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Advances in information technology have drastically altered the require­
ments ofpremises distribution systems. The advent ofthe personal com­
puterhas redefined the office environment and created a growing demand
for high-speed local areanetworks. Accompanying thatdemand hasbeen
the need for open, standards-based, structured cabling schemes designed
to handle traffic generated bythe networks, no matter where they might be
inthe world. With theseneeds inmind, AT&T developed the Systimax"
premises distribution system. This article describes how a structured
cabling system, utilizing high-performance media and interconnection com­
ponents designed within the context ofopen standards, has resulted inan
increase ofmany orders ofmagnitude inthe speed ofsignals carried over
premises distribution systems.
Introduction

In 1881, the United StatesandEng­
landgrantedpatentsto Alexander Graham
Bell for twisted paircoppercables. Foralmost
100 years afterthat, premises distribution sys­
tems carriedonly analog voice signals over
cablesbasedon Bell's original design.

Duringthe pastdecade, moreand
morevoice traffic has been moved from ana­
log to digital systems. Concurrently, the com­
mercial and industrial use oflocal areanet­
works (LANs) , linksbetween mainframe com­
puters and desktop terminals or personal
computers, and other typesofnon-voice
telecommunications, has resultedina virtual
explosion ofdigital datacommunications sys­
tems. In the 1970s, those systems were
expected to transmitdata traffic at kilobits­
per-second speeds; in the '80s, speeds
increased to megabits per second (Mb/s).
Today, wesee datatransmission applications
that requiretens or hundredsofMb/s.

Asperformance requirements
increased, a strongermove toward a global­
izedmarketalsobecameapparent. The grow­
ingnumberoftransnational companies
becameaware that the many different
approaches to premises cabling had to be
replaced bymorecommon, standardized
implementations. To satisfy this need,AT&T

developed the Systimax premises distribution
system (PDS).

Structured Interconnections
The Systimax PDS connects buildings

andbuilding complexes (campuses) with
unshielded twisted paircopper cables (UTP)
and optical fiber. This approach provides an
economical andflexible meansfor transport­
ingthe diverse voice anddataapplications in
today's-and emerging-business communi­
cations environments.

Although premises distribution sys­
temsbasedon UTP cabling have beenin
existence formany years, theyshould notbe
considered outmoded or inefficient. UTP tech­
nology continues to evolve along with the
communication systems it is designed to
serve. Without exception, today's common
datasystems are supported on UTP. Infact,
recentadvances haveled to universal support
ofa 100 Mb/s twisted pair-physical media
dependent (TP-PMD) IAN,the UTP equivalent
ofthe 100 Mb/s fiber-distributed datainter­
face (FDDI).

Standards bodies are currently study­
ing industry proposals for 155 Mb/s asyn­
chronous transfer mode (ATM) protocols on
UTP; researchis under way at AT&T to deter­
minethe feasibility of622 Mb/s ATM
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Panel1. Acronyms UsedOften In This Paper

ANSI American National Standards Institute
EIA Electronic Industries Association
FDDI fiber-distributed datainterface
IEC International Electrotechnical Commission
ISO International Organization forStandard-

ization
near-end crosstalk
shielded twisted pair
Telecommunications Industry Association
twisted pair-physical media dependent
unshielded twisted pair

protocols on UTP. Agraphic historyofUTP applications
appears in Figure 1.

Aswith allmedia, an increase in transmission
speedcausesa decreasein anotheraspectofperfor­
mance. Figure2 shows the distance supported on UTP for
somecommon systemsusingsimple coding schemes. As
the figure shows, allapplications workat 100 meters. This
is important becauseinternational standardsforbuilding
wiring requireworkstations to be located within 100
metersofa telecommunications closet. Ifnecessary, the
closetcanbe used to houseelectronics to refresh
the signal from the workstation.

