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 SCOPE
 Within the GSM-network life cycle, radio network engineering is one of the most important challenges for the network operator.
 The network life is characterized by different phases each of them requiring engineering activities:
 - Network design and coverage planning, - Network deployment, - Network operation, - Network optimization, - Network extension planning.
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 Figure 1: The radio network life cycle
 In particular, network planning and optimization are the key activities to provide a good Quality of Service (QoS) in the mobile network. Quality of Service is, apart from offered telecom services, the differentiation criteria to satisfy the mobile network users, to avoid a drift away of subscribers (also called “churn”) and to attract new ones.
 Alcatel-Lucent provides tailored services in order to support operators in the radio-network-engineering activities. It includes a set of powerful tools to support network planning and optimization tasks.
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 Figure 2: Tools for radio-network-engineering activities
 The radio-network-engineering tools 9155 RNP [1] and 9159 NPO can be embedded in the overall Alcatel-Lucent GSM Network Management environment. Here, they help to speed up the related activities that get more and more complex due to the very fast developing and increasing networks.
 This product description presents the 9159 NPO tool, supporting radio-network-optimization activities related to the Alcatel-Lucent Base Station System releases B9 and B10. The NPO software is introduced with the B10 BSS and replaces the previous generation of radio-network-engineering tools: 9156 RNO, 9157 LASER and NPA.
 This product can also be embedded in the 9153 GSM OMC-R [2] for small configuration in order to reduce the needed investment in hardware. In addition, an adapted version of this software is also embedded in the 9953 Multi-Standard OMC Portal [3] in order to bring the same services in a multi-standard and/or in a very-large network context.
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 NOTE
 All examples of screen snapshots in this document are extracted from prototypes. They are subject to modifications and are not contractual. The reader has also to know that some features described in this document may not be available on all software releases: the NPO software is enriched with new features at each BSS software release and the description provided in this document is at B10 MR2 level.
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 1. REFERENCES
 [1] 3DC 21119 0013 TQZZA, 9155 RNP V6 for GSM and UMTS Product Description [2] 3DC 21076 0005 TQZZA, 9153 OMC-R Product Description [3] 3DC 21146 0062 TQZZA, 9953 Multi-Standard OMC Portal Product Description
 2. ABBREVIATIONS BSS Base Station System FTP File Transfer Protocol HMI Human Machine Interface LAC Location Area Code LAN Local Area Network LASER Lucid network Availability, Stability and Events Reporting tool MAFA Mobile Assisted Frequency Allocation MMI Man-Machine Interface NPA Network Performance Analyzer NPO Network Performance Optimizer OMC-R Operation and Maintenance Center - Radio part PM Performance Measurements QoS Quality of Service RMS Radio Measurement Statistics RNO Radio Network Optimization RNP Radio Network Planning TRE TRansceiver Equipment WAN Wide Area Network
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 3. OVERVIEW
 This product description presents 9159 NPO, the Network Performance Optimizer tool provided by Alcatel-Lucent as part of its comprehensive set of solutions for GSM network management. Alcatel-Lucent optimization teams for all·in·One services also use 9159 NPO.
 The 9159 NPO software application has been designed to deal with GSM radio configuration and quality of service monitoring. A multi-standard version of this software is also available in the MS-OMC Portal (see 9953 Multi-Standard OMC Portal Product Description [4]). This application is the new version of the radio optimization and QoS monitoring product used by more than 50% of operators having Alcatel-Lucent radio networks up to the B9 BSS release: the 9156 RNO product used in conjunction with NPA and 9157 LASER products.
 9159 NPO supports GSM network operators in radio-network-optimization activities. By the full integration of network design and performance analysis tools, the network-optimization process can be significantly improved and speeded up. 9159 NPO allows the network operator to provide permanently optimal Quality of Service in his network and thus to guarantee a high level of customer satisfaction.
 9159 NPO capitalizes the expertise and methods collected by Alcatel-Lucent in the area of radio network optimization through its long and worldwide experience in the GSM activity (with more than 175 GSM customers). Through the implementation in a computer tool, every network optimizer can profit of the excellent Alcatel-Lucent know-how in the area of radio network optimization. Moreover, 9159 NPO gives the opportunity to the operator to enhance the tool by adding his own procedures and rules.
 The operator using 9159 NPO is able to improve the efficiency and reliability of his optimization process. Moreover, thanks to supervision and inventory information got from OMC-Rs and stored in the same tool, the operator has easy way to crosscheck QoS data with this information to better understand possible QoS degradations.
 In order to support radio network optimization activities, 9159 NPO allows to - Check the consistency of resource design and configuration, - Monitor the QoS, - Diagnose the QoS decrease cause, - Tune the radio resources configuration, - Generate automatically reports for management and operational teams.
 These functions make the 9159 NPO an essential tool to - Detect network misbehaviors, - Help the optimization team to focus on the most urgent issues, - Fix the quality of service problems in a quick and accurate way, - Decide the corrective actions to apply on the network.
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 4. NPO ARCHITECTURE AND CONFIGURATIONS
 4.1 Architecture
 9159 NPO is a client-server application running on a hardware configuration suitable for each size of the network to optimize. The OMC-R server can also embed the NPO application for very small networks (see chapter 4.3).
 The 9159 NPO server is a UNIX SUN server. Its database contains network optimization data, QoS data (indicators) and other information obtained from OMC-Rs.
 LAN
 9159 NPO - server
 OMC-ROMC-R
 OMC-R
 9159 NPO - clients
 LAN
 9159 NPO - server
 OMC-ROMC-R
 OMC-R
 9159 NPO - clients
 Figure 3: 9159 NPO Network topology in LAN environment
 In order to get information from OMC-Rs (counters, parameters, logs, alarms…), the 9159 NPO server is connected to the OMC-R Local Area Network (LAN) using TCP/IP protocol.
 A number of 9159 NPO clients (based on Windows XP) provide user-machine communication and perform the network optimization processing in a distributed topology. The clients are connected to the 9159 NPO server via LAN. A solution based on third party software (Citrix Presentation server) for remote connection can be used in WAN environments for connection of the workstations to the server. This solution is based on addition of an HMI server using Citrix Presentation Server software (see chapter 4.2 for more information).
 File transfer (e.g. FTP protocol) is the way data are exchanged with the different OMC-Rs and network planning tools. A lower bandwidth between 9159 NPO server and the OMC-Rs or Network Planning Tool can thus be supported (for example, over a WAN).
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 4.2 Connection through an HMI server
 LAN
 9159 NPO - server
 OMC-ROMC-R
 OMC-R
 remote clients
 9159 NPO – HMI servers
 WAN
 local clients LAN
 9159 NPO - server
 OMC-ROMC-R
 OMC-R
 remote clients
 9159 NPO – HMI servers
 WAN
 local clients
 Figure 4: 9159 NPO Network topology in WAN environment
 In case 9159 NPO clients cannot be installed on the same LAN than the 9159 NPO server (distant sites, need for remote locations, wide network, etc…), the introduction of one or several HMI servers allows reducing the need for bandwidth between the server and the clients. Several instances of GUI processes are run on these HMI servers.
 A minimum bandwidth of 256 kbits/s between the clients and the HMI server is recommended. The corresponding topology is available in the figure in the left.
 The HMI server is a PC equipped with Citrix Presentation Server software. Several HMI servers can be introduced depending on the required number of user sessions. Each HMI server can handle up to 10 user sessions.
 This configuration based on HMI server and Citrix Presentation Server software is optional and is adapted for remote access through a WAN environment.
 To sum up, a wide range of client-server configurations and architecture are available to enable easy introduction of NPO on all networks. In addition different network capacities and sizes are offered as described in the next paragraph.
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 4.3 NPO configurations
 To fit with different network sizes, five 9159 NPO configurations are supported.
 The following table presents the available 9159 NPO configurations with the maximum number of cells that can be optimized and the related number of required servers and workstations.
 Configuration name Max number of cells
 Number of servers Max number of connected clients
 NPO 250 (embedded in OMC-R) 250 1 (OMC-R server) 1
 NPO 2000 2 000 1 8
 NPO 5000 5 000 1 15
 NPO 8000 (*) 8 000 1 25
 NPO 12000 (**) 12 000 1 28
 NPO 24000 24 000 2 48
 (*) NPO 8000 hardware configuration is based on an UltraSparcIII generation hardware and this configuration is proposed
 for hardware reuse of previous NPA configurations.
