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Module Objectives


At the end of the module the student is able to:


explain the need for IN


draw the IN architecture 


explain the Nokia implementation of IN


describe how services are implemented using the IN architecture


Introduction 


The public switched telecommunications network (PSTN) is a network which provides telephone and data services to individuals and businesses worldwide. The services provided by the PSTN are tending to become more sophisticated and driven by customer requirements. This is particularly evident in the last five years after the introduction of competition into many networks. Also, new technology is tending to emerge at faster rates. Once a technology has been deployed within a network, it is generally uneconomic and impractical to immediately replace it with the next generation. These trends have resulted in PSTN operating companies studying ways to make their networks more flexible in the sense that new emerging technology and services can be more rapidly and gracefully introduced into their network.


Then, let we try to image what really means, in the future, the introduction of IN. When we make a telephone call today, we want to either reach a particular person or perform a particular function, involving, for example a bank, an insurance company or a pizzeria. When we make the call, we need to know the exact physical location we are calling so we reach the right telephone. In future, we want to be able to call a person or perform a function by using a unique number, no matter where that person or that function is physically located. We will just call the unique number and the network, not we, will know where to route the call.


The present and future needs of customers and operating companies are predicted to be:


ability to adapt to rapidly changing technical, regulatory, and marketing environments;


stimulating use (and hence revenue) of the network;


ability to service niche markets and individual customers;


improved customer control of their service, and


universal accessibility to services;


improved network operation, administration and management, then


easier and more flexible service implementation;


ability to deliver sophisticated services,


lower cost,


greater multivendor participation.


�
History


During the 1970s AT&T implemented freephone and Line Information Database (LIDB) services using a centralised database. AT&T demonstrated that these services could be provided more flexibly using a centralised database compared to dedicated equipment in the PSTN.


Amritech in 1984 proposed that Bell Communications Research (Bellcore) study a platform which centralises service logic. Bellcore developed this concept and prepared a Request for Information (RFI) for what was then called a Feature Node/Service Interface. It was at this seminar that the term `Intelligent Network' was first used. The previous concept of centralising only the service data became termed the Intelligent Network/1 (IN/1).


The proposed Feature Node/Service Interface was an entity external to the PSTN which was to provide a software platform for the implementation of service logic and related service data. The motivation for the Feature Node idea was the fulfilment of the following objectives:


the ability to rapidly introduce new services into the PSTN,


the establishment of interface standards to facilitate equipment and software vendor independence.


These two objectives became the guiding principles of the Intelligent Network.


In 1987 the emphasis of Bellcore work on the Intelligent Network shifted in response to a request from the Regional Bell Operating Companies (RBOC) for an Intelligent Network architecture that could be implemented earlier than the IN/2. The result of this work was called the IN/1+. The objective of the IN/1+ was to develop an architecture that could be deployed by 1991.


During 1989 Bellcore realised that vendors could not supply the capability required for IN/1+ for 1991 deployment. In May 1989 Bellcore released a new implementation plan. The new plan replaced the IN/1+ and IN/2 architectures with an architecture termed the Advanced Intelligent Network (AIN).


The ITU-T and ETSI (European Telecommunications Standards Institute) started work on defining an Intelligent Network architecture in late 1990. Their IN architecture has been heavily influenced by Bellcores work. CCITT working party XI/4 have followed Bellcore and defined a three stage evolutionary approach. Each stage is defined by a capability set (CS). The CSs are planned to be fully specified at two yearly intervals starting from the end of 1991.


�
Basic telephone network


To explain the IN concept, it is useful to reflect on how a service is realised. A service is realised by using physical resources within the network. Physical resources includes things such as: dial tone, circuits (bandwidth), collection of dialled digits. Service logic (i.e., service intelligence) controls these physical resources in such a way as to provide the service. In the existing networks (PSTN/GSM), the parts which provide service intelligence are intertwined and mixed with parts which provide the physical resources, there is no clear and standardised interface between the two.


Example of introducing new service in the network and problems it faces


The crucial difference between the existing network architecture and the IN architecture is that service logic is separated from the actual physical resources that provide the service. This seemingly small change is very significant because the service logic can now be managed and located independently of the physical resources.


Before the introduction of the IN features, the services were allowed by using a specialised logic implemented on each switch platform of the network (figure 2.1).