Some ofthe datasystems shown in Figure 2
weredesigned to use media other than UTP, such as
coaxial cables and shielded twisted pair (STP). Those sys­
temsare adapted with dataBALUNs (BALanced to UNbal­
anced), passive devices that transform the balanced sig­
nalrequiredfor UTP intothe unbalanced signal required
forother media, such as coaxial cable. The curved linein
Figure 2 shows the approximate distance-data rate trade­
offs for somecommon dataapplications on UTP, using
simple datatransmission encoding schemes. Token
Ring 4 Mb/s is an example ofa datasystemdesigned to
use STPthat doesn'ttake full advantage ofUTP's capabili­
ties. 10BASE-T and the integrated-services digital network
primary rate interface (ISDN PRI) are examples ofsystems
designed specifically forUTP. The ISDN PRI is interesting
in that it illustrates an important concept: distance-data
rates exceeding the curved lineare possible, but require
an enhanced coding scheme. BasedonShannon's infor­
mation theory! , the channel capacity ofvoice-grade
twisted pairwire would havean upperlimit greater than
370 Mb/s at lob meters.This is with a bandwidth limita­
tionof30MHz. Without bandwidth restriction, the
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capacity is close to 1Gb/s at 100 metersfordata-grade
UTP cables.? Although not shown in Figure 2,TP-PMD
carrying 100 Mb/s is operating commercially on UTP at
distances of100 meters, usingsophisticated coding
schemes. This application will be discussed laterin
moredetail.

The use ofoptical fiberinstead ofUTP provides a
numberofperformance benefits. Examples include
extending the distance between a computer host andits
terminals, taking signals from many wires andmultiplex­
ingthem ontoa single pairofoptical fibers, and provid­
ingan optical linkimmune to lightning, electromagnetic
interference, and passive eavesdropping.

Combining the high-performance capabilities of
optical fiberwith inexpensive UTP copper in a single dis­
tribution systemoffers an ideal voice anddatacommuni­
cations platform fora building or campus. Figure 3 shows
the datafrom Figure 2 on a chartwith enhanced coding
schemesused inTp·PMD and multimode optical fiberwith
the 1300 nanometer light-emitting diode drivers in com­
monuse.Thisfigure shows the advantage offiberforlong
distances and/or high datarates.Onthe scale shown, the
two copper curves approximate the datarate/distance
trade-off formostdataapplications on anyofthe pop-
ularcoppermedia, including UTP, STP andcoaxial cable.
Because UTP is universally accepted forvoice applications,
Systimax PDS simplifies building wiring byrecommending
it forvoice and datawhose applications fall within the
copperlimits. For dataapplications that call forhigher
speedsor longerdistances than UTP can support, the
guiderecommends optical fiber cable. Introducing a
coppermedium in addition to UTP would greatly compli­
catemaintenance andadministration; at best, it would
only provide a small improvement in performance.

International Standards
The design ofSystimax PDS is basedon an

openarchitecture that is consistent with existing inter­
national standards. Recognition ofcabling as the "fourth
building utility," as it is sometimes called, has led to the
development ofnational andinternational standards.
Two ofthe best-known standards are the Electronic
Industries Association/Telecommunications Industry
Association-568 (EIA/TIA-568)3 Commercial Building Wir­
ingStandard, andthe International Organization for
Standardization/International Electrotechnical Commis­
sion (ISO/IEC) draftfor the "Generic Cabling Standard
forthe Customer Premises."
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Cabling standards canhelppreserve the invest­
mentofbothvendors andconsumers; standardization
efforts are strongly supported bygroupsranging from pri­
vate companies to national governments. Ideally, a build­
ing's telecommunications distribution systemshould be

as ubiquitous as its power distribution system. Sucha
systemwould probably be basedon a single medial
connector pair. Amorepragmatic approach, given the
huge numberofexisting connector interfaces and media,
would be to limit the proliferation ofnewmedia and
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connectors that offer no significant advantages; establish
performance criteria for recognized media; and,provide
an evolutionary pathto a moreubiquitous system.

The historical perspective. Bythe timeworkbegan
on the ISO/IEC standard in 1988, the EIA/TIA standard had
already been under development formorethan a year.
The EIA/TIA standard wassubsequently approved in the
United Statesin 1991. Also approved sincethen,with
minorchanges, in Canada andAustralia, the EIA/TIA stan­
dardhas significantly influenced preparation ofthe
ISO/lEC document. The impetus forboth standardscame
from the successful introduction ofstructuredcabling
systems such as AT&T's. Marketresponse to these sys­
tems demonstrated the pent-up demand forwell- defined,
flexible, structuredcabling. Because Systimax PDS was
designed to be part ofan opensystem, its structure
inspired the EWTIA and ISO/lECstandards.

