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Chapter 5 The PSTN 

Intelligent Networks 

The ITU's standardization of S57, in 1980, began the evolution tow~rd the concept of 
intelligent networking. An IN includes a set of nodes that rely on widespread distri­
bution of call-handling functions and capabilities (see Figure 5.14). Before the 
advent of INs, customers could have only the services and features available from 
their local exchanges. Their ability to demand and achieve new services from the 
operator was very much tied to the generation of software in the local exchange and 
whether it had yet incorporated the feature of interest. With lNs, you can centrally 
place this type of servi.ce and feature logic on a node (such as an SCP), and then any 
svvitch can reach it and make use of that feature. The objective of the IN initially was 
to ease the introduction of new services into the network. It also provided a founda­
tion for complex services that would be required and desirable on a network.wide 
basis, such as the automation of the operator-assistance function. Because of the IN 
and specialized peripherals-again, computing systems loaded with specific soft­
ware-we no longer have to use operators to place a credit card call or a collect call. 

Intelligen t networking gives carriers the capability to directly develop network 
functionality on outboard processors connected to the switches, instead of having 
to be tied to their switch manufacturer and having to rely on the internal software. 
A main feature developed for the IN during the early and micl-1980s was digit 
translation, which was applied to toll-free number translatton and VPNs. Custom­
ers could develop a unique calling plan that identified their location. They could 
invent their own numbering plan so that they could dial numbers that were easy 
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for them to remember, and in the network, the IN infrastructure would translate 
these private numbers into network physical addresses (for example, country code, 
city code, area code). 

The IN also enables operator-assistance features such as eliminating credit card 
calling and collect calling as manual fulfillmen t processes. The IN also enables the 
identification of primary carriers ( where competition exists) , so that customers can 
select their primary carriers. Local number portability-which allows you to keep 
your own telephone number when you move to a new location- is a rather new 
concept that can be delivered thanks to the sophistication of chis IN infrastructure. 
With local number portability, although your physical address will be different at 
your new location, you may want to keep your old phone number so your friends 
and colleagues can easily recall it. But for calls made with your old number to reach 
your new physical address, there must be translation tables in the network that can 
identify your correct physical address and properly route incoming calls to you. 

AINs 

Around the mid-1980s, Bellcore (which is now Telcordia) pioneered the second gen­
eration of INs, which we call AINs (see Figure 5.15). AINs move the service logic 
ou tside the switch and onto an independent SCP An AIN is a service-independent 
network archi tecture that allows carriers to create and uniformly support telecom 
services and fea tures via a common architectural platform, with the objective of 
allowing for rapid creation of customizable telecommunication services. 

CCS/SS7 Network ~ 
STP:■ _tE_ !!l 

I "~ ":.~• 
• l 

Service 

1---J(fJB)f....,,.....,,.....,...,.---t 
~ Switching .__ __ _. 

administrator 
and service 
subscriber 
controls 

SA 
/ ~ System 

./cu~st-om___;:er=--~ 

~ .. Systems 
-;1 

Figure 5.15 Al N architecture 
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Chapter 5 ■ The PSTN 

An AIN is composed of intelligent nodes that are Jinked via 557 to support a 
variety of services and advanced call-handling fea tures across multiple vendor 
domains. With the introduction of the AIN architecture, a few additional compo­
nents were needed. First, the service management system is a service-creation envi­
ronment that facilitates the technical and customer service representatives' 
interface with the provisioning and network management systems. Second , intelli­
gen t peripherals are computing platforms that serve a very specific purpose but 
have a very widespread demand across the network (for example, voice recognition 
and voice synthesis capabilities to process third-party-assisted calls). 

AINs can be used for a number of applications, including intelligent call rout­
ing, visitor location registration, virtual number service, voice-activated dialing, 
voice response, speech recognition, and text-to-speech conversion. The AIN infra­
structure is critical in mobile communications. The reason you can roam across 
cellular networks is that IN databases are able to log whether you are present in 
your home network or in a visitor network, and they can identify whether you're 
authenticated to use the network. If you are authenticated to use the network, IN 
databases can identify which services should be made available to you. Virtual 
number services are also an important application of AINs; for example, a 700 
number can identify and locate you within a foo tprint, rather than requiring you to 
be at a specific telephone to receive a call. 

Next-Generation Networks 

The 5S7 network acts as the backbone for the AIN-it provides access to the AIN 
features, allows for efficient call setup and teardown, and interconnects thousands 
of service providers under one common signaling network. The capability to com­
municate with 557 networks is essential for all service providers because S57 net­
works give next-generation local exchange carriers access to an existing base of 
service features. 

