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Abstract of document:
This is a Technical Specification on the Performance Management Integration Reference Point
Information Service for 3GPP Release 6.

The new Performance Management IRP is intended for Release 6 and consists of a Requirements
Specification (32.411; Stage 1), an Information Service Specification (32.412; Stage 2) and one or
two Stage 3 Solution Set Specifications (32.413 CORBA or 32.414 CMIP).

The purpose of those specifications is to provide the essential Performance Management (PM)
capabilities for measurement job administration, performance alarm handling and management of
measurement file transfer over the Itf-N.

The work is done against the WID contained in SP-020499 (Work Item ID: OAM-PM), approved
in SA#17.

Changes since last presentation to TSG-SA:
New.

Outstanding Issues:
Further minor alignments with the Generic File Transfer IRP might be required.

Contentious Issues:

No consensus could be reached so far on Optional/Mandatory statements for the PM IRP Operations
and Notifications. More inputs, especially from Operators, on the operational use cases for the PM
IRP are expected to ensure market requirements are met.
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Foreword

This Technical Specification (TS) has been produced by the 3™ Generation Partnership Project (3GPP).

The present document is part the 32.41x-series covering the 3" Generation Partnership Project: Technical Specification
Group Services and System Aspects; Telecommunication Management; Performance Management, as identified below:

32.411: "Requirements";

32.412: “Information service";

32.413:  "Common Object Request Broker Architecture (CORBA) solution set";
32.414: "Common Management Information Protocol (CMIP) solution set".

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
X the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The present document is part of a set of TSs which describe the requirements and information model necessary for the
Telecommunication Management (TM) of 3G systems. The TM principles and TM architecture are specified in
3GPP TS 32.101 [1] and 3GPP TS 32.102 [2].

A 3G system is composed of a multitude of Network Elements (NE) of various types and, typically, different vendors,
which inter-operate in a co-ordinated manner in order to satisfy the network users' communication requirements.

Any evaluation of PLMN-system behaviour will require performance data collected and recorded by its NEs according
to a schedule established by the EM.

This aspect of the management environment is termed Performance Management. The purpose of any Performance

Management activity is to collect performance related data, which can be used to locate potential problems in the
network.
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1 Scope

The present document specifies the Information Service for the Performance Management Integration Reference Point
(PM IRP) as it applies to the Itf-N.

This IRP IS defines the semantics of operations (and their parameters) visible across the Itf-N in a protocol and
technology neutral way. It does not define the syntax or encoding of the operations and their parameters.

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] 3GPP TS 32.101: "Telecommunication management; Principles and high level requirements".
[2] 3GPP TS 32.102: "Telecommunication management; Architecture".
[3] ITU-T Recommendation X.721 (1992): "Information technology - Open Systems Interconnection -

Structure of management information: Definition of management information".

[4] 3GPP TS 32.111-2: "Telecommunication management; Fault management; Part 2: Alarm
integration reference point: Information service".

[5] 3GPP TS 32.312: "Telecommunication management; Generic Integration Reference Point (IRP)
management; Information service".

[6] 3GPP TS 32.622: "Telecommunication management; Configuration Management (CM); Generic
network resources Integration Reference Point (IRP): Network Resource Model (NRM)".

[7] 3GPP TS 32.401: "Telecommunication management; Performance Management (PM); Concept
and requirements".

[8] 3GPP TS 32.411: "Telecommunication management; Performance Management (PM) Integration
Reference Point (IRP): Requirements".

[9] 3GPP TS 32.602: "Telecommunication management; Configuration Management (CM); Basic
configuration management Integration Reference Point (IRP): Information service".

[10] 3GPP TS 32.342: "Telecommunication management; File transfer Integration Reference Point
(IRP): Information service".

[11] 3GPP TS 32.300: "Telecommunication management; Configuration Management (CM); Name
convention for Managed Objects".

[12] 3GPP TS 32.302: "Telecommunication management; Configuration Management (CM);
Notification Integration Reference Point (IRP): Information service".

[13] 3GPP TS 32.662: "Telecommunication management; Configuration Management (CM); Kernel
CM information service".
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3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TS 32.411 [8] and
3GPP TS 32.401 [7] apply.

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

CM Configuration Management
CMIP Common Management Information Protocol
CMIS Common Management Information Service
CORBA Common Object Request Broker Architecture
EM Element Manager
I0C Information Object Class
IRP Integration Reference Point
NE Network Element
NM Network Manager
NRM Network Resource Model
PM Performance Management
UML Unified Modelling Language
4 System overview

4.1 System context

Figures 4.1 and 4.2 identify system contexts of the IRP defined by the present specification in terms of its
implementation called IRPAgent and the user of the IRPAgent, called IRPManager. For a definition of IRPManager and
IRPAgent, see 3GPP TS 32.102 [2].

The IRPAgent implements and supports this IRP. The IRPAgent can reside in an Element Manager (EM) (see
figure 4.1) or a Network Element (NE) (see figure 4.2). In the former case, the interfaces (represented by a thick dotted
line) between the EM and the NEs are not the subject of this IRP.

An IRPAgent supports one of the two System Contexts defined here. By observing the interaction across this Itf-N, an
IRPManager cannot deduce if EM and NE are integrated in a single system or if they run in separate systems.

IRPManager IRPAgent veeseesss| NES
NM EM

(=
T

pzd

Notification IRP
PM IRP

File Transfer IRP
Alarm IRP

Figure 4.1: System Context A
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|
NM : NE

Notification IRP

Itf-N PM IRP
File Transfer IRP
Alarm IRP

Figure 4.2; System Context B
4.2 Compliance rules

For general definitions of compliance rules related to qualifiers (Mandatory/Optional/Conditional) for operations,
notifications and parameters (of operations and notifications) please refer to 3GPP TS 32.102 [2].

5 Void

6 Information Object Classes

6.1 Information entities imported and local labels

Label reference Local label
3GPP TS 32.622 [6], information object class, Top Top
3GPP TS 32.622 [6], information object class, IRPAgent | RPAgent
3GPP TS 32.622 [6], information object class, GenericlRP Genericl RP
3GPP TS 32.312 [5], information object class, ManagedGenericlRP  |ManagedGeneri cl RP
3GPP TS 32.602 [9], information object class, ManagedEntity ManagedEntity
3GPP TS 32.342 [10], information object class, FileDescriptor Fi | eDescri ptor
3GPP TS 32.302 [12], information object class, Notification|RP Noti ficationl RP

6.2 Class Diagram

6.2.1  Attributes and relationships

This subclause introduces the set of Information Object Classes (IOCs) that encapsulate information within the

| RPAgent . The intent is to identify the information required for the PMIRP Agent implementation of its operations
and notification emission. This subclause provides the overview of all support object classes in UML. Subsequent
subclauses provide more detailed specification of various aspects of these support object classes.
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AvailableFileDescriptor ( )

A

<< Irfor mation ObjectC las...
<<Irfor mationObjectClas.... N N MeasurementJobFile
PMIRP 1 releation-pniRP-jobFile 0.
+thePM IRP +aMeasurementJobFile 1.*
+thePMIRP +aMeasurementJobFile

relation-measurementJob-measurementJobFile

relation-pmR P- measurenmentJobList

1
+theMeasurementJob
<<InformationObjectClas...
1 +theMeasurementJobList MeasurementJob
i T + jobld ati urementJob-j
S me ok relation-measurementJobLigt- neasur enentJdy + jobGranularityPeriod
MeasTeTertlobns |, + jobReporting Period
+ jobListid 0.* |+ jobStatus
: +theMeasurementJob
+theMeasurementJobList +aMeasurementJob
+obSchedule
1
+theMeasurementJob 1

MeasumentJobFie cur ertly existsas an itam for study SWG-C
believes that this cons truct may be functionaly idertical to the
proposedAailableFileDescriptor entity tenafvely defired withi n the + jobSchedule
curent draft of theGeneric Fle Transfer IRP. i -

relation-neasure nen tJob-neasure nent + jobStartTime
Ifiti: ined hat theyare functt i then + JobStopTime
MeasurementlobFile should be remowed from this model.

<<InformationObjectClas...
JobMeasurementSchedule

% aMeas urement
1%

<<InformationObjectClas...
MeasurementReader

+ measurementResultValue

<<InformationObjectClas...
MeasuredAtiribute

+ measurementTypeName

<<Prox(Clas...

relation-measuredAttribute- nanagedEntity 1

Figure 6.1(a): Information Object Class UML Diagram - Measurement
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+thePM IRP

relation-pmR P-thresholdMonitorList

1

+theThresholdMonitorList

<<InformationObjectClas...
ThresholdMonitorList

+ monitorListld

+theThresholdMonitorList

relation-thresholdMoni ta'Lis t thresholdVioritor

0.*
+aThresholdMonitor +aT hresioldLevel
. <<InformationObjectClas...
<<InformationObjectClas... +theThr esholdMonitor 1.3 ]
Thry itor
+ thresholdvalue
+ subCounter Name relation-thresholdMonitor-thresholdLevels + severity
+ thr esholdMonitorStatus + hysteris
+ notifyOnOff

relation-threshold Monitar-measur ement

Y%aMeasurement
1%

<<InformationObjectClas...
MeasurementR eader

+ measuremertResultValue

<<Prox/Clas...
Manag edEntity

<<InformationObjectClas... /
MeasuredAttribute

+ measurementTypeName

1 relation-measuredAttribute- managedEntity 1

Figure 6.1(b): Information Object Class UML Diagram - Thresholding
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AvlableFileDescriptor 77y

<<InformationObjectClas...
MeasurementJobFile

releation-pmiRP-jobFile

1 0t
+hePMIRP
<< ObjeciCla +hePMIRP +aMeasurementcbFile 1
PMIRP +aMeasure mentJcbFile
relation-pmiRP-thresholdMoritorList VT relation-easurenentJob-meastremrentlobFile
relation-pmiRP-measurementJobList 1
+theMeasurementJob
+theThr esholdMonitorList 1 . ©theMessurementionList <<Irfor raionObjec(Clas..
Measurementlob
<<InformationObjeciClas. <<nformationObjectClas.
ormato HM‘ZHW o ormationOpjecicias relation-messurenntlobList- nessurarmentioh +jobid relation-measurementJob-jobMeasurementSchedule
+ monitorListd +jobListid - 0.+ | jobReportingPeriod
+aMeasurementJob + jobStatus theMeasurementiob
+theThresholdMonitortist
1 +theMeasurementiob +iobSchede
1
<< IrformationObjec(Clas...
JobMeasur emeniSchedule
+ jobSchedule
relation-thresholdMonitorList-thresholdMonitor relation-measurementJob-measurement H j T

+ jobStopTime

+aThresholdMonitor
or 9 aMeasurement
1*
<<InformationObjectClas...
‘ThresholdMonitor relation-thresholdMoritor-measurerent R nOtectClas:
+ subCounterNarme
+ thresholdMonitorStatus N e | eesuenenResuyale
+theThresholdMonitor
relation-thresholdMonitor-thresholdLevels
<<InformationObjectClas P
+aT v estoldLee! e amued AT Ul
13 + measurementTypeName
- 1 relationmeas ured Alr bute-mareged Enity 1
<< Ifor mationObjectClas ..
ThresholdLevel
+ thresholdValue
+ severity
-+ hysteris
+ notityonOft

Figure 6.1(c): Information Object Class UML Diagram - Combined
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6.2.2 Inheritance

ManagedGenericlRP
(from TS32.312)

<<InformationObjectClass>>
Top

<<InformationObjectClas... (from TS32.622)
PMIRP
<<InformationObjectClas... <<InformationGbjectdas.. - "
Monitor ThresholdLevel <<InformationObjectClass>>

m i + thresholdvalue . . JobMeasurementSchedule

O ) ) + severity <<InformationObjectClas... + jobScheduling
+ monitorGranularityPeriod + hysgeris MeasurementJobList + jobStartTime
> EERERTD + notifyOnOff + jobListld +jobStopTime
+ probableCause
+ specificProblem
+ direction

<<InformationObjectQas...
<dInformationObjectClas... <<InformationObjectClas... MeasurementReader
ThresholdMonitorList MeasurementJob + measurementResultV alue
+ monitorLigld +jobld
+ jobGranularityPeriod
+ jobReportingPeriod
<<InformationObjectClas... + jobStatus
ThresholdMonitor
+subCounterName <<InformationObjectClas...
+ thresholdMonitorStatus MeasuredAttribute
+ measurementTypeName

Figure 6.2: Information Object Class Inheritance UML Diagram

6.3 Information Object Class definitions

6.3.1 MeasurementJob

6.3.1.1 Definition

It represents a task that monitors and collects the performance measurement data, i.e. values of multiple
measurementTypes of multiple ManagedEntity instances, at regular time intervals.

