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[bookmark: scroll-bookmark-2][bookmark: _Toc41627409]Executive Summary
The current document will show how Resource Inventory Management plays a critical role in Assurance business processes and how the necessary information may be modeled and acquired through integration with 3GPP operations systems. This is a worked example of how TM Forum Open API and Information Framework models can be pragmatically integrated with 3GPP Network Resource Models (NRM) and Integration Reference points (IRP). The same approach may be adapted to other processes (e.g. fulfilment) and models from other Standards Defining Organizations (SDO).


[bookmark: scroll-bookmark-3][bookmark: _Toc41627410]Introduction
TM Forum Frameworx provides a Business Process Framework which divides between two major process groupings: Strategy and Operations. Within the Operations process area there are three Customer Operations vertical processes:
· Fulfillment
· Assurance
· Billing & Revenue Management
These vertical groupings apply across the key management areas (domains) shown in the horizontal groupings of the diagram below.
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	Frameworx Core Concepts and Principles (GB921)
Assurance: this vertical is responsible for the execution of proactive and reactive maintenance activities to ensure that services provided to customers are continuously available and performing to SLA or QoS performance levels. It performs continuous resource status and performance monitoring to proactively detect possible failures. It collects performance data and analyzes them to identify potential problems and resolve them without impact to the customer. This process manages the SLAs and reports service performance to the customer. It receives trouble reports from the customer, informs the customer of the trouble status, and ensures restoration and repair, as well as ensuring a delighted customer.
The Resource domain represents roles, information and activities carried out by parties (e.g. individuals / organizations) playing roles that are involved in the strategic planning, definition, development and operational aspects of Resources (e.g. functions, applications, computing, networking and storage) that represent the infrastructure of an enterprise that are used to realize Services. Activities include management of: strategies, capabilities, lifecycles, catalogs, inventories, topologies, installations, activations, alarms, problems, performance, mediation, usage statistics and support of Resources that are managed by an enterprise.



The main Assurance business processes within the Resource domain are:
· Resource Trouble Management
· Resource Performance Management
· Resource Data Collection & Distribution

The remainder of this document will describe how to accomplish Resource Data Collection & Distribution, for a 3GPP systems environment, in support of Resource Trouble / Performance Management.


[bookmark: scroll-bookmark-4][bookmark: _Toc41627411]Project Scope and Objectives
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The purpose of this document is to provide a set of guidelines and concrete examples for building catalogs and inventory of Resources representing the managed objects involved in the Assurance business processes of Resource Trouble Management and Resource Performance Management. The intended audience includes architecture stakeholders (systems architects, solutions architects), product managers and business analysts. The objective is to encourage adoption of best practices of both 3GPP and TM Forum in developing solutions for assurance of 3GPP technology domains.
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The scope of the current document includes the Assurance business processes and ABEs in the Resource domain and the relevant 3GPP interfaces and information.


