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Toserve the global marketplace effectively, AT&T's private branch
exchange (PBX) hardware mustbe adaptable to a wide range oftechnical
and regulatory environments quickly and at minimal cost. To control the
potential expense ofresolving hardware problems inremote areas, a high
level ofsystem reliability mustbe ensured. Thispaper presents the reasons
for providing hardware adaptability and outlines seven dimensions ofthe
global design problem. Italso explores issues confronted increating the
proper degree ofhardware flexibility, the design technologies used to
address these issues, and AT&T's current, overall approach toglobal hard­
ware engmeenng.

Introduction
With the development ofthe Definity"

Generic 3 (G3) communications system, inter­
national and U.S. domestic PBX productlines
have mergedto form a single, unified product,
or platform. To servethe global marketplace
effectively, this platform (i.e., a product that
canbe readily modified to meet the needs of
each relevant market) mustbe usable in many
technical environments andmustbe economi­
cally attractive wherever it is sold.

Avariety ofstrategies have been used
in the Definity G3 communications systemto
develop hardware that achieves the objectives
oftechnical flexibility and competitive system
economics, called world-elass design. (See
Panel 1for definitions ofabbreviations, acro­
nyms, and terms.) In this paper, wedescribe
the problems facing designers ofhardware
intended forglobal operation, andweillus­
trate the application ofworld-class design
strategieswith specific examples ofDefinity
G3 communications systemhardware devel­
opment. Wealso presentsomelimitations of
alternative approaches.

Nature of the Problem. Success in the
global marketplace requiresa high degree of
adaptability to widely varying technical, regu­
latory, and social!cultural environments. This
contrastswith the U.S. telecommunications
environment, whereregulations and technical
conditions are generally well-known and

stable. The main forces that drive U.S. product
changeare evolving customer needs,techno­
logical progress, anda regulatory decision pro­
cess in which AT&T participates actively.

In many telecommunications markets
outside the U.S., regulations are defined
poorly, are changing rapidly, or are nonexis­
tent.Their technical environments maybe far
different andmorevariable thanwhatis typi­
calin the U.S. In the United Kingdom, for
example, the operating mode ofthe public
network has recently migrated from so-called
loop start, disconnect clearing to loop start,
guarded clearing for loop-start trunks serving
PBXs. In Spain, newconnectivity requirements
ofthe public network are beingimplemented
as central office switches migrate from analog
to digital technology.

Often this technical evolution results
in conflicting standards, making it difficult to
determine which requirements the hardware
must meet. In somecountries, multiple sets
ofsometimes conflicting type approval
requirements are beingused to varying
degrees. During the typeapproval process,
the government in eachcountry determines
whethera given productshould be certified
and licensed for saleandconnection to the
public telephone network. Even when
requirements are somewhat stable, theyfre­
quently are not available in English, andare
therefore subject to misinterpretation. Alocal
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Panel 1. Abbreviations, Acronyms, andTerms

B-frames - bidirectionally predicted, interpolative­
coded frames

CCITT - International Telegraph andTelephone Con-
sultative Committee

dB-decibel
EEC - European Economic Community
DID - directinward dialing, alsoknown as directdial,

incoming (DDI) , allows callsroutedthrougha PBX
to reachan extension directly without the inter­
vention ofa PBX attendant.

disconnect clearing - In disconnect clearing, the de
trunk loop at the PBX is either openor closed.

DTMF - dual-tone, multi-frequency, orTouch-Tone
FAC - feature accesscode
guardedclearing - This typeofclearing uses a spe­

cialsignaling state to preventtrunks from being
reusedfor callsbeforethe centraloffice has
cleared the previous call.

