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Digital Subscriber Line Technology

INTRODUCTION

Digital subscriber line (DSL) isone of several
access methods competing to bring broad-
band connectivity to the small office/home
office (SOHO) market. As demand for ac-
cess to the Internet soars, demand for faster
access has also increased. Today, the typical
SOHO user reaches the Internet via a dial-up
analog modem with a maximum access
speed of 56 kilobits per second (kbps). DSL,
on the other hand, promises connection
speeds up to 100 times faster by using a digi-
tal modem (or splitter) instead of an analog
modem.

How DoEes DSL WORK?

DSL travels over the twisted-pair copper
telephone lines that already link the public
switched network (PSN) central office (CO)
and the SOHO premises. It works by ex-
ploiting unused bandwidth in these copper
wires. Voice traffic over copper uses only
the lower end of the wire'sfrequency range
(300 Hertz [HZz] to 3.4 kilohertz [kHZz]). DSL
takes advantage of the fact that copper tele-
phone lines can carry broadband signals at a
much higher frequency (between 5 kHz and
1.4 megahertz [MHz]). However, the dis-

tance that DSL can travel over copper wires
islimited to 18,000 feet from a CO.

Although the DSL distribution path subsists
in existing twisted pair copper, DSL does re-
quire the addition of new equipment at the
CO and the SOHO premises. Like the ana-
log solution, DSL requires modems at the
SOHO. At the CO, DSL access multiplexers
(DSLAM) are the key pieces of equipment
for providing DSL service to multiple users.
(In the near future, DSLAMs will provide
not only DSL service, but also “edge” ser-
vices and management controls to Internet
service providers [ISP] and their customers.)

The modem and the DSLAM split the voice
and data signals using frequency division
multiplexing. Because voice and data are
transmitted over different frequency ranges,
DSL can operate independently of voice ser-
vices. If the DSL modem or the DSLAM fail,
voice services should remain unaffected. As
shown in Figure 1, DSL allows data traffic to
completely bypass the CO switch. Once
data signals have been separated from voice
signals, voice calls can be carried over the
circuit-switched PSN, and data traffic can be
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Figure 1. Typical DSL Configuration

aggregated with other incoming data traffic
to be routed to the Internet.

xDSL

Many companies are developing alternative
“flavors” of DSL, known collectively as
xDSL. xDSL typesinclude asymmetric DSL
(ADSL), rate adaptive DSL (RADSL), and
symmetric DSL (SDSL).

ADSL is by far the most common version of
DSL and is perhaps the simplest and | east
expensive way to provide DSL to the end
user. “Asymmetric” refersto the asymmet-
ric rates for upstream (SOHO to CO) and
downstream (CO to SOHO) data. ADSL
takes advantage of the fact that most cus-
tomers receive more data (Web pages,
graphics, e-mail attachments) than they
send; therefore, it is much cheaper and eas-
ier to push data downstream to the customer
than it isfor the data to be sent upstream
from the customer. Upstream rates for
ADSL tend to peak at around 128 kbps,
whereas downstream rates can reach as high
as 6 megabits per second (Mbps), or roughly
100 times faster than a typical download us-
ing an analog modem.

COMPETING TECHNOLOGIES

Broadband access for the SOHO market is
not restricted to telephony access. DSL is
only one choice among many for providing
broadband data access. Other competing

technologies include cable modems and
wireless broadband.

CABLE BROADBAND

Broadband access via cable television wir-
ing, commonly known as cable modem ser-
vice, is anearly direct competitor to DSL.
Cable service providers are pursuing the
same SOHO market as DSL, but with two
notable differences. First, cable has not tra-
ditionally been installed in office buildings,
therefore limiting its use for business. Sec-
ond, unlike DSL, cable signals do not dissi-
pate over distances; therefore, theoretically,
anyone with cable TV could purchase cable
modem service if his or her cable company
offers the service.

How Do CABLE MODEMS WORK?

Cable modem service provides bidirectional
I nternet access via asymmetric cable mo-
dems and cable coaxial wires. Previously,
first-generation cable modem service re-
quired the use of atelephone line for the up-
stream data connection. However, today’s
cable modem services use cable coaxial
wires to carry data downstream and up-
stream.

Broadband access speeds can reach up to 3
Mbps upstream and 2.5 Mbps downstream.
Like DSL, cable modem service uses a com-
bination of existing wiring and new equip-
ment. Downstream data is modulated and



sent via a 6-MHz-wide television channel, in
the frequency range from 50 MHz to 750
MHz. Theoretically, this will allow for a
downstream speed of 27 Mbps. However,
because most computers are incapabl e of
connecting at this speed, most service pro-
viders will limit downstream data rates to 1
to 3 Mbps. Upstream data is transmitted in
the range of 5to 42 MHz, with data rates as
high as 10 Mbps. However, because most
users do not require access at this high rate,
most cable modems are manufactured to
provide service at 0.5 to 2.5 Mbps.

Like DSL, cable modem service requiresin-
vestment in new equipment. At the SOHO
premises, a cable modem is required, which
istypically leased from the service provider.
At the cable plant, the service provider must
install a cable modem termination system
(CMTS). TheCMTS isthe key hardware for
connecting the cable TV network to the
Internet or other data networks.

