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1
Decision/action requested

SA5 is requested to review and approve the comments in this and attached documents, and send them in a consolidated response to the SA5- TM Forum JWG on RMA.
2
References

[1]

S5-120109 3GPP SA5 - TM Forum TIP Fault Management Harmonization: Final report from the Joint Work Group ad-hoc, ver 1.1
[2]


S5-120227 LS_in on 3GPP-TMF Model Alignment JWG Output Documents
3
Rationale

The two SA5-TM Forum JWGs on FMH [1] and RMA [2] have finished their first phase and asked SA5 to provide feedback on the results by the end of March 2012. Ericsson has some comments on [2] which are collected in this contribution.
4
Detailed proposal

4.1
Attached documents
In the attached documents, detailed feedback with revision marks is provided for the following output documents:

- S5-120227 S5vTMFa263a1 FMC FNIM V2.1 (S5vTMFa264)

- S5-120227S5vTMFa261a4 FMC Model Repertoire V2.0 (S5vTMFa260)
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4.2 
Additional minor/editorial comments

4.2.1 Comments on S5-120227 S5vTMFa263a1 FMC FNIM V2.1

· The statement in Introduction that “This is only the start on a very long journey” is a bit “funny” to have in a TS. We should consider a rewording or remove it. 

· In 7.1.1, “For simplicity, FMC NM employs unique name” should be “…names”. 

· The font in Appendix C should probably be aligned with the 3GPP drafting rules.
4.2.2 Comments on S5-120227 S5vTMFa263a2 FMC UIM V2.1

· In Figure 1, Editor’s note, the “below left” should be “bottom left”. Also better to add “TPE” before first occurrence of “naming tree”.

· In 4.2.2.2, dnPrefix, the Read qualifier should be M,T and not M.T.

· In 3.2, def. of UIM is missing.
4.2.3 Comments on S5-120227 S5vTMFa263a4 FMC Model Repertoire V2.1

· Table 1: This table is not consistent in the property names re: “isXxx” or just “xxx”, e.g. isInvariant vs. ordered and not isOrdered.

· Annex B: In 3GPP specs, for invariant attributes we currently only have the case that they must be created by the agent at object creation time (row 8). But we can consider which property shall be defined for each attribute using this new repertoire.

· On the use of “0..*” or * for showing multiplicity/cardinality of 0..n: There has been some mistake in the document, as the UML (using single *) is not consistent with the text (forbidding a single *). Needs to be aligned. We should discuss recommending some more flexibility due to the constraints in different tools, i.e. keeping a recommendation but not mandating one solution.
· Spelling error of “types supports” in 5.3.4.1 last para.
4.2.4 Note on comments from other companies
Please also note comments from other companies recorded in the rapporteur report of “UID_510056 IRP framework enhancements to support Management of Converged Networks” at meeting SA5#81, in S5-120035r1.
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1 [bookmark: _Toc311121634][bookmark: _Toc314595312]Scope


The JWG on Model Alignment work has chosen UML to capture behaviour of systems/entities under management.


UML provides a rich set of concepts, notations and model elements to model distributive systems. Usage of all UML notations and model elements is not necessary for the purpose of JWG Model Alignment work. This paper documents the necessary and sufficient set of UML notations and model elements, including the ones built by the UML extension mechanism <<stereotype>>, for use by JWG Model Alignment work. Collectively, this set of notations and model elements is called the FMCNM (developed by the Converged Management of Fixed/Mobile Networks project) modelling repertoire.


JWG Model Alignment specifications shall employ the UML notation and model elements of this repertoire.  In the course of the JWG Model Alignment work, JWG Model Alignment group may modify (add, delete, modify) UML notation and model elements of this repertoire when necessary.


2 [bookmark: _Ref309655516][bookmark: _Toc311121635][bookmark: _Toc314595313][bookmark: _Toc303068540]References
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3 [bookmark: _Toc303068541][bookmark: _Toc311121636][bookmark: _Toc314595314]
Definitions and abbreviations


For the purposes of this document, the following definitions and abbreviations apply. For definitions and abbreviations not found here, see also Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM) [5], Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM) Umbrella Information Model [6].


3.1 [bookmark: _Toc303068542][bookmark: _Toc311121637][bookmark: _Toc314595315]Definitions


Distinguished Name: See 3GPP TS 32.300 [3].


Naming attribute: See 3GPP TS 32.300 [3].


Lower Camel Case: It is the practice of writing compound words in which the words are joined without spaces. Initial letter of all except the first word shall be capitalized.  Examples: ‘mNIdentity’ and ‘minorDetails’ are the LCC for “managed node identity” and “minor details” respectively. 


Upper Camel Case: It is the Lower Camel Case except that the first letter is capitalised.  Examples: ‘MNIdentity’ and ‘MinorDetails’ are the UCC for “managed node identity” and “minor details” respectively.


Well Known Abbreviation: An abbreviation can be used as the modelled element name or as a component of a modelled element name. The abbreviation, when used in such manner, must be documented in the same document where the modelled element is defined. 


3.2 [bookmark: _Toc311089138][bookmark: _Toc311089457][bookmark: _Toc311119408][bookmark: _Toc311119567][bookmark: _Toc311119654][bookmark: _Toc311119741][bookmark: _Toc311119828][bookmark: _Toc311119915][bookmark: _Toc311120002][bookmark: _Toc311120428][bookmark: _Toc311120515][bookmark: _Toc311120627][bookmark: _Toc311121106][bookmark: _Toc311121247][bookmark: _Toc311121388][bookmark: _Toc311121497][bookmark: _Toc311121638][bookmark: _Toc311121747][bookmark: _Toc311121639][bookmark: _Toc314595316][bookmark: _Toc303068543]Abbreviations


CM		Conditional Mandatory


CO			Conditional Optional


DN		Distinguished Name


FMC		Fiexed Mobile Convergence


FNIM		Federated Network Information Model


IOC		Information Object Class


IRP		Integration Reference Point


JWG		(3GPP/TM Forum) Joint Working Group


LCC		Lower Camel Case


M			Mandatory


NA		Not Applicable


NRM		Network Resource Model


O			Optional


OMG		Object Management Group


UCC		Upper Camel Case


UIM		Umbrella Information Model


UML		Unified Modelling Language (OMG)