ISDN - Integrated Services Digital Network
loop start trunks - These trunks use a signaling pro­

tocol based on connecting anddisconnecting the
twoleads ("tip" and"ring") at the PBX

MF - multi-frequency
PBX - private branchexchange
PCM - pulsecodemodulation
PPM - periodic pulsemetering
pps- pulsesper second
PSTN - public switched telephone network
sinkcurrent- de current absorbed at the central

office
sourcecurrent- sourceofde currentprovided by

the PBX
typeapproval process- a processin which the

government ofeachcountry determines whethera
given product shouldbe certified and licensed for
saleandconnection to the public telephone net­
work

Vac - volts alternating current
Vde- volts directcurrent
world-class design- a designapplicable to three or

morecountries

partnerwho has experience withlocal regulations and
has dealtwith the approval authorities is critical for clari­
fying requirements. Even with suchexperthelp, at times
wehavefound it necessary to resolve differing opinions
ofseveral local contacts.

Although movement toward harmonizing stan­
dards,particularly among European Economic Commu­
nity (EEC) membercountries, offers somehope ofeasing

the global design problem, the reality is likely to fall
short ofoptimistic expectations. Even with attempts to
standardize public network requirements, individual
countries will notbe likely to changebasiccharacteris­
ticsoftheir network that people have come to expect.
These include network tones, ringing cadences, the way
people operate certain features, voice andtonelevels,
etc.These attempts at standardization mayresultonly in
standardizing the documentation offeature differences,
allowing type approval testingin other than the country
ofinstallation, and possibly standardizing newservices
such as Integrated Services Digital Network (ISDN).

Functionality that is usually implemented in a
particular way in the U.S. is often implemented in differ­
ent, evenopposite, ways inother countries. Ondirect
inward dialing (DID) trunks in the U.S., the trunkbattery
is connected at the PBX rather than at the central office.
(On central office trunks, the reverse is true;the battery
is provided at the centraloffice.) In somecountries, the
batteryis always provided at the central office, evenon
DID trunks. These circumstances posespecial problems
for the design ofhardware intended to be used in a prod­
uct- particularly ina PBX - that will be marketed in
many countries.

Dimensions of the Global Design Problem. If the
problem ofglobal designis analyzed, several dimensions
appear. Planners anddevelopers try to identify the best
system solution within this multidimensional framework.
Dimensions ofthe problem include:
- Design time
- Design complexity
- Administrative software complexity
- Cost
- Productconsolidation
- Size ofcustomer base
- Marketwindow.
Global designcanhave positive and negative effects on
allthese dimensions.

Design time. The broaderthe design goal, the
moretimeplanners and developers mustspendanalyz­
ing requirements ofvarious countries. Theymustcon­
ductmoremarketanalysis before a design canbe imple­
mented, and develop morecomplex hardware and/or
firmware designs, which significantly increases the
development time.

Design complexity. Asdesigngenerality increases,
often so does design complexity, which, in tum,
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decreasesmanufacturability and reliability. Ifadditional
hardware components are needed, the accompanying
rise in circuit packcostsmust be bornebycustomers
whousually will notneed allthe generalized functional­
ity. Forexample, if a "universal" DID circuit packwere
designed both forcountries in which the central office
provides the batteryandalsofor those in which the PBX
provides the battery, somecustomers would payfor PBX
batterycircuitry not neededin their country. Oncircuit
packsused ingreat numberson a PBX, such as central
office trunk or analog station linecircuit packs, the over­
head cost ofunusedgenerality cangreatly increase the
total systemcost. If this increase wereapplied to a

We emphasize an initial
collaboration among systems
and development engineers,

local consultants,
and market management

systemwith 2000 analog trunk ports,an overhead incre­
mentofUS $5.00 per port mightmakethe priceofa
switch uncompetitive. On the other hand,for less com­
monly used circuitpacks, the overhead ofunusedgener­
ality will haveless effect on overall systemcost.

Administrative software complexity. Asthe generality
ofcircuit packsincreases, so doesthe complexity ofadmin­
istrative software neededto selectdesiredmodesofopera­
tion. This software complexity increases development cost
and may decreasereliability. Froma systemadministra­
tor's perspective, the greater the numberofinapplicable
options offered by the hardware, the more difficult the sys­
tem administration. FromAT&T's perspective, documenta­
tionbecomes more complex, and the chanceoffield prob­
lemscausedby administrative errors grows.