[bookmark: scroll-bookmark-7][bookmark: _Toc41627414]Resource Assurance Processes
The Assurance group business processes in the Resource domain focus on ensuring that services provided to customers are continuously available and performing to SLA or QoS performance levels by continuous resource status and performance monitoring to proactively detect possible failures.
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A primary function of these processes is Fault Management (FM). The resources within the network are continuously monitored for alarm event notifications. This includes, but is not limited to, the following:
· detecting, analyzing, managing and reporting on resource faults
· determining a root cause through topology analysis and alarm correlation
· initiating and managing trouble tickets
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Resource Performance Management (PM) processes encompass managing, tracking, monitoring, analyzing, controlling and reporting on the performance of specific resources. If the analysis identifies a resource performance violation or a potential service performance violation, information will be passed to Resource Trouble Management and/or Service Quality Management as appropriate. They work with basic information received from the Resource Data Collection & Distribution processes.
[bookmark: scroll-bookmark-10][bookmark: _Toc41627417]Resource Data Collection & Distribution
The Resource Data Collection & Distribution processes are responsible for collection and/or distribution of management information and data records between resource and service instances and other enterprise processes. The responsibilities of these processes also include processing of the data and/or management information through activities such as filtering, aggregation, formatting, transformation and correlation of the information before presentation to other processes, resource instances or service instances. Client processes for this management information perform Fault and Performance analysis of resources and services. Client resource and service instances for this management information use the management information for configuration, or use the management information to trigger activities within the resource or service instances.
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The Fault Management (FM) and Performance Management (PM) processes require rich information about the Managed Objects (MO) for which alarms and measurements are received. For example when an alarm is received on a management interface it is critical to know which management system sent it, for which Network Element (NE) it was sent on behalf and which MO it relates to. These entities will be identified by reference, it wouldn't be reasonable to expect all potentially relevant attributes to be provided within each fault event. This is even more true of performance measurements where reports are typically columnar and may relate to very many MOs.
If you consider that Resource Trouble Management may need to correlate alarms occurring at NEs connected to the source NE the network topology will need to be known. Where a trouble ticket should be created the geographic address of the NE may be required along with the model and serial numbers of hardware, site contacts, equipment situation, etc..
Therefore it is important for a Resource Inventory to exist for the use of Assurance processes in real time.
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A 3GPP System is made of one or more access networks, core networks, intelligent node networks and transport networks. A management infrastructure is needed, the high level principles and requirements for such are defined in 3GPP TS 32.101 and an architecture in 32.102.
Operations System Functions (OSF) may exist at many levels of the infrastructure, structured around physical, functional and governance separations. Network Element (NE) OSFs provide management services for NEs in a domain while Network / Service Management (NM/SM) OSFs provide management functions to their users (not shown). Vendor supplied Element Management Systems (EMS) are a common implementation of NE Management OSFs. In ETSI Management and Orchestration (MANO) NE OSF may be provided by NFVO or VNFM. The NM/SM OSFs may be components of general Operations Support Systems (OSS).
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3GPP has defined Interface-N (Itf-N) to exist between NE Management OSFs and NM/SM OSFs and shall be open with standardized information models.
Telecom management interfaces may be viewed from two perspectives:
1. the management information model
2. the management information exchange
The management information models are standardized in 3GPP documents, while specific information exchange "solution sets" may also be defined for some interfaces. The concept of Integration Reference Point (IRP) is defined in 3GPP TS 32.150:
	Integration Reference Point (IRP)
For the purpose of management interface development 3GPP has developed an interface concept known as Integration Reference Point (IRP) to promote the wider adoption of standardized management interfaces in telecommunication networks. The IRP concept and associated methodology employs protocol and technology neutral modeling methods as well as protocol specific solution sets to achieve its goals.
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For a 3GPP entity (management system or NE) to be compliant to a given management interface it must implement the management functionality specified in the relevant IRP Information Service specifications. The information model is described with UML class diagrams, associations and attributes.
An Interface-N may support several IRPs. In the scope of the present document the relevant Interface IRPs include:
· Bulk Configuration Management (CM) IRP (32.612)
· Alarm IRP (32.111-2)
· Performance Management (PM) IRP (32.412)
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The Bulk CM IRP provides the capability for an IRP Agent (e.g. EMS) to convey bulk (file-oriented) configuration information to an IRP Manager (e.g. NMS) over Interface-N (Itf-N). All resources of the 3GPP system (functional and physical) whose management is supported by this IRP are represented as Managed Object Instances (MOI) of a Network Resource Model (NRM). The information model for this IRP is given in 3GPP TS 32.612 which describes operations for managing the creation of a file containing configuration data. In practice these files are often generated automatically on a scheduled basis and made available for (S)FTP transfer from an EMS.
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A file made available through the Bulk CM IRP contains the information described by one of the 3GPP NRMs. Several data models which may be used for the representation are provided in 3GPP TS 32.616 Bulk CM IRP: Solution Set (SS) Definitions but any other open data model would suffice.
The following (abbreviated) example shows an XML file containing a SubNetwork within the example.net organization:
	<?xml version="1.0" encoding="UTF-8"?>
<bulkCmConfigDataFile
      xmlns="http://www.3gpp.org/ftp/specs/archive/32_series/32.616#configData"
      xmlns:xn="http://www.3gpp.org/ftp/specs/archive/32_series/32.626#genericNrm">
   <fileHeader
         fileFormatVersion="32.616 V15.1.0"        
         senderName="DC=example.net,SubNetwork=1,ManagementNode=1"
         vendorName="Acme">
   <configData
         dnPrefix="DC=example.net">>
      <xn:SubNetwork id=”1”>
         <xn:ManagementNode id="1">
            ...
         </xn:ManagementNode>
         <xn:ManagedElement id="1">
            ...
         </xn:ManagedElement>
         <xn:ManagedElement id="2">
            ...
         </xn:ManagedElement>
         ...
      </xn:SubNetwork>
   </configData>
   <fileFooter
         dateTime="2020-04-18T10:37:05Z" />
</bulkCmConfigDataFile>