WKA		Well Known Abbreviation


4 [bookmark: _Toc310584707][bookmark: _Toc310867922][bookmark: _Toc310869985][bookmark: _Toc310939801][bookmark: _Toc310940437][bookmark: _Toc310941317][bookmark: _Toc311089140][bookmark: _Toc311089459][bookmark: _Toc311119410][bookmark: _Toc311119569][bookmark: _Toc311119656][bookmark: _Toc311119743][bookmark: _Toc311119830][bookmark: _Toc311119917][bookmark: _Toc311120004][bookmark: _Toc311120430][bookmark: _Toc311120517][bookmark: _Toc311120629][bookmark: _Toc311121108][bookmark: _Toc311121249][bookmark: _Toc311121390][bookmark: _Toc311121499][bookmark: _Toc311121640][bookmark: _Toc311121749][bookmark: _Toc310584708][bookmark: _Toc310867923][bookmark: _Toc310869986][bookmark: _Toc310939802][bookmark: _Toc310940438][bookmark: _Toc310941318][bookmark: _Toc311089141][bookmark: _Toc311089460][bookmark: _Toc311119411][bookmark: _Toc311119570][bookmark: _Toc311119657][bookmark: _Toc311119744][bookmark: _Toc311119831][bookmark: _Toc311119918][bookmark: _Toc311120005][bookmark: _Toc311120431][bookmark: _Toc311120518][bookmark: _Toc311120630][bookmark: _Toc311121109][bookmark: _Toc311121250][bookmark: _Toc311121391][bookmark: _Toc311121500][bookmark: _Toc311121641][bookmark: _Toc311121750][bookmark: _Toc310584709][bookmark: _Toc310867924][bookmark: _Toc310869987][bookmark: _Toc310939803][bookmark: _Toc310940439][bookmark: _Toc310941319][bookmark: _Toc311089142][bookmark: _Toc311089461][bookmark: _Toc311119412][bookmark: _Toc311119571][bookmark: _Toc311119658][bookmark: _Toc311119745][bookmark: _Toc311119832][bookmark: _Toc311119919][bookmark: _Toc311120006][bookmark: _Toc311120432][bookmark: _Toc311120519][bookmark: _Toc311120631][bookmark: _Toc311121110][bookmark: _Toc311121251][bookmark: _Toc311121392][bookmark: _Toc311121501][bookmark: _Toc311121642][bookmark: _Toc311121751][bookmark: _Toc310584710][bookmark: _Toc310867925][bookmark: _Toc310869988][bookmark: _Toc310939804][bookmark: _Toc310940440][bookmark: _Toc310941320][bookmark: _Toc311089143][bookmark: _Toc311089462][bookmark: _Toc311119413][bookmark: _Toc311119572][bookmark: _Toc311119659][bookmark: _Toc311119746][bookmark: _Toc311119833][bookmark: _Toc311119920][bookmark: _Toc311120007][bookmark: _Toc311120433][bookmark: _Toc311120520][bookmark: _Toc311120632][bookmark: _Toc311121111][bookmark: _Toc311121252][bookmark: _Toc311121393][bookmark: _Toc311121502][bookmark: _Toc311121643][bookmark: _Toc311121752][bookmark: _Toc310584711][bookmark: _Toc310867926][bookmark: _Toc310869989][bookmark: _Toc310939805][bookmark: _Toc310940441][bookmark: _Toc310941321][bookmark: _Toc311089144][bookmark: _Toc311089463][bookmark: _Toc311119414][bookmark: _Toc311119573][bookmark: _Toc311119660][bookmark: _Toc311119747][bookmark: _Toc311119834][bookmark: _Toc311119921][bookmark: _Toc311120008][bookmark: _Toc311120434][bookmark: _Toc311120521][bookmark: _Toc311120633][bookmark: _Toc311121112][bookmark: _Toc311121253][bookmark: _Toc311121394][bookmark: _Toc311121503][bookmark: _Toc311121644][bookmark: _Toc311121753][bookmark: _Toc310584712][bookmark: _Toc310867927][bookmark: _Toc310869990][bookmark: _Toc310939806][bookmark: _Toc310940442][bookmark: _Toc310941322][bookmark: _Toc311089145][bookmark: _Toc311089464][bookmark: _Toc311119415][bookmark: _Toc311119574][bookmark: _Toc311119661][bookmark: _Toc311119748][bookmark: _Toc311119835][bookmark: _Toc311119922][bookmark: _Toc311120009][bookmark: _Toc311120435][bookmark: _Toc311120522][bookmark: _Toc311120634][bookmark: _Toc311121113][bookmark: _Toc311121254][bookmark: _Toc311121395][bookmark: _Toc311121504][bookmark: _Toc311121645][bookmark: _Toc311121754][bookmark: _Toc310584713][bookmark: _Toc310867928][bookmark: _Toc310869991][bookmark: _Toc310939807][bookmark: _Toc310940443][bookmark: _Toc310941323][bookmark: _Toc311089146][bookmark: _Toc311089465][bookmark: _Toc311119416][bookmark: _Toc311119575][bookmark: _Toc311119662][bookmark: _Toc311119749][bookmark: _Toc311119836][bookmark: _Toc311119923][bookmark: _Toc311120010][bookmark: _Toc311120436][bookmark: _Toc311120523][bookmark: _Toc311120635][bookmark: _Toc311121114][bookmark: _Toc311121255][bookmark: _Toc311121396][bookmark: _Toc311121505][bookmark: _Toc311121646][bookmark: _Toc311121755][bookmark: _Toc310584714][bookmark: _Toc310867929][bookmark: _Toc310869992][bookmark: _Toc310939808][bookmark: _Toc310940444][bookmark: _Toc310941324][bookmark: _Toc311089147][bookmark: _Toc311089466][bookmark: _Toc311119417][bookmark: _Toc311119576][bookmark: _Toc311119663][bookmark: _Toc311119750][bookmark: _Toc311119837][bookmark: _Toc311119924][bookmark: _Toc311120011][bookmark: _Toc311120437][bookmark: _Toc311120524][bookmark: _Toc311120636][bookmark: _Toc311121115][bookmark: _Toc311121256][bookmark: _Toc311121397][bookmark: _Toc311121506][bookmark: _Toc311121647][bookmark: _Toc311121756][bookmark: _Toc310584715][bookmark: _Toc310867930][bookmark: _Toc310869993][bookmark: _Toc310939809][bookmark: _Toc310940445][bookmark: _Toc310941325][bookmark: _Toc311089148][bookmark: _Toc311089467][bookmark: _Toc311119418][bookmark: _Toc311119577][bookmark: _Toc311119664][bookmark: _Toc311119751][bookmark: _Toc311119838][bookmark: _Toc311119925][bookmark: _Toc311120012][bookmark: _Toc311120438][bookmark: _Toc311120525][bookmark: _Toc311120637][bookmark: _Toc311121116][bookmark: _Toc311121257][bookmark: _Toc311121398][bookmark: _Toc311121507][bookmark: _Toc311121648][bookmark: _Toc311121757][bookmark: _Toc310584716][bookmark: _Toc310867931][bookmark: _Toc310869994][bookmark: _Toc310939810][bookmark: _Toc310940446][bookmark: _Toc310941326][bookmark: _Toc311089149][bookmark: _Toc311089468][bookmark: _Toc311119419][bookmark: _Toc311119578][bookmark: _Toc311119665][bookmark: _Toc311119752][bookmark: _Toc311119839][bookmark: _Toc311119926][bookmark: _Toc311120013][bookmark: _Toc311120439][bookmark: _Toc311120526][bookmark: _Toc311120638][bookmark: _Toc311121117][bookmark: _Toc311121258][bookmark: _Toc311121399][bookmark: _Toc311121508][bookmark: _Toc311121649][bookmark: _Toc311121758][bookmark: _Toc310584717][bookmark: _Toc310867932][bookmark: _Toc310869995][bookmark: _Toc310939811][bookmark: _Toc310940447][bookmark: _Toc310941327][bookmark: _Toc311089150][bookmark: _Toc311089469][bookmark: _Toc311119420][bookmark: _Toc311119579][bookmark: _Toc311119666][bookmark: _Toc311119753][bookmark: _Toc311119840][bookmark: _Toc311119927][bookmark: _Toc311120014][bookmark: _Toc311120440][bookmark: _Toc311120527][bookmark: _Toc311120639][bookmark: _Toc311121118][bookmark: _Toc311121259][bookmark: _Toc311121400][bookmark: _Toc311121509][bookmark: _Toc311121650][bookmark: _Toc311121759][bookmark: _Toc310584718][bookmark: _Toc310867933][bookmark: _Toc310869996][bookmark: _Toc310939812][bookmark: _Toc310940448][bookmark: _Toc310941328][bookmark: _Toc311089151][bookmark: _Toc311089470][bookmark: _Toc311119421][bookmark: _Toc311119580][bookmark: _Toc311119667][bookmark: _Toc311119754][bookmark: _Toc311119841][bookmark: _Toc311119928][bookmark: _Toc311120015][bookmark: _Toc311120441][bookmark: _Toc311120528][bookmark: _Toc311120640][bookmark: _Toc311121119][bookmark: _Toc311121260][bookmark: _Toc311121401][bookmark: _Toc311121510][bookmark: _Toc311121651][bookmark: _Toc311121760][bookmark: _Toc303068544][bookmark: _Toc311121652][bookmark: _Toc314595317]Requirements


The UML notations and model elements captured in this repertoire shall be used to model behaviours of the systems/entities specified by the JWG Resource Model Alignment work such as the Umbrella Information Model (UIM) [6] of the FNIM discussed in Converged Management of Fixed/Mobile Network project.


[bookmark: historyclause]



5 [bookmark: _Toc303068545][bookmark: _Toc311121653][bookmark: _Toc314595318]Model Elements and Notations


5.1 [bookmark: _Toc311121654][bookmark: _Toc314595319][bookmark: _Toc303068546][bookmark: _Ref305663813][bookmark: _Ref305669083]General


Note that the graphical notation in this document is only used to represent particular model elements. Although the graphical notation is a correct representation of the model element, it may not be a valid representation of a UML class diagram.


The examples used in this document are for illustration purposes only and may or may not exist in specifications.


UML properties not described in this document shall not be used in specifications based on this repertoire.


5.2 [bookmark: _Ref305747462][bookmark: _Toc311121655][bookmark: _Toc314595320]Basic model elements


UML has defined a number of basic model elements. This sub-clause lists the subset selected for use in specifications based on this repertoire. The semantics of these selected basic model elements are defined in [1].


For each basic model element listed, there are three parts. The first part contains its description. The second part contains its graphical notation examples and the third part contains the rule, if any, recommended for labelling or naming it.


The graphical notation has the following characteristics:


1. Section 7.2.7 of [2] specifies "A class is often shown with three compartments. The middle compartment holds a list of attributes while the bottom compartment holds a list of operations" and "Additional compartments may be supplied to show other details…" This repertoire only allows the use of the name (top) and attribute (middle) compartments. The operation (bottom) compartment may be present but is always empty, as shown in figure below.



2. Classes may or may not have attributes. The graphical notation of a class may show an empty attribute (middle) compartment even if the class has attributes, as shown in figure below.



3. [bookmark: _Ref305663716]The visibility symbol shall not appear along with the class attribute, as shown below.



5.2.1 [bookmark: _Toc308514310][bookmark: _Toc308540966][bookmark: _Toc303068547][bookmark: _Ref305667316][bookmark: _Ref305670301][bookmark: _Ref305670555][bookmark: _Ref310869429][bookmark: _Ref310869456][bookmark: _Ref311007730][bookmark: _Ref311007734][bookmark: _Toc311121656][bookmark: _Ref313612311][bookmark: _Ref313612591][bookmark: _Toc314595321]Attribute


5.2.1.1 [bookmark: _Toc303068548][bookmark: _Ref305749510][bookmark: _Toc311121657]Description


It is a typed element representing a property of a class. See 10.2.5 Property of [1].


An element that is typed implies that the element can only refer to a constrained set of values.


See 10.1.4 Type of [1] for more information on type.


See 5.3.4 and 5.4.3 for predefined data types and user-defined data types that can apply type information to an element.


[bookmark: _Toc303068549]The following table captures the properties of this modelled element.


[bookmark: _Ref309228892][bookmark: _Toc314595380]Table 1: Attribute properties


			Property name


			Description


			Legal values





			documentation


			Contains a textual description of the attribute.
Should refer (to enable traceability) to the specific requirement.


			Any





			ordered


			For a multi-valued multiplicity; this specifies whetherif the values of this attribute instance are sequentially ordered. See section 7.3.44 and its Table 7.1 of [2].


			True, False (default)








			unique


			For a multi-valued multiplicity, this specifies whetherif the values of this attribute instance are unique (i.e., no duplicate attribute values). See section 7.3.44 and its Table 7.1 of [2].


			True (default), False








			read


			Specifies that this attribute can be read by the manager.


			True (default), False





			write


			Specifies that this attribute can be written by the manager under the conditions specified in Annex B.


			True, False (default)





			type


			Refers to a predefined (see section 5.4.3) or user defined data type (see section 5.3.4. See also section 7.3.44 of [2], inherited from StructuralFeature.


			NA








			isInvariant


			[bookmark: _GoBack]Attribute value is set at object creation time and cannot be changed under the conditions specified in Annex B.


			True, False (default)





			allowedValues


			Identifies the values the attribute can have.


			Dependent on type





			notification


			Identifies ifwhether a notification shallhas to be sent in case of a value change.


			True (default), False





			defaultValue


			Identifies a value at specification time that is used at object creation time under conditions defined in Annex B.


			Dependent on type





			multiplicity


			Defines the number of values the attribute can simultaneously have. See section 7.3.44 of [2]; inherited from StructuralFeature.


			See 5.2.8 Default is 1





			supportQualifier


			Identifies the required support of the attribute. See also section 6.


			M, O (default), CM, CO, C











5.2.1.2 [bookmark: _Toc311121658]Example


This example shows three attributes, i.e., a, b and c, listed in the attribute (the second) compartment of the class Xyz.





[bookmark: _Toc314595353]Figure 1: Attribute notation


5.2.1.3 [bookmark: _Toc311121659][bookmark: _Ref314595180]Name style


An attribute name shall use the LCC style.


Well Known Abbreviation (WKA) is treated as a word if used in a name. However, WKA shall be used as is (its letter case cannot be changed) except when it is the first word of a name; and if so, its first letter must be in lower case.





5.2.2 [bookmark: _Toc311121660][bookmark: _Toc314595322]Association relationship


5.2.2.1 [bookmark: _Toc311121661]Description


[bookmark: _Toc302902217][bookmark: _Toc302902909][bookmark: _Toc302902976][bookmark: _Toc302903071][bookmark: _Toc302903156][bookmark: _Toc302903308][bookmark: _Toc302903390][bookmark: _Toc302903472][bookmark: _Toc302903645][bookmark: _Toc302903727][bookmark: _Toc302918657][bookmark: _Toc303068466][bookmark: _Toc303068551][bookmark: _Toc303068673][bookmark: _Toc303068786][bookmark: _Toc308514312][bookmark: _Toc308540968][bookmark: _Toc308514313][bookmark: _Toc308540969][bookmark: _Toc308514314][bookmark: _Toc308540970][bookmark: _Toc308514315][bookmark: _Toc308540971][bookmark: _Toc308514316][bookmark: _Toc308540972][bookmark: _Toc308514317][bookmark: _Toc308540973][bookmark: _Toc308514318][bookmark: _Toc308540974][bookmark: _Toc308514319][bookmark: _Toc308540975][bookmark: _Toc308514320][bookmark: _Toc308514359][bookmark: _Toc308514532][bookmark: _Toc308540976][bookmark: _Toc308514321][bookmark: _Toc308540977][bookmark: _Toc308514322][bookmark: _Toc308540978]It shows a relationship between two classes and describes the reasons for the relationship and the rules that might govern that relationship.


