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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

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.

1
Scope

Performance measurements within wireless telecommunications networks often fail to meet the needs of the diverse community of end users of those measurements. New features develop, networks evolve, and operating condi​tions change without sufficient consideration given to the measurements needed to keep the network running effi​ciently. While Equipment Vendor groups define measurements to satisfy their particular needs, other perspectives, especially the voice of the Network Operator, are often lost during Equipment Vendor development processes. Similarly, Network Operators sometimes request measurements without fully understanding who will be using the data or what actions those people will take based on the data. A coherent, simple, top-down methodology for defining performance measurements is lacking in the telecommunications industry.

The present document describes a methodology to handle the problems discussed above. In particular, multiple user com​munities have been defined representing the end users of system measurements. Performance goals and measure​ments are defined considering these same user communities. The definition includes identification of specific problem scenarios and corrective actions to be taken by the appropriate user community.

This performance measurement definition methodology has been successfully institutionalised between one set of Equipment Vendor and Network Operator. Similar methodologies have been tried within individual Equipment Vendors and Network Operators. The 3GPP SA5 Performance Management group is using this methodology to (1) help mine for missing, conflicting, overlapping, or useless measurements and (2) help analyse and assess performance areas that are not well understood or are highly complex. It is believed that this methodology will reduce development costs for the Equipment Vendors and reduce operational costs for the Network Operators.
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3
Definitions, symbols and abbreviations

3.1
Abbreviations

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

3G
3rd Generation

3GPP
3G Partnership Project

CPU
Central Processing Unit

EGQM
Enhanced Goal, Question, Metric

ETS
European Telecommunication Standard

ETSI
European Telecommunications Standards Institute

GQM

Goal, Question, Metric

IEEE
Institute of Electrical Engineering Institute

ITU-T
International Telecommunication Union - Telecommunications Standardisation Sector

OSI
Open Systems Interconnection

PM
Performance Management

TR
Technical Reference

4
Overview

Performance measurements are important to the proper and efficient functioning of wireless telecommu​nications networks. They have numerous uses related to resource utilization, expansion planning, network opti​mization, operating problem diagnosis, and network availability monitoring. For the wireless telecommuni​cations world, product performance measurements are necessary to support multiple communities of users.

While most wireless telecommunications networks collect performance measurements, unfortunately, their use doesn’t satisfy all communities of users equally. This lack of completeness and correctness results in a host of problems ranging from Network Operator dis​satisfaction through poor operating practices to substan​tial gaps in reporting appropriate data from the wireless telecommunications network.

In addition, once performance measurements are defined for a wireless telecommunication network they must be maintained. The evolution of a wireless tele​communication network for capacity increases and fea​ture extensions leads to the evolution of the collected measurements. Performance measurements need to be added, modified, and obsoleted from the overall measurement repository. These changes must be defined completely and accurately to meet the requirements of each community of users.

A development of a performance measurement life cycle process to oversee this need is discussed. The life cycle process addresses the multiple user communities whose perspectives are needed to supply the requirements for the performance measurements.

The proposed performance measurement life cycle process is a usage-based process. The basic Goal, Ques​tion, Metric (GQM) method is enhanced to define problem scenarios and corrective actions. These descriptions are not only used to filter out proposals for performance measurements that provide no defined ben​efit, but also support user community training in the use of the performance measurements.

The remainder of this document is organised as follows.

Section 5 defines measurement user communities for wireless telecommunications

Section 6 describes the GQM and the Enhanced GQM methods

Section 7 presents a generic process for performance measurements definition and maintenance

Section 8 provides the conclusions

Annex A provides templates used in the Enhanced GQM method

5
Measurement user Communities

The intent of Performance Management as a func​tional subset of operations and maintenance processes is to define a set of measurements. Typical definition crite​ria revolve around measuring activity within the net​work in terms of volume, speed, and accuracy. While this approach produces measurement data it does not completely address the needs and uses of the multiple consumers of network performance measurement infor​mation. The Enhanced GQM methodology extends the measurement definition criteria to better satisfy multiple groups with diverse needs for these measurements.