Code Block 1 Bulk CM XML: SubNetwork
This example shows a ManagementNode with an IRPAgent supporting the Bulk CM IRP passive upload operation:
	<?xml version="1.0" encoding="UTF-8"?>
<bulkCmConfigDataFile
      xmlns="http://www.3gpp.org/ftp/specs/archive/32_series/32.616#configData"
      xmlns:xn="http://www.3gpp.org/ftp/specs/archive/32_series/32.626#genericNrm"
      xmlns:genericIRPData="http://www.3gpp.org/ftp/specs/archive/32_series/32.316#GenericIRPData">
   <fileHeader
         fileFormatVersion="32.616 V15.1.0"        
         senderName="DC=example.net,SubNetwork=1,ManagementNode=1,IRPAgent=1"
         vendorName="Acme">
   <configData
         dnPrefix="DC=example.net,SubNetwork=1">
      <xn:ManagementNode id="1">
         <xn:IRPAgent id="1">
            <xn:attributes>
               <genericIRPData:iRPVersions>
                  <genericIRPData:versionNumber>
                     32.616-B V15.1
                  </genericIRPData:versionNumber>                     
               </genericIRPData:iRPVersions>
               <genericIRPData:operationNameProfile>
                  <genericIRPData:operationSet>
                     <genericIRPData:operation>
                        <genericIRPData:operationName>
                           upload
                        </genericIRPData:operationName>
                     </genericIRPData:operation>
                  </genericIRPData:operationSet>
               </genericIRPData:operationNameProfile>
               <xn:systemDN>
                  DC=example.net,SubNetwork=1,ManagementNode=1,IRPAgent=1
               </xn:systemDN>
            </xn:attributes>
         </xn:IRPAgent>
      </xn:ManagementNode>
   </configData>
   <fileFooter
         dateTime="2020-04-18T10:54:43Z" />
</bulkCmConfigDataFile>


Code Block 2 Bulk CM XML: ManagementNode


[bookmark: scroll-bookmark-17][bookmark: _Toc41627424]3GPP Network Resource Models (NRM)
The general pattern of the information models is provided in 3GPP TS 28.622 Generic NRM which specifies the semantics of Information Object Class (IOC) attributes and relations visible across the reference point in a protocol and technology neutral way.
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As a network resource management domain information model the main Managed Object Classes (MOC) represented are:
1. SubNetwork
2. ManagedElement
3. ManagedFunction
4. Link
5. Endpoint

A Subnetwork represents a portion of the 3GPP system. A Subnetwork may contain multiple Subnetwork or ManagedElement (ME) which represent Network Elements (NE). A ManagedElement may contain multiple ManagedFunctions with their Endpoints (EP_RP). A slightly simplified view of the most commonly used classes and containment relationships of the Generic NRM (32.622) is shown in the UML diagram below:
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The Generic NRM supports the Federated Network Information Model (FNIM) concept described in 3GPP TS 32.107 Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM). The FNIM converges at the top classes with TM Forum's Resource domain information model. In 3GPP TS 28.620 FMC FNIM Umbrella Information Model (UIM) section 4.2 a mapping of UIM Classes is provided however it is out of date with respect to alignment with the current TM Forum Information Framework (SID) as it references Frameworx Release 9.5. Much has changed in this area including the removal of the Converged Network ABE in deference to the Open Networking Foundation (ONF) Common Information Model (ONF-CIM). The 3GPP NRMs also leave transport network out of scope with deprecated classes in FNIM not appearing in current 3GPP NRM specifications.
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The alignment of the relevant abstract superclasses with Frameworx 20.0 (to replace 3GPP TS 28.620 section 4.2) is provided here:

	FNIM (32.107)
	3GPP Generic NRM (32.622)
	TM Forum SID (GB922)

	
	
	ABE
	Class

	Top_
	Top
	Common Domain::Root Business Entities ABE
	RootEntity

	Domain_
	SubNetwork
	
	ManagementDomain

	ManagedElement_
	ManagedElement
	
	ManagedEntity

	ManagementSystem_
	ManagementNode
	Resource Domain::Resource ABE::LogicalResource ABE
	ResourceFunction

	Function_
	ManagedFunction
	
	

	TopologicalLink_  
	Link
	
	