The EIA/TIA and ISO/lEC standards define a gen­
erictelecommunications cabling systemwithin individual
commercial buildings as well as between buildings on a
campus. The standardsmandate a hierarchical star topol­
ogyand specify maximum distances for the associated
segments. Building sites with a geographical spanofup
to 3,000 meters, up to 1,000,000 square metersofoffice
space, and with a population ofup to 50,000 individuals,
fall within the scope ofthe standards.

Figure 4 shows howthe telecommunications
cabling system is brokenintoseven subsystems:
- Horizontal wiring
- Backbone wiring
- WorkArea
- Telecommunications Closet
- Equipment Room
- Entrance Facilities
- Administration.

The entrance facilities subsystem refersto oneor
more locations from which service from public or private
networks is broughtintothe building. The administra­
tion subsystem provides forthe interconnection oftwo or
morewiring subsystems; the cross-connections located
in the various equipment roomsand telecommunications
closets are partofthe administration subsystem.

Because it is neitherfeasible nor desirable to
review the entire standard, only the horizontal subsystem
will be examined in moredetail.

The horizontal subsystem. The horizontal subsys­
tem is ofparticular interestbecause it usually contains
the mostcable. Changes to it causethe greatestdisrup­
tionto users.

Horizontal wiring extendsfrom the work area
telecommunications outletto the telecommunications
closet. It includes the workareaoutlet, the mechanical
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termination forthe horizontal cables andthe cross­
connects in the telecommunications closet. The stan­
dardslimit the maximum horizontal distance to 90
meters. Another 10metersis allowed forcross-eonnect
wiring in the closets and interconnections in the work
areafora total maximum of100 meters. The distance
was derived from an examination ofa broad rangeof
transmission methods used inhorizontal wiring, andby
analyzing the architectural constraints ofbuildings.

Aminimum oftwo telecommunications outlets
have to be provided foreachwork area. Onemustbe
supported bya 4-pair, lO().ohm UTP cable that meets the
performance specifications stipulated bythe standard.
The other outletcanbe supported by oneofthe recog­
nized copper horizontal media: lO().ohm UTP, 15~ohm
STP and5~ohm coaxial cable or 12~ohm twisted pair.
The 12~ohm twisted pairis not allowed underthe
EIA/TIA-568 standard; the 5~ohm coaxial cable will

probably be removed from bothstandards. Inaddition
to the two copper links, 62.5/125 micrometer multimode
optical fiberis also a recognized medium forhorizontal
subsytem installations.

In anyhorizontal distribution, alloutlets are
wired directly to the telecommunications closet. Zone
wiring is allowed bythe proposed ISO/IEC standard, but
notby the Systimax PDS. In zone wiring, a multipair
cable is broughtto a subdistribution point andseparated
intosmaller cables, creating a lossofflexibility and
potential performance penalties. Hybrid cables, suchas
combination optical fiber/UTP cables inwhich eachcom­
ponentmeetsthe standard's performance requirements,
maybe used.

Electrical performance andrelevant mechanical
characteristics forall recognized components are speci­
fied by the EIA/TIA standard andthe ISO/IEC draftstan­
dardto ensure end-to-end system performance andthe
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ability to interconnect. Otherwise, it would be possible to
have a cable that meetselectrical performance require­
mentsbut has physical dimensions incompatible with
cross-connect equipment.

With the ability to interconnect assured,changes
to one subsystem cannotaffect the others.This is a criti­
calcharacteristic ofanygenericsystembecausethe life­
timesofindividual subsystems could differ. The horizon­
tal subsystem, for example, will probably evolve through
several distinct phases,each ofwhich maylast for three
to ten years,while an overall system'slifetime, as defined
by the standard, is intended to be in excessof10years.

The ISO/lEe draft standard. Although verysimilar
to that ofEIA/TIA-568, the scope ofthe ISO/IEC standard is
slightly broader. It allows for the extraflexibility needed
fora document that will addressa global audience.

The hierarchical star topology and the subsystem
approach are common to both standards. The section
devoted to specific implementation is verysimilar. The
working draft ofISO/IEC includes an additional section
called "Link Performance."