The target measurementTypes are those measurementTypes, whose names are in the related MeasurementTypeScanner.
measurementTypeNames, of the related ManagedEntity instances. The attributes of MeasurementJob and
measurementTypeScanner can not be modified (except jobStatus) once measurementJob is created.

The MeasurementJob shall use its information and that of the related measurementTypeScanner (s) to perform
measurement data collection during the MeasurementJob life-time. At the time of data collection, if MeasurementJob
suspects the validity of the collected monitored values, the MeasurementJob shall convey the fact to the IRPManager
using the suspectFlag (3GPP TS 32.401 [7]) of the Report. The MeasurementJob will not emit any notification about
this fact. Furthermore, the MeasurementJob shall continue to monitor the same target measurementTypes. Even in the
worst possible case when the MeasurementJob cannot collect a single value from the target measurementTypes, the
MeasurementJob must continue its activities according to the schedule created at MeasurementJob creation time.

[Editor's note: Ericsson wants to change “shall convey the fact to..." to "may" convey the fact to...."., because it would
not be possible to test the suspect flag setting.]

[Editor's note: This paragraph needs further discussion about clear definition of "suspect flag". To clarify the conditions
for setting the suspect flag. Compare with 3GPP TS 32.401 subclause 4.3.2.]
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The PM IRPAgent may decide to stop a MeasurementJob because of a PM IRPAgent internal problem or other
problems such as in the case when the related managed resource is not accessible (e.g., uninstalled) or there exist a
prolonged communication link problem between the PM IRPAgent and the related managed resource. In such case, the
PM IRPAgent can stop the MeasurementJob resulting in the MeasurementJob.jobStatus == "Stopped"”. And
"notifyMeasurementJobStopped™ notification shall be emitted to notify all subscribed IRPManagers about the stopping
of a MeasurementJob.

[Editor's note: The last sentence is added by editor while add "notifyMeasurementJobStopped™ notification.]

[Editor's note: It was discussed regarding the possibility to create several meas jobs on e.g. the same cell. "When
deleting a cell, it must not exist any measurement cell on this cell.". New notification "PM-job stopped" needed? This
notification needs to be described. (Added sentence in subclause 6.3.1.1, which need to be further reviewed).]

6.3.1.2 Attributes
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
obl d + M M -
obStartTi ne + M M
obSt opTi e + M M
obSchedul e + o) M
obG anul arityPeri od + M M
obReporti ngPeri od + M M
obSt at us + M M

[Editor's note: Description of qualifiers in this table to be aligned with SWGC description when agreed.]

6.3.1.3 State Diagram

[Editor's note: should there be a 3gpp deleteMeasurementJob or a system parameter, time based, to govern the transition
of MeasurementJob from Stopped to Exit.]

[Editor's note: "Measurement job visible via Itf-N (or not) after stop/delete operation™ need further discussion. Verify
the suitability of the word "Thoroughly".]

[Editor's note: are we missing a state for “prematurely” stopped measurement job?]

job is \isible via Itf-N visible via Itf-N and not
thoroughly remowved

The measurement ﬁ The measurement job is

Create

Scheduled stopMeasurementJob Stopped

job is thoroughly
removed

The measurement ﬁ

stopTime reached or
stopMeasurementJob

resumeMeasurementJob
and startTime reached

Suspended

Figure 6.3: State Diagram for MeasurementJob

suspendMeasurementJob
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Active

Figure 6.4: SubState Diagram of Active

The detailed description and state transition scenarios for MeasurementJob are in annex A.

6.3.2 PMIRP

6.3.2.1 Definition

PM RP is the representation of the performance management capabilities specified by the present document. This 10C
inherits from ManagedGener i cl RP 10C specified in 3GPP TS 32.312 [5].

6.3.3 PMFileDescriptor

6.3.3.1 Definition

It represents the information about an existing closed file containing performance measurement data. The file is ready
for retrieval by IRPManagers. The PM IRPAgent will not modify this file.

This inherits from File Transfer Descriptor 10C specified in 3GPP TS 32.342 [10].

[Editor's note: If the Requirement and IS of File Transfer IRP is available, the IOC PMFileDescriptor may be modified
according to the File Transfer IRP.]

6.3.3.2 Attributes
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
fileDirectory + -
fileName
fileSize

fil eConpression
fileCreationTine
fileDeletionTine
fil eServer Address

[+ ]|+ ] ] ] ]+
ZIZIZIZIZIZIZRIZRIRIRIR
MR EEEEEE

fil eAccessPassword(1) -(2)
fil eAccessUser Nanme(1) -(2)
fil eFormat -
fileURL
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[Editor's note:

(1) Use of fileAccessPassword and fileAccessUserName is to be studied in conjunction with File Transfer IRP WT in
SWGC.

(2) To be forwarded to Security Management IRP group.]
6.3.4 MeasurementJobList

6.34.1 Definition

Measur ement JobLi st is the representation of list of Measur enent Job.

6.3.5 MeasurementTypeScanner

6.35.1 Definition

It represents the role that can read the values of the measured measurementTypes of the related ManagedEntity
instances. The names of the measured measurementTypes are captured by measurementTypeNames.

6.3.5.2 Attributes
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
Measur ement TypeNanes + M M -

6.3.6 ManagedEntity

6.3.6.1 Definition

The 10C ManagedEnt i t y represents the role that can be played by an instance of an 10C defined in Network
Resources Models, e.g. Generic Network Resource Model, Core Network Resource Model, UTRAN Network Resource
Model or GERAN Network Resource Model. ManagedEntity is used in the specification of PM IRP operations to
represent an instance of an 10C defined in these Network Resource Models.

6.3.7 Monitor

6.3.7.1 Definition

It represents a capability to determine the threshold-crossing and threshold-clearing. This class is abstract in that it
cannot be instantiated. The ThresholdMonitor inherits this class.

The instance of this extended class, such as the ThresholdMonitor, shall emit notifyMonitorCreation when it was first
created; and shall emit a notifyMonitorDeletion when it is deleted.

The instance of this extended class shall also emit notifyNewAlarm, notifyChangedAlarm and notifyClearedAlarm
according to the rules specified in annex B.

6.3.7.2 Attribute
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
nmoni torld + -
noni t or G anul ari tyPeri od
event Type

pr obabl eCause
speci fi cProbl em
direction

||+ +
HEEEEES
ZIZZ 5 L
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6.3.7.3 Notification
Notification name Note
not i f yNewAl ar m See subclause 7.9.1
notifyC earedAl arm See subclause 7.9.2
noti f yChangedAl arm See subclause 7.9.3
noti f yMoni tor Creation See subclause 7.9.4
noti f yMoni t or Del eti on See subclause 7.9.5

6.3.8 ThresholdMonitor

6.3.8.1 Definition

In order to monitor the overall health of the network, the thresholds are set by the authorized users to generate network
performance related alarms. The ThresholdMonitor contains the values of the threshold settings for the PM parameters.
If the threshold is crossed, a Quality of Service Alarm Notification will be emitted.

[Editor's note: whether the last sentence is "a Alarm Notification will be emitted.” or "a Quality of Service Alarm
Notification will be emitted" to be determined in future meeting.]

6.3.8.2 Attribute
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
nmeasur ement TypeNane + M M O
subCount er Nane + O M (©)
t hr eshol dMoni t or St at us + M M -

6.3.9 ThresholdLevel

6.3.9.1 Definition

It defines the thresholding criteria (via ThresholdLevel. measurementTypeValue and ThresholdLevel.hysteresis) for a
measurementType or subCounter. It also specifies the severity level (via ThresholdLevel.severity) carried in the alarm
triggered by the threshold crossing event.

This instance cannot be modified once created.

6.3.9.2 Attribute
Attribute name Visibility | Support Qualifier | Read Qualifier | Write Qualifier
t hr eshol dVval ue + M M (0]
severity + M M O
hysteresis + M M O
noti fyOnOf f + O M O

6.4 Information relationship definitions

[Editor's note: names of relations need to be aligned with those in the class diagram.]

6.4.1 Relation-pMIRP-MeasurementJobList (M)

6.4.1.1 Definition

This represents the relationship between PM RP and MeasurementJoblLi st .
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6.4.1.2 Role
Name Definition
The MeasurementJobLi st It represents the MeasurementJoblLi st .
6.4.1.3 Constraint
Name Definition

uniqueJobListid |ThejobLi st1ds playing the role of t heMeasurementJobLi st , are unique
within a particular PM RP.

6.4.2 Relation-MeasurementJobList-MeasurementJob (M)

6.4.2.1 Definition

This represents the relationship between MeasurementJobLi st and MeasurementJob.

6.4.2.2 Role
Name Definition
theJob It represents the MeasurementJob.
6.4.2.3 Constraint
Name Definition
uni queJobl d The j obl ds of all MeasurementJobs, playing the role of t heJob, are
unigue within a particular PM RP and MeasurementJoblLi st .

6.4.3 Relation-MeasurementJobList-pMFileDescriptor (M)

6.4.3.1 Definition

This represents the relationship between MJobLi st and PMFileDescriptor.

6.4.3.2 Role
Name Definition
thePMFil e It represents the PMFileDescriptor.
6.4.3.3 Constraint
Name Definition
uni queFi | eName The concatenation of fi | eDi rectory, fi | enane of all PMFi | eDescri pt or instances,

playing the role of the PNFi | e with the same PM RP, must be unique among all
PVFi | eDescri pt ors or the URL, playing the same role, must be unique among all
PVFi | eDescri ptors.
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6.4.4 Relation-MeasurementJob-MeasurementTypeScanner (M)

6.44.1 Definition

This represents the relationship between MeasurementJob and Measur enent TypeScanner .

6.4.4.2 Role

Name Definition
t heMr'S It represents the Measur ement TypeScanner .

6.4.5 Relation-MeasurementTypeScanner-managedEntity (M)

6.45.1 Definition

This represents the relationship between Measur ement TypeScanner and ManagedEntity.

6.45.2 Role

Name Definition

theMrs The Measur erent TypeScanner , when playing this role, reads the monitored measurement
types of the related ManagedEnti ty i nstances. The names of measurement types are
captured by the Measur enent TypeScanner . neasur enent TypeNanes. When playing this
role, the Measur enent TypeScanner is aware of the class name and DN of the
ManagedEntity.

t heME The managedEnt i t y, when playing this role, represents the actual network resource instance
under measurement.

6.4.6 Relation-pMIRP-tMonitor (M)

6.4.6.1 Definition

This represents the relationship between PM RP and ThresholdMonitor.

6.4.6.2 Role
Name Definition
threshol dvbni tor-1 It represents the ThresholdMonitor.
6.4.6.3 Constraint
Name Definition
uni quehbni torld The monitorlds of all thresholdMonitors, playing the role of
t heThr eshol dMoni t or - 1, are unique within a particular PM RP.

6.4.7 Relation-tMonitor-mE (M)

6.4.7.1 Definition

This represents the relationship between ThresholdMonitor and ManagedEntity.
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Name

Definition

t hreshol divbni tor-2

The ThresholdMonitor reads the monitored measurementTypes or subCounters of the
related ManagedEntity i nstances.

When playing this role, the ThresholdMbni t or is aware of the class name and DN of
the ManagedEnt i ty whose measurementTypes or subCounters are being monitored.

t heME TheME, when playing this role, represents the actual network resource instance whose
measurementTypes or subCount ers ar e being monitored for threshold-crossing and
threshold-clearing.

6.4.7.3 Constraint
Name Definition

appl yToSaneObj ect d ass

The ThresholdMonitor, which playing the role of 'theThresholdMonitor-2", can monitor
the thresholds of the measurementTypes of one or multiple managed object instances
of the same managed object class, which playing the role of "theME".

6.4.8

6.4.8.1

Definition

Relation-tMonitor-tLevel (M)

This represents the relationship between ThresholdMoni t or and ThresholdLevel.