	
	EP_RP
	
	ConnectionPoint
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Associations are used to model relationships between managed objects (MO). The three association implementation methods used in 3GPP NRMs are:
· name bindings
· reference attributes
· association objects
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The main association type in 3GPP NRMs is name containment where the name of a managed object establishes its place in a strict hierarchical naming structure (name space) as defined in 3GPP TS 32.300 Name convention for Managed Objects. All managed objects must appear in a name space.
In 3GPP NRM specifications we find UML diagrams which express composition associations. In UML Composite Aggregation is depicted as a solid line decorated with a filled black diamond at the aggregate end. These aggregation associations specify that the composite managed objects take the parent’s name as their root in the name space. In the examples above the managed object instance (MOI) named "DC=example.net,SubNetwork=1,ManagementNode=1" is contained within a SubNetwok MOI named "DC=example.net,SubNetwork=1".
The name containment relationship may be represented in TM Forum SID using Resource ABE class ResourceRelationship.
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In some cases an attribute is included in a managed object class (MOC) to implement an association. As shown in the diagram above depicting Generic NRM MOCs the ManagementNode MOC includes the attribute managedElements and the ManagedElement MOC includes the attribute managedBy.  These attributes establish a type of association between a ManagementNode and the ManagedElements it manages.
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Some 3GPP NRM specifications include UML diagrams which incorporate associations as managed object classes (MOC) representing a topological link using the Link MOC of the Generic NRM. In these cases, the topological link is an independent managed object which must appear in the name space.
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The managed objects (MO) described by 3GPP Network Resource Models (NRM) are Resource domain entities. Relevant TM Forum Open APIs for Resource management include:
· TMF634 Resource Catalog Management API
· TMF639 Resource Inventory Management API
· TMF664 Resource Function Activation and Configuration API
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Resource Specifications are used to define the invariant characteristics and behavior (attributes, methods, constraints, and relationships) possible of an instantiated Resource.  Resource Specifications may be managed in catalogs using the TMF634 Resource Catalog Management API. A managed object class (MOC) of a 3GPP Network Resource Model (NRM) may be mapped to a ResourceFunctionSpecification. While not strictly necessary in an assurance use case, managing MOCs in a catalog offers some advantages. For example a ResourceFunctionSppecification may express the containment and connectivity potential for a managed object instance (MOI). Knowing the potential relationships to other resources can be instrumental in the Alarm Correlation and Root Cause Analysis function in the assurance processes of Resource Trouble Management.
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The attributes of managed objects may be represented using the Characteristic pattern. Each attribute of an Information Object Class (IOC) is included as a characteristic in the resourceSpecCharacteristic of a ResourceSpecification.
	"resourceSpecCharacteristic": [
	{
		"name": "id",
		"description": "Used as an RDN when naming an instance of the object class.",
		"valueType": "string"
	},
	{
		"name": "userLabel",
		"description": "A user-friendly (and user assignable) name of this object",
		"valueType": "string"
	},
	{
		"name": "dnPrefix",
		"description": "Distinguished Name (DN) prefix (3GPP 32.300 Annex C)",
		"valueType": "Dn",
		"@valueSchemaLocation": "http://www.3gpp.org/ftp/specs/archive/28_series/28.623#genericNrm/definitions/Dn"
	},
	{
		"name": "locationName",
		"description": "The physical location (e.g. an address) of an entity.",
		"valueType": "string"
	},
	{
		"name": "vendorName",
		"description": "Name of the vendor",
		"valueType": "string"
	},
	{
		"name": "swVersion",
		"description": "Software version of the ManagedElement",
		"valueType": "string"
	},
	{
		"name": "userDefinedState",
		"description": "An operator defined state for operator specific usage.",
		"valueType": "string"
	},
	{
		"name": "priorityLabel",
		"description": "Label assined to concrete instance. Effect not standardized.",
		"valueType": "string"
	},
	{
		"name": "managedBy",
		"description": "A list of the DN(s) of the related ManagementNode.",
		"valueType": "DnList",
		"@valueSchemaLocation": "http://www.3gpp.org/ftp/specs/archive/28_series/28.623#genericNrm/definitions/DnList"
	},
	{
		"name": "managedElementTypeList",
		"description": "The IOC name prefix of directly contained Functions.",
		"valueType": "ManagedElementTypeListType",
		"@valueSchemaLocation": "http://www.3gpp.org/ftp/specs/archive/28_series/28.623#genericNrm/definitions/ManagedElementTypeListType"
	}
]


