

· Introduce a new attribute to <contentInstance> to indicate if the actual content has been represented and stored as RDF triples.   

-----------------------Start of change 1-------------------------------------------
9.6.7
Resource Type contentInstance
The <contentInstance> resource represents a data instance in the <container> resource. The content of the contentInstance can be encrypted.

Unlike other resources, the <contentInstance> resource shall not be modified once created. This pertains to its attributes (except for the duplicatedAsSemanticContent attribute), but not to the creation of child resources. An AE shall be able to delete a contentInstance resource explicitly or it may be deleted by the platform based on policies. If the platform has policies for contentInstance retention, these shall be represented by the attributes maxByteSize, maxNrOfInstances and/or maxInstanceAge attributes in the <container> resource. If multiple policies are in effect, the strictest policy shall apply.

The <contentInstance> resource inherits the same access control policies of the parent <container> resource, and does not have its own accessControlPolicyIDs attribute.
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Figure 9.6.7-1: Structure of <contentInstance> resource
The <contentInstance> resource shall contain the child resources specified in table 9.6.7-1.

Table 9.6.7-1: Child resources of <contentInstance> resource

	Child Resources of <contentInstance>
	Child Resource Type
	Multiplicity
	Description
	<contentInstanceAnnc> Child Resource Types

	[variable]
	<semanticDescriptor>
	0..n
	See clause 9.6.30.

The actual content of this <contentInstance> may be stored in a <semanticDescriptor> child resource as RDF triples.
	<semanticDescriptor>, <semanticDescriptorAnnc>


The <contentInstance> resource shall contain the attributes specified in table 9.6.7-2.

Table 9.6.7-2: Attributes of <contentInstance> resource

	Attributes of <contentInstance>
	Multiplicity
	RW/

RO/

WO
	Description
	<contentInstanceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3.
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3.
	NA

	resourceName
	1
	WO
	See clause 9.6.1.3.
	NA

	parentID
	1
	RO
	See clause 9.6.1.3.
	NA

	labels
	0..1 (L)
	WO
	See clause 9.6.1.3.
	MA

	expirationTime
	1
	WO
	See clause 9.6.1.3.
	NA

	creationTime
	1
	RO
	See clause 9.6.1.3.
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3.
	NA

	stateTag
	1
	RO
	See clause 9.6.1.3.

The stateTag attribute of the parent resource should be incremented first and copied into this stateTag attribute when a new instance is added to the parent resource.
	OA

	announceTo
	0..1 (L)
	WO
	See clause 9.6.1.3.
	NA

	announcedAttribute
	0..1 (L)
	WO
	See clause 9.6.1.3.
	NA

	dynamicAuthorizationConsultationIDs
	0..1 (L)
	RW
	See clause 9.6.1.3.
	OA

	creator
	0..1
	RO
	See clause 9.6.1.3.
	NA

	contentInfo
	0..1
	WO
	Information on the content that is needed to understand the content. This attribute is a composite attribute. It is composed first of an Internet Media Type (as defined in the IETF RFC 6838) describing the type of the data, and second of an encoding information that specifies how to first decode the received content. Both elements of information are separated by a separator defined in oneM2M TS‑0004 [3].
	OA

	contentSize
	1
	RO
	Size in bytes of the content attribute.
	OA

	contentRef
	0..1
	RW
	This attribute contains a list of name-value pairs. Each entry expresses and associative reference to a <contentInstance> resource. The name of the entry indicates the relationship and the value of the entry the indicates reference (URI) to the resource.
	OA

	ontologyRef
	0..1
	WO
	A reference (URI) of the ontology used to represent the information that is stored in the contentInstances resources of the <container> resource. If this attribute is not present, the contentInstance resource inherits the ontologyRef from the parent <container> resource if present (see note).