A qualitative judgement as to the efficacy of a Per​formance Management subsystem is how well served these different groups are by the measurements pro​vided. To better understand these needs, five generic categories of users, outlined definitions, and examples of their needs and require​ments for measurements taken from their wireless tele​communications network are defined. These groups are referred to as measurement user communities. These five communities are Network Operator’s Business Community, Network Operator’s Maintenance Community, Network Operator’s Traffic Engineering Community, Equipment Vendor’s Performance Modelling Com​munity, and Equipment Vendor’s Development Engineering Community

5.1
Network Operator Business Community

The first measurement user community is the Net​work Operator’s Business Community. This community is defined under the assumption that the wireless tele​communications network is fully operational, ade​quately engineered for traffic load per quality of service definitions, and in commercial service. The primary objective of the Business Community is to guarantee the financial health and welfare of the Operating Company. They expect a properly configured wireless telecommu​nications network to supply the revenue per subscriber unit necessary to meet their financial goals.

An understanding of the elasticity of demand can help the Business Community maximize profits within their product pricing strategy as they alter prices accord​ing to various mixes of services. Typical measurements of interest to this community are those based on the actual volumes of calls completed by service type. This call volume information can lead to trends of usage over time. Correlation between price mix and call volumes can help to identify pricing strategies geared towards increasing revenue per subscriber unit. 

5.2
Network Operator Maintenance Community

A second measurement user community is the Net​work Operator’s Maintenance Community. This com​munity is defined under the assumption that the wireless telecommunications network is less than fully opera​tional, adequately engineered for traffic load per quality of service definitions, and in commercial service. The primary objective of the Maintenance Community is to reduce Mean Time to Repair faults that occur within the fixed network equipment of the Operating Company.

The baseline metric for this community is the avail​ability of the fixed network equipment, where availabil​ity is composed of the sum of scheduled and unscheduled outages to the fixed network equipment. Unscheduled outages are influenced by the inherent hardware and software quality of the products provided to the operating company. While the Maintenance Com​munity has no direct control over that quality, they do have control over the second component of scheduled outage, Mean Time to Repair. 

Mean Time to Repair is influenced by the Mean Time to Detect a fault. This community of user’s defines measurements that support detecting or predicting faults within the fixed network equipment.

Measurements that support this community can come from places other than the fixed network equip​ment, itself. Several Operating Companies have been observed building information systems based on the data provided by Call Detail Records and Billing Records. Correlation is sought within these data between call faults and location within the Network. Detection of these faults serves a dual purpose: it allows the Operating Company a view of performance at the level of their Network Operator (the subscriber) and it allows the Maintenance Community to target specific fixed network equipment for repair.

5.3
Network Operator Traffic Engineering Community 

A third measurement user community is the Net​work Operator’s Traffic Engineering Community. This community is defined under the assumption that the wireless telecommunications network is fully opera​tional, inadequately engineered for current or future traffic load per quality of service definitions, and in commercial service. The primary objective of the Traf​fic Engineering Community is to keep the capacity of the fixed network equipment within 1) the Operating Company’s design criteria for the quality of service based on growth of the subscriber base, 2) changes in usage patterns based on pricing strategies, and 3) intro​duction of new services.

The baseline metric for this community is the trend in utilization of the fixed network equipment. A fully instrumented network would allow the Operating Com​pany to understand the trend in performance of their principle capital investment and any leased services. As these trends pass thresholds of performance, purchasing decisions or volume pricing discounts could be trig​gered.

5.4
Equipment Vendor Performance Modelling Community 

A fourth measurement user community is Equip​ment Vendor’s Performance Modeling Community. This community is defined under the assumption that the wireless telecommunications network is fully opera​tional, adequately engineered for traffic load per quality of service definitions, and in some level of call capable service. The primary objective of the Performance Mod​eling Community is to guarantee that the models used during analysis and design conform to real-world obser​vations of the fixed network equipment of the Operating Company.

While this community isn’t within the Operating Company it still provides beneficial service to the Oper​ating Company by managing the development of subse​quent features that are in line with the actual performance characteristics of the network. Many deci​sions within the development life-cycle depend on mod​els developed prior to shipping the product. These models need to be calibrated to network performance once the product is released. Definition of measure​ments in concert with calibrating these models requires the direct involvement of the people developing the models.

The network that transports Network Management data often is the same network that carries call control traffic. Clearly, the knowledge of volume levels of this traffic during anomalous operating conditions is impor​tant in order to understand the total impact to call pro​cessing. This community would define measurements to allow the monitoring of this type of phenomena.