Cost. Increasing circuitpackgenerality maylead
to economies ofscalethat reducecircuit packcosts, par­
ticularly if a designcanbe used in both U.S. and non-U.S.
markets. The costofa circuit packmaydropsignificantly
if it canbe soldingreat quantity to U.S. customers, thus
subsidizing special capabilities neededto supportglobal
needs. Ofcourse, the cost to U.S. customers mustnotbe
increased, becausethis canreduceoverall sales.

Product consolidation. Asgenerality increases, cir­
cuitpackproductlinescanbe consolidated, reducing the
costofinventory, servicing, field maintenance,
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upgrading, etc.Limiting the numberofcircuit pack
choices canalso simplify systemconfiguration.

Size of customer base. The impact ofanyproposed
generalization mustbe measured against howmany addi­
tional customers the enhanced productmightgenerate,
compared to the existing product. If this numberis small,
the cost ofgeneralization may outweigh its potential
benefits.

Market window. Introducing generality to designs
may delay initial systemdevelopment. In the longrun, the
generality mayshortenfuture development cycles. The
costofdesigngenerality mustbe considered in relation to
both short- and long-term marketopportunities.

Design Philosophy and Technologies. AT&T engi­
neers havedeveloped a variety ofapproaches to design­
inghardware for systemsthat are marketed globally.
Eachapproach has appropriate applications, as well as
drawbacks. The mostobvious philosophy is to design for
universal applicability. However, this approach usually
increases the hardware design cost, development time,
andcomplexity, adding to end-customer costs. Designers
must selectjudiciously from available strategies, suchas
those described in the nextsection.

Identifying important differences. Although require­
mentsoften differ among countries, specific details, care­
ful analysis, and consultation with local experts (orwith a
country's telecommunications authority) may reveal that
differences are not important or canbe disregarded. As
somecountries migrate from analog to digital public net­
works, tone-frequency detection standards that originally
wereused to compensate forlow-performance analog
central office switches are ignored; newdigital central
offices havebetter-controlled performance.

Marketrealities also reducedifferences among
countries: Often, it is not necessary to support signaling
protocols that are either outdated or notusedby most
potential customers. Weemphasize an initial collabora­
tionamong systemsand development engineers, local
consultants, andmarketmanagement to refine the list
ofdifferences to which our hardware mustadaptbefore
it is implemented.

Hardware versus firmware flexibility. The availability of
firmware control onport circuit packsblurs the meaning
ofuniversal hardware. Many functions that formerly
would have required the implementation ofcomplex
switching capabilities in physical components are now
available as firmware options. The costofimplementing



procedures that can be generalized infirmware is not
reflected in the cost ofcomponents. It does, however,
requiremorecomplex algorithms, which increase the
development and testingtimeand add to the final cost.

In trunk and linecircuit packsofthe Definity
G3 communications systems, firmware-based generality
is often builtintotimersand signaling protocols. Astan­
dardized set offirmware world-class timershandles most
protocol timing functions performed by port circuit
packs. System software downloads appropriate values to
these timers, based on local requirements.

Portions ofsignaling protocols are implemented
as a set offirmware algorithms. In many countries, the
centraloffice provides linesupervision usingthe polarity
ofbatteryvoltage applied to tipand ringleads. Unfortu­
nately, the timesat which these polarities are reversed,
andwhytheyare reversed, are not standardized. In
someDefinity G3 communications systems, analog trunk
circuit packsallow systemadministrators to selectfrom
among fourpolarity-reversal signaling protocols. The
firmware then interpretsthe reversals and presentsa
morestandardized interface to systemsoftware.