Next-Generation Network Equipment 
S57 uses new genres of equipmem to ensure that packet-based telephony switching 
gateways can in fact.support key legacy services and signaling features. For exam­
ple, the next-generation gateway switch supports the traditional Class 4, or toll 
switch, services and the Class 5, or local exchange switch, services. It is designed 
to support a wide variety of traffic-data, voice, fax, multimedia, and other emerg­
ing sensory forms-over a data backbone. The next-generation gateway switch 
provides seamless interoperability between the circuits that network the PSTN and 
packet-switching networks, such as IP backbones, ATM networks, Frame Relay 
networks, and emerging MPLS networks. We can use these gateway switches to 
connect with the 5S7 network and to handle the IP services that are so popular 
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Telephony Signaling Protocols and SS7 
A number of telephony signaling protocols are currently used, and we don't know yet 
which will become the standard. Today, H.323 is found most frequently and offers the 
greatest range of vendor interoperability. Session Initiation Protocol (SIP), which is an 
Internet Engineering Task Force (IETF) standard, has a lot of support from the Internet 
community, and it is being included on more devices all the time. Over the next few 
years, we will be better able to determine which will be the dominant protocols, 
although IETF's SIP protocol is gaining popularity and supplanting H.323. (Signaling 
protocols are discussed in detail in Chapter 11 , "Next-Generation Network Services.") 

1147 

today. These gateway switches support a variety of telephony signaling protocols 
(for example, H.323, Session Initiation Protocol [SIP], Media Gateway Control 
Protocol [MGCP]) for communicating with the underlying S57 architecture. 

As shown in Figure 5.16, there are different forms of these next-generation 
gateway switches fo r different purposes. In the bottom right of Figure 5.16 is an 
ILEC and its resident circuit-switched network, which is a series of Class S ·offices 
at the perimeter. These Class 5 offices are connected to the '557 network or the 
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STPs via A links. These Class 5 offices then connect into a CLEC's packet-switched 
network, and their first point of interface is a gateway switch. Among other things, 
this ga teway switch is responsible for digitalizing and packetizing the voice to pre­
pare it for transport over the packet-switched network. The CLEC's packet­
switched network also has an S57 gateway, which is capable of communicating 
with the underlying ILEC's S57 network so that i t can map the appropriate IP 
addresses associated with .the destination telephone number, which is served by a 
given destination media gateway. The next-generation gateway switch, therefore, 
provides a means to seamlessly interoperate between two very important and exist­
ing infrastructures. 

Figure 5.17 is an end-to-end view of a next-generation network. It shows an 
interconnected environment between the legacy circuit-switched network and the 
emerging packet-based networks. A subscriber at the customer premise (for exam­
ple, a residence, a business site) is connected to the local exchange, known as the 
end office, by access lines. From there, trunks link to a media gateway switch, 
which, through S57 interfaces, can reach into the underlying intelligence within 
the S57 network and further add the necessary information to process the call as it's 
been requested. The call then goes out on a packet basis throughout a series of 
switches or routers (depending on what the provider is using as the backbone) and 
reaches a destination media ga teway switch that unpackages the voice, undigi­
talizes it, and delivers it to the destination phone. 
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Figure 5.17 Next-generation networks 
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Although tremendous amounts of time and money have been spent in develop­
ing the intelligence that provides the telephony features we know today, there are 
still many new applications to be developed. These new applications, which are 
increasingly being developed for IP, include unified messaging, single-number ser­
vice, and a network-type Rolodex that houses all kinds of contact and other infor­
mation about people. We will be able to use databases to service calls when we 
have an integration or an interconnection between two networks. We will be able 
to provide traditional voice telephony features and introduce new generations of 
IP-based services. 

Next-Generation Networks Versus the PSTN 
The characteristics of next-generation networks are very different from what the 
traditional PSTN was aiming at. Next-generation networks are not being designed 
for just voice, data, or video. They're being designed for multimedia, and this 
requires capacities that are broadband in nature, networks that are engineered for 
extremely low and controllable latencies, and infrastructures that provide the abil­
ity to administer quality of service on a very granular level. 

This book has talked about the explosion of bandwidth that's occurring 
because of developments in optics. As you have more and more bandwidth, it 
becomes cheaper and cheaper. When bandwidth becomes very inexpensive or free, 
a carrier needs to find other ways to generate revenue, such as by offering a large 
variety of value-added services (for example, reliability, priority, cus tomer service, 
and encryption or security) . But to administer all these services and to provide dif­
ferentiated pricing, which can result in handsome revenue streams, there must be 
mechanisms for controlling, monitoring, and billing. 