6.4.8.2 Role

Name

Definition

t hr eshol dvoni t or -3

When playing this role, the ThresholdMonitor can access the threshold-crossing and
clearing criteria (i.e. ThresholdLevel.thresholdValue, ThresholdLevel.hysteresis) of the
monitored measurementType or subCounter. It can also access the associated
severity (i.e. ThresholdLevel.severity).

t hreshol dLevel

When playing this role, the ThresholdLevel captures the threshold-crossing and
threshold-clearing criteria and its associated severity level.

6.4.8.3

Constraint

Name

Definition

noMor eThanThr eeLevel s

A ThresholdMonitor can only have no more than three ThresholdLevels.

6.5

Information attribute definition

6.5.1 Definition and legal values
Attribute Name Definition Legal Values
jobld It identifies the measurementJob from all other Its value is string.
existing and stopped measurementJob instances.
jobStartTime It specifies the begin time from which the All values that indicate valid time.
MeasurementJob will be active. Default value for start is "start now"
j obSt opTi e It specifies the end time after which the All values that indicate valid time and it

[Editor's note: To check
whether "Atribute Name",
"Definition" and "Legal
Values" of "jobStopTime" is
aligned with corresponding
definition in 3GPP TS
32.401]

MeasurementJob will be stopped.

should be later than jobStartTime.

It's not necessary that jobStartTime and
jobStopTime specifies time within the
same day.

Default value for stop is "never stop".
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Attribute Name

Definition

Legal Values

j obSchedul e

It specifies the detailed time frames during which
the measurementJob.jobStatus = Active and its
substate = Busy.

Its value is only one of the following,
dailyScheduling or weeklyScheduling.
The legal values for them refer to ITU-T
Recommendation X.721 [3].

j obGranul arityPeriod

It specifies the period between two successive
measurements.

The value can be 5 minutes,

15 minutes, 30 minutes, 1 hours,

12 hours and 24 hours, etc.

The minimum granularity period is

5 minutes in most cases, but for some
measurements it may only make sense
to collect data in a larger granularity
period.

j obReporti ngPeri od

It specifies the period between two successive
emissions of not i f yPMJobFi | eReady. The two
notifications are related to the same Job. See
constraints reportTime in subclause 6.5.2.

Its value should be one or multiple of
jobGr anul ari tyPeri od.

j obSt at us

It specifies the status of measurementJob.

Its value should be one of the following:
Scheduled,

Active,

Suspended

Stopped"

fil eFornat

It identifies the encoding technique used by the
file.

Its value should indicate the IRPVersion
of the PM file format specification
(BGPP TS 32.401 [7]) plus to indicate if
"ASN1" or "XML-DTD" or "XML-
schema" is used.

Fi | eURL

[Editor's note: To be
clarified whether 4 fields
are needed (fileURL,
fileDirectory, filename,
fileServerAddress)]

It identifies the URL of the file described by
PMFileDescriptor.

String.

E.g.:
ftp://nms.telecom_org.com/datastore/<x
xX>

where <xxx> is the fileName defined in
3GPP TS 32.401 [7] subclause B.1.2.

fileDirectory

It identifies the file directory under which the
related file, described by PMFileDescriptor, is
stored.

String.
E.g: "D:\user\performanceFiles\"

fileName It identifies the name of file containing performance|String.
measurement data and is described by The file naming convention is defined in
PMFileDescriptor 3GPP TS 32.401 [7] subclause B.1.2.
fileSize

It identifies the size of a file containing
performance measurement data and is described
by PMFileDescriptor.

Its value is positive Integer (the unit is

byte).

fil eConpression

It identifies the name of a file compression
algorithm. The file contains performance
measurement data and is described by
PMFileDescriptor.

An empty fileCompression means that
there is no compression on the file.
Choice of compression algorithm is
vendor-specific but is encouraged to use
industrial standard algorithm such as
GZIP.

[Editor's note: Choice of compression
algorithm might be modified later to
align with FT IRP.]

fileCreationTine

It identifies the file creation date and time.

All values that indicate valid time and
should not be earlier than the related
Measur enment Job creation time.

fileDeletionTine

It identifies the date and time beyond which the file
may be deleted.

All values that indicate valid time.

It should be later than fileCreationTime.
An empty value means "file remains
forever".

fil eServer Address

It identifies the address of the server holding the
file.

String.

fil eAccessUser Nane

It identifies the username for fetching the file.

A string using valid characters defined
for use by Distinguished Name
3GPP TS 32.300 [11].

fil eAccessPassword

It identifies the password for fetching the file.

A string using valid characters defined
for use by Distinguished Name
3GPP TS 32.300 [11].

measur enent TypeNanes

It identifies names of measurement types under
monitoring.

List of measurement type name.
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Attribute Name Definition Legal Values
monitorld It specifies the unique ThresholdMonitor in the String.
PMIRP Agent.
measur enent TypeNane It identifies a name of one measurement type String
whose value is being monitored for threshold-
crossing and threshold-clearing.
subCount er Nanme It identifies a name of one subCounter whose String
value is being monitored for threshold-crossing
and threshold-clearing.
threshol dMoni tor Stat us ||t specifies the current status of the ENUM of <

ThresholdMonitor.

Active - ThresholdMonitor is working;
Suspended - ThresholdMonitor is
suspended.
>

nmoni tor Granul arityPerio
d

It specifies the period between two successive
reading of the thresholdValue to determine
threshold-crossing and threshold-clearing.

It can be 5 minutes, 15 minutes,
30 minutes, 1 hour, 12 hours or
24 hours.

event Type

It identifies the event type carried by the threshold
crossing alarm.

It is "Quiality of Service Alarm"
3GPP TS 32.111-2 [4]

probabl eCause It identifies the probable cause (of the threshold  |String.
crossing) carried by the threshold crossing alarm.

speci ficProbl em It identifies the specific problem (causing the String
threshold crossing) carried by the threshold
crossing alarm.

direction Some measurementType, the higher its ENUM

thresholdValue, the higher is the severity. For
others, the lower its thresholdValue, the lower is its
severity. This attribute identifies if the
measurementType is of the former

(i.e. "Increasing") or latter type (i.e. "Decreasing").
If it is "Increasing", the threshold is said to be
crossed when the value rises (when compared
against the last read value) across one or more
threshold values. The threshold is said to be
cleared when the measurementType value falls
(when compared against the last read value)
across one or more threshold values.

If it is "Decreasing", the threshold is said to be
crossed when the measurementType value falls
across one or more threshold values. The
threshold is said to be cleared when the
measurementType rises across one or more
threshold values and is now above all threshold
values.

<"Increasing", "Decreasing">
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Attribute Name Definition Legal Values
threshol dval ue It defines the threshold value of the monitored If the monitored measurementType or

measurementTypes or subCounters. If the value is |subCounter is of Gauge type, this
crossed, the performance alarm may be emitted. |thresholdValue shall be of the same
type.

If the monitored measurementType or
subCounter is of counter type, then this
value should be expressed as a rate,
i.e., the number of units of type of the
monitored measurementType or
subCounter over unit of time.

Note this rate is independent from the
monitorGranularityPeriod. This means
that changes in the
monitorGranularityPeriod should not
impact the rate used for threshold
monitoring.

hysteresis

A threshold has a value. It can have a hysteresis. |Integer or Real
A threshold with a hysteresis has a threshold-high
and a threshold-low values that are different than
the threshold value. A threshold without a
hysteresis can be considered as a threshold
whose threshold-high and threshold-low values are
equal to the threshold value.

A hysteresis, therefore, defines the threshold-high
and threshold-low levels within which the
measurementType value is allowed to oscillate
without triggering a threshold-crossing or
threshold-clearing condition.

See annex B.

severity It identifies the severity of the threshold crossing |ENUM <Minor, Major, Critical>
event.
noti fyonCr It specifies whether the performance alarm will be |Boolean

emitted when threshold is crossed.

6.5.2 Constraints

Name

Definition

measur enent TypeReadTi
nes

The measurementType reading times are determined by the following rules.

- If granularityPeriod is 5 minutes, then read on every 5™ minute of the hour.

- If granularityPeriod is 15 minutes, then read on every 15" minute of the hour.

- If granularityPeriod is 30 minutes, then read on every 30" minute of the hour

- If granularityPeriod is 1 hour, then read on every hour of the day

- If granularityPeriod is 12 hours, then the first read shall be as soon as possible on
the hour and subsequent reads shall be at 12 hours interval.

- If granularityPeriod is 24 hours, then the first read shall be as soon as possible on
the hour and subsequent reads shall be at 24 hours interval.

firstReportTine

If the reportingPeriod is n times the granularityPeriod, then the first report time shall be
immediately after the completion of the n-th successful measurementType reading.

nunber O Thr eshol dLeve
| Per Thr eshol dMoni t or

In relation-tMonitor-tLevel, the multiplicity of theThresholdLevel is "1..3".

If PMIRP supports multi-level severity, then there are at most 3 ThresholdLevels relating to
one ThresholdMonitor. All ThresholdLevel.severity instances shall hold a different value
that is chosen from the following: 'Critical’, ‘Major' and 'Minor'.

If PMIRP does not support multi-level severity, then there is only one ThresholdLevel
relating to one ThresholdMonitor. The sole ThresholdLevel.severity shall hold one of the
following: 'Critical’, 'Major' or '‘Minor'.

mul ti Level SeverityOrd
er

The multiple ThresholdLevel(s), related to one ThresholdMonitor, shall be of the following
order. If ThresholdLevel.severity of one instance is higher than that of the other instance
and the direction is 'Increasing’, then the ThresholdLevel.thresholdValue is higher than that
of the other. If ThresholdLevel.severity of one instance is higher than that of the other
instance and the direction is 'Decreasing’, then the ThresholdLevel.thresholdValue is lower
than that of the other.

mul ti Level SeverityHys
t eresi sOver Lap

The values of ThresholdLevel.hysteresis, relating to one ThresholdMonitor, shall not
overlap.
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Z

Interface definition

[Editor's note: M & O qualifiers are still under discussion.]

7.1

Class diagram

[Editor's note:

(1) to

be replaced by contribution Motorola's S5-038224 pending agreement.

(2) Removal of maxJobAllowed from the diagram.]

<<Interface>>
PMIRPOperations_1

+ createMeasurement Job ()
+ stopMeas urementJob()

<< Interface>>

PMIRPNOotifications_1 << Interface>>

7.2

+ suspendMeasurementJ ob () PMIRPOperations_2
+ resumeMeasurementJob()
+ notify PMFileReady () + listMeasurementJ ob s()
+ notify PMFilePreparationError() + listJ b Files() + createThresholdData()
+ notif y MeasurementJobStopped() + deleteThresholdData()
4 + listThresholdDatas()
<< Interf ace>> use>>
PMIRPNOotifications_2 ‘
<<InformationObjectClas... == Interface.3>>
+notify Changed Alam () <<use>> PMIRP PMIRPO peration_3
+natify NewAlarm() <<may realize
+natifyClearedAlarm() + suspendThresholdData()
+notify MonitorC reation() \m
+notify MonitoD eletion() <<may realize>>

<<may//realize>>
| << Interface>>
’ PMIRPOperation_4
<< Interface>>
PMIRPOperation_5

+ resumeThresholdData()

+ modify ThresholdData()

Figure 7.1: Class Diagram

Generic rules

Rule 1: each operation with at least one input parameter supports a pre-condition valid_input_parameter which
indicates that all input parameters shall be valid with regards to their information type. Additionally, each such
operation supports an exception operation_failed_invalid_input_parameter which is raised when pre-condition
valid_input_parameter is false. The exception has the same entry and exit state.

Rule 2: each operation with at least one optional input parameter supports a set of pre-conditions
supported_optional_input_parameter_xxx where "xxx" is the name of the optional input parameter and the
pre-condition indicates that the operation supports the named optional input parameter. Additionally, each such
operation supports an exception operation_failed_unsupported_optional_input_parameter_xxx which is raised
when (a) the pre-condition supported_optional_input_parameter_xxx is false and (b) the named optional input
parameter is carrying information. The exception has the same entry and exit state.