 (**) The NPO12000 hardware configuration is also the one covering the “NPO 10500” (the 10500 cells capacity is coming
 from the previous tools RNO/NPA/LASER)
 Table 1: 9159 NPO configurations
 The Small configuration (NPO 250) is embedded in the OMC-R meaning that the NPO software is installed and is running on the OMC-R server (this OMC-R configuration is called “small with NPO embedded”). It is the appropriate solution for networks with a small number of cells to be optimized (less than 250 cells).
 All other configurations are suited for optimization of medium to very large networks (up to 24 000 cells) and allow parallel working of several optimizers.
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 4.4 Hardware requirements
 4.4.1 NPO server requirements
 The 9159 NPO server is running under a UNIX Solaris environment on a SUN hardware machine. In each 9159 NPO configuration the hardware is equipped with high performance processors and sufficient memory and disk capacity for an appropriate performance in the optimization execution.
 In order to reuse hardware previously delivered with the NPA applications, two hardware generations are supported as NPO server: UltraSparc III generation (V880 servers) and UltraSparc IV generation (V490 servers equipped with SE3510 external disk array for some configurations).
 Here are the minimum hardware requirements corresponding to each configuration:
 Configuration Server model
 Processors Memory Internal
 disks External disk array
 SUN V490 See Small OMC in [2] NPO 250
 SUN V880 See Small OMC in [2]
 SUN V490 2 x 1.35 GHz 8 GB 2 x 146 GB None NPO 2000
 SUN V880 2 x 900 MHz 4 GB 6 x 73 GB None
 SUN V490 2 x 1.35 GHz 8 GB 2 x 146 GB SE 3510 : 6x73 GB 15Krpm
 / 1 RAID controler NPO 5000
 SUN V880 4 x 900 MHz 8 GB 6 x 73 GB None
 NPO 8000 (*) SUN V880 8 x 900 MHz 16 GB 12 x 73 GB None
 NPO 12000 SUN V490 4 x 1.35 GHz 16 GB 2 x 146 GB SE 3510 : 12x146 GB 15Krpm / 2 RAID controlers
 NPO 24000(**) 2x
 SUN V490 4 x 1.35 GHz 16 GB 2 x 146 GB SE 3510 : 12x146 GB
 15Krpm / 2 RAID controlers
 (*) NPO 8000 hardware configuration is based on an UltraSparcIII generation hardware and this configuration is proposed
 for hardware reuse of previous NPA configurations.
 (**) The two servers are interconnected together through a Gigabit Ethernet switch and a Fiber Channel switch and the
 Oracle™ database is shared between servers thanks to Oracle™ clustering mechanisms
 Table 2: 9159 NPO server hardware configurations
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 It has to be noted that the 9159 NPO server can be reused as MS-OMC Portal server either directly without any upgrade or with the adding of a SE 3510 disk array. This transformation path will allow bringing additional functionalities: multi-standard NPO and multi-standard supervision management (see 9953 Multi-Standard OMC Portal Product Description [4]).
 4.4.2 NPO HMI server requirements
 The 9159 NPO HMI server is running under a Windows server 2003 environment on a HP hardware machine. Each HMI server can run up to 10 GUI instances whatever the NPO configuration. Whatever the number of used HMI servers, the global limit of the number of user sessions of each NPO configuration described in Table 1 cannot be exceeded in order to keep satisfactory performance.
 The minimum requirements of the HMI server is provided hereafter:
 Configuration items PC Server
 Model HP Proliant ML 370G4 or G5
 Processors 2 x Xeon 3.4 GHz(or more)
 Ram Memory 8 Gb DDRam (or more)
 Hard disk 36 GB
 Operating system Windows Server 2003 (NT5) SP4 Server
 Table 3: 9159 NPO HMI server minimum requirements
 In order to ease the reuse of RNO and LASER servers used up to B9, it is also possible to use configuration with only one processor and 4GB RAM. In that case, the HMI server can support 5 user sessions.
 4.4.3 NPO clients requirements
 NPO clients are PC running Windows XP. There are two types of NPO clients that can be connected to the 9159 NPO application.
 The machines (at the date of the edition of this document) proposed by Alcatel-Lucent for the 9159 NPO are the following:
 - Full clients: these terminals are directly connected to 9159 NPO server without HMI server. A LAN connection is mandatory for the communication with the server. The NPO client software is installed on these clients.
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 - Light clients: these terminals are connected to the NPO server through one or several HMI servers. Only the Citrix presentation client software has to be installed on this terminal. The NPO client software is running on the HMI server.
 In both cases, a 21” screen provides the right resolution for the sophisticated graphical user interface of 9159 NPO. Each client is equipped with an Ethernet-card for communication purposes.
 The minimum requirements for each type of clients are provided hereafter
 Configuration items Full client Light client
 Processor Pentium >= 1.7 GHz Pentium >= 1.7 GHz
 Ram Memory >= 2 Gb DDRam >= 0.5 Gb DDRam
 Hard disk SATA or ATA 18 GB / 7200 rpm
 DVD Internal DVD-ROM 16x
 Monitor 21 "
 Operating system Windows XP Professional
 Table 4: 9159 NPO clients minimum requirements
 4.5 Software architecture
 The 9159 NPO software application has been designed to deal with GSM radio configuration and QoS monitoring. The NPO software architecture is built on up-to-date technologies: full Java server and client, XML and Oracle™ data warehouse.
 The NPO software includes a powerful database (Oracle™) containing data coming from various sources. Obviously, NPO imports performance measurements and calculated indicators into this database but it also imports radio parameters, planned data, topology information, inventory, alarms and logs. This allows the operator to define indicators combining several data sources (e.g. parameters and QoS indicators can be combined to define new indicators).
 The principles of the NPO GUI are the same as the ones of its predecessor RNO. All operators having used RNO consider its powerful functions and graphical Man Machine Interface as references in the domain of radio network optimization. The NPO integrates the features of the RNO product but also the ones of NPA and LASER products.

Page 15
                        

9159 NPO Product Description
 Alcatel-Lucent File Reference Date Edition Page PDNPOXE3.DOC 3DC 21146 0060 TQZZA 13/11/2007 03 15
 All rights reserved. Passing on and copying of this document, use and communication of its contents not permitted without written authorization.
 4.6 Working and operational environment
 4.6.1 Working environment
 For an integrated use of 9159 NPO in an overall radio-network-management environment, 9159 NPO can interface with one Radio Network Planning tool (e.g. 9155 RNP) and one or several OMC-Rs. The number of managed cells is the effective limit and induces the maximum number of OMC-Rs that can be connected to 9159 NPO.
 9159 NPO is integrated in the environment of Alcatel-Lucent BSS releases. Each release of NPO can interface with:
 - Two OMC-R releases, - A single version of 9155 RNP that is compatible with several BSS releases.
 The following table shows the products with 9159 NPO B10 can interface with:
 Alcatel-Lucent Product Product Release Quantity
 OMC-R B9, B10 Several
 9155 RNP V6.6 1
 Table 5: 9159 NPO connectivity
 Independent from its functional evolution, the tool will be of course able to support also future BSS releases.
 Furthermore, 9159 NPO is designed in such an open way, that it is possible to develop interfacing to non-Alcatel-Lucent RNP-tools on customer request. This interfacing is not part of the default offer and can be developed by third party companies or by Alcatel-Lucent. It is based on a public file specification between 9159 NPO and any Radio Network Planning tool.
 4.6.2 Operational environment
 9159 NPO data exchange concerns not only the import of operational and planning data, but also the download of the optimized radio network configuration to the operational network (OMC-R parameters tuning).