The following are important features of the next-generation network infra­
structure that are covered in detail in later chapters: 

11J It has very fast packet switching, with capacities that we're beginning to 
need to measure in terabits per second (Tbps) and soon in petabits per sec­
ond ( lPbps =1,000Tbps), and on its heels, in exabits per second 
(lEbps = 1 billion Gbps). (See Chapter 10.) 

It places great emphasis on optical networking elements, to take advantage 
of the abundant bandwidth that's inherent in the visible light spectrum. 
(See Chapter 12, "Optical Networking.") 

m Multiservice access is being created, so we will not have separate devices for 
voice and data as we do today, but we'll have nodes that can accommodate any 
traffic type. We are also creating intelligent edges; we're displacing the smarts 
for processing service requests, delivering features, and accommodating 
advanced applications by deploying them at the edge. This allows for more 
rapid introduction, as well as more customization of the feaLUre sets. The core 
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also has to be multiservice, but it also needs to be able to differentiate between 
the requh·ernents of the different traffic streams. (See Chapter 10.) 

£l Next-generation telephony is very important for new entrants, particularly 
because of the costs of deploying normal local exchanges. A regular local 
exchange costs in th'e neighborhood of US$3 million to US$5 million, 
whereas a media gateway will be on the order of US$100,000. For those 
seeking to become competitors in the local loop environment, next­
generation telephony offers a very cost-effective means of gaining entry. 
(See Chapter 11.) 

a Intelligent networking is being applied to the public data infrastructure as 
well as the Internet. (See Chapter 10.) 

■ Network operators are introducing video and multimedia elements, video 
servers, media farms, video compression , and decompression devices, all of 
which become part of what constitutes the entire communications network. 
(See Chapter 10.) 

111 Access is moving toward the broadband realm on both a wired and a wire­
less basis. (See Chapter 13, "Broadband Access Solutions.") 

For more learning resources, quizzes, and discussion forums on concepts related to 
this chapter, see www.telecomessentials.com/learningcenter. 
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also need two types of cross-connects to build out a private SDH/SONET network: 
wideband cross-connects and broadband cross-connects. ( Chapter 5 describes 
these muxes and cross-connects.) 

Dark Fiber 
With dark fiber, the customer leases the fiber itself and buys the necessary equip­
ment to actually activate the fiber. The customer pays for the physical media, not 
for bandwidth , and as the customer adds equipmen t that can either pulse more bits 
per second or extract more wavelengths out of the underlying fiber, the bandwidth 
essentially becomes cheaper and cheaper. 

ISDN 
Another cir:cuit-switched WAN option is ISDN. The lnternational Telecommunica­
tion Union Telecommunications Standardization sector (lTU-T) for:malized the 
ISDN standard in 1983. According to the ITU-T (www.itu.org), ISDN is "a network 
evolved from the telephony integrated digital network that provides end-to-end 
connectivity to support a wide range of services, including voice and nonvoice ser­
vices, to which users have access by a limited set or standard multipurpose cus­
tomer interfaces." One of the ideas behind narrowband ISDN (N-ISDN) , as the first 
generation of ISDN was called, was LO give customers one access into the network, 
from which they could then engage in circuit-switched, leased-line, or packet­
switched options. Although all these options were available before ISDN, each one 
generally required its own special access line and device, which mean t extra costs 
and administrative responsibilities because of the large number of options. The 
goal of ISDN was to provide one plug into the network, from which you could then 
go out over multiple alternatives. 

ISDN Networks 
A couple of key elements are required LO form an ISDN network (see Figure 7.10). 
First, you must have a digital local exchange, and that digital exchange must be 
loaded with ISDN software. This is not an inexpensive proposition. The ISDN soft­
ware alone costs around US$ l million, and each exchange costs in the neighbor­
hood of US$3 million to US$5 million. Not all exchanges today are digital; a fairly 
significant number o[ exchanges_.:some 30% to 40% in the United States, fo r 
example-are analog, so not every locale can get ISDN services. But if you do have 
an exchange and the proper ISDN software, you also need a Signaling System 7 
(557) network and a CPE that is compatible with the ISDN network. (SS7 is dis­
cussed in detail in Chap ter 5.) 

As discussed in Chapter 3, "Transmission Media: Characteristics and Applica­
tions," N-lSDN has two interfaces (see Figure 7.11): BRI and PRI. 
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BRI is primarily used fo r residen tial service, small businesses , and cen­
trex environments. BRI is offered only by local telcos, and how they offer it 
varies grea tly. It can be configured as either lB , 2B, lB+D , or the full 2B+D; 
128Kbps transmission requires that two B-channels be used. One applica tion 
for this is Internet access, so you might have a BRI device, such as an ISDN 
modem , that would bond together two B-channels to provide the 128Kbps 
access to the ISP. 