Rule 3: each operation shall support a generic exception operation_failed_internal_problem which is raised
when an internal problem occurs and that the operation cannot be completed. The exception has the same entry
and exit state.
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NOTE: These rules are mapped at the solution set level. Pre-conditions and exceptions, generated by these rules,
need not appear explicitly in the present document.

7.3 PMIRPOperations_1 Interface

7.3.1 Operation createMeasurementJob (M)

7.3.1.1 Definition
IRPManager invokes this operation to request IRPAgent to create a MeasurementJob through Itf-N.

Once created, the attributes of MeasurementJob (except MeasurementJob.jobStatus) and the related
measurementTypeScanner will not be modified during the life-time of the MeasurementJob.

One MeasurementJob can monitor and collect the value of one or multiple measurementTypes.

When a measurementType is monitored or collected by one MeasurementJob, another MeasurementJob which wants to
monitor or collect the same measurementType with different granularity period will be rejected.

[Editor's note:

(1) The original editor's note "One pMAttribute can only be monitored or collected by just one measurement™ with
comments "clarify that it is for a given object instance™ was replaced by the above two paragraphs.

(2) add "instance" after "measurementType in 4" paragraph ?
(3) add "or same" after "different" in 4" paragraph ?

(4) all attribute names should begin with a small letter.]

7.3.1.2 Input parameters
Parameter Name Qualifier Information type Comment
md ass M ManagedEntity.objectClass It specifies one managed entity class name.

IRPManager requests that one or more
measurementType (s) of the instances of this
class to be monitored.

mol nst ancelLi st M List of It specifies the list of managed object
ManagedEntity.objectinstance |instances to be measured.

MolnstanceList can be absent, if so, the
MeasurementJob will be applied to all known
(to PMIRP) instances of the specified MO
class.

[Editor's note: To be reconsidered. At least,
one instance should be specified ??7?]

measur enent Cat egor yLi st M LIST of MeasurementTypeScanner.
MeasurementTypeScanner. |MeasurementTypeName specifies the
measurementTypeName corresponding name of measurementType to

be measured.

This field can be absent, if so the
MeasurementJob will be applied to all the
measurementTypes of the specified MOC or
MOI.

[Editor's note: To be reconsidered: at least
one pMAttributes should be specified here
??7?]

granul arityPeriod M MeasurementJob.jobGranulari|See subclause 6.5.1.

tyPeriod
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Parameter Name

Qualifier Information type

Comment

reportingPeri od

M MeasurementJob.jobReportin

gPeriod

See subclause 6.5.1.

EM/NE will periodically scan the performance
data according to the "reportingPeriod"
parameter and produces an aggregated
report in one or more files. These files can be
transferred through file transfer mechanism
which could eventually be covered by a
separate File Transfer IRP (refer to 3GPP TS
32.xxx [X]).

[Editor's note: To be addressed again when
FT IRP documents are available.]

startTime (0] MeasurementJob.jobStartTim |See subclause 6.5.1.
e
stopTi ne (0] MeasurementJob.jobStopTim |See subclause 6.5.1.
e
Schedul e (e] MeasurementJob.jobSchedule |See subclause 6.5.1.
7.3.1.3 Output parameters
Parameter Name |Qualifier Matching Information Comment
jobld M MeasurementJob.jobld Unique identifier of the MeasurementJob
from all the existing and stopped
MeasurementJobs in a PMIRP Agent.
unsuppor t edLi st M List of STRUCT < To create a MeasurementJob, best-effort
ManagedEntity.objectinstance, is required. The parameter of
MeasurementTypeScanner. ‘unsupportedList’ must be returned if
measurementTypeName, status = PartialSuccess.
reason The reason can be:
> (a) measurementType is unknown to the
PMIRP or
(b) Itisinvalid (e.g., the name contains
illegal characters) or
(c) Itis not supported in the specific
implementation.
(d) The related monstrance is unknown
(e.g. it does not exist at the time of
this operation invocation) to the
PMIRP.(e) Insufficient capacity to
monitor the related monstrance(s).
Status M ENUM (Success, Failure, PartialSuccess) |An operation may fail because of a
specified or unspecified reason.
7.3.1.4 Pre-condition

val i dMeasur enent | nf oLi st AND val i dSchedul e AND val i dG anul arityPeri od AND
val i dReporti ngPeri od AND suf fi ci ent Capacity.

Assertion Name

Definition

at Least OneVal i dMeasurem
ent Type

At least one input measurementType is valid. The word valid means that the PMIRP is
aware of this measurementType name, is aware of the ManagedEntity holding such
measurementType and that the MeasurementJob created can monitor its value
according to the monitoring criteria, e.g. granularity period, given in the input parameter.

val i dStart Ti ne

The startTime is valid.

Val i dSt opTi e

The stopTime is valid. StopTime should be

larger than startTime.

val i dSchedul e

The schedule is valid.

val i dG anul arityPeri od

The granularityPeriod is valid.

val i dReporti ngPeri od

The reportingPeriod is valid.

suf fi cent Capacity

The resource of EM and NE can support the requested measurement.

noConflictingGanularit
yPeri od

All the specified measurementTypes have not been monitored with another granularity

period.
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7.3.15 Post-condition

measur ement Jobl sCr eat ed AND (soneMeasur ement TypesMoni t or ed OR
al | Measur ement TypesMbni t or ed).

Assertion Name Definition

measur enent Jobl sCreat  |"The measur enent Job identified by jobld exists.
ed. All MeasurementJob.measurementTypeNames are known. All related ManagedEntity
instances are known. A 'known' measurementType name implies that PMIRP have
confidence that it is a defined measurementType for the related ManagedEntity. A
‘known' ManagedEntity implies that PMIRP have confidence that the instance exist in the
managed network. The word 'known' does not imply that, at future data collection time,
these known entities still exist or functioning well to respond to data collection.
Depending on the current time and the input schedule, the Measur enment Job. j obSt at us
will be set accordingly.
EXAMPLE: If input schedule indicates to "start now", then the
Measur ement Job. j obSt at us is set to Active. If input schedule indicates to
start at 02:00 PM and the current time is 1:30 PM, the
MeasurementJob.jobStatus is set to Scheduled.

someMeasur ement TypesM |At least one but not all input measurementTypes are monitored by the newly created
oni tored Measur enent Job.

all ”EaZUf enment TypesMd  |All input measur enent Types are monitored by the newly created MeasurementJob.
nitore

7.3.1.6 Exceptions
Exception Name Definition
I'nval i dveasur ement | nf o Condition: (MeasurementinfoListlsValid) not verified.

Returned information: output parameter status is set to ‘failure’.

Exit state: Entry State.

inval i dStartTime Condition: validStartTime is false.

Returned Information: Name of the exception; status is set to failure'.
Exit state: Entry state.

i nval i dSt opTi ne Condition: validStopTime is false.

Returned Information: Name of the exception; status is set to ‘failure’.
Exit state: Entry state.

i nval i dSchedul e Condition: validSchedule is false.

Returned Information: Name of the exception; status is set to failure'.
Exit state: Entry state.

inval i dGranul arityPeriod Condition: validGranularityPeriod is false.

Returned Information: Name of the exception; status is set to ‘failure’.
Exit state: Entry state.

i nval i dReporti ngPeri od Condition: validReportingPeriod is false.

Returned Information: Name of the exception; status is set to failure’'.
Exit state: Entry state.

hi ghWr kLoad Condition: sufficientCapacity is false.

Returned Information: Name of the exception and the detailed reason
specifies whether EM or NE is high workload; status is set to failure'.
Exit state: Entry state.

conflictingG anularityPeriod|Condition: noConflictingGranularityPeriod is false.

Returned Information: Name of the exception; status is set to failure'.
Exit state: Entry state.

7.3.2 Operation stopMeasurementJob (M)

7.3.2.1 Definition

This operation supports NM to stop a Measur enent Job through Itf-N, after which, the Measur ement Job will still be
visible via Itf-N. Whether the Measur ement Job is thoroughly removed from the managed system is vendor specific
and out of scope of the present document.

[Editor's note: whether delete "still" or not is to be discussed.]
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7.3.2.2 Input parameters
Parameter Name | Qualifier Information type Comment

jobld M Measur enent Job. j obl d It specifies the Measur ement Job to be stopped.
7.3.2.3 Output parameters

Parameter Name Qualifier Matching Information Comment

status M ENUM (Success, Failure) An operation may fail because of a specified or
unspecified reason.

7.3.2.4 Pre-condition

measur enment JobExi st s AND neasur enent JobCanBeSt opped.

Assertion Name Definition
measur enent JobEXi st s "Measur ement Job specified in the input parameter exists."

measur enent JobCanBeSt opped  ["Measur enent Job specified in the input parameter can be stopped now"

7.3.25 Post-condition

nmeasur enent Jobl sSt opped.

Assertion Name Definition
measur enent Jobl sSt opped. "the MeasurementJob identified by Jobld is still visible from Itf-N".
[Editor's note: whether delete "still" or not is to be discussed.]

7.3.2.6 Exceptions
Exception Name Definition
unknownJob Condition: (MeasurementJobExists) not verified.

Returned information: output parameter status is set to failure’.
Exit state: Entry State.

j obCannot BeSt opped Condition: (measurementJobCanBeStopped not verified.
Returned information: output parameter status is set to failure’.
Exit state: Entry State.

7.3.3 Operation suspendMeasurementJob (M)

7.3.3.1 Definition

This operation supports NM to suspend a MeasurementJob through Itf-N. When the MeasurementJob is suspended, the
collection of measurement result data by the MeasurementJob will stop, regardless of its schedule, but the
MeasurementJob still exists. The suspend operation is necessary in following situation:

- High work load experienced by managed system.
- The specified measurement data is not needed in a specific duration.

- Other specific requirement.

7.3.3.2 Input parameters
Parameter Name Qualifier Information type Comment
jobld M Measur enent Job. jobld ||t specifies the Measur enent Job to be suspended.
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7.3.3.3 Output parameters
Parameter Name Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified or
unspecified reason.
7.3.3.4 Pre-condition

nmeasur enent JobExi st s AND neasur enent Jobl sNot Suspended.

Assertion Name Definition
measur enent JobEXi st s "The Measur enent Job specified in the input parameter exists."
neasur enent Jobl sNot Suspended  |"The Measur ement Job specified in the input parameter is not suspended.”

7.3.3.5 Post-condition

nmeasur enent Jobl sSuspended.

Assertion Name Definition

measur enent Jobl sSuspe  |"The Measur ement Job identified by measur ement Jobl d is suspended. It means the following.

nded (@) Allfiles open for capturing measurement results are closed.

(b) If one of the files closed contain measurement data, a notifyPMFileReady is emitted
indicating the availability of the file(s).

(c) No more reading of measurementType values.

(d) The MeasurementJob.jobStatus is set to 'Suspended'."

7.3.3.6 Exceptions
Exception Name Definition
unknownJob Condition: (measurementJobEXxists) not verified.

Returned information: output parameter status is set to failure’.
Exit state: Entry State.

j obHasBeenSuspended  |Condition: (measurementJoblsNotSuspended) not verified.
Returned information: output parameter status is set to failure’.
Exit state: Entry State.

7.3.4  Operation resumeMeasurementJob (M)

7.3.4.1 Definition

This operation supports NM to resume a suspended Measur ement Job. When the Measur ement Job is resumed, it will
work according to criteria (e.g. granularity period, startTime, stopTime, schedule) set up by the corresponding
cr eat eMeasur enent Job.

7.3.4.2 Input parameters
Parameter Name | Qualifier Information type Comment
jobld M Measur ement Job. j obl d It specifies the MeasurementJob to be resumed.
7.3.4.3 Output parameters
Parameter Name | Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified or
unspecified reason.

3GPP




Release 6

32 3GPP TS 32.412 V1.0.0 (2003-06)

7.3.4.4 Pre-condition

nmeasur enent JobExi st s AND neasur enent Jobl sSuspended.

Assertion Name

Definition

measur errent JobEXi st's

"MeasurementJob specified by the input parameter exists."

neasur ement Jobl sSuspended |"MeasurementJob specified by the input parameter is suspended.”

7.3.45 Post-condition

nmeasur enent Jobl sResuned.

Assertion Name

Definition

Resuned

measur enent Jobl's  |"The Measur enent Job identified by Measur ement Jobl d is resumed, It means the following.
This resumed MeasurementJob shall behave as if it is first created by

cr eat eMeasur enment Job.