The traditional approach of implementing PSTN services is to implement the service at every (or most) exchange in the PSTN. This approach requires regular updating of exchange software and hardware. This traditional approach is now seen as inadequate to meet the present and future needs of customers and operating companies.


This means that when a particular service occurred, the switch had to contain the relative software package, linking different switch with same application.


�


Figure 2.1 	Service logic implementation methods


Concept of a central service provider


In the IN the service logic (and service data required to define the service) is centralised. This means the service can be completely managed from this one point within the network. This departs significantly from the existing PSTN where the service logic and service data is distributed throughout the network at each exchange. From this one centralised location, new services can be added without the need to modify the underlying network. This means services can be introduced quickly, and trial services can be evaluated and modified easily. The main idea of IN is to be service, switch and equipment-independent.


The logic required to control the IN services is removed from the switching element to a separate network element to the SCP (Service Control Point). The remaining IN service related functions in the switch (functions of the SSP, Service Switching Point) is limited to the reporting of call progress events to the SCP, and receiving instructions from the SCP for further actions. Thus introduction of a new service for network-wide utilisation requires only the provision of new service logic program to the SCP.


�
Conceptual view of IN call


Let us take an example of an IN call. Imagine that you need to make a flight reservation for your holiday. Which office are you calling? In which city? For you it is easy because the airline has advertised only one number. But in reality what happens is that once the call arrives at the MSC, it is detected that this is a call which requires special handling. So MSC sends the dialled numbers to the central service provider.


Depending on your town from where you have called, the call will be routed to the correct IN node that supports the call. Once the correct point is reached, the service control point will analyse which day of the week it is, the time of day  and so on. Service Logic can choose, according to the zone/day/hour, to reroute the call to another point and /or play a courtesy announcement and/or collect digit further information (e.g. “please, press 5 for booking, 6 for flight information, 9 for .....).


�


Figure 2.2 	IN call example


Intelligent Network Conceptual Models


The Intelligent Network has been made possible through developments in many fields including: signalling system no.7, stored program control exchanges, advanced software languages and powerful computers. The purpose of this section is to focus in on those parts of the network directly required for the Intelligent Network.


Signalling is required for exchanges, network data bases and other intelligent nodes in the network to exchange messages related to call set up, call supervision, call connection control information needed for distributed application processing and network management information.


�


Figure 3.	SS7 stack for IN


The SS7 is a signalling system recommended by ITU-T and specifically designed for telephone networks. The SS7 is the generic name for a suite of protocols. These protocols are layered and closely match the Open System Interconnection (OSI) seven layer model. The layered structure of the SS7 protocol suite is shown in Fig. 5.


The lowest three layers are called the Message Transfer Part (MTP). Its function is to route a message efficiently and reliably between two signalling points in the network. Above MTP is the signalling connection control part (SCCP). The MTP together with SCCP provide most of the layer services specified in layers 1 through 3 of the OSI model. 


The SS7 application protocols sit immediately above MTP and SCCP. The Telephony User Part (TUP) is an application protocol for setting up and clearing (non-ISDN) telephone calls. The ISDN User part (ISUP) protocol is an application protocol designed to support ISDN calling. The Transaction Capabilities and Application part (TCAP) is an application protocol for invoking applications on a remote network element. TCAP is used for signalling between the SSP and the SCP of the Intelligent Network. It is essential therefore distinguish between functions and products in the Intelligent Network concepts. 


Functional Entities


The conceptual model was created by ETSI and ITU-T and is it described in the Q.12XX series from ITU-T. According to the Specification the IN service processing is composed of a number of functional entities (FE), each of which performs a well-defined set of tasks to complete the overall service implementation (figure 3.2):
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Figure 3.2 	Intelligent Network Functional Entities according to the Specification


The CS 1 IN architecture consists of the following functional entities:


*	SSF	Service Switching Function


*	CCF	Connection Control Function


*	CCAF	Call Control Agent Function


*	SRF	Specialised Resource Function


*	SCF	Service Control Function


*	SDF	Specialised Database Function


*	SMF	Service Management Function 


*	SCEF	Service Creation Environment Function


*	SMAF	Service Management Access Function


The CS 1 standards cover the interfaces between the SCF-SSF, SCF-SRF and SCF-SDF. This is based on the Core INAP protocol residing on top of the SS7 TCAP protocol. Additionally, ETSI has defined Service Independent Building Blocks (SIB) to enable a high level service programming functionality. 