Programmable chip technology. Components with
programmable characteristics are now available formany
port circuit packapplications. This technology greatly
expands circuit packuniversality without increasing com­
ponentcost. Line and trunk circuit packscannow use
programmable chiptechnology to provide program­
mable impedance and loss/gain characteristics. Local
requirements are met bydownloading coefficient sets
that determine the chip'scharacteristics.

Replaceable components. Circuit packlayout canbe
designed to makereplacement ofkeycomponents easy.
Forexample, filters canbe adjusted bychanging discrete
resistorsor capacitors. Replaceable, discrete compo­
nentscanbe used on standardcircuit boardblanks to
produce a variety ofcircuit packs.

It is alsopossible to generalize equipment by
providing switches and strapsforkeycharacteristics,
such as A- or u-law companding mode. Although this can
produce multipurpose hardware, it canalsoincrease field
maintenance problems and unreliability; correcting prob­
lemscaused by an incorrectswitch settingcanbe costly.
Generally, Definity G3 communications systems donot
use this approach.

Using special- and general-purpose hardware. Designs
targetedto the needs ofthree to five countries, rather

than a largermarketset, generally are morefocused and
produce higher quality resultsbecauseeveryone canget
an in-depth understanding ofthe targetcountries' needs.
In addition, testingcanbe performed on a restricted set
ofconfigurations. Although as few as three countries may
be targeted, usually other markets are found with require­
mentscloseenough to makethe samecircuit packs
usable in morecountries than originally pinpointed.

Generally, these "limited-world-class" designs
incorporate both specific features neededfortarget
countries anda set ofuniversal features intended to max­
imize the chancethat the circuit packwill be usable else­
where. Forexample, most trunkcircuit packsnow pro­
vide selectable A- or u-law companding, as well as a stan­
dard set ofworld-class firmware timers, even if allcoun­
tries in the target set use only a single companding law.

Whenweencounter countries with veryspecial­
izedneeds,such as unique batteryfeed levels or
impedance characteristics, wesometimes produce spe­
cial circuit packreleases. Because mostcircuit packs are
now designed with this possibility in mind, theyoften can
be adapted by changing only a few discrete components.

Using external converters and adjuncts. Using available
local adapters andadjuncts may be the best way to satisfy
a particular country's needs. Ifa country has an unusual
interface requirement, local manufacturers often develop
converters that accommodate standard equipment. While
this mayadd to the expense ofthe system solution, it may
manage overall development costsmoreeffectively and
meetcustomer needson a moretimely basis.

Standardized interfaces to software. Many world-class
circuit packsused in Definity G3 communications sys­
tems are designed to presenta consistent interface to
switch software, evenwhena country's requirements are
unique. In mostcountries, not alltimersneedto be pro­
grammable. Nevertheless, to provide a consistent system
interface, mostworld-class circuit packsaccept alltimer­
settingmessages without reporting errors, even when
corresponding programmable timersare notpresent.
This simplifies systemsoftware, because it is not neces­
saryto identify specific circuit packsto determine which
timermessagesto sendfrom the switch software to the
circuit packfirmware.

Examples of World-Class Hardware Design
In this section, wedescribe howwecanapply

world-elass hardware design strategyto the development
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ofanalog trunk and line interface, tone plant, and trans­
mission characteristics.

Analog Line Interfaces. Evenin a modem digital
PBX, the basicanalogline interface is probably the most
commonly used port. In addition to "plain oldtelephone
sets," this interface connectsto the PBX numerousexter­
naldevices, including facsimile machines, answering
machines, and externalalertingdevices.

Unfortunately, evenbasicanalog equipmenthas
characteristics that varywidely throughout the world.
The PBX must function correctlywithboth oldand new
analog devices. Unlike the U.S., where dual-tone, multi­
frequency (DTMF, or Touch-Tone) sets havegaineduni­
versalacceptance in the workplace, much ofthe world
continues to use rotary (dial-pulse) telephones. Manyof
these telephonesexhibitunusualsignaling and voice
transmission characteristics, requiringanaloglinecir­
cuitswithconsiderable flexibility. Timers mayneed to be
adapted to accommodate "contactbounce" that occurs
whena handset is lifted fromthe switchhook, because
this mightbe mistaken for digitsbeing dialed or for a
request to place a callon hold.