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 Figure 5: 9159 NPO data exchange
 In regular intervals, 9159 NPO collects data from the operational network and from the network- planning database (as soon as a new planning iteration is ready):
 - Planned radio resource design from the radio-network-planning data base, - Geographical data from the radio-network-planning database, - Operational radio resource design from the operational network, - Operational values of logical parameters from the operational network, - QoS indicators (performance measurement results) from the operational network. - Alarms, state changes and logs from the operational network - Network inventory from the operational network
 4.6.2.1 Cell identification
 9159 NPO provides two modes for cell identification:
 - CellId (CI mode) - PLMN (MCC/MNC)+ LAC+ CellId (PLMN/LAC/CI mode)
 The cell identification mode has to be decided at product installation time. Alcatel-Lucent highly recommends using the CI mode that means that the CI has to be unique over the region managed by 9159 NPO. This recommendation is mainly due to the fact that the LAC has to be considered as an attribute of the cell and not as part of its identifier. In fact, during network optimization, it happens that LAC have to be rearranged, in order to avoid too many location updates and generation of signaling in the A interface. NPO gives the possibility to identify during the night the cells that changed the LAC, MNC or MCC during the previous day.
 4.6.2.2 Import of cell design from radio planning
 For each iteration of radio network planning, the related cell design can be loaded from the network- planning tool into the 9159 NPO database on user demand.
 The data package imported from RNP contains:
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 - Cell description (functional type, frequency band, number of TRXs, hopping mode, HSN, ..), - Cell class (rural, suburban, urban, dense urban), - Planned frequency plan, - Planned neighborhood plan, - Interference matrix, - Azimuth and geographical coordinates, - Geographical calculation results (best server maps).
 The data can be imported as files. 9159 NPO supports, as a standard, the file format supplied by the Alcatel-Lucent radio network planning tool 9155 RNP. Customization to other RNP output file formats is possible.
 4.6.2.3 Import of PM data from OMC-R
 For the quality of service analysis, periodical measurements on radio traffic, radio resource usage, transmission and hand-over behavior are collected from the network elements through the managing OMC-R. The network-wide QoS analysis relies on the regular collection of the same performance counters on all managed Network Elements. PM data is automatically loaded using FTP transfer, NPO permit also to load recovered data still available in OMC-R. The counters are stored in the NPO database. Counters of both permanent measurement campaigns and on-demand measurements campaigns are kept whatever the granularity period of those campaigns. Based on the counters, indicators are calculated and stored for up to 2 years. Standard indicators are defined by Alcatel-Lucent and provide expressive QoS analysis data. Indicators are consolidated in daily, weekly and monthly values and can be additionally consolidated on a group of Network Elements.
 4.6.2.4 Import and export of operational logical configuration from OMC-R
 Periodically, 9159 NPO loads the operational logical configuration from the OMC-R. For that purpose 9159 NPO uses the Alcatel-Lucent OMC-R export/import-file interface for logical parameters provided through the ACIE (Alcatel-Lucent Configuration Import Export interface) of the OMC-Rs.
 This data package imported from the OMC-R contains: - Cell description, - Operational frequency plan, - Operational neighborhood plan, - Physical network topology (BSC, BTS, cell links), - Operational logical-parameters settings.
 The data are imported as files.
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 It is possible to export the optimized logical configuration from the 9159 NPO to the OMC-R. This export is done in ASCII files. When exporting such data (tuning sessions), each impacted OMC-R receives, through an FTP transfer, this ASCII file.
 An application, known as the “Tuning Browser” and running at the OMC-R, allows then to browse the tuning session content for helping the OMC-R operator understand the purpose and location of the modifications. If the OMC-R operator agrees with the sent modifications, the Tuning Browser will generate the appropriate ACIE files that can then be applied on the impacted OMC-Rs.
 Such an approach allows a global automation of the tuning process, with no need to retype modifications at the OMC-R. Moreover, this is a safe process in the way that only the OMC-R operator is aware of field events (exhibitions, sports meetings, etc.) and will never apply something on the field if it would interfere with these events.
 4.6.2.5 Import of state changes, alarms and operator commands from OMC-R
 Periodically, 9159 NPO loads the state changes (operational and administrative states), alarms and operator commands from the OMC-Rs. These data are loaded inside the database and are available for browsing but also are used for building unavailability and stability indicators. The combination of those indicators with QoS indicators allows the optimizer focusing on real quality of service problems: it avoids him to waste time on cells on which hardware problems or maintenance actions occurred.
 4.6.2.6 Import of network inventory from OMC-R
 Periodically, and if available at OMC-R level (thanks to the remote inventory feature), 9159 NPO loads the hardware inventory data from the OMC-Rs. These data are loaded inside the database and are available for browsing. It allows the NPO operator to several functionalities like having access to the real field inventory, consulting the history of removed and added boards, checking the conformance of the network towards the CAL (Customer Acceptance List) of a release in order to check whether hardware would have to be changed to introduce a new BSS software release, checking the warranty status of boards…
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 5. FUNCTIONAL DESCRIPTION
 9159 NPO supports the network optimizer with any function to evaluate and correlate all the imported data for each cell of the BSS network. Thus it helps to detect QoS degradation much faster and to propose immediately appropriate correction tasks and an improved logical configuration for the radio network.
 Of course, 9159 NPO is used by means of a state of the art graphical user interface. All actions are simply accessible by contextual menus and “drag & drop” means. Data and optimization results are presented not only in well-arranged tables but moreover in geographical maps where applicable.
 9159 NPO processes the loaded data in order to support the operator in: - radio-resource-configuration handling, - network element unavailability analysis, - QoS handling, - QoS-problem diagnosis, - radio-parameter tuning.
 The radio-resource-configuration handling of 9159 NPO allows verifying the operational logical- parameter settings by comparing the operational values with reference values following GSM and expert rules. Additionally, the operational cell design is verified by comparison with the planned design. In order to follow the evolution of the logical-parameters settings, the imported operational values are stored in the 9159 NPO database and appropriate reports can be requested at any time.
 The 9159 NPO Quality-of-Service handling allows monitoring the QoS indicators. Special functions allow the optimizer to identify the worst or best cells related to a QoS indicator, to get reports on the QoS evolution and to compare the service quality of different cells. Comparing QoS-indicator values with predefined thresholds, 9159 NPO allows a very fast verification of the quality of service in each single cell. The cell QoS functions can be used on cell areas defined as cell zones in NPO terminology. More details about cell zones are available in chapter 5.7.5.
 For QoS-problem diagnosis 9159 NPO helps to investigate the QoS weakness cause. The tool proposes adapted corrective actions and/or extra investigations. In order to benefit directly from any optimizer's field experience, 9159 NPO allows integrating new diagnosis scenarios. Thus the network optimizer can rely on the diagnosis rules supplied by Alcatel-Lucent, but also on the ones derived from his own optimization experience.
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 In the end of a network optimization session the 9159 NPO radio-parameter-tuning function allows to use the results of the optimization session (monitoring, checking, diagnosis) for tuning the radio configuration, in order to correct network misbehavior. The 9159 NPO user can define radio-resource-configuration modifications and propose them to the OMC-R operator. It is under the responsibility of the OMC-R operator to apply it to the BSS using the previously described Tuning Browser. 9159 NPO allows both unitary and massive parameters changes.
 Moreover, 9159 NPO allows the optimizer to tune cells neighborhood with the help of the geographical representation. All cells belonging to a circle around the considered cell are neighbor candidates; for each of those candidates, a color is used to display the handover cost in terms of signaling (intra BSC, inter BSC or inter MSC). Thanks to the traffic flow measurements indicators, existing neighbors provide the number of handover performed on them to quickly detect useless ones.
 Finally, 9159 NPO allows also tuning cells frequencies, for punctual usage before a new frequency plan is computed. This feature is especially useful to change the frequency of a very interfered TRX.
 The following figure summarizes the different NPO jobs available for the optimizer.
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 Figure 6: 9159 NPO main jobs
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 9159 NPO is designed in a way to be as flexible as possible to users' specific needs. For that purpose the 9159 NPO administrator can customize the previously mentioned functions. For example he can define and modify logical-parameter reference values, logical-parameter checking rules, diagnosis scenarios, QoS reports and QoS thresholds.
 5.1 User interface
 As for its ancestor 9156 RNO, the user interface is a main asset of 9159 NPO. This user interface is the intuitive way by which the optimizer interacts with the tool and is provided with all needed information, commands, processing results…
 9159 NPO user interface is very intuitive and uses the latest graphical methods to provide a clear representation of any kind of data. So-called gadgets are used to present objects (e.g. cell, QoS indicator, logical parameter, etc.) and data sorted by different criteria. Gadgets are grouped into notebooks according to the use of the gadgets (e.g. selection of cells and parameters, or display of QoS indicators). Data is displayed in tables or charts and splitters allow the user to quickly reorganize the user-interface look. The next figure shows the main MMI window: the analysis desktop.