The physical elements of the CS 1 architecture correspond to the AIN elements. CCF and SSF functionality reside in the SSP. SRF may reside in an external IP or in an IP integrated to the SSP-exchange. In the initial implementations both SCF and  SDF functions will reside in the SCP. The SMS covers the SMF and SMAF functions and the SCEF usually resides in a separate SCE-system.


Physical Entities


The functional entities (FEs) are allocated to a physical entities (PEs) or physical nodes. An FE must be found in at least one PE, but a PE can consist of more than one FE. However, there cannot be more than one “FE of the same type” in one PE.


The roles of the single element are:


SSP. The Service Switching Point operates as call control “controlled” point. Sends service requests to IN platform and receive instructions. Requests are sent when triggers are invoked.


SCP. The database that contains the subscribers data and subscriptions. The SCP contains also the software to manage the SSP requests. Is responsible to manage calls and services. These platforms are based on HP computer.


IP. This Intelligent Peripheral is designed to answer to the subscriber calls in order to furnish resources for particular specialised functions (mass calling/televoting). Is controlled by SCP and has voice connected to SSP. The IP element is an intelligent answering machine that is able to play an announcement and wait both “digit” from the user and instruction from the SSP/SCP.


SMS. Centralised or not, this entity is competence to provides the subscription provisioning, customisations, managing of the SCP’s. Provides also interfaces towards external systems. These platforms are based on HP computer.


SCE. On this host the service provider, may defines the related database schemas. Contains tools for service design, prototype and testing. Produce Service Logic Program (SLP) which are the SW “feature” used  by the SCP’s.


Nokia Implementation of IN


NOKIA IN Architecture is a platform for fast and development and deployment of new value added services in a telecommunications network.


The Network Elements (figure 4.1) which make up the IN network are:
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Figure 4.1	Nokia Intelligent Network Architecture


DX200 SSP is implemented on a DX200 MSC. IP may be integrated to the DX 200 exchange.


SS7 (Core INAP) network is used to connect SCP and SSP nodes.


Service Control Point (SCP) is the source of call control within IN. It stores the service data, executes the service logic programs and communicates with the SSP-switches. Nokia SCP uses standard high availability HP-UNIX technology. For better availability a Mated Pair configuration is also possible.


Service Management Processor (SMP) is the Nokia’s name for the SMS. It is used for managing, updating and backing up service data. It provides interfaces towards support systems like customer care and billing. Nokia SMP is based on high availability HP-UNIX technology. SMS manages also the Mated Pair requirements for SwitchOver and alarming.


Service Creation Environment (SCE) is a resource for programming, simulating and testing new service solutions. It provides a user friendly graphical service logic editor. The SCE is running on a standard HP-UNIX platform.


Various services using voice processing, dialling control etc. can be produced with the Intelligent Peripheral (IP) that can be within DX200 or as a separate unit connected to SCP and SSP via SS/ network.


SSP and IP (Service Switching Point and Intelligent Peripheral) in MSC


A software


Obviously the IN platform cannot be implemented until a basic telecommunication network (GSM or PSTN) exists. In the case of mobile application, IN platform is implemented on the “mobile network” and accessed through the MSC (with IN functionality), in such case SSP, with particular SS7 protocol for IN named Core INAP (Intelligent Network Application Part). Nokia application starts with the M7 release software on MSC which has the SSP functionality and equipment has needed for the IN introduction.


Intelligent Peripheral


Currently the Intelligent Peripheral (IP) functionality is embedded into the DX 200 MSC/VLR/SSP. However in the near future a dedicated IP will be implemented as an independent network element. The current IP contains the implementation of the Specialised Resource Function (SRF) with the following two distinct requirements:


capability to provide tailored announcements to the users, and


capability to receive DTMF dialling for PSTN users of IN


The announcements are provided by a high-capacity announcement machine (Verbal Announcement Generator, VANG) connected to the switch matrix (GSW).


The DTMF-reception is implemented by the multi-frequency sender/receiver terminals equipped into special processor units (CASU). It should be noticed though that in the GSM environment the DTMF dialling made by the mobile users enter into the MSC as signalling messages, and not as voice frequency signals. Therefore the DTMF-reception equipment is needed only for collecting DTMF dialling received from trunk lines (i.e. DTMF dialling made from PSTN/ISDN-terminals, or from a mobile controlled by another MSC).


