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[bookmark: _Toc410199027][bookmark: _Toc420418134][bookmark: _Toc430330025]5.3	Types of InterworkingsInterworking
LWM2M IPEs provide the following types of interworkingsinterworking:
1) Interworking using the <containter> resource for transparent transport of encoded LWM2M Objects that are available to AEs as depicted in Figure 5.3-1.
2) Interworking with full mapping of the semantics of LWM2M Objects to semantically enabled resources that are available to AEs as depicted in Figure 5.3-2.
3) While depicted outside the hosting CSE, the <container> resources are hosted a CSE (e.g., CSE1)


Figure 5.3-1 - LWM2M Transparent Interworking Function
In Figure 5.3-1, the LWM2M Objects are provided by the LWM2M Application to the LWM2M IPE using the LWM2M Protocol. The LWM2M IPE then encapsulates the LWM2M Objects in <container> resources and then hosts the <container> resource in a CSE using the Mca reference points for use by AEs. The AE accesses the <container> resource from the CSE that hosts the resource using the Mca reference point. Once the AE receives the <container> resource, the AE extracts the LWM2M Object from the <container> resource for the AE’s purpose. Clause 7 describes this type of interworking in greater detail.



Figure 5.3-2 - LWM2M Semantically Enabled Interworking Function
In Figure 5.3-2, the LWM2M Objects are provided by the LWM2M Application to the LWM2M IPE using the LWM2M Protocol. The LWM2M IPE then interworks the LWM2M Objects into <container> resources. The <container> resources are based on the oneM2M defined Abstract Information Model and optionally the Semantic Ontology. The LWM2M IPE hosts the <container> resource in a CSE across the Mca reference for use by other AEs. The AE accesses the <container> resource from the CSE that hosts the resource using the Mca reference point. Once the AE receives the <container> resource, the AE encodes the information using the oneM2M Abstract Information Model definition and optionally the Semantic Ontology for the AE’s purpose. Clause 8 describes this type of interworking in greater detail.
An instance of a LWM2M IPE shall provide the capability for transparent transport of encapsulated LWM2M Objects as <container> resources and/or translation of LWM2M Objects as oneM2M semantically enabled <container> resources.
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[bookmark: _Toc420418169][bookmark: _Toc430330059]6.8.3	Maintenance of the LWM2M IPE AE Context
[bookmark: _Toc420418170][bookmark: _Toc430330060]6.8.3.1	Introduction
The LWM2M IPE AE maintains information related to the operational context of the LWM2M IPE AE. Specifically the following elements are maintained for the LWM2M IPE AE:
List of currently registered LWM2M Endpoints.
Configuration of the Interworking Functions to be used for the LWM2M Objects and Object Instances.
[bookmark: _Toc420418171][bookmark: _Toc430330061]6.8.3.2	LWM2M Endpoint List
Whenever an LWM2M Endpoint <AE> resource is created, updated or deleted as described in clause 6.2, the LWM2M IPE also manages the list of LWM2M Endpoint <AE> resources using a oneM2M  <group> resource. 
The oneM2M <group> resource’s lifecycle is linked to the LWM2M IPE <AE> resource’s lifecycle:
	LWM2M IPE <AE> resource Operation
	oneM2M Resource and Operation

	create
	create <group>. The group resourceName is the AE-ID of the LWM2M IPE <AE>.resource

	update
	update <group>

	delete
	delete <group>



Table 6.8.3.2-1 LWM2M IPE <AE> resource – Group Lifecycle

The LWM2M Endpoint <AE> resources’ lifecylelifecycle operation maps to the following operations on the oneM2M <group>  resource:
	LWM2M Endpoint <AE> resource Operation
	oneM2M Resource and Operation

	Create
	update <group> (add member)

	Delete
	update <group> (delete member)


Table 6.8.3.2-2 LWM2M Endpoint <AE> resource – Group member Lifecycle
[bookmark: _Toc430330062]6.8.3.3	Configuration of Interworking Functions
Clause 5.3 descibesdescribes the types of interworking functions as Transparent Interworking Function and Semantically Enabled Interworking Function. An IPE provides the capability to perform one or both types of interworking functions. The granularity (e.g., Object/Object Instance, IPE) that is used to define which interworking function(s) to use is implementation specific.
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[bookmark: _Toc420418175][bookmark: _Toc430330066]8	Semantically Enabled Interworking Function
[bookmark: _Toc420418176][bookmark: _Toc430330067]8.1	Introduction
Clause 5.3 introduced the Semantically Enabled Interworking function as depicted in Figure 5.3-2. This clause specifies how LWM2M Objects and their associated LWM2M Resources are organized as <container> resources in order for values associated with the LWM2M Resources be translated into <contentInstance> resources. In addition, this clause specifies the mapping of <container> resources to the oneM2M Base Ontology [i.5].
<text to introduce the section for aspects specific to the Smeantic interworking function >
[bookmark: _Toc420418177][bookmark: _Toc430330068]8.2	Specific AspectOrganization of Semantically Enabled <container> Resources
8.2.1	Introduction
Semantically enabled <container> resources represent the structure and content of LWM2M Objects and Object Instances by translating LWM2M Objects, Object Instances and their LWM2M Resources into a hierarchy of <container> resources using the <container> resource's parent-child relationship described in TS-0001 [2]. In addition, the LWM2M Resources values are contained within the <contentInstance> resource. When the LWM2M Resource is of type LWM2M Object Link, the content of the LWM2M Resource's value is a reference to another LWM2M Object <container> resource.