WIRELESS BROADBAND

Many wireless equipment vendors and ser-
vice providers are moving aggressively to
offer wireless broadband to the SOHO mar-
ket. Like wired broadband, wireless broad-
band (also known as fixed wireless, broad-
band wireless local loop, and wireless digital
subscriber) is a network access alternative
for the delivery of data, Internet, voice,
video, and multimedia applications. Broad-
band wireless access uses licensed spectrum
to transmit signals within cells that are sev-
eral kilometers wide. It isashort-haul, line-
of-site (LOS) technology.

Among the technologies being developed for
this market are local multipoint distribution
service (LMDS) and multichannel multipoint
distribution service (MMDS). LMDS oper-
ates in the 28 gigahertz (GHz) and 31 GHz
bands. MMDS operatesin the 2.5 GHz

band. Other frequencies also in use are the
24 GHz, 26 GHz, 38 GHz, and 39 GHz

bands. Generally speaking, frequencies
above 10 GHz are known as LMDS. Unli-
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Figure 2. Potential Broadband Applications



ADVANTAGES

DISADVANTAGES

? High bandwidth service

? Low cost for medium number of users
? Voice, data, and video support

? An “alwayson” service

? Not ubiquitous

? Expensive for small number of users
? Sometimes difficult to install

? Not portable

? Security issues

Table 1. Advantages and Disadvantages of Broadband Access

censed spectrum also existsin the 2.4 GHz
and 5.8 GHz bands.

The wireless broadband technology uses
fixed wireless antennas that are highly direc-
tional and bolted to rooftops. These anten-
nas possess large data capacities and do not
support roaming. The narrowband antennas
do not use satellites. To deliver wireless
broadband Internet, a combination of tech-
nology platforms is used, from fixed wire-
less for the first mile connection to fiber
rings that connect hub site buildings, to
long-haul fiber that connects cities. Wireless
broadband connections and other fixed-
wireless connections deliver data rates from
T1to 155 Mbps. These wireless connections
serve the same function as a wireline, inter-
connecting private networks, bypassing a lo-
cal exchange carrier, or connecting to the
Internet.

How DOES WIRELESS BROADBAND WORK?
When a user sends data, data packets stream
to an antenna. The antenna then uses the
spectrum to transmit the packets in a tight
beam aimed at another antenna within L OS.
This second antennais co-located with a hub
that receives transmissions (e.g., voice,
video, and data) simultaneously from many
customers, aggregates the transmissions,
and pushes them out onto a backbone for
network distribution. Data going from the
backbone to the customer is received at the
hub. The hub sorts the packets and distrib-
utes them as transmissions aimed at the

rooftop antennas on surrounding buildings.
A combination of point-to-point and point-
to-multipoint radios (or transceivers) carry
the signals, but only if the service supports
point-to-multipoint (most do not at this
time). Audio signals can be digitized and
sent as data packets; therefore, industry
hopes to combine data and voice communi-
cations within a single transmission within
this decade.

APPLICATIONS, ADVANTAGES, AND
DISADVANTAGES

The “always on” nature of DSL and its high
bandwidth capabilities make it a good can-
didate for several applications. From sup-
port of a SOHO to advanced video telecon-
ferencing, Figure 2 highlights some of the
many potential uses for DSL and other
broadband applications.

Although DSL and other broadband tech-
nologies offer greater data access rates at a
relatively low cost per user, drawbacks to
broadband access also exist. Table 1 summa-
rizes the advantages and disadvantages of
broadband access. Table 2 compares various
characteristics for competing broadband ac-
cess technologies.

SECURITY

One selling point of broadband is that a con-
nection always exists on the Internet. Con-
tinuous access eliminates the downtime as-
sociated with dialing in via an analog mo-
dem. However, the convenience of acon-
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tinuous connection does not come without a
price. Unfortunately, that priceisalack of
security.

Continuous connections make computers
vulnerable to hackers and snoopers. For the
typical analog modem-to-1SP connection, the
ISP will assign a dynamic Internet Protocol
(IP) address at random with each new Inter-
net session. However, because broadband
connections are continuous, they tend to use
static IP addressing. Static |P addressing
makes it easier for hackers and snoopers to
target and track an individual’s personal
computer (PC).

Cable modems have an additional vulner-
ability. Using a cable modem is analogous
to using alocal area network, in which many
users share common cabling. This means
that “neighbors” who are using the same ca-
ble modem networks theoretically can inter-
cept data packets sent between the end user
and the ISP.

Several steps can be taken to address these
security concerns. A good place to start is
with the ISP. End users should ask their ISP
if any security systems are currently in place
to detect or prevent hackers and snoopers
(e.g., dynamic IP addresses, protective soft-
ware to encrypt data, or afirewall).

If the ISP does not provide dynamic IP ad-
dressing, the best protection is to disconnect
the computer from the Internet when it is
not in use. This can be accomplished either
by disconnecting the cable or telephone line
or by turning off the system. In addition, if
the ISP does not provide encryption, afire-
wall, and antihacking software, the end user
can purchase these for self-installation.
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