�
SCP - Service Control Point


The Service Control Function (SCF) represents the centralised authority  in  an Intelligent Network. The SCF  contains  the platform for service logic programs (SLP). A service logic program is executed when a network exchange requests call handling instructions. The service logic programs basically  determine the behaviour of the IN-based services.


Functions


The SCP software consists of:


the HP-UX operating system (version 9.0 and in future 10.0);


the protocol stacks used to communicate with the Service Management Point (SMP) and with the switches (SS7, CoreINAP);


the Service Logic Execution Environment (SLEE), which is the execution environment for the Service Logic Programs (SLPs). The SLPs have access to the SCP real time memory database, to the SS7 network, to facilities such as timers, event log and log management, and to external functions and external databases;


a real time memory database (SSrdb), optimised for fast access, where subscriber and service related information is  stored. This database can be accessed by the SMP,  trough the database API or by network;


a Management Information Base that stores configuration information and statistics. The MIB can be accessed through the MIB API, for instance by node management applications for accessing configuration information.


Continuous availability of the service - as opposed to continuous availability of the hardware - is realised via full duplication of the processors, the software and the  SS7 network components of the SCP platform. This approach  allows a  high  integrity  solution to be implemented  whilst  using industry  standard  Open  Systems  computing and  networking components.


High availability of the SCP is achieved by using a duplicated processor architecture (dual configuration), where one processor of the pair is executing the live transactions, and the other processor is in a hot stand-by state synchronised to the active processor but not participating to the transactions. The detection of a failure and the switchover takes place automatically, and with a minimum of service interruption.
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Figure 4.2 	SCP redundancy.


Core INAP


The communication between the functional entities of CS-1 is done using the CoreINAP protocol. INAP is standardised by ETSI to support IN  functionality (Capability Set 1 or CS-1) on basis of the corresponding work done internationally in ITU-T. The ETSI Technical Specifications define in detail the operations required to support Capability Set 1 functionality. The protocol contains a set of operations used between different functional entities. The operations obey the remote procedure call scheme. This means that they have specified arguments, results and error responses. Most of the operations are in fact simply messages passed from one entity or network element to another. CoreINAP provides operations for various purposes: operations for  detection point  handling, routing, user interaction, charging, etc. The protocol interaction follows a simple state model. The detailed description of the CoreINAP state models can be found in the ETSI recommendation.


However, these specifications are restricted to support basic telephony related information flow only, and do not fulfil the requirements set by a mobile environment. Therefore the CoreINAP specifications of ETSI are supplemented by Nokia, using the standard extension possibility to allow the mobility aspect to be utilised to the fullest extent in the mobile networks.


SMP - Service Management Point


The Nokia IN/SMP Platform provides a solid foundation for the environment needed to manage the services within an Intelligent Network. The role of the SMP in the Nokia IN architecture consists of:


a  management application for service and subscriber data provisioning;


a custom-built interface between the operator’s administrative systems and the SMP platform;


custom-built applications running on the SMP platform handling operator and service specific management activities.


Non real time database


The entire Service Management Point typically consists of the Nokia IN/SMP Platform which performs one or more of the following activities:


to act as a safe repository for service and subscriber data (Oracle DB)


to provide the administrative systems with an interface that hides the details of the SCPs and the distribution of services into different SCPs from the administrative systems


to provision service and subscriber data updates into the relevant SCPs to receive service and subscriber data updates from the SCPs and store them in the SMP. 
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Figure 4.3 	SMP database


SCE - Service Creation Environment


In order to deploy intelligent services, Network Operators need easy-to-use software tools dedicated to the creation and customisation of these services. There are many views on service creation. The actual creation work is concentrated into two phases of the service creation life cycle:


The service application programming and database definitions take place in the service implementation phase. The SCE-tool is used to program the logic and to define the SCP database schema. Commercially available development tools are used to create the service management applications and the SMP database.


The service logic programs and the service database can be designed to include a certain degree of flexibility in the service itself allowing the operator to define in the service provisioning phase, which features and options are used in the final service that is offered to customers. Several different services can thus be created out of one generic service logic. 


IN Service Examples 


New and existing services provided within IN


By the virtue of their nature IN services are almost unlimited in the functions they can provide. In the following sections few examples of IN services are briefly described, but the services (fig. 5.1) will vary according to the needs of each operator.


Certain descriptions serve as full-bodied service concepts as such (e.g. Credit Card Calling), but in most cases by combining multiple individual IN services together to constitute a higher-level IN application one can gain better results.