Figure 8.2.1-1 – Relationships of LWM2M Semantically Enabled <container> and <contentInstance> Resources


8.2.2	Lifecycle of Semantically Enabled <container> Resources
Clauses 6.3 and 6.4 describes how LWM2M Objects and Object Instances are discovered and instantiated. The Semantic Interworking function uses these procedures for instantiation of the <container> resources for the LWM2M Objects and Object Instances.
The <container> resources for LWM2M Resources and Resource Instances are created as child resources of the parent <container> resource when the LWM2M Object and Object Instance is created. Likewise these child <container> resources are deleted when the parent <container> is deleted.
Creation, update or deletion of one or more contentInstance> resources for the LWM2M Resource or Resource Instances that are not caused by the creation or deletion of the parent LWM2M Object or Object Instance <container> resource maps to the following operations on the LWM2M Client:

	LWM2M Operation
Device Management & Service Enablement Interface
	oneM2M Resource and Operation
LWM2M Resource or Resource Instance <contentInstance> resource

	Write
	create <container> for new Resource Instance

	Not applicable
	update <container>

	Write
	delete <container> for Resource Instance


	Not Applicable
	read <container>


Table 8.2.2-1 LWM2M Resource <container> resource Lifecycle Translation

	LWM2M Operation
Device Management & Service Enablement Interface
	oneM2M Resource and Operation
LWM2M Resource or Resource Instance <contentInstance> resource

	Write
	create <contentInstance>

	Write
	update <contentInstance>

	Write – Sets the Resource to default value
	delete <contentInstance>


	Read
	read <contentInstance>


Table 8.2.2-2 LWM2M Resource <contentInstance> Lifecycle Translation 
8.2.3	Mapping for the Encoding of the <contentInstance> Resource
When an AE accesses a <contentInstance> resource, the AE needs to know how the value of the Resource or Resource Instance is encoded. 
	Interworking Function Mapping
	oneM2M Resource Attribute

	The encoding of the LWM2M Resource or Resource Instance based on the Content-Type option
	<contentInstance>: contentInfo. Possible contentInfo values are translated from the LWM2M Content-Type option. Note: The LWM2M Technical Specification [3] defines the value to be used for the [encoding] if the Content-Type option is not present.


Table 8.2.3-1 Mapping of Resource or Resource Instance Encoding

<text >8.3	Guidelines for Mapping to the Base Ontology
8.3.1	Introduction
Clause 8.2 describes the structure and relationships of the LWM2M Objects and Object Instances along with their associated Resources and Resource Instances. Using that structure this clause provides guidance on mapping the Base Ontology described by [i.5] onto that resource structure. As ontologies are created for specific applications of LWM2M Objects (e.g., Device Management, Home Automation), this clause can only be used for a basis of creating the application specific ontology because certain elements of base ontology (e.g., Aspects, Functionality, Services) cannot be inferred by the LWM2M definitions of LWM2M Objects, Object Instances, Resources or Resource Instances.
8.3.2	Mapping of the LWM2M Client
LWM2M Clients are represented as <AE> resources and are mapped to a Device. <AE> resources exposed by the LWM2M Server associated with the IPE are mapped to the same Area Network.
8.3.4	Mapping of the LWM2M Object, Object Instance. Resource and Resource Instance
8.3.4.1	Introduction
Mapping the LWM2M Object, Object Instance. Resource and Resource Instance to the Base Ontology is based on the following guidelines:
LWM2M Object or Object Instances that represent properties of are mapped to Things. The Create, Update, Retrieve and Delete operations permitted for the LWM2M Object or Object Instances are mapped to Services.
LWM2M Resources not of type Object Link are mapped to Value
LWM2M Resources of  type Object Link are mapped to hasThingRelationships
LWM2M Objects that have LWM2M Resource(s) with an operation of Execute map to Command and Operation. The LWM2M Resource(s) also maps to a Method, Service and Functionality.
LWM2M Resources associated with the Operation map to Input and Output(s)
Read-only LWM2M Resources map to Outputs
Write-only LWM2M Resources map to Inputs
Read-write LWM2M Resources map to Input and Output
If the LWM2M Object doesn't have a command state,  the IPE will instantiate and maintain a <container> resource for command's state. In both instances the LWM2M Resource that represents the command state maps to OperationState
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