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Objective
The objective of this contribution is to be an addendum to PM2: "Metadefinitions for Measurements and KPIs”. This document provides in-depth definition, description, enumeration and examples of various terms and concepts used in PM2 document.  .  This document is synchronized with specific version of referenced PM2 document.  
This document also describes the concept, terms and types of PM data retrieval type, which may be leveraged for specifying PM Data File format / streaming formats.
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Detailed Proposal
Introduction 
This document provides detailed information of terms and concepts used in PM2 document. Each section maps to a specific section in PM2 where further description is indicated.
 Description of Definitions 
This section maps to the section 3.1 of PM2.
Granularity period
The time interval between two successive gatherings of measurement data. This indicates the precision (in time scale) of the measurement data. 
Recording Interval 
he time period during which the measurement data is collected within the NE. The length of a recording interval will be a multiple of the granularity period. More specifically a recording interval spans across consecutive granularities during which measurement is actively carried out.
Reporting Period
The time interval between two successive indications about availability of new sets of measurement data. The indication may be through a notification between producer and consumer. The length of a reporting period will be a multiple of the granularity period.
This is used typically when the measurement data is collected by the Consumer through File Transfer Protocol. This is a property of the Measurement Job however it has dependency on granularity period. This constrains the response time of the consuming application.
Example
The following example illustrates the difference and relation between the above three terms. 
The Performance Indicator “RRC.ConnEstabAtt.Sum” (Sum of Attempted RRC connection establishments) is being measured over a period of time say 60 seconds. Within this 60 seconds period every access attempt by UEs (by sending accessAttempt message) to a specific eNodeB results in an increment in the value of the performance Indicator. There is no information maintained as to time at which these messages arrived within the 60 second window. This 60 60 second window is the granularity.
Let the measurement of this counter be carried out for a duration of 15 minutes, at the termination of which 15 values are available . These values may be put together in a file and notification issued (implicitly/explicitly ) about availability of this information . Then 15 minutes is the Recording Period.  It is also possible that multiple such files are created (say 4 such files) and then it is made ready for collection by means of sending a notification , then the Recording Period is 1 hour .  In the both the above cases File Interval is 15 minutes.
Let us say that measurement job associated with the measurement of the above performance Indicator is scheduled to run every day between 7A.M to 10 A.M and 4P.M to 9P.M. Then the interval 7A.M to 10 A.M is a Recording Interval. Similarly the time interval 4P.M to 9P.M is another Recording Interval. 
------------------------------------------------------------------
3.3 PM Measurement Data Life Cycle Concepts 
3.3.1 Introduction
The following figure illustrates various steps that the PM data goes through form the time it is identified for collection monitored to retrieval . 
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Figure 1 Collection and Retrieval of PM data
As shown in the Performance data is collected /observed based on the defined Data Collection Type  ( Cumulative Counters are most heavily used ) . To this observed value based on how he PM Performance Indicator has been defined a specific function is applied like Sum, Mean, accumulation etc., this results in one more instances of particular data type (Data Retrieval Type). This information is then retrieved using different transfer mechanisms like File Transfer (the most popular). The retrieval can be further standardized by specifying format in which multiple data points can be retrieved using File formats , data structures etc.
Reference 1 provides a list of PM data Collection Types and definitions for the same. Following is a list of the types and their descriptions. Subsequent sections depict these collection types. The examples are mostly taken from Ref 2.
		PM Data Collection Types
	Description
	Section

	COUNTER
	This literal defines an increasing value  associated with some measurement event being counted
	3.1

	CUMULATIVE
	 This literal defines an increasing value  associated with some measurement event being counted which is reset at end beginning of every granularity period 
	3.1

	GAUGE
	 This literal defines a dynamic variable; used when data being measured can vary up or down during the period of measurement. This may be reset at beginning of each granularity period

	3.1

	DISCRETE_EVENT
	 This literal defines when data related to a particular event are captured every nth event is registered, where n ≥ 1
	3.2

	STATUS_INSPECTION
	 This literal defines a mechanism for high frequency samplings of internal counters at predefined rates;
	3.3


Table 1 PM Data Collection Types



Corresponding to the above Collection Types, the following Data Retrieval Types are proposed.
	PM Data Retrieval Types
	Description

	INTEGER
	A single integer is retrieved per instance of Collection Type 

	REAL
	A single Real number is retrieved per instance of Collection Type.