It has ends. Its end, the association end(s), specifies the role that the object at one end of a relationship performs. Each end of a relationship has properties that specify the role (see 5.2.9), multiplicity (see 5.2.8), visibility and navigability (see the arrow symbol used in Figure 3: Unidirectional association relationship notation) and may have constraints. Note that visibility would not be used (see bullet 3 of 5.1). 


See 7.3.3 Association of [2].


Three examples below show a binary association between two model elements. The association can include the possibility of relating a model element to itself. 


The first example (Figure 2) shows a bi-directional navigable association in that each model element has a pointer to the other. The second example (Figure 3) shows a unidirectional association (shown with an open arrow at the target model element end) in that only the source model element has a pointer to the target model element and not vice-versa. The third example (Figure 4) shows a bi-directional non-navigable association in that each model element does not have a pointer to the other; i.e., such associations are just for illustration purposes. 


5.2.2.2 [bookmark: _Toc311121662]Example


An association shall have an indication of cardinality (not shown in the examples below; see 5.2.8) and shall, except the case of non-navigable association, have an indication of the role name (see 5.2.9).


The model element involved in an association is said to be “playing a role” in that association. The role has a name such as +theAClass in the examples below. Note that the "+" character in front of the role name, indicating the visibility, is ignored.





[bookmark: _Ref305663890][bookmark: _Ref310869325][bookmark: _Toc314595354]Figure 2: Bidirectional association relationship notation





[bookmark: _Ref308362207][bookmark: _Ref308362068][bookmark: _Toc314595355]Figure 3: Unidirectional association relationship notation





[bookmark: _Ref305663920][bookmark: _Ref310869382][bookmark: _Toc314595356]Figure 4: Non-navigable association relationship notation


Note that some tools do not use arrows in the UML graphical representation for bidirectional associations. Therefore, absence of arrows is not, but absence of role names is, an indication of a non-navigable association.


5.2.2.3 [bookmark: _Toc311121663]Name style


[bookmark: _Toc308514363][bookmark: _Toc308514536]A role name shall use the LCC style.


5.2.3 [bookmark: _Toc311121664][bookmark: _Toc314595323]Aggregation association relationship


5.2.3.1 [bookmark: _Toc311121665]Description


It shows a class as a part of or subordinate to another class.


An aggregation is a special type of association in which objects are assembled or configured together to create a more complex object. Aggregation protects the integrity of an assembly of objects by defining a single point of control called aggregate, in the object that represents the assembly.


See 7.3.2 AggregationKind (from Kernel) of [2].


5.2.3.2 [bookmark: _Toc311121666]Example


A hollow diamond attached to the end of a relationship is used to indicate an aggregation. The diamond is attached to the class that is the aggregate. The aggregation association shall have an indication of cardinality at each end of the relationship (see 5.2.8).





[bookmark: _Toc314595357]Figure 5: Aggregation association relationship notation


5.2.3.3 [bookmark: _Toc311121667]Name style


It has no name so there is no name style.


5.2.4 [bookmark: _Toc311121668][bookmark: _Toc314595324]Composite aggregation association relationship


5.2.4.1 [bookmark: _Toc311121669]Description


A composite aggregation association is a strong form of aggregation that requires a part instance be included in at most one composite at a time. If a composite is deleted, all of its parts are deleted as well.


A composite aggregation shall contain a description of its use.


See 7.3.3 Association (from Kernel) of [2].


5.2.4.2 [bookmark: _Toc311121670]Example


A filled diamond attached to the end of a relationship is used to indicate a composite aggregation. The diamond is attached to the class that is the composite. The composition association shall have an indication of cardinality at each end of the relationship (see 5.2.8).





[bookmark: _Toc314595358]Figure 6: Composite aggregation association relationship notation


5.2.4.3 [bookmark: _Toc311121671]Name style


It has no name so there is no name style.


5.2.5 [bookmark: _Toc311121672][bookmark: _Ref314595077][bookmark: _Ref314595083][bookmark: _Toc314595325]Generalization relationship


5.2.5.1 [bookmark: _Toc311121673]Description


[bookmark: _Toc308540982][bookmark: _Toc308514326][bookmark: _Toc308540983]It indicates a relationship in which one class (the child) inherits from another class (the parent).


See 7.3.20 Generalization of [2].


5.2.5.2 [bookmark: _Toc311121674]Example


This example shows a generalization relationship between a more general model element (the IRPAgent) and a more specific model element (the IRPAgentVendorA) that is fully consistent with the first element and that adds additional information.





[bookmark: _Toc314595359]Figure 7: Generalization relationship notation


5.2.5.3 [bookmark: _Toc311121675]Name style


It has no name so there is no name style.


5.2.6 [bookmark: _Toc311121676][bookmark: _Toc314595326]Dependency relationship


5.2.6.1 [bookmark: _Toc311121677]Description


 “A dependency is a relationship that signifies that a single or a set of model elements requires other model elements for their specification or implementation. This means that the complete semantics of the depending elements is either semantically or structurally dependent on the definition of the supplier element(s)...“, an extract from 7.3.12 Dependency of [2].


5.2.6.2 [bookmark: _Toc311121678]Example


This example shows that the BClass instances have a semantic relationship with the AClass instances. It indicates a situation in which a change to the target element (the AClass in the example) will require a change to the source element (the BClass in the example) in the dependency.





[bookmark: _Toc314595360]Figure 8: Dependency relationship notation


5.2.6.3 [bookmark: _Toc311121679]Name style


It has no name so there is no name style.


5.2.7 [bookmark: _Toc311121680][bookmark: _Toc314595327]Comment


5.2.7.1 [bookmark: _Toc311121681]Description


A comment is a textual annotation that can be attached to a set of elements.


See 7.3.9 Comment (from Kernel) from [2].


5.2.7.2 [bookmark: _Toc311121682]Example


This example shows a comment, as a rectangle with a "bent corner" in the upper right corner. It contains text. It appears on a particular diagram and may be attached to zero or more modelling elements by dashed lines.





[bookmark: _Toc314595361]Figure 9: Comment notation


5.2.7.3 [bookmark: _Toc311121683]Name style


It has no name so there is no name style.


5.2.8 [bookmark: _Toc311121684][bookmark: _Ref313611399][bookmark: _Ref314594651][bookmark: _Ref314594810][bookmark: _Ref314594916][bookmark: _Ref314594949][bookmark: _Toc314595328]Multiplicity, a.k.a. cardinality in relationships


5.2.8.1 [bookmark: _Toc311121685]Description


[bookmark: _Toc302902223][bookmark: _Toc302902915][bookmark: _Toc302902982][bookmark: _Toc302903077][bookmark: _Toc302903176][bookmark: _Toc302903329][bookmark: _Toc302903411][bookmark: _Toc302903493][bookmark: _Toc302903666][bookmark: _Toc302903748][bookmark: _Toc302918678][bookmark: _Toc303068487][bookmark: _Toc303068572][bookmark: _Toc303068679][bookmark: _Toc303068792] “A multiplicity is a definition of an inclusive interval of non-negative integers beginning with a lower bound and ending with a (possibly infinite) upper bound. A multiplicity element embeds this information to specify the allowable cardinalities for an instantiation of this element…“, an extract from 7.3.32 MultiplicityElement of [2].


The symbol star (*) indicates zero to infinite. The use of a standalone symbol zero (0) or star (*) is not allowed.


5.2.8.2 [bookmark: _Toc311121686]Example


This example shows a multiplicity attached to the end of an association path. The meaning of this multiplicity is one to many. One Network instance is associated with zero, one or more SubNetwork instances. Other valid examples can show the “many to many” relationship.





[bookmark: _Toc314595362][bookmark: _Toc303068576]Figure 10: Cardinality notation


The cardinality zero is not used to indicate the IOC’s so-called “transient state” characteristic. For example, it is not used to indicate that the instance is not yet created but it is in the process of being created. The cardinality zero will not be used to indicate this characteristic since such characteristic is considered inherent in all IOCs. All IOCs defined are considered to have such inherent “transient state” characteristics.


Note that the use of “0..*”, "0..n" or ‘*’ means “zero to many”. The use of “0..*” is recommended. The following table shows some valid examples of multiplicity.


[bookmark: _Toc314595381]Table 2: Multiplicity-string examples


			Multiplicity


			Explanation





			1


			Attribute has exactly one attribute value.





			5


			Attribute has exactly 5 attribute values.





			0..1


			Attribute has zero or one attribute value.





			0..*


			Attribute has zero or more attribute values.





			1..*


			Attribute has at least one attribute value.





			4..12


			Attribute has at least 4 but no more than 12 attribute values.








5.2.8.3 [bookmark: _Toc311121687]Name style


It has no name so there is no name style.


5.2.9 [bookmark: _Toc311121688][bookmark: _Ref314594606][bookmark: _Ref314594839][bookmark: _Toc314595329]Role


5.2.9.1 [bookmark: _Toc311121689]Description


[bookmark: _Toc302902225][bookmark: _Toc302902917][bookmark: _Toc302902984][bookmark: _Toc302903079][bookmark: _Toc302903181][bookmark: _Toc302903334][bookmark: _Toc302903416][bookmark: _Toc302903498][bookmark: _Toc302903671][bookmark: _Toc302903753][bookmark: _Toc302918683][bookmark: _Toc303068492][bookmark: _Toc303068577][bookmark: _Toc303068681][bookmark: _Toc303068794]It indicates a navigation capability, from one class to another classbetween two classes,  involved in an association relationship. A role is named. The direction of navigation is to the class attached to the end of the association relationship with (or near) the role name.


The use of role name in the graphical representation is mandatory for bidirectional and unidirectional association relationship notations (see Figure 2: Bidirectional association relationship notation and Figure 3: Unidirectional association relationship notation). Role name shall not be used in non-navigable association relationship notation (see Figure 4: Non-navigable association relationship notation).


A role at the navigable end of a relationship becomes (or is mapped into) an attribute (called role-attribute) in the source class of the relationship. Therefore roles have the same behaviour (or properties) as attributes. See Table 1: Attribute properties


The role-attributeRoles shall have all properties defined for attributes in section 5.2.1 Attribute and in addition the following properties:


· Passed by id;
Identifies if the role (navigable association end that points to an object) contains just a pointer to the object (passed by id = true) or contains the whole object instance itself (passed by id = false).
Legal values: true, false; default value = "false".


Note: Using RSM tool, it is impossible to assign the correct type for the role-attribute (which should be of type DN, see Table 5: Non-UML defined data types. Need to investigate an alternative for this type of navigable association.