	OA

	content
	1
	WO
	Actual content of a contentInstance. This content may be opaque data for understandable with the help of the contentInfo. This may, for example, be an image taken by a security camera, or a temperature measurement taken by a temperature sensor.
The actual content may also be represented as RDF triples and stored in the child resource <semanticDescriptor>, depending on the value of the duplicatedAsSemanticContent attribute.
	OA

	duplicatedAsSemanticContent
	0..1
	RW
	This attribute is a flag which indicates whether the information in the content attribute is also represented as RDF triples and stored in the <semanticDescriptor> child resource of this <contentInstance> resource. 
If during the creation of this <contentInstance> resource, the value stored in the content attribute is not being cloned to the child resource <semanticDescriptor> resources at the same time, it can be done at a later time and the duplicatedAsSemanticContent shall be set to “false”. Later, if the <semanticDescriptor> child resource is updated by the CSE to include a representation of the “content”, this attribute will be set to “true”.   
	OA

	NOTE:
Access to this URI is out of scope of oneM2M.


------------------------End of change 1--------------------------------------------
------------------------Start of change 2--------------------------------------------
9.6.30
Resource Type semanticDescriptor
The <semanticDescriptor> resource is used to store a semantic description pertaining to a resource and potentially sub-resources. Such a description may be provided according to ontologies. The semantic information is used by the semantic functionalities of the oneM2M system and is also available to applications or CSEs. [i.28] provides an informative example of a descriptor attribute.
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Figure 9.6.30-1: Structure of <semanticDescriptor> resource

The <semanticDescriptor> resource shall contain the child resources specified in table 9.6.30-1.

Table 9.6.30-1: Child resources of <semanticDescriptor> resource

	Child Resources of <semanticDescriptor>
	Child Resource Type
	Multiplicity
	Description
	<semanticDescriptorAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 where the type of this resource is described.
	<subscription>


The <semanticDescriptor> resource shall contain the attributes specified in table 9.6.23-2.

Table 9.6.30-2: Attributes of <semanticDescriptor> resource

	Attributes of <semanticDescriptor>
	Multiplicity
	RW/

RO/

WO
	Description
	<semanticDescriptorAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3.
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3.
	NA

	resourceName
	1
	WO
	See clause 9.6.1.3.
	NA

	parentID
	1
	RO
	See clause 9.6.1.3.
	NA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3.
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3.
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3.
	MA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3.
	NA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3.
	MA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3.
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3.
	NA

	dynamicAuthorizationConsultationIDs
	0..1 (L)
	RW
	See clause 9.6.1.3.
	OA

	creator
	0..1
	RO
	See clause 9.6.1.3.
	NA

	descriptorRepresentation
	1
	RW
	Indicates the type used for the serialization of the descriptor attribute, e.g. RDF serialized in XML.
	OA

	semanticOpExec
	0..1
	RW
	This attribute cannot be retrieved. Contains a SPARQL query request for execution of semantic operations on the descriptor attribute e.g. SPARQL update as described in [3].
	NA

	descriptor
	1
	RW
	Stores a semantic description pertaining to a resource and potentially sub-resources. Such a description shall be according to subject-predicate-object triples as defined in the RDF graph-based data model [4]. The encoding of the RDF triples used in oneM2M is defined in oneM2M TS-0004 [3]. The elements of such triples may be provided according to ontologies. Examples of such descriptors in RDF can be found in [i.28].
When this <semanticDescriptor> is a child resource of a <contentInstance>, this attribute may also contain additional RDF triples with a representation of the actual content of the parent <contentInstance>. When this <semanticDescriptor> is a child resource of a <container> resource, this attribute may also contain RDF triples representing content-related information from the <contentInstance> child resources of this <container> resource.
	OA

	ontologyRef
	0..1
	WO
	A reference (URI) of the ontology used to represent the information that is stored in the descriptor attribute. If this attribute is not present, the ontologyRef from the parent resource is used if present.
	OA

	relatedSemantics
	0..1(L)
	WO
	List of URIs for resources containing related semantic information to be used in processing semantic queries. The URI(s) may reference either a <group> resource or other <semanticDescriptor> resources.
	OA


------------------------End of change 2--------------------------------------------
------------------------Start of change 3--------------------------------------------
10.2.4.7
Create <contentInstance> 
This procedure shall be used for creating a <contentInstance> resource.
Table 10.2.4.7-1: <contentInstance> CREATE

	<contentInstance> CREATE 

	Associated Reference Point
	Mca, Mcc and Mcc'.