Code Block 3 Attributes: Generic NRM ManagedElement

[bookmark: scroll-bookmark-28][bookmark: _Toc41627435]Name Containment
The name containment association may be represented by including each of the managed object classes (MOC) of a composition aggregation association in the resourceSpecRelationship attribute of a ResourceSpecification. The relationshipType attribute should indicate a containment association (e.g. "contains").
	"resourceSpecRelationship": [
      {
         "relationshipType": "contains",
         "id": "ed88572b-6df4-429f-95d2-8ecd8f2848b0",
         "href": "/resourceCatalog/resourceSpecification/ed88572b-6df4-429f-95d2-8ecd8f2848b0",
         "@referredType": "MMEFunctionSpecification",
         "name": "MME"
      },
      {
         "relationshipType": "contains",
         "id": "f1ec2a9e-81bf-4bc2-960a-581159b2f4f0",
         "href": "/resourceCatalog/resourceSpecification/f1ec2a9e-81bf-4bc2-960a-581159b2f4f0",
         "@referredType": "ServingGWFunctionSpecification",
         "name": "ServingGW"
      }
]


Code Block 4 Containment: EPC ManagedElement
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The detailed information made available through the Bulk CM IRP upload operation may be used to create resource inventory of managed object instances (MOI) using the TMF639 Resource Inventory Management API. Each named MOI may be represented in a resource inventory for use by the Assurance processes.
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The Bulk CM example below contains a SubNetwork with one ManagementNode and one ManagedElement (ME). The ME is a Network Element implementing an Evolved Packet System (EPS) which contains ManagedFunctions of the Evolved Packet Core (EPC) Network Resource Model (NRM) (28.709).
	<?xml version="1.0" encoding="UTF-8"?>
<!--
	3GPP TS 32.616 Bulk CM data file with
	3GPP TS 28.709 EPC Network Resource Model (NRM)
-->
<bulkCmConfigDataFile
		xmlns="http://www.3gpp.org/ftp/specs/archive/32_series/32.616#configData"
		xmlns:xn="http://www.3gpp.org/ftp/specs/archive/28_series/28.623#genericNrm"
		xmlns:epc="http://www.3gpp.org/ftp/specs/archive/28_series/28.709#epcNrm">
	<fileHeader
			fileFormatVersion="32.616 V15.0"
			senderName="DC=example.net,SubNetwork=4,ManagementNode=1,IRPAgent=1"
			vendorName="Acme" />
	<configData dnPrefix="DC=example.net">
		<xn:SubNetwork id="4">
			<xn:attributes>
				<xn:userLabel>Subnet-4</xn:userLabel>
				<xn:userDefinedNetworkType>EPC</xn:userDefinedNetworkType>
				<xn:setOfMcc>999</xn:setOfMcc>
			</xn:attributes>
			<xn:ManagementNode id="1">
				<xn:attributes>
					<xn:userLabel>EMS-1</xn:userLabel>
					<xn:vendorName>Acme</xn:vendorName>
					<xn:userDefinedState>commercial</xn:userDefinedState>
					<xn:locationName>Gotham</xn:locationName>
					<xn:managedElements>
						<xn:dn>DC=example.net,SubNetwork=4,ManagedElement=1</xn:dn>
					</xn:managedElements>
					<xn:swVersion>1.0</xn:swVersion>
				</xn:attributes>
			</xn:ManagementNode>
			<epc:Link_HSS_MME id="1">
				<epc:attributes>
					<epc:userLabel>Link-1</epc:userLabel>
					<epc:aEnd>
						DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=1
					</epc:aEnd>
					<epc:zEnd>