5.4
Equipment Vendor Development Engineering Community 

A fifth measurement user community is Equip​ment Vendor’s Development Engineering Community. This community is also defined under the assumption that the wireless telecommunications network is fully operational, adequately engineered for traffic load per quality of service or service level agreement definitions, and in commercial service. The primary objective of the Development Engineering Community is to guarantee that the implementations of the designs conform to real- world observations of the fixed network equipment of the Operating Company.

While this community also is not within the Operat​ing Company, it still provides beneficial service to the Operating Company. The implementation of new algo​rithms carries some finite risk of performance in the Network Operator environment versus the lab environ​ment. Many times simulators of network activity are developed to support the verification of these algo​rithms. These simulations need to be calibrated to net​work performance once the product is released. Definition of measurements in concert with calibrating these simulations requires the direct involvement of the people developing the simulations.

The five measurement communities are broken into three external Network Operator based groups and two internal Equipment Vendor groups. However, expe​rience shows that the measurements defined for these groups are not mutually exclusive. Measurements needed by a particular group for a particular purpose may also be used by other groups for other purposes. Thus, the accurate definition of the measurements and how to use them is necessary to allow the Network Operator to properly combine these measurements into more complex analy​ses.

6 Enhanced GQM

The Goal, Question Metric (GQM) method requires measurement user communities to help define goals and metrics. This section first presents the standard GQM method, and then presents an enhanced GQM method which provides the measurement user commu​nities a broader understanding of how metrics are used. Note that the term ‘metric’ in GQM means the same as ‘measurement’.

6.1 GQM Methodology

Basili and Weiss [22] originally proposed the GQM method. This methodology provides a sys​tematic approach for defining metrics which can be col​lected and analyzed to determine whether or not a goal has been reached. This methodology was originally created for quality assurance of software development processes, but has been applied to other areas. GQM is comprised of the following three steps.

1. Identify and define goals for a particular group

2. Refine goals into quantifiable questions

3. Define metrics that will answer the questions

Goals are defined in terms of a purpose and a per​spective. The purpose specifies the object to be analyzed and why it will be analyzed. The perspective specifies the relevant aspects of the object and which measure​ment user community is interested in the aspects.

Execution of the GQM methodology results in the formation of a GQM model. A GQM model contains the set of defined goals, questions, and metrics. A GQM model provides traceability from the goals to the associ​ated metrics. Figure 1 shows an example of a GQM model.


Figure 1:  GQM Model

GQM definition templates are often used to help produce consistent goal, question, and/or metric defini​tions. An example of a Goal template is shown below [21]:

Purpose: To (characterize evaluate, predict, moti​vate, etc.) the (process product model, metric, etc.) in order to (understand, assess, manage, engineer, learn, improve, etc.) it. Example: To evaluate the system test​ing methodology in order to improve it.

Perspective: Examine the (cost, effectiveness, cor​rectness, defects, changes, product metrics, reliability, etc.) from the point of view of the (developer, manager, Network Operator, corporate perspective, etc.). Exam​ple: Examine the effectiveness from the developer’s point of view.

6.2
Enhanced GQM (EGQM) Methodology

As it stands, the GQM methodology works well for defining metrics, but falls short in several areas. The GQM meth​odology was enhanced to better fit within the wireless telecommunications industry for the following reasons.

- Allow measurement user communities to specify their needs at the beginning of the performance mea​surement life cycle rather than waiting for product to be delivered

- Allow measurement user communities to understand what performance measurements are being designed for them in time to modify their reporting processes

- Allow measurement user communities to understand how they should analyze collected measurement data and what actions they should take when analysis has been completed

- Provide criteria for rejecting unnecessary goals, use​less measurements, or measurements that can not be properly col​lected or computed

- Provide criteria for architecting metrics into the appropriate wireless network device (based on net​work traffic capacity, device CPU and memory capac​ity, network manager data collection capabilities, etc.)

- Allow for consistent measurement definition by providing Enhanced GQM model definition and measurement definition templates

- Attempt to reduce development costs for Equipment Providers and reduce operational costs for the Network Operator

The Enhanced GQM, or EGQM, methodology is comprised of the following four steps.