	Information in Request message
	All parameters defined in table 8.1.2-3 apply with the specific details for:

Content: The resource content shall provide the information as defined in clause 9.6.7.

	Processing at Originator before sending Request
	According to clause 10.1.2.

	Processing at Receiver
	According to clause 10.1.2.

If the newly created <contentInstance> resource violates any of the policies defined in the parent <container> resource (e.g. maxNrOfInstances or maxByteSize), then the oldest <contentInstance> resources shall be removed from the <container> to enable the creationof the new <contentInstance> resource.
If the hosting CSE has the semantic capability (e.g., the hosting CSE is able to know the meaning of the data stored in this <contentInstance> resource based on the semantic descriptions of the parent <container> resource), it may generate RDF triples for representing the actual data stored in the content attribute of this <contentInstance> resource. These RDF triples shall be stored in <semanticDescriptor> resources. Once the actual data in the content attribute of this <contentInstance> resource has been represented in a semantic form such as RDF triples, the duplicatedAsSemanticContent attribute of the <contentInstance> resource shall be set to “true”.

	Information in Response message
	All parameters defined in table 8.1.3-1 apply with the specific details for:

· Content: Address of the created <contentInstance> resource, according to clause 10.1.2.

	Processing at Originator after receiving Response
	According to clause 10.1.2.

	Exceptions
	According to clause 10.1.2.


------------------------End of change 3--------------------------------------------
------------------------Start of change 4--------------------------------------------
10.2.4.9
Update <contentInstance> 

The Update operation on a <contentInstance> resource shall be limited to updating its attribute duplicatedAsSemanticContent. 
· Only the Hosting CSE can update the attribute duplicatedAsSemanticContent.
------------------------End of change 4-------------------------------------------
------------------------Start of change 5--------------------------------------------
10.2.14.X
Semantic content
Content-related Semantic Resource Discovery and Semantic Query:

In many real-world applications for semantic resource discovery and/or semantic query, the SPARQL query statements may pertain also to data content stored in <contentInstance> resources:

· Semantic resource discovery with content constraint: “Return URIs of sensors whose current temperature is greater than 20”. 

· Semantic query with content constraint: “Return the locations of sensors whose current temperature is greater than 20”. 

These examples show that semantic resource discovery and semantic query need semantic representations of actual content, referred to as content-related semantic resource discovery and semantic query. In the meantime, it is worth noting that there are different types of oneM2M entities in a system, including: 

· Semantic-capable data creators who can directly describe its data in a semantic form such as RDF triples; 

· Semantic-incapable data creators who only can produce raw data stored as opaque content in the content attribute of the <contentInstance> resource and rely on other entities to add semantic annotations to the raw data; 

· Semantic-capable data consumers who have the semantic resource discovery and/or semantic query capability; 

· Semantic-incapable data consumers who only can retrieve raw data contents stored in the <contentInstance> resource through pre-configurations. 

The existing <contentInstance> resource and semantic-related resources may co-exist in the system in the sense that the same piece of information can not only be stored as the opaque content (e.g., created by semantic-incapable data creators, and/or consumed by semantic-incapable data consumers), but also be stored in a semantic form (e.g., created by semantic-capable data creators, and consumed by semantic-capable data consumers). In order to do so, one of the enhancement to existing <contentInstance> resource is that any information that is originally stored in the content attribute of the <contentInstance> resource can also be represented as RDF triples and stored in certain <semanticDescriptor> resources (see clause 9.6.7 for details). Once this content-related information is semantically available, it can be used for supporting semantic resource discovery and semantic query operations.

------------------------End of change 5--------------------------------------------
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