Design Flexibility. The recall signal, used to access
PBX features fromanalogtelephones, provides an exam­
pleofthe need for flexibility in analog linecircuitdesign.
Analog telephonesgenerate two types ofrecallsignal:
- A timed break recall, in whicha timedopen (break) of

the telephoneloop (i.e., a momentary on-hook) is
made

- Agroundrecall, in whichone or both loop leads are
momentarily grounded.

Standards for the durations ofbreaks andgroundings
varyamongtelephonetypes. In the U.S., the timedbreak
recall is frequently supported, but ground recallis not.
However, to adaptto globalneeds, analog line circuit
packson Definity G3 communications systemscan detect
both timedbreak and ground recallsignals. This is cost­
effective not onlybecause it is moderately priced, but also
becauseboth recalltypes are sometimes needed on the
same system. Also, typeapproval standards in manycoun­
tries mandate specific recallsignalrecognition windows
to preventusers frommishandling (e.g., unintentionally
dropping) callswhen they access PBX features. For these
and other reasons, the Definity G3 communications sys­
tem has administrable recallsignaldurations.

Adapting to global ringingcadencerequirements
is anotherchallenge for designersofanalogline
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hardware. The l-second-on/d-seconds-off ringingpattern
common to PBX telephone users in the U.S. is by no
means a world standard. Elsewhere, ringingcadences
maybe I-second-on/2-seconds-off, I-second-on/3­
seconds-off, or other patterns unusualto U.S. telephone
users. Local governments often regulateringingpatterns
of PBXs to matchthe ringingsignalsprovided by their
public switched telephone network (PSfN). Also, in some
markets cultural preferencesinfluence the choice ofring­
ing patterns. InJapaneseoffices, the U.S. l-second-on/d­
seconds-off cadenceis perceived as too "drawn out."
Japanesecustomdictatesthat ringingphonesbe
answered quickly. Consequently, they prefera l-second­
on/2-seconds-off ringingcadence. To meet typeapproval
requirementsand satisfy customerexpectations, the
Definity G3 communications systemoffers a variety of
selectable ringingcadences, implemented in firmware
timers on world-class analog linecircuitpacks.

The question ofringingcadencehas design
implications beyond the need to provide programmable
timers.Rapid ringingcadences, such as those used in
Japan, require a higher average powerto be delivered to
ringingtelephones. Therefore, either ringingcircuit
capacity must be increasedor someother way ofhan­
dlingthis larger loadmust be provided.

Providing increasedpowercapacity on analog
linecircuitpackscouldsignificantly increasesystemcost
for customerswhodo not need rapidringingcadence.
Instead, in cases where called analog phonescannotbe
rung immediately because the powerlimits the maxi­
mumnumber ofphonesthat can ring simultaneously,
software routes the overflow to PBX attendants or invokes
other procedures. In addition to software procedures,
hardwaredesignsalsoaddress this problem. Circuit
packhardwareand firmware assignports in groupsof
four, each withits ownringinggenerator.Oneport in
each group can receive active ringing (atwhichtimethe
other ports in the group must be in the silentportion of
the ringingcycle). Portgroupingstatistically reduces the
chanceofcallsnot beingable to ring at a station, because
such blocking can occuronlywhenfourports (or three,
in some special cases) in the samegroup are ringing.