	VECTOR
	A set of ordered values, signifying certain Collection Type results. The number of values is fixed, and each value is uniquely identifiable. The order is known to the producer and consumer. All the values are either Integers or Real Numbers based on the Collection Type

	BAG
	A bag of values in no specific order. The specified measurements are independent discrete values. All the values are either Integers or Real Numbers based on the Collection Type



3.3.2  Collection Types: Counters 
3.3.2.1 COUNTERand Cumulative Counters 
The following figure depicts the above 3 types of counters. However a number of type’s terms Counters and Cumulative Counters are interchangeably used. For example the 3GPP specifies CC (Cumulative Counter) and does not Specify Counters.
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Figure 2Example : Collection Types Counter and, Cumulative Counter
The CC and Counter Collection types are retrieved as single integers.

3.3.2.2 Collection Type: Gauge Counter
A Gauge type of collection type collects information about dynamically varying measurement, which can vary in either direction with time. It is reset on every granularity.
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Figure 3 Example : Gauge Counter
In the above figure the Gauge collection is tracking the variable “Number of Active Sessions”, which is varying over time. Typically the Guage is retieved as Maximum or Minimum of observed value and as a single integer.
3.3.2.2 Collection Type: Discrete Event Register
The following extract form ref 4 illustrates DER Collection Type
4.2.3	Dedicated bearer set-up time by MME (Mean)
a)	The measurement provides the valid time per dedicated bearer set-up procedure by MME, (unit: second).
b)	DER (n=1)
c)	This measurement is obtained by accumulating the time intervals for every successful dedicated bearer setup by MME between the transmission by the MME of a "ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST" and the corresponding "ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT" message receipt by the MME the over a granularity period using DER. If the dedicated bearer setup procedure is beyond one granularity period, only the set-up time for procedures whose message “ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT” is received in the granularity period can be accumulated.  The end value of this time will then be divided by the number of successful dedicated bearer set-up procedures in the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of each granularity period.
d)	A single integer value
e)	SM.EstabActDedicatedEpsBearerTimeMean
f)	MMEFunction
g)	Valid for packet switching
h)	EPS

The following extract form ref 4 illustrates DER Collection Type  
B.3.1.25	Mean time to provide the CALL SETUP service
A.	This measurement provides the arithmetic mean of the time to provide the CALL SETUP service to a requesting MS.
B.	DER.
C.	This measurement is obtained by accumulating the time intervals between "SETUP" and the corresponding "ASSIGNMENT COMPLETE" messages over a granularity period using DER. This end value of the time will then be divided by the number of call set-ups observed in the granularity period to give the arithmetic mean (3GPP TS 04.08 [2], 3GPP TS 08.08 [5]).
D.	meanTimeToCallSetupService.
E.	A single real value.
F.	MSC Measurement Function.
G.	Valid for circuit switching.

The following figure depicts possible DER counters.
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Figure 4 Collection Types Discrete Event Register and List
The above example shows different durations between CALL SETUP Event and ASSIGNMENT COMPLETE Event measured during a time interval. Each of these are independent values. The Producing application needs to keep track of these events as well as subsequently compute.   
3.3.2.4 Collection Type: Status Inspection
The following extract from ref 3 illustrates an SI Collection Type.
4.2.1	Number of dedicated EPS bearers in active mode (Mean)
a)	This measurement provides the mean number of dedicated EPS bearers.
b)	SI
c)	The measurement is obtained by sampling at a pre-defined interval, the number of dedicated EPS bearer established by MME in active mode and then taking the arithmetic mean.
d)	A single integer value
e)	SM.MeanNbrActDedicatedBearer
f)	MMEFunction
g)	Valid for packet switching
h)	EPS

4.2.2	Number of dedicated EPS bearers in active mode (Maximum)
a)	This measurement provides the maximum number of dedicated EPS bearers in active mode.
b)	SI
c)	The measurement is obtained by sampling at a pre-defined interval, the number of dedicated EPS bearer established by MME in active mode and then taking the.maximum
d)	A single integer value
e)	SM.MaxNbrActDedicatedBearer
f)	MMEFunction
g)	Valid for packet switching
h)	EPS

The following diagram depicts the above performance metric. (The values used in the sample may not be realistic) 
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Figure 5 Example : Collection Types Status Inspection
This Collection Types enables measuring of a continuously changing performance metric. The metric is computed by taking samples at a certain predetermined frequency and statistical computation is carried out. In the above Session Management performance metrics example the number of dedicated EPS bearers in active mode are sampled every minute over an interval of 1 hour . These set of values are then used compute Mean, Max, Min values.