 Figure 7: 9159 NPO - main MMI window
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 Thanks to an object-oriented design of the user interface, all actions are simply accessible through contextual menus. Only the relevant commands are provided depending on the selected object(s). Most manipulations can be done through the drag-and-drop mechanism or with the help of menu bars and icon bars.
 The main 9159 NPO user interface is composed of four areas: - Network resources management, - Properties and functions, - Executed view browser, - Diagnosis, cartography, tuning sessions and executed report browser
 5.1.1 Network resources management
 Radio resources of the network like cells, TRXs or handover releations as well as physical resources like BTS, BSC or MFS are displayed in tree gadgets and can be selected from there.
 Different tree gadgets are used to display the network resources by different sort criteria. Sorting can be done by LAC, hardware topology, cell type or Routing Area (for GPRS/EDGE) for example. In addition to the cell name, the LAC and cell-Id are provided as well as an icon representing the cell type.
 Figure 8: Example for tree gadget: cells sorted by frequency band
 5.1.2 Properties and functions
 Properties (logical parameters) and functions belonging to a network resource selected in the Network resources management are also displayed inside tree gadgets and can be selected from there.
 This area allows the operator to select and display:
 - logical parameters or logical-parameter rules, grouped into families according to their GSM functions,
 - design parameters like BCCH, LAC, neighborhood, etc., - QoS indicators, counters or reports, also grouped into families.
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 The different browsers corresponding to functions can be selected by choosing the right tab. Examples of function tree browsers are displayed on the following figures.
 Figure 9: Function tree browser (example for counters)
 Figure 10: Function tree browser (example for indicators)
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 5.1.3 Executed view browser
 The executed view browser part of the MMI is used to display values of the logical parameters, indicators or counters. It contains the values requested by the operator either by executing a view (selected in the function tree browser of the “view” tab) or by requesting the value of properties like counters, indicators or parameters. The executed view browser has two forms: spreadsheet or graph mode. The browser can handle several executed views. The operator can switch from an executed to another by selecting the corresponding view tab.
 Figure 11: Executed view browser (example in spreadsheet mode)
 By selecting one or more network resources and one or more properties (or functions), the spreadsheet is automatically filled after a drag-and-drop operation executed by the NPO user. Data displayed in the spreadsheet (or in the graph) can be exported to Microsoft Excel® for further analysis. A quick filter can be applied on spreadsheet. It will highlight problems by coloring the cells of the spreadsheet where a problem has been identified. For example, if the user is looking at the values of QoS indicators in some cells, the filter will color the spreadsheet cells where the indicator is above defined thresholds.
 Depending on the chosen properties, the spreadsheet will contain values (e.g. for parameters, counters or indicators) or icons (e.g. for rules or events). Some spreadsheet cells have a contextual menu, which allows among others accessing to the diagnosis. The 9159 NPO user can define the color legend. In the graph mode, a cursor allows to display the values at a certain time defined by the cursor position. Zooming and scrolling are also possible.
 Figure 12: Executed view browser (example in graph mode)
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 For quick exchange purposes, the spreadsheet contents can be exported to Microsoft Excel® either totally or by copy/paste facilities.
 5.1.4 Diagnosis, cartography, tuning sessions and executed report browser
 This browser is first designed to display QoS reports based on user selections. The same MMI area is also used for diagnosis, cartography and tuning sessions. Each executed diagnosis, tuning sessions or reports can be selected by the corresponding tab. Details regarding cartography, diagnosis and tuning sessions are provided at paragraphs 5.2, 5.5 and 5.6.
 A report is composed of several views, each view displaying a set of QoS indicators or parameters for a selected set of network resources and the defined report period. Each view can be displayed either as a graph or as a spreadsheet, depending on the user’s choice. All facilities available in the executed views browser are also available on executed reports.
 The operator can execute a report in the same way he can execute a single view (by simply selecting the report template in the function tree browser of the report tab and then executing a drag-and-drop operation). As for the executed view browser, the QoS report can be exported to Microsoft Excel® (and other formats like pdf, html, csv or xml)
 A powerful feature of the executed report browser is the facility to link the cursors and/or zooms in all diagrams and spreadsheets. Thus a direct comparison between the QoS-indicator values at a certain time is possible.
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 Figure 13: Executed report browser

Page 27
                        

9159 NPO Product Description
 Alcatel-Lucent File Reference Date Edition Page PDNPOXE3.DOC 3DC 21146 0060 TQZZA 13/11/2007 03 27
 All rights reserved. Passing on and copying of this document, use and communication of its contents not permitted without written authorization.
 5.2 Cartography (geographical representation)
 The geographical representation capability is an interesting complement to the tree gadgets representation described in sections 5.1.1 and 5.1.2. Cells, BTSs, BSCs, or adjacencies are displayed with geographical maps in the background. Thus the location of the network elements, the sectorization, the name, the type and the class of cells can be seen at a glance. This geographical representation offers zooming facilities and searching facilities (by dragging and dropping objects from tree gadgets representations). Finally, it is possible to choose any group of cells in the geographical re-presentation and make them selected in the different tree gadgets described before.
 The optimizer is able to highlight on the geographical representation the information displayed in the view manager: he can propagate the selected set of cells from the view manager to the geographical representation to identify through suitable colors where faulty cells are located (the ones on which the threshold is crossed).
 9159 NPO is able to extract contours from 9155 RNP strongest server maps. If not using 9155, an ASCII format file is specified to create contours for other Radio Network Planning tools. Since this extraction could be quite complicated, a basic mathematical algorithm can be executed to associate to each cell, a polygon (voronoï contours) that is a rough estimation of the cell’s area of service. This algorithm is based on three cell parameters (cell type, cell class and frequency range).
 Figure 14: NPO Geographical view (selection and highlighting)
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 Contextual menus on cells allow a quick identification of interfered cells, serving-cell area, neighborhood, etc. For instance, it is possible to show the level of interferences seen by a cell due to other cells. This information is displayed thanks to the interference matrix provided by the RNP tool.
 Figure 15: Neighborhood relations display on cartography
 In the domain of neighborhood management, NPO provides the user an adjacency wizard on the cartography view allowing him to create/delete neighborhood relations based on criteria. The criteria are the effective handover traffic between cells, the distance to the antenna and the neighborhood relations imported from the planning tool. The wizard proposes a set of relations for creation and/or deletion. The optimizer can then decide the relations to be created and/or deleted and automatically insert the changes in a tuning session to effectively realize the changes.
 The 9159 NPO geographical representation supports standard vector formats.
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 5.3 Radio-resource-configuration handling
 The radio resource configuration handling of 9159 NPO allows verifying the operational logical parameter settings by comparing the operational values with reference values following expert rules, with the planned value imported from RNP or with the value of the parameter at a previous date. Additionally, the operational cell design is verified by comparison with the planned design. In order to follow the evolution of the logical parameter settings, the imported operational values are stored in the NPO database and appropriate reports can be requested at any time.
 The reference values are recommended values of parameters. They allow a quick audit of the network and allow the operator to detect which objects are not following recommendation for parameter values. The reference values for a parameter may depend on criteria (typically cell type, cell class, frequency, BTS type…). The system is delivered with a default set of reference values but they can be customized.
 5.3.1 Radio-resource-configuration monitoring
 9159 NPO manages the history of logical parameters. For that purpose, the tool stores different values for each logical parameter:
 - The operational value, the one retrieved recently from the operating network. - The reference value, defined by the optimization expert for the entire network. - The n last operational values. These values are useful for quick history of parameters on cells
 to quickly see the impact of logical parameters modifications on QoS. - The “forecast” values which are the new ones proposed by the optimizer in the tuning process.
 Figure 16: History of parameters changes
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 The 9159 NPO user can demand the display of all these logical-parameter values for a selected set of network resources (cells, couple of adjacent cells, BSS). The parameter values are displayed in the spreadsheet. In order to correlate parameter setting with QoS reports, it is also possible to show the parameter value for a certain date.