Depending on the current time and the Measur enent Job. st ar t Ti ne, the

Measur ement Job. j obSt at us will be set accordingly.”

7.3.4.6 Exceptions

Exception Name

Definition

unknownJob

Condition: (measurementJobExists) not verified.
Returned information: output parameter status is set to ‘failure’.
Exit state: Entry State.

j obl sNot Suspended

Condition: (measurementJoblsSuspended) not verified.
Returned information: output parameter status is set to 'failure'.
Exit state: Entry State.

7.3.5  Operation listMeasurementJobs (M)

7.35.1 Definition

This operation allows | RPManager to list the information of all or of specified current Measur ement Jobs.

7.3.5.2 Input parameters

Parameter Name | Qualifier

Information type Comment

retrievelnfo M

List of MeasurenentJob.jobld |This parameter specifies the criteria to list
the Measur enent Jobs.

If the parameter specifies the list of jobld to
be retrieved, then the corresponding
information of jobs will be returned.

If the parameter contains no information, all
the Measur enent Jobs are retrieved.
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7.3.5.3 Output parameters
Parameter Name Qualifier Matching Information Comment
j obl nfoLi st M LIST OF STRUCT < Returned information of corresponding
attributes of Measur ement Job, MeasurementJobs matching the input
(refer to subclause 6.5.1) criteria. If no match, then the length of the
moClass, list will be O (with status == Success).

molnstanceList,
measur enment Cat egor yLi st

(refer to subclause 7.3.1.2)

>
status M ENUM (Success, Failure) An operation may fail because of a
specified or unspecified reason.
7.3.54 Pre-condition
retrievelnfolsVvalid.
Assertion Name Definition
retrievelnfolsvalid "retrievelnfo specified in the input parameter is valid."

7.3.5.5 Post-condition

nmeasur enent JobsAr eRet ur ned AND neasur enent JobNot Af f ect ed.

Assertion Name Definition

measur enent JobsAr eRet urned |"the information of required Measur ement Jobs are returned in the output parameters".

measur ement JobNot Af fected  |"The current Measur enent Job(s) are not affected by the operation”.

7.3.5.6 Exceptions
Exception Name Definition
errorCriteria Condition: (retrievelnfolsValid) not verified.

Returned information: output parameter status is set to ‘failure’.
Exit state: Entry State.

7.3.6 Operation listJobFiles (M)

7.3.6.1 Definition

This operation allows IRPManager to list all or specified measurement data files stored in the NE/EM. These
performance data files are collected for the specified MeasurementJob in the specified file creation time range.

A Solution Set may choose to split this operation in several operations (e.g. operations to get “iterator" which fulfill the
criteria and other operations to retrieve the detailed information of the files from the "iterator").

7.3.6.2 Input parameters
Parameter Name | Qualifier Information type Comment
j obld M Measur enent Job. j obl d |It specifies the MeasurementJob whose measurement
data files will be returned.
begi nTi ne o The IRPManager wants to list information about the

stored file(s) whose creation times are between (on or
after) T1 and (before) T2.

This parameter specifies T1. It indicates date and time.
If this parameter is not supported or if this parameter is
supported but it contains no information, it means the
IRPManager places no restriction on the T1.
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Parameter Name | Qualifier Information type Comment

endTi me (0] This parameter specifies T2 (see above). It indicates date
and time.
If this parameter is not supported or if this parameter is
supported but it contains no information, it means T2 is
the same as the invocation time of this operation.

7.3.6.3 Output parameters
Parameter Name |Qualifier Matching Information Comment
j obFi I el nf oLi st M STRUCT < The output parameter

PMFileDescriptor.fileServerAddress(M),
PMFileDescriptor.fileUserName(M),
PMFileDescriptor.filePassword(M),
PMFileDescriptor.fleCompression(M),
PMFileDescriptor.fileFormat(M),
RelatedFileList (M)

LIST of STRUCT <
PMFileDescriptor.fileDirectory(M),
FileInfoList (M)

LIST OF STRUCT <
PMFileDescriptor.filename(M)
PMFileDescriptor.fileSize(M)
PMFileDescriptor.fileCreationTime(M)
PMFileDescriptor.fileDeletionTime(M)

>

>

>
[Editor's note: This type should keep consistency with
that of File Transfer IRP. When to define File
Transfer IRP, the information defined here should be
taken into consideration.]
[Editor's note: The optionality qualifier will be
discussed.]

specifies the required file
information.

Alternative of
jobFileReference.
JobFileInfoList is more
efficient than
jobFileReference.

j obFi | eRef erence

STRUCT <
PMFileDescriptor.fileUserName(M),
PMFileDescriptor.filePassword(M),
PMFileDescriptor,fileCompression(M),
PMFileDescriptor.fileFormat(M),
RelatedFileList(M)

LIST of STRUCT <
PMFileDescriptor.fileURL(M),
PMFileDescriptor.fileSize(M)
PMFileDescriptor.fileCreationTime(M)
PMFileDescriptor.fileDeletionTime(M)

>

[Editor's note: This type should keep consistency with
that of File Transfer IRP. When to define File
Transfer IRP, the information defined here should be
taken into consideration.]

[Editor's note: The optionality qualifier will be
discussed.]

Alternative of jobFileInfoList.

st at us

ENUM (Success, Failure)

An operation may fall
because of a specified or

unspecified reason.

7.3.6.4

validTimes

Pre-condition

Assertion Name

Definition

val i dTi nes

"The begi nTi ne is before current time. The endTi ne is after begi nTi ne".
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7.3.6.5 Post-condition
nmeasur enent Jobl sNot Af f ect ed AND r equi r edFi | el nf ol sRet ur ned.
Assertion Name Definition

measur enent Jobl sNot Affected.  |"The MeasurementJob identified by Jobld is not affected by the operation".

requi redFi | el nf ol sRet ur ned "The required file information is returned".
7.3.6.6 Exceptions

Exception Name Definition
i nval i dTi mes Condition: (validTimes) not verified.

Returned information: output parameter status is set to Failure.
Exit state: Entry State.

7.4 PMIRPOperations_2 Interface

7.4.1 Operation createThresholdMonitor (M)

7.4.1.1 Definition

IRPManager can request the NE/EM to create a ThresholdMonitor to define the threshold for some specific
measurementTypes or subCounters. If the threshold defined is crossed, the related notification will be emitted to
subscribed IRPManager(s).

Two cases are allowed. One case only accepts threshold monitoring of measurementType (s) that are already under
monitoring by an existing MeasurementJob. This kind of PMIRP will not monitor a measurementType for threshold-
crossing and clearing if that measurementType is not already subject to a MeasurementJob monitoring. This kind of
PMIRP will only determine the threshold crossing and clearing events when the related MeasurementJob(s) are in
Active states. The IRPManager, when interacting with this kind of PMIRP, must first start a MeasurementJob to
monitor the measurementTypes and then invoke this operation for the same measurementTypes.

The other case is that it can accept threshold monitoring of measurementType (s) regardless if they are already under
monitoring by existing MeasurementJob(s).

7.4.1.2 Input parameters
Parameter Name Qualifier Information type Comment
nmod ass M ManagedEnti ty. obj ect O ass |It specifies the managed entity class name.
nol nst ancelLi st M List of It specifies the list of managed object
ManagedEntity. Di stingui sh |instances whose measurementTypes or
edNare subCounters will be monitored.

Molnstance can be absent. If so, the
threshold of all known (to PMIRP) instances
of the specified MO class will be monitored.
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Parameter Name

Qualifier

Information type

Comment

t hreshol dI nf oLi st

0] LIST of STRUCT <

ThresholdMonitor.
measurementTypeName,
ThresholdMonitor.subCount
erName, [Editor's note:
"subCounterName" may be
considered in measurement
job.]
Monitor.probableCause,
Monitor.specificProblem,
Monitor.direction,
thresholdPack

where thresholdPack is list of
thresholdPackElement.
The thresholdPackElement is
STRUCT
<
ThresholdLevel.thresholdVa
lue,
ThresholdLevel.severity,
ThresholdLevel.hysteresis

ThresholdLevel.notifyOnOff
>

[Editor's note] The notifyOnOff
need to be discussed.

It specifies the thresholds to specific
measurementTypes or subCounters.
see subclause 6.5.1.

nmoni t or Granul ari tyPeri od

(0] Monitor.monitorGranularityPer

iod

See subclause 6.5.1

7.4.1.3

Output parameters

Parameter Name Qualifier Matching Information Comment
moni torld M Identifier of the ThresholdMonitor. It specifies the unique identifier of the
ThresholdMonitor in the PM IRP Agent.

unsupport edLi st M |List of STRUCT < To create a ThresholdMonitor, best-effort
ManagedEntity.objectClass, is required. This parameter identifies the
ManagedEntity.objectinstance, unsupported but requested
ThresholdMonitor. measurementType (s)/subCounter(s).
measurementTypeName, The reason can be:
ThresholdMonitor.subCounterName, |(a) The PMIRP has trouble starting
ThresholdLevel.reason monitoring the threshold of this

> measurementType/subCounter.

(b) The measurementType/subCounter
is illegal.

(c) The measurementType/subCounter
exists but it is not currently under
monitoring by any MeasurementJob
and that the PMIRP requires that it
be under monitoring by
MeasurementJob (before it can be
monitored for thresholding).

(d) Hysteresis is overlapped.

This parameter is used only when the

operation returns 'PartialSuccess'.

status M ENUM (Success, Failure, An operation may fail because of a
PartialSuccess) specified or unspecified reason.
7.4.1.4 Pre-condition

validGranularityPeriod AND someValidMeasurementType AND validDirection AND
validNumberOfThresholdPackElements AND validOrderOfThresholdPackElements.
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Assertion Name Definition
val i dGanul arityPeriod The monitorGranularityPeriod is valid.
someVal i dMeasur ement Type At least one requested measurementType/subCounter can be monitored for
thresholding.
val i dDirection The direction is valid.
val i dNunber Of Thr eshol dPack |If PMIRP supports multi-level severity, it is valid if the number of elements in
El ement s thresholdPack is 1, 2 or 3.

If PMIRP does not support multi-level severity, it is valid if the number is 1.
val i dOrder Of Threshol dPack  |This assertion is applicable if PMIRP supports multi-level severity. It is valid if it
El enent s satisfies the constraint defined by multiLevelSeverityOrder of subclause 6.5.2.

7.4.1.5 Post-condition

thresholdMonitorlsCreated.

Assertion Name Definition
threshol dvonitorisCreated |"The ThresholdMonitor identified by monitorld exists. And the
performance alarm way be emitted if the thresholds are crossed. The
ThresholdMonitor.thresholdMonitorStatus will be Active.

7.4.1.6 Exceptions
Exception Name Definition
inval i dd assOr I nst ances Condition: (validClassAndInstances) not verified.

Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

inval i dGranul arityPeriod Condition: (validGranularityPeriod) not verified.

Returned Information: Name of the exception; status is set to 'Failure'.
Exit state: Entry state.

noval i dMeasur ement Type Condition: (someValidMeasurementType) not verified.
Returned information: output parameter status is set to 'failure'.
Exit state: Entry State.

invalidwul tiLevel SeverityOrdiCondition: (validMultiLevelSeverityOrder) not verified.

er Returned information: output parameter status is set to ‘failure’.
Exit state: Entry State.

invalidwltiLevel SeverityHys|Condition: (validMultiLevelSeverityHysteresis) not verified.

teresis Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.
inval idDirection Condition: (validDirection) not verified.

Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.4.2 Operation deleteThresholdMonitor (M)

7.4.2.1 Definition
IRPManager can request NE/EM to delete a specified ThresholdMonitor through Itf-N.

At the time of the removal, all outstanding threshold-crossing alarms will stay (i.e. the FM IRPAgent's AlarmList will
contain an AlarmlInformation indicating threshold-crossing). The IRPManager needs to use other means to remove the
AlarmInformation in the FMIRP AlarmList.

7.4.2.2 Input parameters
Parameter Name | Qualifier Information type Comment
monitorld M ThresholdMonitor.monitorld  |It specifies the ThresholdMonitor to be stopped.
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7.4.2.3 Output parameters
Parameter Name Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified
or unspecified reason.
7.4.2.4 Pre-condition

thresholdMonitorExists.