						DC=example.net,SubNetwork=5,ManagedElement=1,HSSFunction=1
					</epc:zEnd>
				</epc:attributes>
			</epc:Link_HSS_MME>
			<epc:Link_MME_ServingGW id="1">
				<epc:attributes>
					<epc:userLabel>Link-2</epc:userLabel>
					<epc:aEnd>
						DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=2
					</epc:aEnd>
					<epc:zEnd>
						DC=example.net,SubNetwork=4,ManagedElement=1,ServingGWFunction=1,EP_RP_EPS=1
					</epc:zEnd>
				</epc:attributes>
			</epc:Link_MME_ServingGW>
			<epc:Link_ENB_MME id="1">
				<epc:attributes>
					<epc:userLabel>Link-3</epc:userLabel>
					<epc:aEnd>
						DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=3
					</epc:aEnd>
					<epc:zEnd>
						DC=example.net,SubNetwork=6,ManagedElement=1,ENBFunction=1
					</epc:zEnd>
				</epc:attributes>
			</epc:Link_ENB_MME>
			<xn:ManagedElement id="1">
				<xn:attributes>
					<xn:userLabel>EPS-1</xn:userLabel>
					<xn:vendorName>Acme</xn:vendorName>
					<xn:userDefinedState>commercial</xn:userDefinedState>
					<xn:locationName>Gotham</xn:locationName>
					<xn:swVersion>1.0</xn:swVersion>
					<xn:managedElementTypeList>
						<xn:managedElementType>MME</xn:managedElementType>
						<xn:managedElementType>ServingGW</xn:managedElementType>
					</xn:managedElementTypeList>
					<xn:managedBy>
						<xn:dn>DC=example.net,SubNetwork=4,ManagementNode=1</xn:dn>
					</xn:managedBy>
				</xn:attributes>
				<epc:MMEFunction id="1">
					<epc:attributes>
						<epc:userLabel>MME-1</epc:userLabel>
						<epc:vnfParametersList>
							<xn:vnfInstanceId>
								c76c99e2-759f-4e97-9c81-1c8ee7d1f27e
							</xn:vnfInstanceId>
							<xn:autoScalable>false</xn:autoScalable>
						</epc:vnfParametersList>
						<epc:mMEC>89426</epc:mMEC>
					</epc:attributes>
					<epc:EP_RP_EPS id="1">
						<epc:attributes>
							<epc:userLabel>EP-HSS-1</epc:userLabel>
							<epc:farEndEntity>
								DC=example.net,SubNetwork=5,ManagedElement=1,HssFunction=1
							</epc:farEndEntity>
						</epc:attributes>
					</epc:EP_RP_EPS>
					<epc:EP_RP_EPS id="2">
						<epc:attributes>
							<epc:userLabel>EP-SGW-1</epc:userLabel>
							<epc:farEndEntity>
								DC=example.net,SubNetwork=4,ManagedElement=1,ServingGWFunction=1,EP_RP_EPS=1
							</epc:farEndEntity>
						</epc:attributes>
					</epc:EP_RP_EPS>
					<epc:EP_RP_EPS id="3">
						<epc:attributes>
							<epc:userLabel>EP-ENB-1</epc:userLabel>
							<epc:farEndEntity>
								DC=example.net,SubNetwork=6,ManagedElement=1,ENBFunction=1
							</epc:farEndEntity>
						</epc:attributes>
					</epc:EP_RP_EPS>
				</epc:MMEFunction>
				<epc:ServingGWFunction id="1">
					<epc:attributes>
						<epc:userLabel>SGW-1</epc:userLabel>
						<epc:tACList>
							<epc:tAC>568912</epc:tAC>
						</epc:tACList>
					</epc:attributes>
					<epc:EP_RP_EPS id="1">
						<epc:attributes>
							<epc:userLabel>EP-MME-1</epc:userLabel>
							<epc:farEndEntity>
								DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=1
							</epc:farEndEntity>
						</epc:attributes>
					</epc:EP_RP_EPS>
				</epc:ServingGWFunction>
			</xn:ManagedElement>
		</xn:SubNetwork>
	</configData>
	<fileFooter dateTime="2020-04-20T04:32:51Z" />
</bulkCmConfigDataFile>