5.2.9.2 [bookmark: _Toc311121690]Example


This example shows that a Person (say instance John) is associated with a Company (say whose DN is “Company=XYZ”). We navigate the association by using the opposite association-end such that John’s Person.theCompany would hold the DN, i.e. "Company=XYZ". 





[bookmark: _Toc314595363]Figure 11: Role notation


5.2.9.3 [bookmark: _Toc311121691]Name style


A role has a name. Use noun for the name. The name style follows the attribute name style; see section 5.2.1.3.


5.2.10 [bookmark: _Toc311121692][bookmark: _Toc314595330]Xor constraint


5.2.10.1 [bookmark: _Toc311121693]Description


 “A Constraint represents additional semantic information attached to the constrained elements. A constraint is an assertion that indicates a restriction that must be satisfied by a correct design of the system. The constrained elements are those elements required to evaluate the constraint specification…“, an extract from 7.3.10 Constraint (from Kernel) of [2].


For a constraint that applies to two elements such as two associations, the constraint shall be shown as a dashed line between the elements labeled by the constraint string (in braces). The constraint string, in this case, is xor.


5.2.10.2 [bookmark: _Toc311121694]Example


This example shows an Account (e.g. account 0960) that is associated with a Person (e.g. John Smith) or a Corporation (e.g. ABC Inc).








[bookmark: _Toc314595364]Figure 12: {xor} notation


5.2.10.3 [bookmark: _Toc311121695]Name style


It has no name so there is no name style.


5.3 [bookmark: _Toc308514333][bookmark: _Toc308540990][bookmark: _Toc308514334][bookmark: _Toc308540991][bookmark: _Toc308514335][bookmark: _Toc308540992][bookmark: _Toc308514336][bookmark: _Toc308540993][bookmark: _Toc308514337][bookmark: _Toc308540994][bookmark: _Toc308514338][bookmark: _Toc308540995][bookmark: _Toc308514339][bookmark: _Toc308540996][bookmark: _Toc308514340][bookmark: _Toc308540997][bookmark: _Toc308514341][bookmark: _Toc308514372][bookmark: _Toc308514545][bookmark: _Toc308540998][bookmark: _Toc308514342][bookmark: _Toc308540999][bookmark: _Toc308514343][bookmark: _Toc308541000][bookmark: _Toc303068586][bookmark: _Toc311121696][bookmark: _Toc314595331]Stereotype


Sub-clause 5.1 listed the UML defined basic model elements. UML defined a stereotype concept allowing the specification of user-defined model elements.


This sub-clause lists all allowable stereotypes for this repertoire.


For each stereotype model element listed, there are three parts. The first part contains its description. The second part contains its graphical notation examples and the third part contains the rule, if any, recommended for labelling or naming it.


5.3.1 [bookmark: _Toc302918693][bookmark: _Toc303068502][bookmark: _Toc303068587][bookmark: _Toc303068685][bookmark: _Toc303068798][bookmark: _Toc303068588][bookmark: _Toc311121697][bookmark: _Toc314595332]<<ProxyClass>>


5.3.1.1 [bookmark: _Toc303068589][bookmark: _Toc311121698]Description


It is a form or template representing a number of <<InformationObjectClass>>. It encapsulates attributes, links, methods (or operations), and interactions that are present in the represented <<InformationObjectClass>>.


The semantics of a <<ProxyClass>> is that all behaviour of the <<ProxyClass>> is present in the represented <<InformationObjectClass>>. Since this class is simply a representation of other classes, this class cannot define its own behaviour other than those already defined by the represented <<InformationObjectClass>>.


A particular <<InformationObjectClass>> can be represented by zero, one or more <<ProxyClass>>. For example, the ManagedElement <<InformationObjectClass>> can have MonitoredEntity <<ProxyClass>> and ManagedEntity <<ProxyClass>>.


The attributes of the <<ProxyClass>> are accessible by the source entity that has an association with the <<ProxyClass>>.


5.3.1.2 [bookmark: _Toc303068590][bookmark: _Toc311121699]Example


This shows a <<ProxyClass>> named MonitoredEntity. It represents all NRM <<InformationObjectClass>> (e.g. GgsnFunction <<InformationObjectClass>>) whose instances are being monitored for alarm conditions.


 


[bookmark: _Toc314595365]Figure 13: <<ProxyClass>> notation


See Annex A for more examples that use <<ProxyClass>>.


5.3.1.3 [bookmark: _Toc303068591][bookmark: _Ref305669559][bookmark: _Toc311121700]Name style


For <<ProxyClass>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).


5.3.2 [bookmark: _Toc302918698][bookmark: _Toc303068507][bookmark: _Toc303068592][bookmark: _Toc303068687][bookmark: _Toc303068800][bookmark: _Toc303068593][bookmark: _Ref305669555][bookmark: _Ref305669577][bookmark: _Ref305670541][bookmark: _Ref305671516][bookmark: _Ref305671897][bookmark: _Ref310940056][bookmark: _Ref311007796][bookmark: _Ref311007801][bookmark: _Toc311121701][bookmark: _Ref313612255][bookmark: _Toc314595333]<<InformationObjectClass>>


5.3.2.1 [bookmark: _Toc303068594][bookmark: _Toc311121702]Description


The <<InformationObjectClass>> is identical to UML class except that it does not include/define methods or operations.


A UML class represents a capability or concept within the system being modelled. Classes have data structure and behaviour and relationships to other elements.


This class can inherit from zero, one or multiple classes (multiple inheritances).


See more on UML class in 10.2.1 of [1].


5.3.2.2 [bookmark: _Toc303068595][bookmark: _Toc311121703]Example


This example shows an RncFunction <<InformationObjectClass>>.





[bookmark: _Toc314595366]Figure 14: <<InformationObjectClass>> notation


The following table captures the properties of this modelled element. 


[bookmark: _Toc314595382]Table 3: <<InformationObjectClass>> properties


			Property name


			Description


			Legal values





			documentation


			Contains a textual description of this modelled element.
Should refer (to enable traceability) to a specific requirement.


			Any





			abstract


			Indicates if the class can be instantiated or is just used for inheritance.


			True, False (default)





			notifications


			Identifies the list of the supported notifications.


			List of names of notification





			supportQualifier


			Identifies the required support of the object class. See also section 6.


			M, O (default), CM, CO, C











5.3.2.3 [bookmark: _Toc303068596][bookmark: _Toc311121704]Name style


The name shall use UCC style. The name cannot end with an underscore if it is not an abstract class. The name must end with an underscore if it is an abstract class. 


WKA is treated as a word if used in a name. However, WKA shall be used as is (its letter case cannot be changed) except when it is the first word of the name; and if so, its first letter must be in upper case.


Embedded underscore is not allowed except the name is for an Association class (see 5.4.1.)


5.3.3 [bookmark: _Toc303068597][bookmark: _Ref305596228][bookmark: _Toc311121705][bookmark: _Ref313533442][bookmark: _Toc314595334]<<names>>


5.3.3.1 [bookmark: _Toc303068598][bookmark: _Toc311121706]Description


The <<names>> is modelled by a composition association where both ends are non-navigable. The source object class is the composition and the target object class is the component. It specifies a unidirectional composition. The target instance is uniquely identifiable, within the namespace of the source entity, among all other targeted instances of the same target class and among other targeted instances of other classes that have the same <<names>> composition with the source.


The source class and target class shall each has its own naming attribute.


The composition aggregation association relationship is used as the act of name containment providing a semantic of a whole-part relationship between the domain and the named elements that are contained, even if only by name. From the management perspective access to the part is through the whole. Multiplicity shall be indicated at both ends of the relationship.


A target instance can not have multiple <<names>> with multiple sources, i.e. a target instance can not participate in or belong to multiple namespaces.


5.3.3.2 [bookmark: _Toc303068599][bookmark: _Toc311121707]Example


This shows that all instances of MscFunction are uniquely identifiable within a ManagedElement instance's namespace.





[bookmark: _Toc314595367]Figure 15: <<names>> notation


5.3.3.3 [bookmark: _Toc303068600][bookmark: _Toc311121708]Name style


It has no name so there is no name style.


5.3.4 [bookmark: _Toc303068601][bookmark: _Ref305596378][bookmark: _Ref305671447][bookmark: _Ref308537250][bookmark: _Ref308537279][bookmark: _Ref310868142][bookmark: _Toc311121709][bookmark: _Toc314595335]<<dataType>>


5.3.4.1 [bookmark: _Toc303068602][bookmark: _Toc311121710]Description


It represents the general notion of being a data type (i.e. a type whose instances are identified only by their values) whose definition is defined by user (e.g. specification authors).


This repertoire uses two kinds of data types: predefined data types and user-defined data types. The former is defined in sub‑clause 5.4.3. The latter is defined by the specifications authors using this <<dataType>> model element.


The user-defined data types supports the modelling of structured data types (see <<dataType>> notations in 5.3.4.2). When user-defined or predefined data type is used to apply type information to a class attribute (see 5.2.1), the data type name is shown along with the class attribute. See user example of <<dataType>> in 5.3.4.2.


5.3.4.2 [bookmark: _Toc303068603][bookmark: _Ref305670258][bookmark: _Toc311121711]Example


The following examples are two user-defined data types. The left-most is named PlmnId that consists of Mobile Country Code (MCC) and Mobile Network Code (MNC), whose types are the predefined data types in 5.4.3. The right-most is named Xyz that consists of two predefined data types (i.e., String, Integer and one user-defined data type PlmnId.








[bookmark: _Toc314595368]Figure 16: <<dataType>> notations


The following example shows a ZClass using two user-defined data types and two predefined data types.





[bookmark: _Toc314595369]Figure 17: Usage example of <<dataType>>


5.3.4.3 [bookmark: _Toc303068604][bookmark: _Toc311121712]Name style


For <<dataType>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).


For <<dataType>> attribute, use the same style as Attribute (see 5.2.1).


5.3.5 [bookmark: _Toc303068605][bookmark: _Ref308537337][bookmark: _Ref308537358][bookmark: _Toc311121713][bookmark: _Toc314595336]<<enumeration>>


5.3.5.1 [bookmark: _Toc303068606][bookmark: _Toc311121714]Description


An enumeration is a data type. It contains sets of named literals that represent the values of the enumeration. An enumeration has a name.


See 10.3.2 Enumeration of [1].


5.3.5.2 [bookmark: _Toc303068607][bookmark: _Toc311121715]Example


This example shows an enumeration model element whose name is Account and it has four enumeration literals. The upper compartment contains the keyword <<enumeration>> and the name of the enumeration. The lower compartment contains a list of enumeration literals.





[bookmark: _Toc314595370]Figure 18: <<enumeration>> notation


5.3.5.3 [bookmark: _Toc303068608][bookmark: _Toc311121716]Name style


For <<enumeration>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).