3.3.2.5 Retrieval Type: Integer  
This is the most common retrieval type and is valid for all the Collection Types depending on the conclusive output of a collection Type. The retrieval type is a single integer
3.3.2.6 Retrieval Type: Real Number 
This retrieval type is valid for all Collection Types other than Counter and Cumulative Counter. This also depends on the output value of Collection Types . Also KPI values ( computed using multiple measurements of any of the Collection Type ) may have real values.The retrieval type is a single real number.
3.3.2.7 Retrieval Type: Vector
The following extracts from ref 2 illustrate motivation for a Vector Retrieval  type. This Retrieval  Type is more of convenience than essential as  it is possible to identify and extract same PM information using existing  the previous two Types.
4.2.1.2 Number of initial E-RABs attempted to setup
This measurement provides the number of initial E-RABs attempted to setup. The measurement is split into subcounters per E-RAB QoS level (QCI).
CC
On receipt by the eNodeB/RN of an INITIAL CONTEXT SETUP REQUEST message, each requested E-RAB in the message is added to the relevant measurement per QCI, the possible QCIs are included in TS 36.413 [9]. The sum of all supported per QCI measurements shall equal the total number of E-RABs attempted to setup. In case only a subset of per QCI measurements is supported, a sum subcounter will be provided first.
Each measurement is an integer value. The number of measurements is equal to the number of QCIs plus a possible sum value identified by the .sum suffix.
The measurement name has the form ERAB.EstabInitAttNbr.QCI
where QCI identifies the E-RAB level quality of service class.

4.2.1.2	Number of initial E-RABs successfully established
This measurement provides the number of initial E-RABs successfully established. The measurement is split into subcounters per E-RAB QoS level (QCI).
CC
On transmission by the eNodeB/RN of an INITIAL CONTEXT SETUP RESPONSE message, each E-RAB successfully established is added to the relevant measurement per QCI, the possible QCIs are included in TS 36.413 [9]. The sum of all supported per QCI measurements shall equal the total number of E-RABs successfully setup. In case only a subset of per QCI measurements is supported, a sum subcounter will be provided first.
Each measurement is an integer value. The number of measurements is equal to the number of QCIs plus a possible sum value identified by the .sum suffix.
The measurement name has the form ERAB.EstabInitSuccNbr.QCI
where QCI identifies the E-RAB level quality of service class.
EUtranCellFDD
EUtranCellTDD
Valid for packet switched traffic
EPS

4.2.1.3	Number of initial E-RABs failed to setup
This measurement provides the number of initial E-RABs failed to setup. The measurement is split into subcounters per failure cause.
CC
On transmission by the eNodeB/RN of an INITIAL CONTEXT SETUP RESPONSE, or INITIAL CONTEXT SETUP FAILURE message, each E-RAB failed to establish is added to the relevant measurement per cause, the possible causes are included in TS 36.413 [9]. The sum of all supported per cause measurements shall equal the total number of E-RABs failed to setup. In case only a subset of per cause measurements is supported, a sum subcounter will be provided first.
Each measurement is an integer value. The number of measurements is equal to the number of causes plus a possible sum value identified by the .sum suffix.
The measurement name has the form ERAB.EstabInitFailNbr.Cause
where Cause identifies the cause resulting in the initial E-RAB setup failure.
EUtranCellFDD
EUtranCellTDD
Valid for packet switched traffic
EPS

The following chart provides an example of the above three EUtran counters related E-RAB setup ( the values may not be realistic)..
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Figure 6 Example : Collection Types Vector
The above diagram depicts the three counters ERAB.EstabInitAttNbr.QCI, ERAB.EstabInitSuccNbr.QCI and ERAB.EstabInitFailNbr.Cause Code. The last Counter is  a summation counter , rather than a raw counter. Due to this it is not possible for example to what was the major reason for failures corresponding to a specific QCI. (This may not be the best example). By using a vector counter it is possible to show specific values corresponding to each QCI. The number and order of QCI is fixed.
It is possible to express the individual values by having a counter like “ERAB.EstabInitFailNbr.QCI.Cause Code” but is cumbersome.
3.3.2.8 Retrieval Type: Bag
This Retrieval Type can be used where multiple values are collected in no particular order and number of such values are not fixed. Currently Collection Types DER and SI reduce such data to single numbers through different statistical means. It might be useful to provide raw data as it is collected to the next level management entity. 
The following figure depicts Successful Call setups, where each setup can take different period of time and there is no limit on how many Call setups will occur in a given period of time 
[image: ] 
In cases like above it is not possible to provide the information using other retrieval types as individual Call setups are not identifiable across the interface. 
Note:- While it is possible apply multiple statistical functions on this data ( eg., MinTime, MaxTime, Standard Deviation, Average ) , due to limitations of processing environment it may not be possible to enforce more than one of the statistics function and the data. This retrieval type can be very useful in IOT scenarios where inputs form many independent micro devices may need to be transmitted and processed.
3.3.3 Collection Type: Formulas 
3.3.3.1 SUM
      	3.3.3.2 COUNT
3.3.3.3 MIN
      	3.3.3.4 MAX
3.3.3.5 AVERAGE 
3.3.3.6 FIRST
3.3.3.7 LAST
      	3.3.3.8 PRODUCT
3.3.3.9 STDEV_SAMPLE
      	3.3.3.10 STDEV_POPULATION
3.3.3.11 VARIANCE_SAMPLE
      	3.3.3.12 VARIANCE_ POPULATION
3.3.3.13 MEDIAN
      	3.3.3.14 MODE.SNGL
3.3.3.15 LARGE
      	3.3.3.16 SMALL
3.3.3.17 PERCENTILE.INC
      	3.3.3.18 QUARTILE.INC
3.3.3.19 PERCENTILE.EXC
      	3.3.3.20 QUARTILE.EXC     
3.3.4 Collection Type: Formulas 
3.3.4.1 LARGE
      	3.3.4.2 SMALL
3.3.4.3 PERCENTILE
      	