 The highlight mode launches the comparison between one of the historical logical-parameter values and its reference value. Detected inconsistencies are highlighted in the spreadsheet and in the geographical area (optional).
 Furthermore, the 9159 NPO user can also display the planned cell design. Then, in the highlight
 mode, a comparison of the planned and the operational design can be performed.
 5.3.2 Logical-parameter dependency checking
 The logical-parameter dependency checking supports the optimizer in the verification of the GSM or optimization rules for the operational network.
 Thanks to the 9159 NPO graphical user interface, the optimizer can select a set of cells and a set of rules (section 5.9.10) to perform a check. The result of the check is displayed in a spreadsheet in a very synthetic way. The geographical mode triggers the indication of all those cells that are not in line with the rules.
 5.4 Quality-of-Service handling
 The 9159 NPO Quality-of-Service handling allows monitoring the QoS indicators. Special functions allow identifying the worst or best cells related to a QoS indicator, to get reports on the QoS evolution and to compare the service quality of different cells. Comparing QoS indicator values with predefined thresholds, 9159 NPO allows a very fast verification of the quality of service in each single cell.
 The optimizer can select and launch simultaneously any predefined QoS report (section 5.9.3). 9159 NPO provides a powerful dynamic graphical user interface that eases QoS-report analysis.
 9159 NPO allows the optimizer to select directly a set of QoS-indicator and network resources (cells, BSS, TRXs, etc.) from a list in order to build spreadsheets. The filter mode launches the comparison between QoS-indicator values and their predefined QoS thresholds. Detected inconsistencies are highlighted in the spreadsheet and in the geographical area (optional).
 5.5 Diagnosis
 With QoS-problem diagnosis, 9159 NPO helps to investigate the QoS weakness cause. Based on diagnosis scenarios, NPO proposes some corrective actions and/or extra investigations. For instance, these diagnosis scenarios can detect parameters setting errors.
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 Diagnosis scenarios are built on field experience. NPO is deployed with a set of standard scenarios defined by Alcatel-Lucent. In order to take benefit directly from any optimizer’s field experience, NPO allows the operator to define new diagnosis scenarios. Thus the network optimizer can rely on the diagnosis rules supplied by Alcatel-Lucent, but also on the ones derived from his own optimization experience.
 Whenever a QoS indicator reaches its predefined alert threshold, NPO offers the diagnosis feature to the optimizer, in order to find out the possible cause of the QoS degradation. The diagnosis is based on the diagnosis scenarios defined for the concerned QoS indicator. If no scenario for this QoS indicator is defined yet, it can be created by the optimization expert (see section 5.9.11).
 Besides the diagnosis proposed when crossing an indicator threshold, 9159 NPO provides for the user two types of diagnosis execution modes: synthetic mode and detailed mode.
 The synthetic mode execution aims at analyzing network element parameters, to possibly discover problems. The result of a synthetic mode execution reflects that at least a network element parameter is problematic. The result of the synthetic execution shows if there is a problem or not and is displayed in the spreadsheet.
 Figure 17: Synthetic diagnosis report
 The detailed diagnosis report aims to provide additional information for the concerned QoS indicator identified as suspect during synthetic diagnosis or during the QoS analysis when an indicator threshold is crossed. The analysis done for detailed diagnosis consists in complex checks run for all the nodes belonging to the diagnosis scenario. Each node involved in diagnosis scenario is mentioned in detailed report with description of the node and node report field. In the node report field the user can see the conclusion of the diagnosis (report OK/NOK/unknown) and the action associated for the cause node.
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 Figure 18: Detailed diagnosis report
 9159 NPO executes the diagnosis scenario and produces a detailed report on the diagnosis result. In order to make this diagnosis result transparent to the optimizer, the diagnosis detailed report contains any relevant information:
 - A detailed description of every test that was performed during the execution of the scenario,
 - The decision path, - The list of suspected problems.
 As described before, a diagnosis execution can be launched in an interactive way from the MMI. A scheduled-mode execution is also available in 9159 NPO. Thanks to the scheduled mode, it is possible to schedule the execution of a diagnosis without the presence of the optimizer. For example, diagnosis can be performed automatically each night. Then, the diagnosis results will be available for the optimizer already in the morning.
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 5.6 Tuning
 At the end of a network-optimization session the 9159 NPO radio parameter-tuning function allows to use the results of the optimization session (monitoring, checking, diagnosis) for tuning the radio configuration, in order to correct network misbehavior. The 9159 NPO user can prepare radio resource configuration modifications, frequency changes and neighborhood modifications and prepare them to be applied through the available facilities of the corresponding OMC-R.
 5.6.1 Tuning session
 A tuning session provides a set of consistent operations to the optimizer. These operations can concern one or several cells or objects, or even a whole working zone. During such a tuning session, the optimizer can realize a set of changes like:
 - Set a new value to a logical parameter, - Set the reference value or the planned value to one or several parameters of a set of cells, - Set the value of a parameter on a huge number of cells, - Set a parameter back to a value used at a given date (on one or several objects), - Modify the neighborhood relationship (add/remove, modify adjacencies) - Modify one or more cell frequencies, - Advice a system modification using textual information towards the OMC-R operator.
 In the same manner as the rest of the tool, the tuning operations can be performed on the GUI by drag & drop means.
 A tuning session can be created, copied, modified and exported to the OMC-R. On top of that, 9159 NPO offers facilities to check the logical configuration proposed in a tuning session. A synthetic mode allows to sort modifications per parameter or per object to quickly see what the tuning session will change.
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 Figure 19: Tuning neighborhood relations
 5.6.2 Export
 The set of operations defined during a tuning session can be exported from the 9159 NPO to the OMC-R. The export corresponds to an ordered action list that should be performed by the OMC-R operator.
 9159 NPO can then automatically convert the tuning session contents into an ACIE file that can be applied on the OMC-R with no need of manual data capture by the operator.
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 Figure 20: The NPO tuning browser at OMC-R
 5.7 Availability management
 All BSS Network Elements that compose the GSM network infrastructure provide events (alarms, state changes…) to the OMC-R operator for its real-time supervision activities. In order to provide information about the System Quality, i.e. the global network availability and the BSS system stability, statistics based on alarms and state changes are needed, with temporal consolidation. To address this specific need, NPO provides the operator with consolidated information based on the alarms statistics.
 In order to follow efficiently the BSS System Quality, NPO allows
 • To provide synthetic display of alarms, operator commands and unavailability on selected managed objects (BSC, BTS, TRX, Cell, etc.) between two dates
 • To build daily, weekly and monthly unavailability indicators for GSM network resources
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 • To provide the way to automatically generate reports for management and operational teams.
 These functions make the 9159 NPO an essential tool to
 • Isolate / highlight the main causes of Network Unavailability,
 • Monitor / detect the system quality degradation, at cell/BTS/BSC/TC/Trans level
 • Synthesize BSS alarms - at a network level
 • Provide facilities for Root Cause Analysis (RCA) on the network,
 • Produce metrics for Quality Management
 • Optimize the maintenance process
 BSS and MFS data (alarms, topology) and OMC-R data (operator commands, resource state changes on TRXs, cells, BSCs, MFSs, N7s) are retrieved in a daily basis from the OMC-Rs, stored in the NPO database. Unavailability indicators are calculated and stored in the database. These indicators are used by NPO to take into account BSS equipments unavailability in the QoS optimization process.
 5.8 Inventory management
 NPO collects in a daily basis all remote inventory files available on declared OMCs and stores the corresponding information into its database. The operator is then able to display network inventory information based on filtering criteria.
 The inventory file contains several types of data like NE type, Rack, shelf, slot, hardware module type, part number, serial number, … The NPO operator can access to several functionalities related to these data:
 - Search for boards based on criteria - Display of board type statistics - Display of the history of added/removed boards - Warranty management: display of end of warranty of boards
 For all those functionalities, sorting facilities (click on column header) can be applied on the displayed results. All displayed data can be saved to csv files for easy usage by software like Microsoft Excel®.
 In addition to the inventory management, NPO provides functionalities to manage the Customer Acceptance List (CAL). The Customer Acceptance List is the list of items (boards or any hardware referenced by part numbers) that are supported by a given software release. It is quite important to be able to determine the items present on the network that would not accept a new release in order to determine possible impacts for a deployment of a new release.