For <<enumeration>> attribute (the enumeration literal), use the following rules:


Enumeration literal is composed of one or more words of upper case characters. Words are separated by the underscore character.


5.4 [bookmark: _Toc303068609][bookmark: _Toc311121717][bookmark: _Toc314595337]Others


5.4.1 [bookmark: _Toc303068610][bookmark: _Ref310869243][bookmark: _Toc311121718][bookmark: _Toc314595338]Association class


5.4.1.1 [bookmark: _Toc311121719]Description


An association class is an association that also has class properties (or a class that has association properties).
Even though it is drawn as an association and a class, it is really just a single model element.


See 7.3.4 AssociationClass of [2].


Association classes are appropriate for use when an «InformationObjectClass» needs to maintain associations to several other instances of «InformationObjectClass» and there are relationships between the members of the associations within the scope of the "containing" «InformationObjectClass». For example, a namespace maintains a set of bindings, a binding ties a name to an object. A Binding «IOC» can be modelled as an Association Class that provides the binding semantics to the relationship between a name and some other «InformationObjectClass». This is depicted in the following figure.


5.4.1.2 [bookmark: _Toc303068611][bookmark: _Toc311121720]Example





[bookmark: _Toc314595371]Figure 19: Association class notation


5.4.1.3 [bookmark: _Toc303068612][bookmark: _Toc311121721]Name style


TBD


5.4.2 [bookmark: _Toc303068613][bookmark: _Toc311121722][bookmark: _Toc314595339]Abstract class


5.4.2.1 [bookmark: _Toc303068614][bookmark: _Toc311121723]Description


It specifies a special kind of <<InformationObjectClass>> as the general model element involved in a generalization relationship (see 5.2.5). An abstract class cannot be instantiated.


This modelled element has the same properties as class. See 5.3.2.


5.4.2.2 [bookmark: _Toc303068615][bookmark: _Toc311121724]Example


This shows that TP_ is an abstract class. It is the base class for SpecializedTP.





[bookmark: _Toc314595372]Figure 20: Abstract class notation


5.4.2.3 [bookmark: _Toc303068616][bookmark: _Toc311121725]Name style


For abstract class name, use the same style as <<InformationObjectClass>> (see 5.3.2) and its last character shall be an underscore. Furthermore, the name shall be in italics.


5.4.3 [bookmark: _Toc303068617][bookmark: _Ref305596399][bookmark: _Ref305670221][bookmark: _Ref305671419][bookmark: _Ref305747632][bookmark: _Toc311121726][bookmark: _Toc314595340]Predefined data types


5.4.3.1 [bookmark: _Toc303068618][bookmark: _Toc311121727][bookmark: _Ref319596551]Description


[bookmark: _Toc303068619]It represents the general notion of being a data type (i.e. a type whose instances are identified only by their values) whose definition is defined by this specification and not by the user (e.g. specification authors).


This repertoire uses two kinds of data types: predefined data types and user-defined data types.  The latter are defined in 5.3.4 <<dataType>>and 5.3.5 <<enumeration>>.


The following table lists the UML data types selected for use as predefined data type. 


[bookmark: _Toc314595383]Table 4: UML defined data types


			Name


			Description and reference





			Boolean


			See Boolean type of [7].





			Integer


			See Integer type of [7].





			String


			See PrintableString type of [7].











The following table lists data types that are defined by this repertoire.


[bookmark: _Toc314595384][bookmark: _Ref319596569]Table 5: Non-UML defined data types


			Name


			Description and reference





			DateTime


			See GeneralizedTime of [7]





			DN


			The DN (see Distinguished Name of [8]) of an object contains a sequence of one or more name components. Each initial sub-sequence (note 1) of the object name is also the name of an object. The sequence of objects so identified, starting with the one identified by only the first name component and ending with the object being named, is such that each is the immediate superior (note 2) of that which follows it in the sequence.


Note 1: Suppose an object’s DN is composed of a sequence of 4 name components, i.e., 1st, 2nd, 3rd and 4th components. The “initial sub-sequence” is composed of the 1st, 2nd and 3rd components.


Note 2: Suppose object A is name-contained (see 5.3.3) by object B, object B is said to be the immediate superior of object A.





			Real


			See Real type of [7]








5.4.3.2 [bookmark: _Toc311121728]Examples


[bookmark: _Toc303068620]TBD


5.4.3.3 [bookmark: _Toc311121729]Name style


[bookmark: _Toc303068621]It shall use the UCC style.


6 [bookmark: _Ref310867301][bookmark: _Toc311121730][bookmark: _Toc314595341]Qualifier


This sub-clause defines the qualifiers applicable for model elements specified in this document, e.g., the IOC (see 5.3.2), the Attribute (see 5.2.1). The possible qualifications are M, O, CM, CO and C. Their meanings are specified in this section. This type of qualifier is called Support Qualifier.


This sub-clause also defines the qualifiers applicable to individual property of a model element, e.g., see Attributes properties in 5.2.1. The possible qualifications are M, O, CM, CO and ‘-‘. Their meanings are specified in this section. This type of qualifier is simply called Qualifier.


Definition of qualifier M (Mandatory):


· The capability (e.g. the Attribute named abc of an IOC named Xyz; the write property of Attribute named abc of an IOC named Xyz; the IOC named Xyz) shall be supported.


Definition of qualifier O (Optional): 


· The capability may or may not be supported.


Definition of qualifier CM (Conditional-Mandatory):


· The capability shall be supported under certain conditions, specifically:


· The class attribute qualified as CM shall have a corresponding constraint defined in the specification. If the specified constraint is met then the capability shall be supported.





Definition of qualifier CO (Conditional-Optional):


· The capability shall be may be supported under certain conditions, specifically:


· The class attribute qualified as CO shall have a corresponding constraint defined in the specification. If the specified constraint is met then the capability may be supported.


Definition of qualifier C (Conditional):


· The capability shall be supported by at least one but not all solutions.





Definition of qualifier ‘-‘: 


· The capability shall not be supported.


Editor’s note: It is clear that M and O are mutually exclusive. For example, an attribute can be qualified as M or O but not both. It is not clear if CM and CO are mutually exclusive. In other words, it is not clear if an attribute can have two qualifications CM and CO at the same time. 3GPP and TM Forum are requested to provide feedback.


7 [bookmark: _Ref309716884][bookmark: _Toc311121731][bookmark: _Toc314595342]UML Diagram Requirements


Object classes and their relationships shall be presented in class diagrams.


It is recommended to create:


· An overview class diagram containing all object classes related to a specific management area (Class Diagram).


· The class name compartment should contain the location of the class definition (e.g., "Qualified Name")


· The class attributes should show the "Signature". (see section 7.3.44 of [2] for the signature definition);


· A separate inheritance class diagram in case the overview diagram would be overloaded when showing the inheritance structure (Inheritance Class Diagram);


· A class diagram containing the user defined data types (Type Definitions Diagram);


· Additional class diagrams to show specific parts of the specification in detail;


· State diagrams for complex state attributes.





8 [bookmark: _Toc311121732][bookmark: _Toc314595343]Design patterns


8.1 [bookmark: _Toc311121733][bookmark: _Toc314595344]Intervening Class pattern and Association Class pattern


8.1.1 [bookmark: _Toc311121734][bookmark: _Toc314595345]Concept and Definition


Classes may be related via simple direct associations or via associations with related association classes. 


However, in situations where the relationships between a number of classes is complex and especially where the relationships between instances of those classes are themselves interrelated there may be a need to encapsulate the complexity of the relationships within a class that sits between the classes that are to be related. The term “intervening class” is used here to name the pattern that describes this approach. The name “intervening class” is used as the additional class “intervenes” in the relationships between other classes.


The “intervening class” differs from the association class as the intervening class does break the association between the classes where as the association class does not but instead sits to one side. This can be seen in the following figure. A direct association between class A and C appears the same at A and C regardless of the presence or absence of an association class where as in the case of the “intervening class” there are associations between A and the “intervening class” B and C and the “intervening class” B.








[bookmark: _Toc314595373]Figure 21: Various association forms


The “intervening class” is essentially no different to any other class in that it may encapsulate attributes, complex behaviour etc.


The following figure shows an instance view of both an association class form and an “intervening class” form for a complex interrelationship








[bookmark: _Toc314595374]Figure 22: Instance view of "intervening class"


The case depicted above does not show interrelationships between the relationships. A practical case from modeling of the relationships between Termination Points in a fixed network does show this relationship interrelationship challenge. In this case the complexity of relationship is between instances of the same class, the Termination Point (TP). The complexity is encapsulated in a SubNetworkConnection (SNC) class.








[bookmark: _Toc311088375][bookmark: _Toc314595375]Figure 23: SNC intervening in TP-TP relationship


The SNC also encapsulates the complex behaviour of switching and path selection as depicted below.








[bookmark: _Toc311088376][bookmark: _Toc314595376]Figure 24: Complex relationship interrelationships


8.1.2 [bookmark: _Toc311121735][bookmark: _Toc314595346]Usage in the non-transport domain


The choice of association class pattern or intervening class pattern is on a case-by-case basis.


The transport domain boundary is highlighted in the following figure.











[bookmark: _Toc314595377]Figure 25: Highlighting the boundary between transport and non-transport domains


8.1.3 [bookmark: _Toc311121736][bookmark: _Toc314595347]Usage in the transport domain


The following guidelines must be applied to the models of the “transport domain”. 


When considering interrelationships between classes the following guidelines should be applied:


· If considering all current and recognised potential future cases it is expected that the relationship between two specific classes will be 0..1:0..1 then a simple association should be used


· This may benefit from an association class to convey rules and parameters about the association behaviour in complex cases.


· If there is recognised potential for cases currently or in future where there is a 0..*:0..* between two specific classes then intervening classes should be used to encapsulate the groupings etc. so as to convert it to 0..1:n..*. 


· Note that the 0..1:n..* association may benefit from an association class to convey rules and parameters about the association behaviour in complex cases but in the instance form this can probably be ignored or folded into the intervening class


· In general it seems appropriate to use an association class when the properties on the relationship instance cannot be obviously or reasonably folded into one of the classes at either end of the association and when there is no interdependency between association instances between a set of instances of the classes.


An example of usage of intervening class is the case of the TP-TP (TerminationPoint) relationship (0..*:0..*) where the SNC (SubNetworkConnection) is added as the intervening class between multiple TPs, i.e. TP-SNC. Note that TP-SNC actually becomes 0..2:n..* due to directionality encapsulation. 


Considering the case of the adjacency relationship between PTPs it is known that although the current common cases are 1:1 there are some current and many potential future case of 0..*:0..* and hence a model that has an intervening class, i.e. the TopologicalLink, should be used.