Code Block 5 Bulk CM XML: Evolved Packet Core (EPC)

[bookmark: scroll-bookmark-31][bookmark: _Toc41627438]Topology
The topology of the EPS described above is as depicted in the diagram below and in the connectivity attribute of the ResourceFunction in the following example.
[image: ]
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After parsing the above Bulk CM the following ManagedElement representation of the EPS Network Element (NE) may be created in a Resource Inventory using TMF639 API:
	{
	"id": "f9f6e895-cae2-49bf-8883-844d1173aaee",
	"href": "/resourceInventoryManagement/v4/resource/f9f6e895-cae2-49bf-8883-844d1173aaee",
	"@type": "ResourceFunction",
	"name": "DC=example.net,SubNetwork=4,ManagedElement=1",
	"resourceSpecification": {
		"id": "65d5d50e-f903-4f45-9a17-8897a8b2bed3",
		"href": "/resourceCatalogManagement/v4/resourceSpecification",
		"name": "ManagedElement"
	},
	"category": "EPC",
	"operationalState": "operating",
	"place": {
		"name": "Gotham"
	},
	"resourceCharacteristic": [
		{
			"name": "id",
			"value": "1"
		},
		{
			"name": "userLabel",
			"value": "EPS-1"
		},
		{
			"name": "locationName",
			"valueType": "Gotham"
		},
		{
			"name": "vendorName",
			"value": "Acme"
		},
		{
			"name": "swVersion",
			"value": "1.0"
		},
		{
			"name": "userDefinedState",
			"value": "commercial"
		},
		{
			"name": "managedBy",
			"value": [ "DC=example.net,SubNetwork=4,ManagementNode=1" ]
		},
		{
			"name": "managedElementTypeList",
			"value": [
				{ "managedElementType": "MME" },
				{ "managedElementType": "ServingGW" }
			]
		}
	],
	"resourceRelationship": [
		{
			"relationshipType": "contains",
			"resource": {
				"id": "a19a85e5-b128-49d5-8c39-ac314d53386a",
				"href": "/resourceInventory/resource/a19a85e5-b128-49d5-8c39-ac314d53386a",
				"@referredType": "ResourceFunction",
				"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1"
			}
		},
		{
			"relationshipType": "contains",
			"resource": {
				"id": "a2ebf62b-3947-42ee-beb5-b822e793fccc",
				"href": "/resourceInventory/resource/a2ebf62b-3947-42ee-beb5-b822e793fccc",
				"@referredType": "ResourceFunction",
				"name": "DC=example.net,SubNetwork=4,ManagedElement=1,ServingGWFunction=1"
			}
		},
		{
			"relationshipType": "depends",
			"resource": {
				"id": "a9a14a94-7606-4ce3-b045-a2642972e107",
				"href": "/resourceInventory/resource/a9a14a94-7606-4ce3-b045-a2642972e107",
				"@referredType": "ResourceFunction",
				"name": "DC=example.net,SubNetwork=4,Link_HSS_MME=1"
			}
		},
		{
			"relationshipType": "depends",
			"resource": {
				"id": "aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
				"href": "/resourceInventory/resource/aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
				"@referredType": "ResourceFunction",
				"name": "DC=example.net,SubNetwork=4,Link_MME_ServingGW=1"
			}
		},
		{
			"relationshipType": "depends",
			"resource": {
				"id": "0179f39a-a49e-4e97-8a51-dda7bf54dcc4",
				"href": "/resourceInventory/resource/0179f39a-a49e-4e97-8a51-dda7bf54dcc4",
				"@referredType": "ResourceFunction",
				"name": "DC=example.net,SubNetwork=4,Link_ENB_MME=1"
			}
		}
	],
	"connectionPoint": [
		{
			"id": "a0fb2b1c-9a26-4337-aaea-c2e09e4d1a51",
			"href": "/resourceInventory/resource/a0fb2b1c-9a26-4337-aaea-c2e09e4d1a51",
			"@type": "ConnectionPointRef",
			"@referredType": "ResourceFunction",
			"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=1"
		},
		{
			"id": "fadb68f1-a6c1-465f-af21-5155ed49cd67",
			"href": "/resourceInventory/resource/fadb68f1-a6c1-465f-af21-5155ed49cd67",
			"@type": "ConnectionPointRef",
			"@referredType": "ResourceFunction",
			"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=3"
		}
	],
	"connectivity": [
		{
			"id": "5921a308-322c-40fe-80e8-c2a7bc0ba546",
			"name": "Internal Adjacency Graph",
			"@type": "ResourceGraph",
			"connection": [
				{
					"associationType": "pointtoPoint",
					"@type": "Connection",
					"endpoint": [
						{
							"id": "a19a85e5-b128-49d5-8c39-ac314d53386a",
							"href": "/resourceInventory/resource/a19a85e5-b128-49d5-8c39-ac314d53386a",
							"@type": "EndpointRef",
							"@referredType": "ResourceFunction",
							"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1",
							"isRoot": true,
							"connectionPoint": {
								"id": "09fed76b-b2a3-45c6-a3e3-6ab324ab0540",
								"href": "/resourceInventory/v4/resource/09fed76b-b2a3-45c6-a3e3-6ab324ab0540",
								"@type": "ConnectionPointRef",
								"@referredType": "ResourceFunction",
								"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=2"
							}
						},
						{
							"id": "aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