3.4 Retrieval Type: Bag
A Bag collection type can be a composition  of values in any order . These values are not uniquely identifiable also the number of values is not known and not limited.. Fig 2 depicts such a list. It is not possible to transfer such values using current Collection Types.
The performance metric listCallSetUpDurations contains a series of values, where each value indicates the duration for setting up the call. The list is not limited; also it is not possible to identify specific duration values.
Statistical math functions like Mean, Max, Min, Standard Deviation / Variance might be used instead. However even with multiple of these there can be loss of information. Also the producer should have the ability to compute and provide resultant value, which may not be possible in simple devices.

4 Recommendation
It is proposed to redefine different collection types and data retrieval types  and possibly include some of the examples in PM2.


[bookmark: _Toc403402714]Annex A (Informative): Counters/KPIs properties
This annex lists the 3GPP currently defined properties for its performance measurements and the TM Forum defined properties for its “indicator” (model for both counters and KPIs).
[bookmark: _Ref373412544][bookmark: _Toc403402715]A1	3GPP Performance Metadata 
3GPP TS 32.40X series is using the following properties for the Measurement Definition Template to describe the counters that are passed over the northbound interface:
1. Measurement Name 
1. Description
1. Collection Method
1. Condition (when/how is it generated)
1. Measurement Value + Unit 
1. Measurement Type (short name)
1. Measurement Object Instance 
1. Switching Technology
1. Radio Technology (?)
The following properties are used for KPIs:
1. Long Name
1. Description
1. Logical Formula Definition
1. Physical Formula Definition
1. Measurement names used for the KPI
1. KPI Object
1. KPI category
1. Unit of the KPI
1. Type of the KPI (Mean, Ratio, Cum)
1. Remark
[bookmark: _Ref373412590][bookmark: _Toc403402716]A2	TM Forum Performance Metadata 
TM Forum defines a single entity “Indicator” for modelling both counters and KPIs. Following are the “Indicator Specification” attributes (A SID Metadata entity):
1. ID
1. Name
1. Description
1. Perspective
1. IndicatorCategory
1. Indicator Type
1. derivarionAlgorithm
1. derivationMethod
1. CollectionType
1. IndicatorUnit
An Indicator Specification can be attached to:
1. A monitored object
1. A counter group
1. A Counter category
1. A Production/Collection job
TIP PM Interface is exposing this data over the interface. A PM consuming application can request the information using the following operations:
1. getSupportedObjectClasses
1. getSupportedObjects
1. getSupportedIndicatorGroups
1. getSupportedIndicators
1. getSupportedTransport
1. getSupportedFileFormat
1. getCommonIndicatorGroupsGranularities
1. getCommonIndicatorsGranularities
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form change history:
v1.13.1: minor changes resulting from discussions at CT#41 & SA#41
v1.13.0: mods to enforce linkage amongst stages 1, 2, 3
draft mods Scarrone-Meredith 2008-07 ff
v1.12.1: removes revision marks following approval at SP-29
v1.12.0: includes provision for Study Items (SP-29)
v1.11.0: includes those changes from v1.8.0 agreed at SP-25.
	v1.10.0: full circle
v1.9.0: a clean sheet
v1.8.0: includes comments from SA#24 
v1.7.0: includes comments from RAN, CN and T #24; also includes “early implementation” data
v1.6.0: includes comments made during review period prior to TSGs#24
v1.5.0: includes comments made at TSGs#23 (Phoenix)
v1.4.0: offered to SA#23 for approval
v1.3.0: offered to CN#23, RAN#23 and T#23 for comments
DRAFT4 v1.3.0: 2004-03-09: Incorporation of comments from Leaders list
DRAFT3 v1.3.0: 2004-02-19: Incorporation of comments from MCC members
DRAFT2 v1.3.0: 2004-01-29: Complete redraft:
v1.2.0: 2002-07-04: "USIM" box changed to "UICC apps"
2003-05-28: spelling of “rapporteur” corrected
2002-07-04: "USIM" box changed to "UICC apps"
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