For a degenerate instance cases of 0..*:0..* that happens to be 0..1:0..1 the intervening class pattern should still be used:


· Using the 0..1:0..1 direct association in this degenerate case brings unnecessary variety to the model and hence to the behaviour of the application (the 0..1:n..* model covers the 0..1:0..1 case  with one single code form clearly)


· An instance of the 0..1:0..1 model may need to be migrated to 0..1:n..* as a result of some change in the network forcing an unnecessary administrative action to transition the model form where as in the 0..1:n..* form requires no essential change.





8.2 [bookmark: _Toc311089183][bookmark: _Toc311089502][bookmark: _Toc311119453][bookmark: _Toc311119612][bookmark: _Toc311119699][bookmark: _Toc311119786][bookmark: _Toc311119873][bookmark: _Toc311119960][bookmark: _Toc311120047][bookmark: _Toc311120473][bookmark: _Toc311120615][bookmark: _Toc311120726][bookmark: _Toc311121205][bookmark: _Toc311121346][bookmark: _Toc311121487][bookmark: _Toc311121596][bookmark: _Toc311121737][bookmark: _Toc311121792][bookmark: _Toc311121738][bookmark: _Toc314595348]Use of “ExternalXyz class”


This section will be completed for the next release.








[bookmark: _Ref305669500][bookmark: _Toc311121739][bookmark: _Toc314595349]
Annex A (informative):
Examples of using <<ProxyClass>> to model Link related IOCs





A.1 [bookmark: _Toc303068622][bookmark: _Toc311121740][bookmark: _Toc314595350] First Example


This shows a <<ProxyClass>> named YyyFunction. It represents all IOCs listed in the Note under the UML diagram. All the listed IOCs, in the context of this example, inherit from ManagedFunction IOC.


The use of <<ProxyClass>> eliminates the need to draw multiple UML <<InformationObjectClass>> boxes, i.e. those whose names are listed in the Note, in the UML diagram.





[bookmark: _Toc314595378]Figure 26: <<ProxyClass>> Notation Example A.1


Note: The YyyFunction <<ProxyClass>> represents AsFunction, AucFunction, BgFunction etc.





A.2 [bookmark: _Toc303068623][bookmark: _Toc311121741][bookmark: _Toc314595351]
 Second Example


This shows a <<ProxyClass>> named YyyFunction. It represents all IOCs listed in the Note right under the UML diagram.  All the listed IOCs, in the context of this example, have link (internal and external) relations.


The actual names of the IOC represented by InternalYyyFunction <<ProxyClass>> and by the ExternalYyyFunction <<ProxyClass>> are listed under the subsection of X.Y of the associated YyyFunction.  For example, under X.Y.1 for AsFunction, two paragraphs are added to list all peer internal entities and external entities that are linked with AsFunction.  See example in quotation below that is using AsFunction as an example for YyyFunction.


The actual names of the IOC represented by Link_a_z <<ProxyClass>> and by ExternalLink_a_z <<ProxyClass>> are listed under the subsection of X.Y of the associated YyyFunction.  For example, under X.Y.1 for AsFunction, two paragraphs are added to list the names of the IOCs represented by Link_a_z and by ExternalLink_a_z. See the quoted text below that is using AsFunction as an example for YyyFunction.


“


X.Y.1	AsFunction


X.Y.1.1	Definition


This IOC represents an As functionality. For more information about the As, see 3GPP TS 23.002 [4].


The linked InternalYyyFunction <<ProxyClass>> represents SlsFunction, CscfFunction, HlrFunction ...


The linked ExternalYyyFunction <<ProxyClass>> represents …


The Link_a_z <<ProxyClass>> represents Link_As_Scscf, Link_Bgcf_Scscf …


The ExternalLink_a_z <<ProxyClass>> represents …


“





[bookmark: _Toc314595379]Figure 27: <<ProxyClass>> Notation Example A.2


NOTE:	The ‘Yyy’ of YyyFunction <<ProxyClass>> represents AsFunction, AucFunction, etc.









[bookmark: _Ref310868220][bookmark: _Toc311121742][bookmark: _Toc314595352]Annex B (normative): Attribute properties






			isInvariant



			write


			defaultValue 


			manager must provide a value when manager requests object creation  


			Meaning





			


			


			


			


			Not valid.





			


			


			


			


			May be set by the manager only during object creation time; if no value is provided by the manager, the default value is used.





			


			


			


			


			Must be set by the manager during object creation time.





			


			


			


			


			May be set by the manager only during object creation time; if no value is provided by the manager, the agent must provide a value.





			


			


			


			


			Not valid.





			


			


			


			


			Valid but not useful.





			


			


			


			


			Not valid.





			


			


			


			


			Must be set by the agent during object creation time.





			


			


			


			


			Not valid.





			


			


			


			


			May be set by the manager anytime; if no value is provided by the manager at object creation time, it is set to the default value.





			


			


			


			


			Must be set by the manager at object creation time and may be changed anytime.





			


			


			


			


			May be set by the manager at object creation time and may be changed anytime.





			


			


			


			


			Not valid.





			


			


			


			


			Must be set by the agent to the default value at object creation time;
may be changed by the agent anytime.





			


			


			


			


			Not valid.





			


			


			


			


			May be set by the agent at object creation time and may be changed by the agent anytime.




















END OF DOCUMENT
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1 Background and Objective



On-going industry convergence and pressure to reduce cost is placing ever-increasing emphasis on the need to rationalize and align various network management aspects across boundaries of standards/specifications producing organizations. The cost, resulting from integration and management challenges, of the lack of a coherent treatment of the whole network has becoming increasingly apparent to the point where operators of networks are demanding action.



This document provides a proposal for key aspects of a solution to the on-going industry convergence challenge. The proposal focuses on Information Model federation and is constructed to best deal with the various contradictory pressures of the current environment providing a pragmatic and realizable approach. The structure proposed will be called the Federated Information Model (FIM).


The proposal set out in this document:



Explains:



· How, from a technical perspective, a number of standards and specifications generated by different organizations can function together to bring greater coherence to the management of converged network and hence reduce operations cost 



· Specifically how TM Forum and 3GPP can work with each other and with other industry groups in a Standards Federation to develop a Federated Information Model drawing on insights from the broad community (including the TM Forum SID [7], TM Forum MTNM/MTOSI [8], 3GPP SA5 IRPs [14], DMTF CIM [15])



· How the Federated Information Model can be used from a technical perspective (with the focus here being the Network Model)



Recognizes:



· The network is “always on”, therefore changes in management solutions should not impact networks in operation



· There will always be on-going change



· That this is only a start on a very long journey



Allows and enables:



· Decoupling of concerns across the industry whilst growing industry coherence



· Differing delivery pace across the industry whilst aiming for industry convergence



· Variety from innovation whilst removing unnecessary variety in management infrastructure



· Temporary divergences and overlaps during the convergence process



Ensures:



· Change is made only as a result of understanding of specific market need



· Progress by providing coherent solutions to satisfy the needs of all participating industry partners in order not to be blocked by the slowest laggard  



Highlights:



· The challenges of dealing with differing methodologies/tooling used across the standards arena and points out that methodology/tooling differences if ignored will significantly slow progress towards the target 



· The need for development of a new governance regime and points to some of the attributes of such a regime



· An approach of gradual restructuring and a controlled converging coherence starting small and growing step by value justified step


· The challenge of presenting the models so all can have an identical understanding. 


· The challenge of interpreting models from different origins, with their different terminology and viewpoints, to arrive at a shared understanding through a federated model. This leads to a recognition of the need for a deeper uniform semantic analysis of the area covered by the UIM and the navigation points among concrete models which may further lead to the need for the development of information architectures and patterns



This document focuses on the Information Model aspect of the problem as it is clear that the lack of an agreed-upon, coherent information model across organizational boundaries to support the FMC aspects of the industry that defines the things to be managed and the way they should be expressed is one of the first aspects that need to be tackled.



Editor’s note: Prior to embarking on a further summary of the proposal and its benefits it is important to emphasize that the definition of the term “model” has to be carefully considered. A model is comprised of parts that themselves can be seen as models. As a consequence whether this activity results in a single model or a set of models depends upon perspective. The critical consideration is whether the parts of the solution can be interrelated and from the perspective of the problem highlighted above whether the parts can be interrelated across what were previously un-navigable barriers. The solution offers this navigability. Conversely it is critical that the solution offers appropriate decoupling of concerns and of governance. Whether this is considered one model or many is not relevant so long as the solution offers the properties, such as those noted above, that are critical for industry success.


This document proposes a Federated approach to model development and emphasizes the need for the development of an Umbrella Information Model (UIM) and its relationships with the other domain specific models. The document also deals with direct relationships between domain/technology specific concrete models.



It is proposed that:



· The work will be published and expressed in UML and will also be published in formats appropriate for each of the participating bodies to absorb (this may require nothing more than the UML format in some cases). The output form required by a particular body will be generated by resources contributed by that body. 



· As necessary the model will be embellished using stereotype to express all aspects/properties of the model.



The proposal recognizes that TM Forum Information Framework (SID) [7] and the TM Forum Integration Framework (MTNM/MTOSI) [8] work provide an enterprise-wide structure and model that can be used to seed the converged model. The proposal recognizes that the 3GPP SA5 group work [14] provides models relating to mobile networks (including RANs, CNs and IMS) that can be used to seed the converged model.



The proposal:



· Ensures on-going reduction in cost of integration and improvement of degree of integration for the purpose of End-to-End management;


· Enables models from many organizations to be used together for the purpose of End-to-End management (recognizing that there are a number of critical governance issues to be overcome to enable this);


· Provides structure for the alignment on a deeper understanding of the semantics and for the development and maintenance of an information architecture and associated patterns;


· Provides both an initial pragmatic solution form and a longer term target;


· Recognizes that the model will evolve in stages, but will never be “completed” and hence this is an on-going activity;


· Recognizes the importance of providing solutions that are backward compatible to existing standards. See [13, 17]


2 References


The following documents contain provisions which, through reference in this text, constitute provisions of the present document.



-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.



-
For a specific reference, subsequent revisions do not apply.



-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.



[1]
ITU-T X.680 OSI networking and system aspects – Abstract Syntax Notation One (ASN.1)



[2] 3GPP TS 32.642 UTRAN network resources IRP: NRM


[3] ATM Forum, Technical Committee, Network Management, M4 Network View CMIP MIB Specification



			CMIP Specification for the M4 Interface


			af-nm-0027.000(164kb)


			Sep, 1995








[4] 3GPP TS 32.622 Generic network resources IRP: NRM


[5]
MEF Technical Specification MEF 7.1, Phase 2 EMS-NMS Information Model, October 2009



[6] 3GPP2 S.S0028-E “OAM&P for cdma2000 (Overview, 3GPP R7 Delta Specification, 3GPP2 Network Resource Model IRP)”


[7] TM Forum GB922, Information Framework (SID) Suite, Release 9.0 (http://www.tmforum.org/browse.aspx?catID=9285&artf=artf2048)



[8] TM Forum MTOSI 2.0 (http://www.tmforum.org/MTOSIRelease20/MTOSISolutionSuite/35252/article.html)



[9] TM Forum SD1-44_ConnectionlessTechnologyManagement.pdf available as part of [8] (Especially Appendix III Mapping MEF – MTNMETH)


[10] TM Forum SD1-7_DSLOverview.pdf available as part of [8]


[11] TM Forum SD1-18_layers.pdf available as part of [8] (Especially 4.2.7 ATM and SDH capable STM-4)


[12] TM Forum Connectionless, Connection Oriented Convergence and TP Modelling (http://tmforum.org/FeatureDescription/ConnectionlessConnection/41718/article.html)



[13] TM Forum TR 146 Lifecycle Compatibility Release 1.0 (http://www.tmforum.org/TechnicalReports/TR146LifecycleCompatibility/36664/article.html)


[14] See Appendix B for the list of 3GPP Technical Specification series on Network Resource Models.