Assertion Name Definition

t hreshol dMvoni tor Exi sts  |"ThresholdMonitor specified exists."

7.4.2.5 Post-condition

thresholdMonitorlsDeleted.

Assertion Name

Definition

t hr ehsol dMvoni t or Del eted  |"the thresholdMonitor identified by monitorld doesn't exist.”

7.4.2.6 Exceptions

Exception Name

Definition

unknownhbni t or

Condition: (thresholdMonitorExists) not verified.
Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.4.3 Operation listThresholdMonitors (M)

7.4.3.1 Definition

This operation allows NM to list detailed information about all or specified ThresholdMonitors.

7.4.3.2 Input parameters
Parameter Name | Qualifier Information type Comment
retrievelnfo M LIST of ThresholdMonitor.monitorld |This parameter specifies the criteria to list

the ThresholdMonitors.

If the parameter specifies the list of
monitorlds to be retrieved, then the
corresponding information of
ThresholdMonitors will be returned.

If the parameter contains no information, all
the ThresholdMonitors in the PMIRP Agent
are retrieved.
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7.4.3.3 Output parameters
Parameter Name Qualifier Matching Information Comment
moni t or I nf oLi st M LIST OF STRUCT < Returned information of
corresponding ThresholdMonitors. If
ManagedEntity.objectClass, no ThresholdMonitor satisfied the
LIST of criteria, then the length of the list will

ManagedEntity.DistinguishedName, be 0.
attributes of ThresholdMonitor (see
subclause 6.5.2),
thresholdinfoList (See subclause

7.5.1.2)
>
status M ENUM (Success, Failure) An operation may fail because of a
specified or unspecified reason.
7.4.3.4 Pre-condition
retrievelnfolsValid.
Assertion Name Definition
retrievelnfolsvalid "retrievelnfo specified in the input parameter is valid."

7.4.3.5 Post-condition
thresholdMonitorsAreReturned AND thresholdsAreUnaffected.

Assertion Name Definition
thr 68h0|dd'\/bni torsAre "the information of required ThresholdMonitors are returned in the output parameters. "
Ret ur ne
threshol dsAreUnaffected |"The ThresholdMonitors are not affected.”

7.4.3.6 Exceptions
Exception Name Definition
errorCriteria Condition: (retrievelnfolsValid) not verified.

Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.5 PMIRPOperations_3 Interface

7.5.1 Operation suspendThresholdMonitor (O)

[Editor's note: There may be problem supporting this operation in multiple IRPManager environment since the
suspension, requested by one IRPManager, will not be known by other IRPManagers. This note also applies to similar
operations for measurementJobs.]

75.1.1 Definition

A ThresholdMonitor can be suspended, and then the NE/EM will not emit related performance notification when the
thresholds are crossed. But the ThresholdMonitor still exists, and it will work again when it is resumed.

7.5.1.2 Input parameters
Parameter Name | Qualifier Information type Comment
threshol d\voni tor | d M ThresholdMonitor.monitorld |t specifies the ThresholdMonitor to be
suspended.
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7.5.1.3 Output parameters
Parameter Name | Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified
or unspecified reason.
7.5.1.4 Pre-condition

thresholdMonitorExists AND thresholdMonitorIsNotSuspended.

Assertion Name Definition
t hr eshol dMoni t or Exi st's "ThresholdMonitor specified in the input parameter exists."
t hr eshol dMoni t or | sNot Suspended  |"ThresholdMonitor specified in the input parameter is not suspended.”

75.15 Post-condition

thresholdMonitorlsSuspended.

Assertion Name Definition
threshol dvoni torl sSuspended  |"the ThresholdMonitor identified by monitorld is suspended, that means it will
not work until it is resumed. The ThresholdMonitor.thresholdMonitorStatus will
be 'suspended'.

7.5.1.6 Exceptions

Exception Name Definition
unknownThr eshol dMoni t or |Condition: (thresholdMonitorExists) not verified.
Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.
Thr eshol dMoni t or HasBeen |Condition: (thresholdMonitorlsNotSuspended) not verified.
Suspended Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.6 PMIRPOperations_4 Interface

7.6.1 Operation resumeThresholdMonitor (O)

[Editor's note: See editor's note on suspendThresholdMonitor.]

7.6.1.1 Definition

A suspended ThresholdMonitor can be resumed by IRPManager. When the ThresholdMonitor is resumed, NE/EM may
emit performance notifications when the thresholds are crossed.

7.6.1.2 Input parameters
Parameter Name | Qualifier Information type Comment
t hr eshol dvbni tor I d M ThresholdMonitor.monitorld |t specifies the ThresholdMonitor to be resumed.
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7.6.1.3 Output parameters
Parameter Name | Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified
or unspecified reason.
7.6.1.4 Pre-condition

thresholdMonitorExists AND thresholdMonitorlsSuspended.

Assertion Name Definition
threshol dMoni t or Exi st s "ThresholdMonitor specified in the input parameter exists."
t hr eshol dMvoni t or I sSuspended  |"ThresholdMonitor specified in the input parameter is suspended.”

7.6.1.5 Post-condition

thresholdMonitorIsResumed.

Assertion Name Definition

threshol dvbnitorls |"the ThresholdMonitor identified by monitorld is resumed, that means it will work again.
Resuned. The ThresholdMonitor. ThresholdMonitor.thresholdMonitorStatus will be Active.

7.6.1.6 Exceptions

Exception Name Definition
unknownThr eshol dMoni t or Condition: (thresholdMonitorExists) not verified.
Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.
t hreshol dMoni t or I sNot Suspend|Condition: (thresholdMonitorlsSuspended) not verified.
ed Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.7 PMIRPOperations_5 Interface

7.7.1 Operation modifyThresholdMonitor (O)

[Editor's note: Since the modification of the threshold data by one IRPManager is not known by other IRPManager,
there may be some problem in a multi IRPManager environment (similar problem with suspend/resume operations.)]

7.7.1.1 Definition

The parameters of ThresholdMonitor, such as ‘thresholdInfoCounterList', 'thresholdInfoGaugeL.ist' and
'monitorGranularityPeriod’, can be modified by IRPManager. The ThresholdMonitor should be suspended before it is
modified. Any change on a threshold value will only be taken into account for the next granularity period, see

3GPP TS 32.401 [7] (requirement of threshold management).
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7.7.1.2 Input parameters
Parameter Name Qualifier Information type Comment
t hreshol dvbni tor I d M ThresholdMonitor.monitorld It specifies the ThresholdMonitor to be
modified.
noC ass (0] Name of ManagedEntity It specifies the Managed Object Class to
which the threshold will be applied.
mol nst ancelLi st (0] LIST of DistinguishedName  |It specifies the Managed Object Instances to
which the threshold will be applied.
threshol dI nf oLi st o See the same parameter If the thresholdinfoList is to be modified, the
defined in subclause 7.5.1.2. |parameter carries the new value of
thresholdinfoList.
noni t or G anul ari tyPeri od 0 ThresholdMonitor.monitorGra |If the monitorGranularityPeriod is to be
nularityPeriod modified, the parameter carries the new
value of monitorGranularityPeriod.

7.7.1.3 Output parameters
Parameter Name Qualifier Matching Information Comment
status M ENUM (Success, Failure) An operation may fail because of a specified

or unspecified reason.

7.7.1.4 Pre-condition

thresholdMonitorExists AND thresholdMonitorlsSuspended.

Assertion Name

Definition

t hr eshol dMvbni t or Exi sts

"ThresholdMonitor specified in the input parameter exists."

t hreshol dMoni t or | sSuspended

"ThresholdMonitor specified in the input parameter is suspended.”

7.7.15 Post-condition

thresholdMonitorlsModified

Assertion Name

Definition

t hr eshol dMoni t or | shodi fi ed

"the ThresholdMonitor identified by monitorld is modified.

7.7.1.6 Exceptions

Exception Name

Definition

unknownThr eshol dMvbni t or

Condition: (thresholdMonitorExists) not verified.
Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

t hr eshol dMoni t or | sNot Suspended

Condition: (thresholdMonitorlsSuspended) not verified.
Returned information: output parameter status is set to 'Failure'.
Exit state: Entry State.

7.8
7.8.1

7.8.1.1 Definition

PmIRPNotification_1 Interface

notifyPMFileReady (M)

After MeasurementJob have captured the scanned measurement data in file(s) according to the
MeasurementJob.jobReportingPeriod, MeasurementJob will emit notification to subscribed IRPManager(s) to notify the

availability of the file(s).
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7.8.1.2 Input Parameters
Parameter Name | Qualifier Matching Information Comment

obj ectd ass M, F |- This parameter and objectinstance
together carry the same semantics of
systemDN.

obj ect | nst ance M, F |- This parameter and objectClass together
carry the same semantics of systemDN.

notificationld M

event Ti me M, F |-

notificationType M, F |"notifyPMFileReady".

syst enDN C,F |IRPAgent.systemDN. It carries the DN of the IRPAgent that
emits this notification.

j obld M MeasurementJob.jobld

j obFi I el nfoLi st M See subclause 7.3.6.3. The parameter specifies the information
of the available file.

j obFi | eRef erence M See subclause 7.3.6.3 The parameter specifies the information
of the available file

addi ti onal Text 0 String It carries vendor-specific semantics not
defined in the present document.

7.8.1.3

7.8.1.3.1

Triggering Event

From-state

Assertion Name

Definition

fil esAreReadyAndd osed

EM/NE have scanned the measurement data according to the reporting period defined
in MeasurementJob and have stored the data into one or more files.

7.8.1.3.2

To-state

Assertion Name

Definition

newNot i fication

The 'notifyPmFileReady' notification is emitted to the subscribed IRPManager(s). Based on the

Report ed information contained in the notification, the IRPManager can get the file(s) through file transfer
mechanism which is defined in File Transfer IRP [10].

7.8.2 notifyPMFilePreparationError (M)

7.8.2.1 Definition

The subscribed IRPManagers are notified regarding the occurrence of an error during the preparation of the file. This
notification is an event and will not be treated as alarms defined in Alarm IRP (3GPP TS 32.111-2 [4]).

7.8.2.2 Input parameters
Parameter Name | Qualifier Matching Information Comment

obj ect d ass M F |- See objectClass of subclause 7.8.1.2

obj ect | nst ance M, F |- See objectinstance of subclause 7.8.1.2.

notificationld M -- See notificationld of subclause 7.8.1.2.

event Ti ne M, F |- It registers the time when file preparation failure is
detected.

syst enDN C,F |IRPAgent.systemDN

notificationType M, F |"notifyPMFilePreparationError"

jobld M MeasurementJob.jobld

addi ti onal Text M It carries vendor-specific semantics not defined in the
present document.
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7.8.2.3 Triggering Event

7.8.2.3.1 From-state

errorinPreparation OR hardDiskFull OR hardDiskFailure OR tooManyFiles OR collectionTimeOut OR
incompleteTruncatedFile OR corruptedFile OR lowMemory OR dataNotAvailable.

Assertion Name Definition
errorlnPreparation There is unspecified error when EM/NE prepares the PM files.
har dDi skFul | The file system is full and no more files can be opened.
har dDi skFai | ure The hard disk has failed and normal input/output cannot be performed.
t ooManyFi | es The file system lacks resource to open a new file to capture measurement data.
col | ecti onTi neQut The reading of monitored measurementTypes takes too long.

i nconpl eteTruncat edFi l e |The file is truncated for unspecified reason. The suspect flag (3GPP TS 32.401 [7]
annex A) should be set.

corruptedFile The file is corrupted for unspecified reason. The suspect flag (3GPP TS 32.401 [7]
annex A) should be set.
| owmvenory The system lacks sufficient memory to open a new file to capture measurement
data.
dat aNot Avai | abl e Measurement data is not available when the monitored measurement Type (S) is
being read.
7.8.2.3.2 To-state
filel sKept.
Assertion Name Definition
fil el skept The file, whose preparation provokes an error, is kept (if possible) for a period
after which the file may be removed. The period is vendor specific.

7.8.3 notifyMeasurementJobStopped (M)

7.8.3.1 Definition

The PM IRPAgent notifies all subscribed IRPManagers about the stopping of a MeasurementJob.