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 NPO is able to display references that are part of a customer acceptance list. Based on the remote inventory uploaded from the field, NPO is able to list all boards or items of the customer network that are not in this customer acceptance list. This allows the quick identification of obsolete board types and variants.
 5.9 Customization
 For best individual support of different network environment and usage conditions, 9159 NPO allows the customization of many functions. In order to allow an immediate use of NPO, all customizable values are set with default values provided by Alcatel-Lucent at delivery time. Thus, every network optimizer can directly benefit from Alcatel-Lucent strong experience in GSM network optimization.
 The operator himself can customize NPO whenever needed according to his specific needs using the customization facilities. Specific access rights are needed for this customization task. The following paragraphs describe the customizable functions.
 5.9.1 User-defined indicators
 For specific needs where the standard indicators are not appropriate, it is possible for the operator to define his own indicators called user-defined indicators. The operator is able to define his own indicators formulas from a user-friendly graphical editor. Once indicators have been created, they are available for all NPO QoS related functions like QoS report. The optimizer can then select and launch predefined or user-defined QoS report based on those indicators.
 5.9.2 QoS-indicator thresholds
 9159 NPO offers the capability to the optimization expert to define alert thresholds and validity conditions on QoS indicators. Three alert thresholds can be defined for each QoS indicator. The validity condition determines when the indicator is significant.
 It is possible to define three QoS-requirement levels: low, medium and high. The different QoS-requirement levels can be applied to areas with different needs on the network quality (e.g. in network areas with very high traffic volume it is more important to provide the best QoS than in rural areas with low traffic). For each QoS-requirement level three severity levels can be defined.
 A set of default alert thresholds and validity conditions is delivered with 9159 NPO. They take into account the customer Quality-of-Service requirements.
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 5.9.3 Customized reports
 A report is an arrangement of consistent views for a set of indicators. It is needed to monitor quickly and efficiently the quality of the network services. 9159 NPO provides five types of QoS reports: mono-object evolution report, multi-object evolution report, mono-object distribution report, multi-object comparison report and warning reports. These reports are delivered as a standard with the tool.
 Possible values format supported for reports in 9159 NPO are the following: XLS, XML, CSV, HTML
 and PDF.
 5.9.3.1 Mono-object evolution report
 Each view of this report displays the evolution of a set of functions (e.g. QoS indicators) for one network resource (cell, BSS, TRX, etc.) between two dates. Results are displayed in views in 2D graphs or spreadsheets.
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 Figure 21: Mono-object evolution report
 5.9.3.2 Multi-object evolution report
 Each view of this report displays the evolution of one function (indicator, counter, parameter, rule or event) for several network resources (cells, BSSs, TRXs, etc.) between two dates. Results are displayed in views in 2D graphs or spreadsheets. A color and a pattern are automatically set to each network resource of the whole report. All network objects are displayed in the same order in all views.
 Figure 22: Multi-object evolution report
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 5.9.3.3 Multi-object comparison report
 Each view of this report compares several network resources (cells, BSSs, TRXs, etc.) regarding to a set of functions (indicators, counters, parameters, rules or events) at a given date. Results are displayed in views in 2D graphs or spreadsheets.
 Figure 23: Multi-object comparison report
 5.9.3.4 Mono-object distribution report
 Each view of this report displays specific vectors and/or matrix indicators and associated axis indicators for one network resource (e.g. cell) at a given date. Results are displayed in specific views, in 2D or 3D graphs depending on the chosen indicators (vector or matrix).
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 5.9.3.5 Warning report
 A warning report is a specific report composed of many views in which each view is filtered according to its filtering indicator and sorted according to its sorting indicator. Therefore, the network resources may be different from one view to another. The filtering mode is defined at report level and applies to all views composing the report.
 For example it is possible to get a list of the 20 worst cells regarding the call-drop rate, or a list of all cells where the call-drop rate reached an alert threshold or whose call drop rate has increased compared to the previous week (QoS warnings per variation).
 Figure 24: Warning report
 5.9.3.6 Report template customization
 9159 NPO offers to the optimization expert the capability to modify or create any kind of QoS report. Thus, he is free to define which QoS indicators shall be displayed in the report.
 For the purpose of report customization, a set of default QoS-report templates is provided in the tool. They are based on the Alcatel-Lucent experience on QoS analysis and give already a good arrangement of the relevant QoS indicators. The optimization expert can easily modify these templates thanks to the report template editor and the view template editor.
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 5.9.4 Working zone
 A working zone defines an area on which an optimizer performs his network optimization activities. In fact it is a network resource filter. Each optimizer can select at any time the working zone on which it has to work.
 A working zone is defined by a set of filters that are dynamically applied to the database when needed (when opening the working zone). Thus, the set of network elements retrieved through the filters may vary as the operational network changes in the database.
 9159 NPO offers to each optimizer the ability to define his own working zone. Here are examples of working zones an operator can define: “all cells belonging to a set of BSCs”, “all cells having a call-drop of 3% or more”, “all cells belonging to the same LAC”, … The combination of different selection criteria is also possible (union, intersection, exclusion). The defined working zones are stored in the 9159 NPO database. Thus, the optimizer can register and apply his named and self-defined filter to select the cells he is responsible to monitor.
 The Working Zone is also used to manage a secured access to some parts of the network. While defining a Working Zone, the Administrator can restrict its access to a limited set of operators. The Administrator is the only one able to create public secured Working Zones. A particular property is automatically associated to each public working zone and can be used to grant access to the Working Zones to different users.
 9159 NPO allows to define two categories of Working Zone: Standard Working Zones and Large Working Zones, the user benefits of the different working zone types is to manage very large Working Zone without time response degradation at network level.
 5.9.5 Object zone
 An object zone is a user-defined filter that works on the current working zone. An object zone is a formal description of a set of network objects of the same type filtered using a set of filters that are dynamically applied to the current working zone. The possible filtering criteria are the same as the ones that can be applied on the working zone itself. The purpose of an object zone is to extract from a working zone all the objects (network resources) following specific criteria based on logical parameters, design parameters or QoS indicators.
 A typical example of object zone is the cell zone. Thanks to filtering capabilities, the user is able to create very interesting cell zones. Once the cell zones are created, it is possible to compute consolidated QoS indicators on them for evolution or comparison purposes.
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 Typical examples of usage are: - comparing performance of zones where hopping is installed or not, - following the evolution of the QoS of a zone before and after a new frequency plan has been
 applied. - etc…
 5.9.6 User GUI preferences
 Each user can customize the aspect of his GUI views. Many preferences are customizable and are stored in the database so that the user can retrieve its preference when connecting from a different terminal. Here are some examples of preferences: list of displayed network resources and their order in the analysis desktop, used fonts, format of the date, size and position of each area of the analysis desktop, preferred view display mode (graph or tabular), default graph type, etc…
 5.9.7 Free fields definition
 Free fields are attributes that can be defined on any network resource (e.g. cell, BSC, BTS). Sorting and filtering capabilities can then take benefits of those fields. Examples of free field are: address of sites, open hours when the site can be accessed, etc…
 5.9.8 Customer network topology
 The operator can declare new topology objects and relations with other objects in the data warehouse of NPO.
 5.9.9 Parameter reference value
 The reference value of a logical parameter is the one recommended by the optimization expert (it may be different to the operational value which is applied in the system). It shall ensure that the desired behavior of the GSM system is obtained for each GSM function (e.g. handover, ...).
 Each logical parameter managed by 9159 NPO has a reference value that can be modified by an optimization expert. Allowed deviation ranges can be defined. Furthermore, 9159 NPO allows defining different parameter reference values, depending on the cell type, the cell class, the cell frequency range, the BTS type and the BSS release.