[15] DMTF CIM (references tbd)


[16] TM Forum eTOM (references tbd)


[17] 3GPP TS 32.154 Backward and Forward Compatibility (BFC); Concept and definitions


3 Definitions, symbols and abbreviations 


3.1 Definitions


Encoding: It is the process by which information is converted into symbols to be communicated. In this document, the ‘information’ is captured by the so-called model.  


Entity: It is something that has a distinct and separate existence. In this document, that ‘something’ is the subject being managed (or under management).


Operation/Notifications: Specification conveyed over an interface between two interacting parties indicating the action to be performed on some identified entity or set of entities. In general the “operations model”/“business services model”/“action model” (or similar) cover the definitions of the actions performed to change the state/value/etc. of the thing and to receive information on changes that have occurred to the thing and to receive information on changes that have occurred to the thing.



3.2
Symbols and abbreviations



FIM
Federated Information Model



FNIM
Federated Network Information Model



FMC
Fixed Mobile Convergent



IM
Information Model



LT
Layer Termination



NM
Network Management



UIM
Umbrella Information Model



4 Characteristics and context of FNIM


4.1 Characteristics


The FNIM is “large scale” in the following sense: 



· Different authorities (SDOs or standard organizations including expert group) are responsible for the development, maintenance and evolution of their own domain specific model.



Operators may use the whole or part of the FNIM depending on their own business cases.



Vendors can supply products using part of the FNIM depending on their own business cases.


· The FNIM needs to hold thousands of inter-related modelled entities.  Different versions of modelled entities can co-exist in FNIM.  



4.2 Context


This clause identifies various contexts under which the FNIM would be used.



4.2.1
A broad standardization context
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Figure 1: Broad standardization context



The figure depicts a broad standardization context. The concept embodied by the term Information Model (of Managed Elements etc.), abbreviated as IM, is separable from the concept of Process and Operation Model (covering definitions of activities). Clearly the Process and Operation Model influences and is influenced by the IM. 


Encoding in general (of information defined in IM Process and operation model) to achieve an Interface Implementation is also separable and is not considered further here. Each aspect of the problem is guided and constrained by an appropriate Architecture (e.g. Metamodel) that defines the breadth and scope of the aspect.



The things in the IM are relevant to some activity identified in the Process and Operation Model.  That relevance is necessary to fulfill some purpose of the system. The things in the IM are in many cases relevant to expose at some Interface in which case they will dictate some aspects of structure of information defined in IM and Process and Operation Model.



The IM can be broken down into two parts:



· Broad conceptual model that articulates the concepts of the problem space (alternative names are purpose neutral, implementation neutral views)


· Specific purpose models that each articulate the solution to a specific problem (alternative names are purpose specific, implementation neutral views)


In summary, the following definitions apply to terms of the above figure:



· Information Model (IM): The representation of things, their properties and their relationships. Example: TopologicalLink and TerminationPointEncapsulation are things that are interrelated and have properties represented via attributes.



· Process and Operation Model: The representation of the relevant activities required to facilitate the running of the business including the flows and interactions. Example: “IsolateCustomerProblem” and “Track&ManageCustomerProblem” are relevant activities that are interrelated by flows of control and information. “getAlarmList”, “getAttribute” and “createFlowDomainFragment” are examples of operations.



· Solution Component Structure: The representation of the units of functionality assembled to support the information defined in the IM and in the Process and Operations Model. Example: NMS and EMS are solution components that support various process activities and maintain information. The two are interconnected as part of the structure of the management solution.



· Interface specification: The definition of the interactions between the solution components supporting the exchange of information and control associated with running of the business. This interaction is in terms of the information defined in the IM and in the Process and Operations Model.



· Interface implementation: The implementation form of the interfaces appropriate for the runtime environment.



· Architecture: The patterns, rules, metamodels and structures derived from the fundamental properties of the problem space that guide and constrain the development of the model of each aspect of the problem space.


4.2.2
Integration with 3GPP/SA5 standard production processes



This context describes how 3GPP/SA5 would use the FNIM to produce its specifications that would be used for FMC network management purpose.  



This context refers to only the model part.  Note that FNIM is not related to design of network management protocol.



The FNIM has multiple components.  Two such components are the UIM and a number of concrete models (see definition of FNIM in section 6).  The right-most box of the following diagram depicts the classes of the UIM.  The middle box depicts one of the concrete models, i.e. the 3GPP IRP NRM concrete model.  The concrete classes are designed as extension of UIM and must use the appropriate relations defined (see clause 6.1).  



Using the concrete classes (of the concrete model) as input, 3GPP/SA5 uses appropriate tools to generate and publish the various specifications.
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Figure 2: Context of 3GPP/SA5 usage of FNIM


4.2.3
Integration with TM Forum’s universe of discourse



This context describes how TM Forum would use the FNIM for FMC network management purpose.  
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Figure 3: Context of TM Forum usage of various Models


The Federated Information Model (FIM) is a subset of the IM. It relies on a coherent Information Architecture (including meta-model to ensure integrity and coherence). The FIM focuses on IM relevant to the generation of interface specifications but does not cover the specific encoding. The positioning of interfaces is essentially dictated by the Solution Component Structure that defines boundaries.



The following definitions apply to the figure:



· Information Model: See definition in section 4.2.1
A broad standardization context


· Federated Information Model (FIM): The parts of the IM that are being developed collaboratively or have been developed collaboratively and agreed by two or more standards bodies. Some of these parts will be found in the specific SDO or standard organization including expert group models.



· Federated Network Information Model (FNIM): The part of the FNIM that deals with Network domain considerations. There will be other domain models in future (F*IM).



· Umbrella Information Model (UIM): The parts of the FIM that represent the agreed model structures that various SDOs or standard organizations including expert groups will use (via specific linkages including inheritance, mappings and other derivations) for their definitions of their respective Domain/Technology-specific concrete classes. The use of UIM maximizes the probability of the Domain/Technology-specific concrete classes being semantically consistent, a necessary characteristic for FMC NM purposes.


· 3GPP IM, TM Forum IM: The IM of all things relevant to the specific SDO or standard organization including expert group including elements that are federated and elements that are not. The federated elements are related to and/or derived from the UIM in the area of the FNIM.


5 Features of FNIM



This section describes FNIM features that are essential for the maintenance of the integrity of a large and scalable FMC network model. 


5.1 Model components


The FMC network model is partitioned into model components.  Clear rules are defined for inter-relationship of model components.  The rules should be simple and stable (not changing frequently).



Use of model components and adherence of the simple model component inter-relationship has the following advantages.



· It removes the need to keep the evolution of various model components in synchrony (see more on 5.6).  For example, it is a valid implementation where one model component has evolved (requiring new solution) while other model component remained unchanged (does not require new solution).


· Domain experts (e.g. radio experts) can focus their design on their model components and (can, if wanted to) be ignorant of contents of other model components (e.g., mobile backhaul networks experts). 


5.2 UIM Model component partition


The UIM model component is further partitioned. The partitioning of UIM model component supports the following:



· A body (e.g. SDO or standard organization including expert group) adoption/use of UIM specification releases/versions need not have advanced lock-step with the availability of the UIM specification releases/versions. 



· When a body adopts/uses a UIM specification, it may or may not use a particular UIM partitions, as long as the partition in question is not classified as essential or mandatory for adoption/usage.



· A vendor’s implementation needs not have advanced lock-step with the availability of the UIM specification releases/versions.



· A vendor’s implementation may or may not implement a specified UIM partition, as long as the partition in question is not classified as essential or mandatory by the body that governs solutions in that part of the problem space.



· A solution, an assembly of capabilities specified by UIM partitions of the UIM model components and other model components, must be such that mixed versions of UIM partitions and their asynchronous upgrades are achievable (Lifecycle Compatibility [13]). 


5.3 Ability to navigate among instances of different model components


This ability allows an instance (called source instance) of a class defined in one model component (called source model component) to relate (navigate) to another instance (called target instance) whose class is defined in another model component (called target model component).


Two mechanisms are recommended. 


· The source model component uses a class called ExternalIOC.  An instance of this ExternalIOC is a representation of the target instance (which in turn, is the representation of a function under management). In the source model component, the source instance is related (can navigate) to this ExternalIOC instance. ExternalIOC instance captures some information of the target instance such as the DN of the target instance. How this information is kept in synchrony with that of the target instance is case dependent.



· The source instance is related (can navigate) to the target instance, i.e. the source instance would capture some information of the target instance such as the DN of the target instance.  How this information is kept in synchrony with that of the target instance is case dependent.



The source and target instances may be managed by different Domain Managers (i.e. DM or Agent).


This source and target model components may be defined by different SDOs or standard organizations including expert groups. 


Note that the use of these two mechanisms is well known. 


5.4 Ability to import model elements designed elsewhere


Use of this feature is for model component-A to include model elements (e.g. classes) defined in another model component, say model component-B.



This feature can also be used, say by model component-A, to include model elements (e.g. classes for transport managed resources, classes of TM Forum defined abstract classes) designed by other organizations (e.g. TM Forum, BBF, etc.)



This feature is essentially a copy and paste procedure with a clear indication of the ‘source’ or design authority of the imported model elements. 



Note that the concept of Import is well known in software and modelling design work.  



5.5 Independence of tool and platform


Use of FNIM does not require nor mandate the use of a specific tool.  Tool and model are evolving at their own paces and decoupling them allows standard authors to choose the best tool for the job (e.g., validation model design, generation of solution).


Decoupling model design from specific platform (e.g. development platform, testing platform) is a necessary condition since it is unrealistic to assume a particular platform for all products in compliance to FMC NM standards.



5.6 Independence of solution technology and access protocol design


It does not imply nor mandate the use of a specific machine-readable language to express the designed model elements, e.g. XSD, CORBA IDL, GDMO, etc.



It does not imply nor mandate the use of a specific access protocol (e.g. to manipulate or query the parameter values of a class instance).  It ensures no dependency can exist between model design and access protocol design.


5.7 Experience


The FNIM concept has been used successfully, albeit in a much smaller scale than FMC network model, in the following cases.