7.8.3.2 Input Parameters
Parameter Name | Qualifier Matching Information Comment

obj ect d ass M, F |- This parameter and objectinstance together
carry the same semantics of systemDN.

obj ectl nst ance M, F |- This parameter and objectClass together
carry the same semantics of systemDN.

notificationld M

event Ti me M,F |-

notificationType M, F  |"notifyMeasurementJobStopped".

syst enDN C,F |IRPAgent.systemDN. It carries the DN of the IRPAgent that emits
this notification.

jobld M MeasurementJob.jobld

reason (0] String It carries one of the assertion names of the
From-state of Triggering Event.
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7.8.3.3 Triggering Event
7.8.3.3.1 From-state
Assertion Name Definition
fai | ToRead Because the PM IRPAgent have failed to read the monitored measurementType (s) from
measur enent Type managed resources for one or more times, the PM IRPAgent decides that it will not try to read in
Sgg: iEgtdendEdPr olon ihe future and place the MeasurementJob in "Stopped" state.
i nternal Probl em Because of an unspecified internal problem, PM IRPAgent decides that it no longer can maintain

the MeasurementJob in any jobStatus but "Stopped".

st opMeasur enent Job | The stopMeasurementJob returns success.

st opTi meExpi r ed The current time is equal to MeasurementJob.jobStopTime.
7.8.3.3.2 To-state
Assertion Name Definition

measur enent JobSt opped  |The MeasurementJob.jobStatus == "Stopped".

7.9 PmIRPNOotifications_2 Interface

7.9.1 notifyNewAlarm (M)

7911 Definition
Refer to the notifyNewAlarm notification of Alarm IRP: IS (3GPP TS 32.111-2 [4]).

The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the
notification is observable across the Itf-N.

7.9.1.2 Input parameters
See the corresponding table in Alarm IRP: IS (3GPP TS 32.111-2 [4]).
Note that the parameters objectClass and objectinstance shall relate to the ThresholdMonitor instance.

NOTE: A new parameter threshold is used instead of using the thresholdinfo parameter defined in Alarm IRP: IS.
The parameter threshold contains ThresholdMonitor. measurementTypeName,
ThresholdMonitor.subCounterName, Monitor.direction, ThresholdLevel.thresholdValue,
ThresholdLevel.hysteresis and the observed value.

7.9.1.3 Triggering Event

Refer to annex B.

7.9.2 notifyChangedAlarm (C)

7.9.2.1 Definition

The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the
notification is observable across the Itf-N.

7.9.2.2 Input parameters
See the corresponding table in Alarm IRP: IS (3GPP TS 32.111-2 [4]).

Note that the parameters objectClass and objectinstance shall relate to the ThresholdMonitor instance.
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NOTE: A new parameter threshold is used. See subclause 7.9.1 for its definition and usage.

7.9.2.3 Triggering Event

Refer to annex B.

7.9.3 notifyClearedAlarm (M)

7.9.3.1 Definition
Refer to the specification of notifyClearedAlarm Notification of Alarm IRP: IS (3GPP TS 32.111-2 [4]).

The PM IRPAgent emits this notification to the Alarm IRPAgent and Notification IRPAgent for processing. Then, the
notification is observable across the Itf-N.

7.9.3.2 Input parameters
Refer to the specification of notifyClearedAlarm Notification of Alarm IRP: IS (3GPP TS 32.111-2 [4]).
Note that the parameters objectClass and objectinstance shall relate to the ThresholdMonitor instance.

NOTE: A new parameter threshold is used. See subclause 7.9.1 for its definition and usage.

7.9.3.3 Triggering event

Refer to annex B.

7.9.4 notifyMonitorCreation (M)

7.9.4.1 Definition
Refer to the specification of notifyObjectCreation Notification of Kernel CM IRP: IS (3GPP TS 32.662 [13]).

The PM IRPAgent emits this notification to the Notification IRPAgent for processing. Then, the notification is
observable across the Itf-N.

7.9.4.2 Input parameters
Refer to the specification of notifyObjectCreation Notification of Kernel CM IRP: IS (3GPP TS 32.662 [13]).

The parameters objectClass and objectinstance shall relate to the ThresholdMonitor instance.

7.9.4.3 Triggering event

The ThresholdMonitor is created.

7.9.5 notifyMonitorDeletion (M)

7.95.1 Definition
Refer to the specification of notifyObjectDeletion Notification of Kernel CM IRP: IS (3GPP TS 32.662 [13]).

The PM IRPAgent emits this notification to the Notification IRPAgent for processing. Then, the notification is
observable across the Itf-N.

7.9.5.2 Input parameters

Refer to the specification of notifyObjectDeletion Notification of Kernel CM IRP: IS (3GPP TS 32.662 [13]).
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The parameters objectClass and objectinstance shall relate to the ThresholdMonitor instance.

7.9.5.3 Triggering event

The ThresholdMonitor is created.

8 Scenarios
8.1 createMeasurementJob
NM : PMIRP

startMeasurementJob

return success

If schedul e reached, PMIRP Agentbeginsto collect the data
according to the inputted parameters. And emit the
pmFileReady notification atthe end of each reporting period,
Now the jobStatusis"Active".

‘ notify (omFileReady)

I

IRPManager may get
file(s) thrcﬁjgh File
Transfer IRP.

|
‘ listMeasurementJobs( )

return required info

IRPManager can request PMIRP
Agent to list all the jobsfor the
specified filter.

listJobFiles()

return required info

IRPManager can request PMIRP
Agent to list all the filesfora
T specified job and filter.

Figure 8.1: Scenariol of Performance Management
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8.2 stopMeasurementJob

: PMIRP

IRPManager can request PMIRP Agent
‘ to stop a specified job in any situation,

no matter the jobStatus is "Scheduled",
‘ "Active" or "Suspended".

stopMeasﬁrementJob 0

return success d

If the "stop" operation is
T successful, the job
is still visible via the Iff-N.

Figure 8.2: Scenario2 of Performance Management
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stopMeasurementJob/listMeasurementJobs/listJobFiles

o

:NM

IRPManager can request PMIRP Agent
tostop a specified jobin any situation,

no matter the jobStatus is "Scheduled",
"Active" or "Suspended".

stopMeasurer%entJob (jobld==1)

retum success
If the "stop" operation is successful,

the job is still visible via the Itf-N.
And the related jobFiles are still
T visible in a period.

listMeasurementJobs(jobld==1)

return required info
\
\
If the measurementJob is not

removed, the information of stopped
T measurementJob can be returned

‘ listJobFiles(jobld==1)

return required info J
If the files of a stopped
\

measurementJob are still existing in
the PMIRP Agent, their information can
be returned to IRPManager if required.

Figure 8.3: Scenario3 of Performance Management
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8.4 suspendMeasurementJob/resumeMeasurementJob

: PMIRP
: NM I
‘ IRPManager can request PMIRP Agent to ‘
suspend a "Scheduled” or "Active" job in
‘ some situation, such as high work load. ‘
l wspendMeza{\s.JrementJobo ‘

return success

If the "suspend" operation is
successful, the jobStatusis changed
to "Suspended" accordingly.

IRPManager can request
PMIRP Agent to resume
a "Suspended" job.

resumeMeeQJrementJob()
return success

If the "resume" operation is
‘ successful, the jobStatus T
ischanged to "Scheduled"”
or "Active" according to the
‘ job schedule. ‘

Figure 8.4: Scenario4 of Performance Management
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Annex A (normative):
lllustration of the state described in the state Diagram

A.l Definition of state

A.1.1 Scheduled

A.1.1.1 Definition

"Scheduled" means that the job has been created and the start time has not reached.

A.1.1.2 From state

Two cases for a MeasurementJob becomes Scheduled are as follows:

- When IRPManager invokes createMeasurementJob operation successfully, a MeasurementJob will be created
and the state of the job is "Scheduled". If the starTime is "start now", then the MeasurementJob.jobStatus goes
from "Scheduled" to "Active" immediately without further triggers.

- When IRPManager invokes resumeMeasurementJob operation on a suspended job successfully and the start time
of the job has not reached, the state of the job will be "Scheduled".

A.1.1.3 To state
Two transition for a MeasurementJob go from Scheduled are as follows:
- IRPManager can suspend the scheduled MeasurementJob for some reason.

- IRPManager can stop the job positively, and the job will be stopped.

A.1l.2 Suspended

A.1.2.1 Definition

"Suspended" means that the job has been Suspended for some reason.

A.1.2.2 From state

The case for a MeasurementJob becomes Suspended is as follows.

- IRPManager invokes suspendMeasurementJob operation on a scheduled or active job successfully, the state of
the job will be "Suspended".

A.1.2.3 To state

Three transition for a MeasurementJob go from Suspended are as follows:

- IRPManager can resume the suspended MeasurementJob. When the job is resumed, the
measurementJob.jobStatus will be placed in such state, according to the initial startTime/stopTime/schedule, as
if it is never been suspended.

- When stop time reaches, the MeasurementJob will be stopped.

3GPP



Release 6 52 3GPP TS 32.412 V1.0.0 (2003-06)

- IRPManager stops the job positively, the MeasurementJob will be stopped.

A.1.3 Active

A.1.3.1 Definition

"Active" means that the start time of a MeasurementJob has reached. There are two sub states: "Busy" and "Idle".

"Busy" means that the MeasurementJob is scanning the measurementTypes. When a MeasurementJob becomes active,
it does not mean that the job is always busy. IRPManager can set the detailed time frame (e.g. dailySchedule or
weeklySchedule) for a MeasurementJob to be busy. If there is no particular time frame schedule for a job, it works
when it is active.

"ldle" means that the MeasurementJob is not scanning the measurementTypes.

A.1.3.2 From state
Two cases for a MeasurementJob becomes Active are as follows.
- When start time of a scheduled MeasurementJob has reached, the state of the job becomes "Active".

- IRPManager invokes resumeMeasurementJob operation on a suspended job successfully and the start time of the
job has reached, the state of the job will be "Active".

A.1.3.3 To state

Two transition for a MeasurementJob go from Active are as follows:
- IRPManager can suspend the active MeasurementJob for some reason.
- When stop time reaches, the job will be stopped.

- IRPManager stops the job positively, the job will be stopped.

A.1l.4 Stopped

A.1.4.1 Definition

"Stopped" means that the MeasurementJob is deleted via the Itf-N. But Whether the managed system thoroughly
removes the MeasurementJob immediately or later is vendor specific.

A.1.4.2 From state

Two cases for a MeasurementJob becomes Stopped are as follows.
- When stop time of a suspended/active MeasurementJob has reached, the state of the job becomes "Stopped".

- IRPManager invokes stopMeasurementJob operation on a scheduled/suspended/active job successfully, the state
of the job will be "Stopped".

A.1.4.3 To state

The MeasurementJob is thoroughly removed from the managed system.

3GPP



Release 6 53 3GPP TS 32.412 V1.0.0 (2003-06)

A.2 State transition scenarios

The following Scenarios give examples of states.

A.2.1 Scenario 1

A MeasurementJob is created at 11:00, and the startTime is 14:00, stopTime is 18:00. At 12:00, the MeasurementJob is
suspended, and at 13:00, the MeasurementJob is resumed.

| jobis Scheduled | job is Suspended

IA ;l‘ »
I‘ VI‘ L

job is Scheduled | job is Active

< »le
l VI‘

v

11:00 12:00 13:00 14:00 .
Time
>
A A A A
create suspend resume start time reaches
measurement job measurement job measurement job

At 11:00: the MeasurementJob becomes scheduled after it was created.

At 12:00: the MeasurementJob is suspended and the jobStatus is "Suspended".

At 13:00: the MeasurementJob is resumed, and the jobStatus is "Scheduled" because the start time doesn't reach.
At 14:00: the MeasurementJob becomes active because start time reaches.

Figure A.1l: Scenario 1

A.2.2 Scenario 2

A MeasurementJob is created at 11:00, and the startTime is 12:00, stopTime is 18:00. At 13:00, the MeasurementJob is
suspended, and at 14:00, the MeasurementJob is resumed.

| jobis Scheduled | job is Active | jobis Suspended | job is Active
Ig ale »le )le >
11:00 12:00 13:00 14:00 .
Time
_—

A A A A
create Start time reaches suspend resume measurement
measurement job measurement job job

At 11:00: the MeasurementJob becomes scheduled after it was created.

At 12:00: the start time reaches, and the jobStatus is "Active".