1. Identify and define measurement goals for a partic​ular measurement user community

2. Refine measurement goals into quantifiable prob​lem scenarios

3. Define measurements that will determine if the goal is being accomplished

4. Define corrective actions

EGQM’s first and third steps are similar to GQM’s first and third steps. EGQM’s second step is different than GQM’s second step in that it focuses on problem scenarios associated with the goal rather than on ques​tions associated with the goal. Problem scenarios are descriptions of real world problems the measurement user community has or will experience. Each problem scenario represents a particular aspect of the associated goal. Problem scenarios include definitions of any for​mulas that will allow the measurement user community to analyze the problem scenario after metric data has been collected from the field. EGQM’s fourth step is new. Corrective actions are descriptions of what the measurement user community should do based on anal​ysis of metric data collected from the resulting wireless network.

Execution of the EGQM methodology results in the formation of an EGQM model. An EGQM model contains the set of defined goal, problem scenarios, metrics, and corrective actions. An EGQM model also provides trace​ability from the goals to the associated corrective actions. Figure 2 shows an example of an EGQM model.


Figure 2:  EGQM Model

EGQM has definition templates for producing an EGQM model and for defining metrics. The EGQM model definition template is shown in Table 1. The EGQM metric definition template used in 3GPP SA5 PM group is shown in Table 2.


Table 1:  EGQM Model Definition Template

As described in section 5, five measurement user communities have been defined for the wireless tele​communications industries. EGQM supports all five communities. Representatives from each community participate in all four steps of the EGQM methodology. This allows user communities to specify exactly what they need and/or want, and to know exactly how they will use the metrics before any code is developed. Par​ticipation in the EGQM process increases Network Operator satisfaction through early definition of opera​tional practices (i.e., corrective actions) and increases product knowledge within the Network Operator organi​zation.

The EGQM model definition and metric definition templates provide the mechanism to reject unnecessary goals, useless metrics, or metrics that can not be prop​erly collected or computed. Reasons for the rejection of a goal include the following.

- Non-ambiguous goal definition could not be deter​mined

- Problem scenarios could not be determined

- Definition of how performance measurement will be used within a problem scenario could not be deter​mined

- Corrective actions could not be determined

- Metrics could not be defined to support problem sce​nario definitions

- Required metrics could not be architected into net​work devices for any of the following reasons:

- Network device could not collect metric due to CPU utilization issues

- Network device could not collect and/or store metric due to memory issues

- Network could not support the uploading of mea​surement data from network devices to network manager

- Network manager could not collect and/or store measurement data due to memory issues

7 Performance Measurement Definition Process

The EGQM method, with the use of performance measurement user communities, provides an excellent framework for defining performance goals and metrics. However, such a framework is not complete without a context, or process, in which to execute. This process is needed to define numerous things, such as when mea​surements are to be defined, who is to participate, how the work products fit into the development cycle, and how change is managed.

Such a process is described in section 7.1. A description of a life cycle for maintaining performance measure​ment is described in section 7.2.

7.1 The EGQM Methodology in 3GPP SA5

The EGQM methodology is being incorporated into 3GPP SA5 PM group’s process for defining performance measurements. The EGQM methodology will not be used for cases such as:

- straightforward measurements such as protocol oriented measurements

The EGQM methodology will be used for cases such as:

- analyse and assess performance areas that are not well understood or are highly complex (i.e., UMTS RAN)

- non-straightforward cases where it is difficult to create useful measurement proposals

- an understanding of real value is required before useful measurement proposals can be created

- mine for missing measurements

- mine for conflicting, overlapping, or useless existing measurements

The EGQM metric definition template used by 3GPP SA5 PM group is shown in Table 2.


Table 2:  3GPP SA5 EGQM Metric Definition Template

The performance measurement definition process described above requires a dedicated effort. In particular, a group specialising in performance measurement defini​tion is needed to understand how conditions are chang​ing, perform the periodic reviews, and ensure that the appropriate user communities understand and accept proposed changes. The 3GPP SA5 group is the Performance Measurement (PM) Definition group manages 3GPP’s performance measurement life cycle. The change request process used within 3GPP SA5 is based on using the CR-Form-v3 change request form [6].