There are many kind of services designed by standardisation procedure which are not yet developed by NOKIA but are interesting for us:
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Figure 5.1: 	Possibilities for IN applications.


Flexible Billing


Flexible Billing services are services provisioned for individual subscribers. As the name implies, the main functionality of these services is to modify the charging of the subscriber’s calls and add new charging possibilities in the network.


Reachability/Mobility 


The Reachability/Mobility services provide a general access based on dialled digits for any caller. The main functionality of these services is the service number based routing of incoming/outgoing calls and associated charging control. Subscribers, with several telephone sets in different networks can define a “hunting order” for their calls. Additional control based on time schedules and caller’s location are also available.


Customised User Groups


In Group services, subscriber is a member of a group (a list of subscribers). Group services are applicable for both incoming and outgoing calls. Group service features include short numbers for group members (and other destination as well), parameterised routing for each member, special tariff for in-group calls and so on.


Customised services for mobile users


Terminating/Originating Call services provisioned for mobile subscribers and used for outgoing/incoming call cases. These services allow the SCP to control the routing of calls, apply special tariffs for these calls or screen the calls. Further service control may be based on time schedules, dialled digits or location of the caller and access by passwords are available. 


Final conclusive example:


All these services, mixed in different manner create special service. An example of using these services could be a “Mobile for Teenager” subscription option:


Prepaid SIM and/or


Alternate billing (the parent pays)


Selective barring (special number like 144-00-...)


Special Discount (frequently number called)


Free short number (e.g. house)


Summary of the Learning Points


Why 


1. Marketing


The  introduction  if Intelligent Networks  is  in  a  way  a revolutionary  move. Switching and intelligence,  from  being separated in the early networks, and from being more and more closely  integrated in the networks of yesterday  and  today, are  once  again being separated from each other.


2. Applicability


The ideal  goal for continuous development of telecommunications  networks is to serve all  users  at  all times. In other words, this will mean providing mobility  for the user, i.e. calling  from  any  location,  to  provide information services to compete with the different  media  of today,  and  to provide customised value-added  services  for specific needs. In addition, it should also be possible  for users  with  different means of access to reach  each  other, independent of what type of network is used for access, ISDN, PSTN or mobile networks.


3. Services


Networks will always differ, mostly of course because of size and  the technology that is being used, but in the future  it will  be  the  services themselves  that  characterise the networks. And  services,  from  the creation to  deployment,  are  what Intelligent Networks are all about.


Where


1. IN in GSM


How


1. Network Elements:


- SSP


- SCP


- SMP


- SCE


- IP
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Glossary


INTELLIGENT NETWORKS TERMS


Abbreviation list


AC	Authentication Center


BSC 	Base Station Controller


BTS	Base Transceiver Station


CCF	Call Control Function


CCC	Credit Card Calling, an IN service


CCS	Common Channel Signalling


CCV	Calling Card Validation


CLASS	Custom Local Area Signalling Services


CS1	Capability Set 1


DTMF	Dual Tone Multi Frequency


EIR	Equipment Identity Register


ETSI	European Telecommunications Standards Institute


FE	Functional Entity


HLR	Home Location Register


HP	Hewlett Packard


IN 	Intelligent Network


INAP	Intelligent Network Application Protocol


IP 	Intelligent Peripheral


ITU-T	Iternational Telecommunication Union


IVR	Interactive Voice Response


LAN	Local Area Network


MA	Management Application


MSC	Mobile Switching Center


NP	Number Portability (Portable Number)


NTS	Number Translation Services


OCS	Originating Call Screening, an IN service


OLS	Originating Location Services, an IN service


OSS 	Operation Support System


PBX	Private Branch Exchange


PON	Portable Number


PPC	Pre-paid Contract


PSTN	Public Switched Telephone Network


SCE	Service Creation Environment


SCF	Service Control Function


SCP	Service Control Point


SIB 	Service Independent Building Block


SIM	Subscriber Identity Module


SLEE	Service Logic Execution Environment


SLP	Service Logic Program


SMS	Service Management System


SMP	Service Management Point


SRF	Specialised Resource Function


SSF	Service Switching Function


SSP	Service Switching Point


TCP/IP	Transmission Control Protocol / Internet Protocol


TPS	Transactions Per Second


UPT	Universal Personal Telecommunications


VLR	Visitor Location Registen


VM	Voice Mail
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