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 Type CELL2GAuthor Jérémie LeullierDate 13/01/2007
 CELL, HO/PWR CONTROL DETECTIONStart
 Parameters
 min ref max min
 ref
 max
 min
 ref
 max
 min
 ref
 max
 min
 ref
 max
 min
 ref
 max
 min
 ref
 max
 A_LEV_HO 4 6 8 6 8 10 4 4 6SDCCH_COUNTER -3 0 3L_RXLEVDLH -96 -100 -92 7L_RXQUALDLH 2 3 5T_SDCCH_PC 5 5 5 3 5STR_PARAM xyz abcL_RXLEVULH -109 -105 -101 -105 -101 -98 -102 -98 -94 -102 -98 -94 -102 -98 -94
 BTS_TYPE="M1M" OR
 BTS_TYPE="M2MCELL_CLASS
 = "RURAL"
 CELL_CLASS =
 "DENSE_URBDefaultBTS_TYPE="G2" AND CELL_TYPE="Micro"
 BTS_TYPE="G2" AND
 CELL_TYPE="Micro"
 BTS_TYPE="G2" AND
 CELL_TYPE="Mini"
 Figure 25: Reference configuration through Microsoft Excel® file
 With the help of the parameter reference values, the operator is able to manage consistent sets of logical-parameter settings in order to:
 • configure a specific network behavior regarding to cell selection, paging, handover, power control or GPRS/EDGE,
 • take into account new cell functionality,
 • take into account specific geographical and traffic environment (planned cell class).
 9159 NPO is delivered with default reference values, reflecting the Alcatel-Lucent parameter-setting experience.
 5.9.10 Parameter checking rules
 A parameter checking rule expresses the functional dependency between a set of parameters of a cell, a BSS or a couple of adjacent cells. The rules are classified into two categories:
 - pre-defined rules which are based on the system specification (delivered by Alcatel-Lucent) - customer-defined rules which are based on optimization experience.
 In order to benefit from field experience, in accordance to its open approach, 9159 NPO offers a an interface to edit and modify rules (Microsoft Excel® file format). This allows an optimization expert to modify or create parameter checking rules.
 He can use logical, comparison or arithmetic operators to define constraints on logical parameters.
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 Figure 26: Checking rules spreadsheet example
 9159 NPO offers also the capability to define the validity of the rule according to the cell type (micro, umbrella, ...), the cell class (dense urban, rural, ...), the cell capacity (e.g. up to three TRXs) and the BSS release (e.g. BSS B8).
 Default GSM rules based on Alcatel-Lucent release specifications and predefined optimization rules based on Alcatel-Lucent optimization know-how are delivered with 9159 NPO.
 5.9.11 Diagnosis scenarios
 The 9159 NPO diagnosis scenarios provide a mighty feature to capitalize the optimizers' QoS-analysis experience and know-how in the tool.
 A diagnosis scenario is an analysis tree, based on a QoS indicator. This indicator may indicate a reduced quality of service, e.g. the call-drop rate. The scenario stores all the possible ways to investigate a quality-of-service problem with the data available in the 9159 NPO. In order to benefit from field experience, 9159 NPO offers the ability to an optimization expert to create or modify diagnosis scenarios. He has to his disposal a powerful language to build the tree and to perform a combined test request on:
 - logical-parameter setting, - cell design (interference, neighborhood, ... ), - planned information, - rules evaluation, - QoS-indicator value.
 A set of default diagnosis scenarios is integrated in 9159 NPO. Thus the user benefits directly from the Alcatel-Lucent know-how in QoS analysis.
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 The way to create and customize diagnosis scenarios is offered through a dedicated graphical editor. In this editor, each diagnosis scenario is described by a causal graph expressed as a linked set of nodes. Each node provides some code that implements checks in order to evaluate the possible cause of a problem. The programming language used for the code is the simpler as possible: based on python (similar to Java), use of variables without declaration and providing a type, standard conditional and looping expression, etc… The editor dynamically proposes some auto-completion mechanisms: the list of available functions is dynamically provided (access to indicator values, to object parameters or to topological related functions).
 Figure 27: Diagnosis scenario editor
 The same editor is proposed to build “complex rules”. Complex rules are rules that can be run when checking the modifications of parameters in the tuning function. This feature allows the operator to build complex checking that cannot be handled by simple checks like “parameter <A> is greater than parameter <B>”.
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 5.10 Advanced optimization features
 Previous chapter has given an overview of the different powerful jobs available with 9159 NPO. This chapter is zooming on some specific 9159 NPO features that provide an outstanding help in optimizer’s daily job.
 5.10.1 Radio measurement statistics
 Radio Measurements are of prime importance for operators, allowing them to constantly check the Quality of Service (QoS) and then tune the various network parameters to optimize this QoS.
 Traditionally, these measurements were obtained through measurement campaigns realized on the field by teams of technicians using appropriate tools: mobile traces, protocol analyzers, etc.
 With the Radio Measurement Statistics (RMS) features, most of these measurements are now available directly from the network itself, providing the following advantages:
 − exhaustiveness: measurements are constantly available for any area in the network, for any period of time; no need to decide a priori which area has to be measured;
 − flexibility: no need to plan in advance measurement campaigns depending on measurement equipment or staff availability; results are available at any time; it is possible to focus on demand on any aspect of measurement results
 The RMS feature has been introduced with Alcatel-Lucent BSS Release B7 and provides a great benefit when used with 9159 NPO. Thanks to this feature, the operator is able to:
 − detect interfered frequencies,
 − assess the quality of the cell coverage,
 − detect and quantify cell unexpected propagation,
 − assess the traffic distribution in the cell from statistics on reported neighbor cells,
 − evaluate the voice quality in the cell,
 − etc.
 The RMS can be classified in the following way:
 • Radio related statistics reported per TRX
 − on neighbor cells (C/I)
 − on MAFA frequencies (C/I)
 − on downlink and uplink quality & level
 − on number of consecutive bad speech frames (BFI)
 − on Radio Link Counter (uplink only)
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 − on Path Balance
 − on Timing Advance
 − on Power and number of channel seizures
 • Voice quality statistics reported per TRX
 − 9 Voice quality indicators, computed from analysis of RxLev, RxQual and FER.
 Timing advance is a good indicator about the mobile position relative to a cell. Starting from B9, additional measurements are available like number of measurement reports per TA interval which can help the user to identify the hotspot area, also average RxLev per timing advance interval and average RxQual per timing advance interval provide useful information for timing advance indicator.
 9159 NPO provides powerful reports based on RMS results, facility to correlate RMS results and other QoS indicators or to correlate them with changes on the network (new frequency or neighborhood plan, parameters tuning, etc...).
 RMS jobs have a large purpose, from pure radio stats up to voice quality stats. AMR is aimed at bringing a good voice quality, thus, having information on how the different AMR codecs are used enhance RMS coverage and ease the customer's evaluation, especially in optimization and network planning optimization. With B9, RMS for AMR codec are available, knowing which AMR codecs are the most used, the operator can assess the voice quality and possibly adapt the AMR parameters (thresholds and hysteresis).
 Following screen shots are 9159 NPO reports using RMS.
 Figure 28: Example of RMS report: distribution of Timing Advance
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 Figure 29: Example of RMS report: split of noisy calls causes
 5.10.2 QoS and resource unavailability correlation
 When a cell has a bad Quality of Service (congestion for example), it is important for the optimizer to know if this bad QoS is due to a pure radio problem or to a hardware failure or a maintenance action that led to unavailability of the corresponding equipment. For example, if a cell with 4 TRX had, during the day, 2 of the 4 TREs out of service, there is a big probability that it would have had some congestion during this period.
 NPO computes unavailability indicators that reflect the availability percentage of the corresponding resource (cell or TRX for example) on the day. These indicators are available thanks to the supervision information got from OMCs (see paragraphs 4.6.2.5 and 5.7)
 9159 NPO is able to use these indicators for display or as an optional filter for warning reports (for example, display the 20 worst cells of the working zone, in terms of congestion, and having an unavailability less than 5% during the day).
 Being able to know if a bad QoS is due to a hardware failure or a maintenance action is a must for optimization teams; it allows them to focus on problems they are responsible of. 9159 NPO allows knowing this information at every time, avoiding the need to go to the OMC-R or any other product to find the answer.
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 5.10.3 Events
 Events analysis provides the optimizer with information on network events in order to provide way to correlate with the QoS evolution of the network. Internal events are defined on historical network configuration data such as logical/design parameter modifications and/or topology modifications to highlight significant changes. Events may be also be used by the user for other analysis services such as reports.