· 3GPP2 develop/maintain/evolve the model component(s) related to CDMA2000 technologies while 3GPP does similar work related to GSM/UTRAN/EUTRAN technologies plus the GENERIC NRM IRP model component).  Vendors can implement standard network management solutions for these technologies and operators’ IRPManagers (a 3GPP IRP Framework conceptual object) can use these solutions in a unified way.


· BBF/Home develop/maintain/evolve the H(e)NB network resource models.  Relevant IRP Framework model components makes references to those H(e)NB network resource models allowing, for example, an IRPManager to download configuration files to, upload PM counters from and receive alarm notifications from H(e)NBs.  Vendors can implement standard network management solutions for these technologies and operators’ IRPManagers can use these solutions in a unified way.


5.8 Model components release handling



Each SDO or standard organization including expert group has its own well understood and maintained specifications release mechanism. Each release will have some definition of features that need to be covered and some timeframe for that coverage. There is clearly a time gap between the completion of a new feature and its availability of the management solution for that new feature. Some vendor/operator organizations may choose to intercept developing work (early adopters) whilst others may chose to wait until the solution is complete and has been field proven for several releases (laggards). It is critical that the mechanisms and structures put in place to enable the development and use of a converged model do not disrupt any standards body’s ability to deliver to its committed schedule.



Having said that it is also clear that to move to a more coherent standardization environment that supports the converged network, rather than siloed and inefficiently managed network fragments, will require investment and will require changes in approach by all concerned. 



Recognizing that a change of approach will only be applied where there is a suitable business driver, it is expected that the industry business case will be needed to justify any specific deployment impacts to ease the perception of cost.


.  


6 Elements of the FNIM



This section describes the two key elements of FNIM (UIM and Domain/Technology-specific Concrete Models) in terms of model component relations (6.1/6.2) and production of model definitions specifications (6.3).


The Umbrella Information Model (UIM) provides abstract definitions applicable across Domain/Technology-specific Concrete Models to enable end-to-end consistency of such definitions (it is described as ‘abstract’ in the sense that its components are inherited by Domain/Technology-specific Concrete Models, and that it is not designed for the purpose of partial or full instantiation of its components and therefore not sufficient to provide meaningful network management service).


Domain/Technology-specific Concrete Models are described as ‘concrete models’ in the sense that their instantiation is necessary to provide meaningful management services. These Domain/Technology-specific Concrete Models inheriting common definitions from the UIM for the purpose of end-to-end consistency of management information semantics. In addition, these Domain/Technology-specific Concrete Models have defined relationships between each other to enable end-to-end monitoring and management of a converged network.



6.1
Relations between model components (including UIM)


This section is a graphical representation of the FNIM in terms of relation between model components.  



There are two areas under study currently:


· The definitions of the classes inside the UIM model component.



· The definitions of relation (R0) used between various classes in UIM model component and other model components.  



We aim to have identical R0 for use between UIM model component and other model components.  The relation is not symmetrical in that the classes, in UIM model component, need not have knowledge of its usage by classes of other model components.  This would guarantee a form of consistency (e.g. resource management style, paradigm) for managing mobile managed resources, as well as other managed resources such as transport managed resources.
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Figure 4: Relation between UIM model component and other model components


Take the example of “3GPP wireless network classes” and the Umbrella, 3GPP model components (e.g. TS 32.622 [4]) would import relevant Umbrella classes and make derivatives for its use.  R0 in this case is an inheritance relation.  There are other forms of relations that could be defined.



6.2
Relations among pairs of model components


This section is a graphical representation of the FNIM in terms of bilateral relation between each pair of model component, neither of which is a UIM model component.  


The relation between pairs of model components may not be same.  Each relation may or may not be symmetrical.  UIM may not be involved in such pair-wise relations.  
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Figure 5: Relation between pairs of model components (not involving UIM model component)


Take the example of relation between 3GPP model component and BBF ATM model components (i.e. R3).  3GPP model components would create necessary 3GPP defined ExternalIOC representing one of the classes of “BBF ATM network and device classes”.  This type of relation is used extensively in the 3GPP IRP framework for the purpose of navigation from one managed domain to another.


In the case of the relationship between MTOSI and MEF there is an association where MEF does not provide a concrete model but instead a detailed abstract model. The MTOSI concrete model is mapped to the MEF 7 model (see [9]). 



6.3 Production of solutions re FNIM


This section is a graphical representation of the FNIM in relation to tools that generate machine-readable model forms in various languages such as XSD, CORBA IDL, GDMO, etc.  



In the context of this document, The “Solution specifications” refers to only the model part (e.g. encoding of the managed resource modelled constructs over the wire).  Examples of such are the various 3GPP NRM IRP SSs.  They do not refer to the Interface specifications such as the 3GPP Interface IRP SSs.  This document does not deal with the question if the Tool generates the Interface specifications.  No single physical Repository is required to hold FNIM.  
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Figure 6: (Model) Solution production re FNIM


7 Name Convention for class instances (managed objects)



Editor’s Note: This section describes a method to make DN unique.   There is greater complexity of name space management to explore as a result of current practices of manual administration of name spaces.  For example Operator has his way (or system of identification) to identify an entity thing that is identified by DN, as well.



7.1
Background



FMC NM involves a federation of models, which are designed and maintained by different SDOs or standard organizations including expert groups.  The model(s) contain classes of managed resources.  Instances of these classes are identified by an identifier (called name in this document).



To maintain integrity of the class instances of the federated model, the names of all instances, whose classes are defined under the federated model, must be unambiguous, i.e. a name can only refer to one instance.



For simplicity, FMC NM employs unique names, i.e. one name can only refer to one instance and one instance have at most one name.



7.1.1
Name



A name is a unique identification of a managed resource within the context of FMC NM.  


7.1.2
Name space



A name space (NS) is a collection of names. This name convention uses a hierarchical containment structure, including its simplest form - the one-level, flat NS (the rightmost NS of Figure 4).  This name convention does not support an arbitrarily connected NS, or graph structure, in which a named managed resource can be both child and parent of another named managed resource.  



The Figure below shows some examples of supported NSs.
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Figure 7: Examples of supported name spaces


7.1.3
Unique names


Names in a NS can be organised as one or more inverted tree hierarchies (see the left-most two NSs of Figure 4). A managed resource instance that contains another one is referred to as the superior (parent), whereas the contained managed resource instance is referred to as the subordinate (child).


FMC NM involves a federation of models, which are designed and maintained by different SDOs or standard organizations including expert groups technology-domain-specific-models.  The model(s) contain classes of managed resources.  Each instance has a name.  



From the perspective of FMC NM, the FMC NS is partitioned into various (sub) NSs.  Each (sub) NS is a collection of names of instances, whose classes are defined by the corresponding technology-domain-specific-model.  



For illustration, suppose the following figure 5 shows the (sub) NSs for names of instances whose classes are defined by, say 3GPP/SA5 [4] (the one on the left) and MEF [5] (the one on the right of the figure).
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Figure 8: Two (sub) name spaces


This document does not specify the following, since they are specified already by specifications of various technology-domain-specific-models:



· The method by which the names within a (sub) NS can be made unique;



This document specifies the method by which names among all (sub) NSs of the FNIM can be made unique.  



The method is for operators involved to the following:



· Register itself with a domain name (e.g. “acme.com”) with a domain name registrar that is accredited by the Internet Corporation for Assigned Names and Numbers (ICANN), the organization charged with overseeing the name and number systems of the Internet.



· For each (sub) NS it manages, construct a naming-path using the two domain components (dc=acme, dc=com) from its registered domain name.  



· The name-path may contain just the two domain components from its registered domain name.  It may also contain more domain components such as organization units, e.g. (dc=FixedNetwork, dc=acme, dc=com; dc=mobileNetwork, dc=acme, dc=com) or localities, e.g. (dc=montreal, dc=acme, dc=com; dc=Sorrento, dc=acme, dc=com).



· Use name-path as the root of its (sub) NSs. 



The following figure 6 illustrates the use of two name-paths, where one has three and the other has two domain components, as the name-paths for the two (sub) NSs.
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Figure 9: Use of two name-paths


Appendix A: Modelling methodology/approach not recommended


This appendix is a graphical presenting of an alternate approach to FNIM.  The TM Forum/3GPP Joint Harmonization Project group agreed not to recommend this alternate approach.


One key aspect of this methodology/approach is that it requires one repository for all model components.  A consequence of this methodology/approach would be: TM Forum would be charged with the task to produce solution specifications for FMC NM standards.    
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Figure 10: Alternative approach to FNIM - not recommended


Appendix B: 3GPP TS network resource models


This appendix lists the 3GPP TS related to mobile managed resource models.  This list is expanding (e.g. number of classes to be modelled is increasing).    



The FNIM, described in this paper, does not require a repository to physically hold copies of such specifications (and those of other SDOs or standard organizations including expert group such as BBF’s ATM NM models) for design and generation of FMC NM solutions.  



· TS 32.622 Telecommunication management; Configuration Management (CM); Generic network resources Integration Reference Point (IRP): Network Resource Model (NRM)


· TS 32.762 Telecommunication management; Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP): Information Service (IS)


· TS 32.642 Telecommunication management; Configuration Management (CM); UTRAN network resources Integration Reference Point (IRP); Network Resource Model (NRM)


· TS 32.752 Telecommunication management; Evolved Packet Core (EPC) Network Resource Model (NRM) Integration Reference Point (IRP): Information Service (IS)


· TS 32.652 Telecommunication management; Configuration Management (CM); GERAN network resources Integration Reference Point (IRP); Network Resource Model (NRM)


· TS 32.782 Home enhanced Node B (HeNB) Subsystem; Network Resource Model (NRM); Integration Reference Point (IRP): Information Service (IS)


· TS 32.776 Home Node B (HNB) Subsystem; Network Resource Model (NRM); Integration Reference Point (IRP): Information Service (IS)


· TS 32.742 Telecommunication management; Configuration Management (CM); Signalling Transport Network (STN) interface Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)


· TS 32.732 Telecommunication management; IP Multimedia Subsystem (IMS) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)


· TS 32.722
Telecommunication management; Configuration Management (CM); Repeater network resources Integration Reference Point (IRP); information Service (IS)


· TS 32.712 Telecommunication management; Configuration Management (CM); Transport Network (TN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)


· TS 32.692 Telecommunication management; Inventory Management (IM) network resources Integration Reference Point (IRP); Network Resource Model (NRM)


· TS 32.682 Telecommunication management; Inventory Management (IM) Integration Reference Point (IRP); Information Service (IS)


· TS 32.672 Telecommunication management; Configuration Management (CM); State Management Integration Reference Point (IRP); Information Service (IS)


 Appendix C: TM Forum defined network resource models


Please refer to the following for TM Forum defined network resource models (extracted from [7]).


			S5vTMFa073 


			SID-MTOSI Model for consideration
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