At 13:00: the MeasurementJob is suspended, and the jobStatus is "Suspended".
At 14:00: the MeasurementJob is resumed, and the jobStatus is "Active".

Figure A.2: Scenario 2
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A.2.3 Scenario 3

A MeasurementJob is created at 11:00 and the startTime is 12:00, stopTime is never stop. There is no other schedule
defined. IRPManager stops the job positively at 14:00.

P ' job is Active '
job is Scheduled | Jjobis |
| - >
[ EEE—
I I I I
11:00 [ 12:00 I 13:00‘ [ 14:00 I
—_—>
A A A Time
start time reaches stop measurement
create job
measurement job
| job is Scheduled |_ job is Active R
[~ !
e >
I I I I I
11:00 I 12:00 I 13:00 ‘ I 14:00 [
T.—>
A A A Ime
start time reaches stop measurement
create job
measurement job

At 12:00: the MeasurementJob becomes active when start time reaches. Since there is no detailed time frame for
the job, the job begins to work at the same time.
At 14:00: the MeasurementJob is stopped when IRPManager stops the job positively.

Figure A.3: Scenario 3

A.2.4 Scenario 4

A MeasurementJob is created at 11:00 and the startTime is 12:00, stopTime is 14:00. There is no other schedule
defined.
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. jobis Scheduled | jobisActive
fobisActiveand B

job is Seheduled usy
| Jobis Sceduled o
|

N
g

N AN N

[ e m—
I I I I
11:0Q [l 12:00] [] 13:00 [l 14:.00] I
11:00 [l 12:00 [ 13:00 [ 14:00 I
A A A
start time reaches stop measurement
create start time reaches stop time ¢olnes
measurement job

At 12:00: the MeasurementJob becomes active when start time reaches. Since there is no detailed time frame for
the job, the job begins to work at the same time.

At 14:00: the MeasurementJob is stopped automatically when stop time comes.

Figure A.4: Scenario 4

A.2.5 Scenario 5

A MeasurementJob is created at 11:00 and the startTime is 12:00, stopTime is never stop. There is a dailySchedule
defined, which is 13:00~14:00 and 15:00~16:00 every day.

| ~ jobis Active |
| job-is-Active B >
_ bjob is I‘ L bis Idl jobisBusy | bis Idl . jobisBusy T >
0 1 jobisidle | jeslicBusy>—» jobisidle | liebieBusy b
| JS Scheduled | ob'is Idie |1; > job s Idle » »' | Jobis Idle
T 17 Pe—1+> | 4——P | MEI—_;
| l1:.00 T 12Jo0 | I 13:p0 | I 14:00 | I 15:00 | | 16:0 |1
n1:00 T 12:00 I 13:00 | 14:00 I 15:00 | 16:00 I.' e
A p! ¢ p! —p
A | ] | ]
— P daityScheduled®— aitySchedute
| dailySchedule ! dailySchedule

start time reaches
start time reaches

At 12:00: the MeasurementJob becomes active when start time reaches. Since there is detailed time frame schedule
for the job, the job works only during the specified time frame, during other time, the job is idle.

At 13:00: the MeasurementJob becomes busy when the daily schedule is reaches.

and 15:00

Figure A.5: Scenario 5

A.2.6 Scenario 6

A MeasurementJob is created at 11:00 and the startTime is 12:00, stopTime is 13:30. The

MeasurementJob.granularityPeriod is 30 minutes and the MeasurementJob.reportingPeriod is 1 hour. There is no other
schedule defined.
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job is Scheduled l job is Active and Busy job is invisible

| <
P

>

| |
11:00 [ 12:00 [

start time reaches

create
measurement job

13:00

13:30 | 14:00

A

stop time comes

file is available and emit
notifyPMFileReady

Time

file is partially available and PMIRP
emit notifyPMFileReady with
suspectFlag==True

| Job is Scheduled I job is Active and Busy

I <

| job is invisible

>
t—>
|

|
13:30 ! 14:00 [

A A
T stop time comes
S

tart time reaches

| |
11:00 | [ 13:00

Time

file is available and emit
notifyPMFileReady

file is partially available and PMIRP
emit notifyPMFileReady with
suspectFlag==True

create
measurement job

At 12:00: the MeasurementJob becomes active when start time reaches. Since there is no detailed time frame for
the job, the job begins to work at the same time.

the file(s) of the MeasurementJob are available, and PMIRP emits the notifyPMFileReady notification to
subscripted IRPManager.

the MeasurementJob is automatically stopped when stop time comes. The corresponding performance
file(s) are partially finished.

PMIRP will emit the last notifyPMFileReady notification with suspectFlag == True.

At 13:00:
At 13:30:

At 14:00:

Figure A.6: Scenario 6
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Annex B (normative):
Threshold Notification Triggering Events

This annex defines the Triggering Events for the various notifications. The Triggering Events normally are defined by
each notification type, such as notifyChangedAlarm, under the subclause "Triggering Events". The Triggering Events
related to thresholding are defined here collectively for ease of reference.

The Triggering Events are defined in a state transition table. The column labels (e.g. 0, 1, 2 of table in clause B.1)
denote the to-state while the row labels denote the from-state. The cell denotes the emission action.

There are two clauses. Clause B.1 defines the Triggering Events for PMIRP that supports notifyChangedAlarm.
Clause B.2 defines those for PMIRP that does not support notifyChangedAlarm.Change history.

Clause B.3 provides samples of triggering events.

B.1  For PMIRP supporting notifyChangedAlarm

Table B.1
To state O To state 1 To state 2 To state 3
From State 0 |no emission 1 notifyNewAlarm 1 notifyNewAlarm 1 notifyNewAlarm
From State 1 |1 notifyClearedAlarm |no emission 1 notifyChangedAlarm |1 notifyChangedAlarm
From State 2 |1 notifyClearedAlarm |1 notifyChangedAlarm |no emission 1 notifyChangedAlarm
From State 3 |1 notifyClearedAlarm |1 notifyChangedAlarm |1 notifyChangedAlarm |no emission

The horizontal '0', '1', '2" and '3" are the to-states indicating the current measurementType value with respect to the
different threshold levels. Threshold levels are associated with severity level. Higher threshold level associates with
higher severity level.

EXAMPLE: If direction = 'Increasing’, state-0 means the measurementType value is below all thresholds.
State-2 means that the measurementType value is above threshold level 2 but below threshold
level 3. If direction = 'Decreasing’, state-0 means the measurementType value is above all
thresholds. State-2 means that the measurementType value is below threshold level 2 but above
threshold level 3.

The vertical '0', '1', '2" and '3" are the from-states indicating the last-read measurementType value with respect to the
threshold levels.

A threshold has a value. It can has a hysteresis. A threshold with a hysteresis has a threshold-high and a threshold-low
values that are different than the threshold value. A threshold without a hysteresis can be considered as a threshold
whose threshold-high and threshold-low values are equal to the threshold value.

For the direction = 'Increasing’, the shaded cells indicate transitions caused by measurementType values rising across
one or more threshold-high values. The non-shaded cells indicate transition caused by measurementType values falling
across one or more threshold-low values.

For the direction = 'Decreasing’, the shaded cells indicate transitions caused by measurementType values falling across
one or more threshold-low values. The non-shaded cells indicate transition caused by measurementType values rising
across one or more threshold-high values.

Each cell indicates the notification emission when from-state transits to to-state. The notifyNewAlarm and
notifyChangedAlarm shall carry the severity level associated with the to-state.

The Monitor determines, at GP=X, if a threshold has been crossed by comparing the value read at GP==X with the
value read at GP==X-1. In initial condition (i.e. when the Monitor reads the value at GP=1), the (hypothetical) value
read at GP==X-1 is assumed to be at state-0.
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B.2 For PMIRP Not Supporting notifyChangedAlarm

Table B.2
To State O To State 1 To State 2 To State 3
From State 0 |no emission 1 notifyNewAlarm 2 notifyNewAlarm(s) |3 notifyNewAlarm(s)
From State 1 |1 notifyClearedAlarm no emission 1 notifyNewAlarm 2 notifyNewAlarm(s)
From State 2 |2 notifyClearedAlarm(s) |1 notifyClearedAlarm no emission 1 notifyNewAlarm
From State 3 |3 notifyClearedAlarm(s) |2 notifyClearedAlarm(s) |1 notifyClearedAlarm |no emission

If multiple notifyNewAlarm(s) are emitted, the different notifications shall carry different severity levels associated
with the crossed threshold levels. In cell to-state-2/from-state-0, two notifyNewAlarm(s) are emitted. One carry severity
level associated with threshold level 1. The other carry security level associated with threshold level 2.

The Monitor determines, at GP=X, if a threshold has been crossed by comparing the value read at GP==X with the
value read at GP==X-1. In initial condition (i.e. when the Monitor reads the value at GP=1), the (hypothetical) value
read at GP==X-1 is assumed to be at state-0.

B.3 Examples

B.3.1 Example 1

Figure B.1 illustrates a multi-level severity threshoding behaviour. The horizontal axis indicates the time intervals
specified by the SimpleMonitor.monitorGranularityPeriod (GP). The vertical axis indicates the monitored
measurementType values. The measurementType of this example is of type gauge. The SimpleMonitor.direction is set
to "Increasing".

Further suppose that the measurementType is monitored for a two-level-severity-threshold-crossings.

The threshold for the lower-level-severity is set to 3 with a hysteresis low and high levels set to 2 and 4 respectively.
The severity level is Minor.

The threshold for the higher-level-severity is set to 7 with a hysteresis low and high levels set to 6 and 8 respectively.
The severity level is Major.

The natification triggering events are:
1. AtGP interval 2, trigger a notifyNewAlarm with perceivedSeverity (ps) = Minor.

2. At GP interval 5, if the PMIRP supports notifyChangedAlarm, trigger a notifyChangedAlarm with ps = Major;
else a notifyNewAlarm with ps = Major.

3. At GP interval 8, if the PMIRP supports notifyChangedAlarm, trigger a notifyChangedAlarm with ps = Minor;
else a notifyCleared Alarm clearing the last emitted Major alarm.

4. At GP interval 15, trigger a notifyClearedAlarm clearing the last emitted Minor alarm.
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Thresholding behavior for direction Increasing for Gauge type PMAttribute

Guage readings
OFRPNWMOUION OO
|

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Threshold Granularity Period time intervals
Figure B.1

B.3.2 Example 2

Figure B.2 illustrates another multi-level severity threshoding behaviour for PMIRP supporting notifyChangedAarm.
The horizontal axis indicates the time intervals specified by the GP. The vertical axis indicates the monitored
measurementType values. The measurementType of this example is of type gauge. The SimpleMonitor.direction is set
to "Decreasing".

Further suppose that the measurementType is monitored for a two-level severity threshold-crossings.
The threshold for the major-level severity is set to 7 with a hysteresis high and low levels set to 6 and 8 respectively.
The threshold for the minor-level severity is set to 9 with a hysteresis high and low levels set to 8 and 10 respectively.
The natification triggering events are:
1. AtGP interval 1, trigger a notifyNewAlarm with ps = Major. See table B.1 table for transition State-0 to State-2.
2. At GP interval 5, trigger a notifyChangedAlarm with ps = Minor. See table B.1 for transition State-2 to State-1.

3. At GP interval 8, trigger a notifyChangedAlarm with ps = Major. See table B.1 for transition State-1 to State-2.

Thresholding behavior for direction Decreasing for Gauge type PMAttribute

Guage readings
(6]

A g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Threshold Granularity Period time intervals

Figure B.2
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B.3.3 Example 3

Figure B.3 illustrates a single-level threshoding behaviour. The horizontal axis indicates the time intervals specified by
the GP. The vertical axis indicates the monitored measurementType values. The measurementType of this example is of
type gauge. The SimpleMonitor.direction is set to "Increasing".

The threshold is set to 4 with a hysteresis high and low levels set to 5 and 3 respectively. The severity level is Critical.
The natification triggering events are:
1. At GP interval 3, trigger a notifyNewAlarm with ps = Critical.

2. At GP interval 11, trigger a notifyClearedAlarm with ps = Cleared.

Hysteresis at 4 with high and low
level set at f and 3 respectively

Thresholding behavior with hysteresis

Gauge readings
N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Threshold granularity period time intervals

Figure B.3
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