PRI is primarily used for business applications, and both local and interex­
change carriers offer it. In support of the voice environment, PRI applications 
would include access to PBX and call center networks , replacement of existing 
analog trunk groups, and configuration of PBX tie-lines. Q-Sig, a standard that's 
an enhanced version of the D-channel signaling protocol, supports feature trans­
parency between different vendors' PBXs. A key data application of PRI is LAN/ 
WAN integration. 

I SON Applications 
The following are the main applications for N-ISDN: 

n Internet access-You would use N-ISDN to increase the speeds otherwise 
supported by your analog voice-grade line, when you do not have available 
other broadband access options, such as DSL, cable modems, or broadband 
wireless·, available. 

■ Remote access-You would use N-ISDN to give teleworkers or telecom­
muters access to corporate resources. 

i:i LAN/WAN connections-As mentioned earlier, N-ISDN is a technique for 
LAN interconnection , so bridging multiple LANs across a WAN could be 
done over ISDN connections. 

High-capacity access- You could use N-ISDN if you needed to increase 
your capacity for things such as graphics, file transfer, video, and multime­
dia networking. Keep in mind that N-lSDN will not provide motion as good 
as you would get with the higher-capacity services, but it will be much bet­
ter than what you get with an analog facility. 

■ Private line backup-You could use N-ISDN as a backup to the private line 
services discussed earlier (for example, DDS) . 

Dial-up Frame Relay access-Frame Relay is a very popular data network-
1ng option, particularly for LAN-to-LAN interconnection. You can use ISDN 
to provide measured-use clialup access to Frame Relay services in which the 
user dials in to a remote access port on the carrier's Frame Relay switch at 
either 64Kbps or 128Kbps connections. This can be used at smaller sites 
and for remote access (for example, for telecommuters). 
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□ BRI 0B+D for packet data-One 16Kbps D-channel can be shared by up to 
eight devices. BRI 0B+D makes use of 9.6Kbps of D-channel capacity to 
support low-speed data terminals. This requires a terminal adapter that 
encapsu lates the user data in D-channel frames. Applications for BRl 0B+D 
include credit card terminals and automaLic teller machines. 

ISDN DSL (1D51)-IDSL delivers full-duplex, dedicated data services; it does 
not support voice services. It is provided either on a 1B or a 2B configuration 
(that is, 64Kbps or 128Kbps). IDSL is compatible with existing digital loop 
carrier systems, which, as mentioned previously, serve 30% to 40% of the U.S. 
population. Digital loop carriers are especially common in remote rural areas. 
Some of the new DSL services (which are discussed in Chapter 13, "Broad­
band Access Solutions") are incompatible with these older-generation digital 
loop carriers. IDSL, however, is compatible with them, so it can be used to 
deliver digital private line service at speeds up to 1281<.bps. In today's environ­
ment, 128Kbps is not what we strive for, so even though IDSL can facilitate 
some speedier communications, it is not as fast as some other broadband 
access options, making its fu ture rather short. 

w Packet~Switched Networks 
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Packet switching was developed as a solution for the communications implications 
of interactive processing-iL was designed to support bursty data traffic, which has 
long connect times but low data volumes. Packet switchiq.g involves the applica­
tion of statistical multiplexing, whereby numerous conversations can make use of 
one common communications channel, which significantly increases transmission 
efficiency. (Chapter 2, "Telecommunications Technology Fundamentals," discusses 
statistical multiplexing in more detail.) However, sharing a communications link 
introduces latency. A key issue that we have to address in the future is how packet­
switched networks can support latency-sensitive traffic such as real-time streams. 

With packet switching, packets are routed through a series of intermediate 
nodes, often involving multiple networks; they are routed in a sLore-and-forward 
manner through a series of packet switches (that is, routers) that ultimately lead to 
the destination. Information is divided into packets that include a destination 
address and a sequence number. Let's look at an analogy. Think about telecommu­
nications as a transportation network in which the physical roadway i.s a gravelly, 
potholed, single-lane alley. This is the traditional voice channel- twisted-pair 
deployed in a limited spectrum to support voice. We can pave that alleyway and 
make it a slicker surface, which equates to DSL. The road can now accommodate 
some additional information and move traffic along at a faster rate. We could then 
build a street with four lanes, the equivalent of coaxial cable. We could even build 
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