8
Measurements Life Cycle Process

If the uses of performance measurements were con​fined to features and occasional changes to those fea​tures, then the above process would suffice. However, user community needs evolve, operating conditions change, performance models are validated, and so on. As these conditions change so should performance mea​surements. Such considerations point to the need for a complete measurements life cycle model, with an appro​priate process to manage it.

A simple life cycle model to handle performance measurement changes is depicted in Figure 3. New per​formance measurement goal and metric definitions are provided through new features. These are made avail​able with system releases.


Figure 3: Measurement Life Cycle

Performance measurements are also periodically reviewed. Goal and metric definition updates made dur​ing this process are generally instantiated at system release. When metrics are no longer useful they are made obsolete, and eventually deleted. A waiting period between obsolescence and deletion allows user commu​nities time to implement and test out new metrics and analyses that are meant to replace existing metrics and analyses.

8.1
The Measurements Life Cycle Process in 3GPP SA5

3GPP SA5 PM group will initially attempt to incorporate the EGQM methodology. If proven successful, 3GPP SA5 PM group may attempt to incorporate the Measurements Life Cycle Process.

9
Conclusion

In the past, definition of performance measure​ments of wireless telecommunications networks was focused mainly on satisfying the needs of the Equip​ment Vendor Performance Modeling and Development Engineering measurement user communities. The needs of the wireless telecommunications Network Operator are not always addressed. The Performance Measurement Definition process described in this paper addresses the needs of all measurements user communi​ties. The process also provides additional benefits, including the following.

- Allows measurement communities to specify their needs up front

- Allows measurement communities to prepare for and modify their measurement monitoring and reporting processes before product is released to them

- Allows measurement communities to know what actions they need to perform when assessing collected measurements

- Provides method for rejecting unrealistic goals and measurements

- Provides method for best architecting measurements into network devices

- Provides method for producing consistent measure​ment definitions

- Provides method for managing measurements life cycle including measurement creation, modification, and obsoletion

The Performance Measurement Definition process is relatively simple. Due to this simplicity, the process can be easily incorporated into any system requirement and system architecture life cycle methodology.

Annex A:
Measurement Analysis Catalogue

This appendix contains measurements that require the EGQM methodology to be executed in order to determine appropriate measurements.

A.1
Measurements Being Defined using EGQM

A.1.1
TBD 
TBD

A.2
Measurements for Future EGQM Consideration

A.2.1
Air Interface Resource Usage 
A.2.2
Queueing 
TBD

Annex B:
Measurement “Short-List” Catalogue

This appendix contains measurements that have been suggested as potential candidates for UMTS but are simple in nature and do not require the EGQM methodology. These measurements will be stored here until they have been approved. After being approved, they will be removed from this document.

B.1
Measurements related to the RNC

TBD

B.2
Measurements related to the NodeB

TBD

B.3
Measurements related to the MSC

TBD

B.4
Measurements related to the HLR

TBD

B.5
Measurements related to the VLR

TBD

B.6
Measurements related to the EIR

TBD

B.7
Measurements related to the SMS IWMSC/GMSC

TBD

B.8
Measurements related to the SGSN

TBD

B.9
Measurements related to the GGSN

TBD
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Goal: Provides the name of goal and non-ambigu�ous definition of what needs to be accomplished. Also provides the measurement user communities the goal is associated with.


Problem Scenario(s): Provides a description of the problem scenario associated with the goal. Contains a description of how performance measurements will be used by the user in order to meet the goal.


Required Metric(s): Provides a list of metrics required to assess the problem scenario to see if the goal is being accomplished.


Corrective Action(s): Provides descriptions of actions the user can execute based on data collected from the wireless network. Contains descriptions of expected metric data values and how those values work with the Problem Scenarios definitions.





This template is defined in Annex C, Performance Measurement Requirements Summary, of 3G TS 32.104. 3G TS 32.104 currently requires the following fields to define a metric. See [3] for details. One additional field, scope, is proposed in the present document. 


Measurement Name: see [3]


Description: see [3]


Collection Method: see [3]


Condition: see [3]


Measurement Result: see [3]


Measurement Type: see [3]


Measurement Object Instance: see [3]


Switching Technology: see [3]


Scope: The maximum number of measurement instances the respective network element may collect, e.g. 100 trunks means the network element can only support 100 trunk measurements. This definition allows network resources to be properly sized and designed.
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