							"href": "/resourceInventory/resource/aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
							"@referredType": "ResourceFunction",
							"@type": "EndpointRef",
							"name": "DC=example.net,SubNetwork=4,Link_MME_ServingGW=1",
							"isRoot": true
						}
					]
				},
				{
					"associationType": "pointtoPoint",
					"@type": "Connection",
					"endpoint": [
						{
							"id": "aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
							"href": "/resourceInventory/resource/aa8b0389-203e-4a2e-b8ab-c8cdbd689f62",
							"@referredType": "ResourceFunction",
							"@type": "EndpointRef",
							"name": "DC=example.net,SubNetwork=4,Link_MME_ServingGW=1",
							"isRoot": true
						},
						{
							"id": "a2ebf62b-3947-42ee-beb5-b822e793fccc",
							"href": "/resourceInventory/resource/a2ebf62b-3947-42ee-beb5-b822e793fccc",
							"@referredType": "ResourceFunction",
							"@type": "EndpointRef",
							"name": "DC=example.net,SubNetwork=4,ManagedElement=1,ServingGWFunction=1",
							"isRoot": true,
							"connectionPoint": {
								"id": "a43fb1c2-3552-4c8e-af7e-0bee6080bde5",
								"href": "/resourceInventory/v4/resource/a43fb1c2-3552-4c8e-af7e-0bee6080bde5",
								"@type": "ConnectionPointRef",
								"@referredType": "ResourceFunction",
								"name": "DC=example.net,SubNetwork=4,ManagedElement=1,ServingGWFunction=1,EP_RP_EPS=1"
							}
						}
					]
				},
				{
					"associationType": "pointtoPoint",
					"@type": "Connection",
					"endpoint": [
						{
							"id": "a19a85e5-b128-49d5-8c39-ac314d53386a",
							"href": "/resourceInventory/resource/a19a85e5-b128-49d5-8c39-ac314d53386a",
							"@type": "EndpointRef",
							"@referredType": "ResourceFunction",
							"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1",
							"isRoot": true,
							"connectionPoint": {
								"id": "a0fb2b1c-9a26-4337-aaea-c2e09e4d1a51",
								"href": "/resourceInventory/v4/resource/a0fb2b1c-9a26-4337-aaea-c2e09e4d1a51",
								"@type": "ConnectionPointRef",
								"@referredType": "ResourceFunction",
								"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=1"
							}
						},
						{
							"id": "a9a14a94-7606-4ce3-b045-a2642972e107",
							"href": "/resourceInventory/resource/a9a14a94-7606-4ce3-b045-a2642972e107",
							"@referredType": "ResourceFunction",
							"@type": "EndpointRef",
							"name": "DC=example.net,SubNetwork=4,Link_HSS_MME=1",
							"isRoot": true
						}
					]
				},
				{
					"associationType": "pointtoPoint",
					"@type": "Connection",
					"endpoint": [
						{
							"id": "a19a85e5-b128-49d5-8c39-ac314d53386a",
							"href": "/resourceInventory/resource/a19a85e5-b128-49d5-8c39-ac314d53386a",
							"@type": "EndpointRef",
							"@referredType": "ResourceFunction",
							"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1",
							"isRoot": true,
							"connectionPoint": {
								"id": "fadb68f1-a6c1-465f-af21-5155ed49cd67",
								"href": "/resourceInventory/v4/resource/fadb68f1-a6c1-465f-af21-5155ed49cd67",
								"@type": "ConnectionPointRef",
								"@referredType": "ResourceFunction",
								"name": "DC=example.net,SubNetwork=4,ManagedElement=1,MMEFunction=1,EP_RP_EPS=3"
							}
						},
						{
							"id": "0179f39a-a49e-4e97-8a51-dda7bf54dcc4",
							"href": "/resourceInventory/resource/0179f39a-a49e-4e97-8a51-dda7bf54dcc4",
							"@referredType": "ResourceFunction",
							"@type": "EndpointRef",
							"name": "DC=example.net,SubNetwork=4,Link_ENB_MME=1",
							"isRoot": true
						}
					]
				}
			]
		}
	]
}


Code Block 6 Resource Inventory: EPS ManagedElement

	Note: the contained managed objects should also have been created, before the containing managed object is created, so that references to those managed objects exist.
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[bookmark: _Toc41627440]Alarm Enhancement
With a Resource Inventory of all the managed objects (MO) available Assurance processes may operate with a fuller knowledge of the details, context and topology. The message sequence diagram below depicts a Network Element (NE) management function sending a fault event by SNMP to a Network Management System (NMS). The NMS uses TMF642 to create an active Alarm in the Fault Management (FM) component. The FM component uses TMF639 to query the Resource Inventory by MO name and uses the response to enhance the Alarm in the table.
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This Appendix provides additional background material about the TM Forum and this document. In general, sections may be included or omitted as desired; however, a Document History must always be included.
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