Link performance considers cabling in a building
to consistofone or more sections. Eachsection is treated
as a "black box" within which the implementation details
are not important. Eachsection is entirely passive andcan
be comprised ofcables, connectors and suitable adminis­
tration fields. Asection terminates where it is connected
to active equipment. The performance ofthe cabling for
a particular type ofmedium is standardized at and
between the interfaces to a cabling section. The perfor­
mance requirements are relatively complex and require
technical knowledge to exploit them fully. It is the intent
ofthe standard that the cable, connector and administra­
tionfield parameters specified in its implementation sec­
tionwill guarantee that everysystemwill meet the per­
formance section. The architecture and products of
AT&Ts Systimax PDS havebeen designed to meet the
standard's implementation section.

100 Mb/s Systems
The ability ofthe Systimax PDS to handlenew

applications canbe shown by studying the transmission
ofdataat 100 Mb/s overcopper and optical fiber.

The American National Standards Institute (ANSI)
and ISO/IEC published systemstandards",5 for reliable
transmission of100 Mb/s datathrough an FDDI system.

The initially released standards defined a system
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with intelligent electrical interfaces attaching to 62.5/
125 micrometer multimode optical fibercable. Reliability
wasaccomplished by usingtwo independent, counter­
rotating rings, with one ring acting as "primary," andthe
other as a backup "secondary." If the primary ringfails,
"intelligent" components in the interconnecting devices
switch traffic to the secondary ringwithout losing data.
Oneofthe mostcommon architectures, shown in Fig­
ure 5, uses the FDDI systemas a backbone forintercon­
necting other lANS, such as aTokenRing Network or a
10BASE TNetwork.Interconnection equipment, suchas
bridgesor routers, attachesthe lANs to the FDDI back­
bone. AT&T has participated in this standards-setting
processand will continue to do so as additional 100
Mb/s advances are made. All products, fiber, architec­
ture and supported distances ofthe Systimax PDS are
compatible with this standard.

TransmiUing 100 Mb/s Over Copper
Duringthe pastyear, a newandimportant

development has been the introduction of100 Mb/s
transmission onboth shielded andunshielded twisted
pairforhorizontal runs between concentrators and
workstations. This development-TP-PMD-has been
driven by the desireto reducethe costofthe electronics
in the concentrators and the workstation interfaces, as
well as the costofthe fiberdistribution system in a
building's horizontal distribution. Figure 5 makesit clear
that this activity applies only to horizontal runs. Optical
fibercontinues to be usedforbackbone andcampus dis­
tribution. Installing twisted pairin the horizontal runs is
possible becausedistances required are less than the gO­
metermaximum defined by the building cabling stan­
dards. The 2-kilometer distance permitted foroptical
fiberby those standards is overkill forthe gO-meter
horizontal distance. Insightinto this may be gained from
Figure 3.

Forcopper media, two significant technical
issuesmustbe considered: high-quality transmission of
data, andmeeting electromagnetic compatibility require­
mentsestablished to meet internationally accepted stan­
dards." The standards dealwith radiated emission,
immunity to external noise, immunity to electrostatic
discharge, and other items.

ForTP-PMD, an important issueconcerns the
method used to transmit 100 Mb/s dataon copper. The
FDDI system, infact, is a 125 Mb/s bit streamthat
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contains 4 bitsofinformation for every 5 transmitted bits.
Itis important to continue to use the "4out of5"codeso
thatthe FDDI chipsets canbe used without change.
Interface circuitry converts the 125 Mb/s bit streaminto
aform that matchesthe characteristics ofthe media.

Transmission considerations. Whenever a TP-PMD
copper-based systemis developed, it is necessary to
maintain performance at the verylowerror rate required
bythe existing FDDI standard. To do this requiresa good
signal-to-noise ratioat the receiver in aTP-PMD system. In
any two-pair system, the signal transmitted from a piece of
equipment is at an appropriately high energylevel. This
energy canhopfromthe transmitting pairto the receiving
pair near the equipment andappearas unwanted noise7•
Thenoise, called near-end crosstalk (NEXT), is measured
indecibels ofisolation between pairsina cable. This is
measured as a function offrequency, andthe crosstalk
increases with frequency. NEXT is measured on whatcould
beconsidered an inverse scale: the largerthe NEXT isola­
tion, the better the cable.

The level ofa signal as it arrives at the receiver
depends on the attenuation characteristics ofthe cable
and the lengthofthe cable. Attenuation describes how

Figure 5. Reliable transmission of horizontally distributed
data at 100 Mb/s on copper is connected to an FDDI back­
bone system with counter-rotating rings. Bridges or routers

interconnect the system to other LANs.

mucha signal is reduced: the lower the attenuation, the
better the cable. Attenuation is also measured as a func­
tionoffrequency, and increases with frequency.

