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Traditionally, real-time voice communications—both within and outside of
corporations (enterprises)—are achieved using public domain circuit-switched
telephone networks (PSTNs). These networks use technologies-that have been
maturing over the last 150 years. However, the recent advances in and proliferation
of packet-based switching technologies, World Wide Web (WWW) and PC-based
user interfaces, and innovative. digital signal processing (DSP) techniques are
making real-time voice transmission using packet switching—particularly IP-
based techniques—more feasible, at least within the logical boundaries of
enterprise networks. Although the IP-based Internet is only about 25 years old,
its compatibility with Ethernet?, and its flexibility, openness and low-cost
availability have enabled it to gain more than 260 million users worldwide?. In
addition, proliferation of the WWW, multimedia PCs, and innovations in DSP
during the last five years has made voice transmission over packet networks,
particularly over IP, very attractive economically.

In this chapter, we briefly review the technologies and standards—as
recommended by IETF and ITU-T—that are making voice over IP (VoIP) a
reality in both public and enterprise networks. Our focus is on low bit rate
speech compression and silence suppression, voice packetization and encapsu-
lation, sources of packet-voice impairments and methods to mitigate them, and
packet-voice transmission engineering.
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We then present a recently developed laboratory testbed that has been used
both to prototype and to develop operational engineering rules to deliver high-
quality VoIP services over an [P network. Finally, a series of “dos” and “don’ts” are
offered to guide in the design of VolP services using any operational IP network
within an enterprise (Intranet).

BACKGROUND AND INTRODUCTION

Traditional telephone companies currently provide voice transmission ser-
vices over the Public Switched Telephone Network (PSTN), using mostly the
traditional circuit switching technology. It is a very robust technology but it is
neither flexible nor cost-effective. Therefore, other switching methods like packet
switching must be explored. Large Telecom companies are building packet-based
(mostly Internet protocol or IP) network infrastructures (Minoli & Schmidt, 1998)
so that they can provide a variety of packet-based services including enhanced
service like voice over IP (VolIP), fax over IP, messaging over IP, etc., using the same
network. Figure 1 can be used to explainthe evolving scenario. In order to establish
a connection between POTS-Phonel (Plain Old Telephone System phone or black
phone) to POTS-Phone2 there existsthe following two possible routing scenarios:
(A) From PSTN to:PSTN, and (B) From PSTN through the Internet to PSTN.

Although most of today’s PC/IP phones are software-based clients running
on PCs, a number of standards and vendors are emerging to support packet
phones (Ethernet phone, IP phone, SIP phone, etc.) and integrated packet and
analog (POTS) phones (see, www.dsgtechnology.com for details). In order to
connect from PC/IP-Phonel to PC/IP-Phone2, there exists the following four
possible routing scenarios: (A) From Internet to Internet (worse performance,
but cheap or free), (B) From PSTN to Internet to PSTN (desirable), (C) From
Internet to PSTN to Internet (not desirable), and (D) Form PSTN to PSTN (best
performance but expensive).

In case of PSTN-based routing, the call establishes a direct or transparent
connection from POTS-Phonel to POTS-Phone2. However, if the call is routed
through the Internet, it uses a connection-less circuit for the call. There is a
translation of the E.164 telephone address to the IP address, which is done through
the media gateway controller (MGC), and then the call is routed to the IP address
of the media gateway (GW) that is serving the destination phone (POTS-Phone2).
The details of the mechanism are as described in ITU-T recommendations H.225,
H.245,and H.323. In some implementation, the MGC can also support interconnec-
tion to the SS7 network via access or A-links,thereby supporting efficient call
control and setup. These types of MGCs may also be called softswitch (see,
www.softswitch.org for further details). IETF’s signaling transmission (SigTran)
working group is currently pursuing standardization of IP-based encapsulation of
PSTN signaling (SS7) messages. A similar effort in I[TU-T is known as the bearer
independent call control (BICC) protocol.
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