 Here is the list of GSM event types based either on logical and design parameters historical data or topology historical data:
 • Topology changes (Cell creation/deletion, LAC/BTS/BSC/MFS/OMC-R changes)
 • Release changes (BSS release changes, OMC-R release changes)
 • BCCH/BSIC, frequency (ARFCN) changes, Hopping activation / deactivation,
 • Cell type changes, cell capacity changes (TRX/SDCCH)
 • Other logical parameter changes
 Figure 30: Events function
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 5.10.4 Indicators customization
 Figure 31: Indicator editor
 NPO is providing a rich set of QoS indicators that allow the optimizer to carefully follow the network’s quality of service and to take corrective actions in case it is not optimal. These indicators are based on Alcatel-Lucent experience around optimization. In some cases, operators want to define their own QoS indicators formulas, to capitalize their expertise in the NPO product. The NPO QoS indicators editor is aiming at offering such service. The operator is able to define his own indicators formulas from a friendly graphical editor. Once indicators have been created, they are available for all NPO QoS related functions like QoS reports for example.
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 5.10.5 Thematic layers
 Thematic layer is a common feature of Geographical Information Systems (GIS) like MapInfo. The purpose is to use different graphical representations and/or colors for cells on the geographical representation according to user requests on the QoS indicators, the parameter values, the analysis results etc… The following figure shows an example of representation of the execution of this feature.
 Figure 32: Thematic layers
 9159 NPO provides a thematic layer editor where each operator is free to enter his own requests and the associated colors depending on the results. The following figure shows the look & feel of this thematic layers editor. Default layers like traffic distribution or frequency reutilization are provided. The results are mapped on cell contours (when analysis is done on cells) to provide a good representation, even at low zoom levels.
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 Figure 33: Thematic layers editor
 This feature avoids the need for this kind of representation on external applications, thus saving time and providing more power for the 9159 NPO user.
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 6. ADMINISTRATIVE FUNCTIONS
 NPO provides a powerful set of administrative functions that guarantee secure and flexible use for all operational conditions, FAD (Functional Access Domain) and NAD (Network Access Domain) allowing full flexibility for the user right access. The FAD types considered in NPO like Working zone, Object zone, Views, Tuning, Tuning administration, Reference object, Planning data, Parameters, Threshold and indicators, Topology permit to create different user profiles for specific optimization tasks.
 For example, it is possible to define users that are not allowed to tune the network through the NPO Application. In this example, the associated optimizers are authorized to check the Quality of Service but not to tune the network. 9159 NPO platform predefined one user profile administrator but the operator is able to create NPO users with different profile types.
 6.1 Public external interfaces
 6.1.1 EQL (Extensible query layer)
 NPO offers a public web interface called EQL (Extensible Query Layer) that can be used by external tools such as web-browsers (Mozilla, Internet Explorer…) or web-enabled applications (Microsoft Excel® for instance).
 Through EQL, an external application is able to retrieve data by executing queries or reports. This interface allows accessing to indicators and parameters stored in the NPO data warehouse. Reports can also be scheduled; the reports will then be made available in a repository after their execution.
 This interface is based on HTTPS and is providing results in XML, CSV, Microsoft Excel® or HTML format. It can be used from a web browser or from any scripting language supporting HTTPS (Python, Perl, Java, Visual Basic…)
 6.1.2 Radio configuration interfaces
 These interfaces deal with the import of parameters information coming from external sources.
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 6.1.2.1 Planned data import
 This interface allows loading planned data (prepared by a Radio Network Planning tool) into the data warehouse of NPO. In order to provide a complete operational solution, the Alcatel product 9155 RNP supports this interface.
 The loaded data are network resource design parameters (cell properties and position, cell adjacencies and frequency plan), maps and interference matrix. The import can be a complete RNP project or a subset of the RNP project.
 6.1.2.2 Parameter reference values and rules import
 This interface allows changing the reference values of parameter (minimum value, maximum value, reference value) and the rules applicable and checked by NPO on parameters. Rules are the dependencies between two or more parameters (and possibly free fields or reference values) of a given network object (for example, a timer must be higher than another). Default rules are provided with the system but can be changed to better suit customer’s needs. This interface allows modifying them. The format of the interface is based on Microsoft Excel®.
 6.1.3 Miscellaneous interfaces
 6.1.3.1 Free fields import
 This interface allows adding, removing and changing values of free fields in the data warehouse of NPO. Free fields are attributes that can be declared on any topology object present in the NPO database. These free fields can be displayed as design parameters, used in criteria for working zone, object zone and in classification. The format of the files at this interface is a comma-separated or semicolon-separated values file. It is compatible with the interface previously offered by the 9156 RNO product.
 6.1.3.2 Network topology import
 This interface allows declaring new topology objects and relations with other objects in the data warehouse of NPO. For instance, MSC or SGSN can be declared in that way with their dependencies with BSC, MFS and RNC. These objects can then be used in classification or in criteria for zone. The format of the files at this interface is a comma-separated or semicolon-separated values file.
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 6.2 Data management function
 9159 NPO provides a set of Data management functions to handle the NPO data sources: PM files and Parameters exported by the OMC-R. It is possible to schedule the timing consolidation for NPO data warehouse, job computation (scheduled reports and diagnosis execution) and import of parameters (automatic load data for parameters). Also the operator can delete the network objects that have not been displayed for more than 5 days. Additionally, the data recovery function allows getting data still available in OMC-R.
 Import follow up function permit to check data import integrity per day, for example the user can check if the PM data were correctly imported from OMC-R in the last days. In complex networks, reports can be scheduled during the night in order to be available in the morning for checking the network availability and QoS ; NPO provides an easy way to manage scheduled jobs and jobs results.
 6.3 Export import management function
 9159 NPO data is organized in dictionaries for different data types: parameters, counters, indicators, reports, topology or customer data. System dictionaries are release/technology dependent and 9159 NPO export/import management functions allows the handling of dictionaries for counters, indicators, parameters and reports using graphical user interface (GUI) or through command line.
 First time when the user create a counter/indicator or report the customer dictionary is automatically created for each type of data, 9159 NPO allows to import/delete customer topology objects and customer topology attributes.
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 7. ANNEX: TECHNICAL DATA OF NPO SERVERS
 7.1 Generalities
 These technical data refer only to current NPO configuration machines. Other existing configurations (e.g V880) are supported but are not described in this product description.
 Note that the specified CPU speed and amount of RAM are the minimum requirements of each configuration. Higher figures of the CPU speed and amount of RAM are also possible.
 7.2 NPO 250 (embedded in OMC-R)
 This configuration is embedded inside the OMC server. Refer to document [2] for details.
 7.3 NPO 2000
 Sun Fire™ V490 Server Two 1350 MHz UltraSparc IV processors
 8 GB RAM
 2 x 146 GB disk
 Supply voltage 200 – 240 VAC, 47 – 63 Hz
 Max. power consumption 2 078 VA
 Environmental data
 – Operating
 – Non-operating
 – Acoustic noise
 Temperature: 5 °C to 35 °C
 Humidity: 20 % to 80 % RH, non-condensing
 Temperature: -20 °C to 60 °C
 Humidity: 5 % to 93 % RH, non-condensing
 40 dBA (acc. ISO 9296, 23 °C)
 Cabinet dimensions Height: 222 mm
 Width: 1446 mm
 Depth: 610 mm
 Weight max. 44 kg
 Hardware MTBF 17 900 hours
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 7.4 NPO 5000
 Sun Fire™ V490 Server Two 1350 MHz UltraSparc IV processors
 8 GB RAM
 2 x 146 GB disk + 6x73 GB External Disk Bay SE3510
 See Section 7.3
 Hardware MTBF V490: 17 900 hours
 SE3510 (6x73 Gb): 160 000 hours
 7.5 NPO 12000
 Sun Fire™ V490 Server Four 1350 MHz UltraSparc IV processors
 16 GB RAM
 2 x 146 GB internal disks + 12x73 GB External Disk Bay SE3510
 See Section 7.3
 Hardware MTBF V490: 13 100 hours
 SE3510 (12x73 Gb): 66 700 hours
 7.6 NPO 24000
 Sun Fire™ V490 Server Two x ( Four 1350 MHz UltraSparc IV processors
 16 GB RAM
 2 x 146 GB internal disks + 12x73 GB External Disk Bay SE3510 )
 See Section 7.5
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