Figure 6 shows NEXT andattenuation plotted as a
function offrequency for the AT&T Systimax 1061/2061
high-performance datacable. Ameasure ofsignal-to­
noise margin fora two pairdatatransmission systemis
the difference between these two curves. In Figure 6, the
cable shows a significant signal-to-noise margin for 100
Mb/s transmission. Animportant pointto remember is
that the lower the frequency, the better the margin, so
that coding methods that use signals confined to lower
frequencies will havebetter margin. Increasing the sig­
nallevelwill not improve the margin ofsignal relative to
NEXT because the NEXT level increases proportionally to
the increase in the signal level.

Asecond possible sourceofnoise is interference
from outside sources," The effect ofthis canbe
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overcome byusingappropriately high signal levels. It is
alsocontrolled by usingcable and electronic design tech­
niques. The Systimax 1061/2061 cable uses tight-twist
geometries to minimize outside interference. Coupled
with balanced transmission schemesand appropriate sig­
nallevelsfor the electronics, it has been possible to
develop robust transmission ofdataat 100 Mb/s on high­
quality twisted paircable. Attempts to resolve radiated
energyissuesby reducing the signal level has a negative
effect on the quality ofthe transmitted data. This is true
becausethe noiselevel from outside interference will
remain constantas the signal level is reduced, leading to
a poorersignal-to-noise ratio.

Electromagnetic compatibility considerations. Per­
haps the mostcritical challenge facing designers of
copper-based transmission systemproducts is to satisfy
electromagnetic radiation limits imposed bythe Federal
Communications Commission in the United Statesand
the lEe's International Special Committee on Radio
Interference (CISPR) in Europe. Bothagencies have esta­
blishedmaximum allowable radiated energy, startingat
30MHz and extending beyond 1000 MHz. Radiated
energyfrom equipment sometimes leaksdirectly onto
the cabling systemin the form ofcommon modesignals.
These signals account formostofthe radiated energy
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from cabling systems. Often this is not from the sig­
naldrivers directly but from clocks andother signal­
generating components within the equipment. This can
usually be controlled bycareful design ofthe equip­
mentor by installing common modefilters. Whenthe
signal energyitselfis above 30MHz, the cabling sys­
tem canconvert signal voltages to common modevol­
tages.AT&T Systimax 1061/2061 cables minimize this
conversion processbecauseoftheir superior balance.
The balance is controlled by a tight-twist design,
patented byAT&T, andcareful fabrication to improve
the cables'mechanical tolerances. Also, the bit stream
format proposed in the standard wasscrambled so
that there are no single frequency components during
idlepatterns.

In addition to standards concerning electro­
magnetic radiation emission from a wire, the European
Community also has standards concerning the wire's
immunity to electromagnetic radiation. Oneofthe most
stringentrequirements is basedon the IEC 801.4 test.
Premisesdistribution systems undergoing the test are
bombarded with fast transientpulses. The test requires
the systemsto recover from this bombardment. The
tight twists and superiorbalance ofthe Systimax
1061/2061 cable rejectsthese transient pulses.



Atthe timethis article waswritten, commercial
versions ofaTp·PMD systemwere installed and running;
ANSI continues to worktoward completion ofaTP-PMD
standard.

Summary
The standards-based AT&T Systimax premises

distribution systemprovides great flexibility, allowing
the evolution to allpopular dataprotocols. UTP, currently
the mostcommon transmission medium, continues to
offer the mosteconomical combination ofbandwidth,
easeofinstallation, and immunity to noise. Optical fiber
canaugment coppercableto provide highcapacity, secu­
rity against electronic eavesdropping, and immunity to
severe electromagnetic interference sourcesand lightn­
ing. Identifying the subsystems allows customers to
install andmaintain the entiredistribution systemina
modular andflexible manner.

Just as they do in other industries, international
standards play an important role in premises cabling.
End users, concerned aboutobsolescence, are eager to
embrace industry standardsto protecttheir investment
incabling and interconnecting hardware. In addition,
largemultinational corporations are interested in adopt­
inga cabling systembasedon a global standard so that a
consistent cabling infrastructure will be found in alltheir
office locations.
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