Trunk Interfaces
PBXs connectto the PSfN through network trunk

interfaces. DID trunks allow PSfN callersdirectdial
access to PBX extensions. A centraloffice trunk carries



outgoing PSTN calls andaccepts incoming PSTN calls to
PBX attendants. Tie trunks provide private connections
between two PBXs. Because trunk interlaces connect the
PBX to a variety ofPSTN equipment, from modemdigital to
veryoldstep-by-step centraloffices, PBX trunk interlace
hardware mustbe flexible. Designing trunk interlaces to
satisfy a particular country's official specifications does
notguarantee compatibility with allofits centraloffices,
especially those with step-by-step switches, forwhich
accurate specifications maynot evenexist. The next sec­
tiondescribes two examples ofthe needforflexibility in
network trunk interlace hardware and design approaches
that provide it.

Central Office Trunks. Ground start central office
trunks are used widely in the U.S. to connect central
offices to PBXs. In groundstart trunks,central offices

Circuit pack hardware for
a world-class central office trunk

must detect and generate
all required signals to andfrom
a wide variety ofcentral offices

initially signal incoming callsto the PBX bygrounding
oneofthe trunk leadsandthen applying ringing. In loop
start trunks,ringing is the only signal that indicates an
incoming call.

Ground start trunks weredesigned to solve
problems that arisewhensimpler loop start trunks are
connected to PBXs. Two particular problems areglare and
lack ofdisconnect supervision. Glare occurswhenboth
the central office and PBX end ofa trunk are seized simul­
taneously (i.e., a PBX partyattempts to use a trunk to
send an outgoing callat the samemoment that the cen­
traloffice is sendingan incoming callto the PBX). Lack of
reliable disconnect supervision (theability to determine
wheneach partydisconnects from a call) makesit diffi­
cultto ascertain whethercertain types ofcalls havebeen
completely disconnected. This often createsproblems
with conference callsor callsto automated answering
devices such as Audix" telecommunications products.

Despite problems associated with loop start cen­
tral office trunks in PBX applications, mostcountries con­
tinueto use them because, bycomparison, groundstart
trunksare morecostly and complex. In somecountries,

central offices use batterypolarity signaling to overcome
problems ofglareand disconnect supervision with loop
start trunks.Unfortunately, these specialized central
office protocols havenotbeen standardized. Worldwide,
there are at leastfive different implementations ofpolar­
ityreversal signaling. Forexample, whenanoutgoing
call is placed in Hong Kong, central offices reverse bat­
tery polarity as soonas the called partyanswers. Butin
The Netherlands, the central office reverses battery
polarity to signal that it has received the outgoing
addressdigits.

Generally, loop start trunk interlaces on Definity
G3 communications systems provide circuit pack
firmware that includes sets ofalternative signaling proto­
colsandprogrammable timers. In addition, somespecial­
izedhardware is used to detectbatterypolarity transi­
tions. To provide a morestandardized interlace to switch
software, loop start trunk interlaces map polarity reversal
signals into existing messages that are sent to call pro­
cessingsoftware. Forexample, rather than usinga spe­
cial "polarity restored" message, the circuit packsendsa
generic"disconnect" message if the central office nor­
malizes batterypolarity during a call. This minimizes the
effect thatvarious signaling protocols have on switch
software; it also illustrates the strategy ofusingcircuit
packfirmware to buffer switch call-processing software
from differences among PSTN protocols.

To accommodate countries where loop start
trunks do notprovide anydisconnect supervision, other
strategies are needed. Definity communications system
software incorporates strictsoftware algorithms that
specify the typesofconnections that the PBX canmain­
tain. These algorithms only allow connections thatguar­
anteecomplete disconnect supervision.

Circuit packhardware for a world-class central
office trunk mustbe designed to detectandgenerateall
requiredsignals to andfrom a wide variety ofcentral
offices. In addition, circuit packfirmware must support
many different protocols that use these signals. Switch
administrators must selectprotocols, signal options, and
timervalues, often basedonthe specific central office to
which the PBX is connected within that country.

In many countries, to provide billing information
the central office sends call chargemetering pulses, also
called periodic pulse metering (PPM), to the PBX. These
metering pulses, consisting ofbrieftone burstsoverthe
tip/ring pair, are detected andcounted to determine call
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Italy: Outgoing call

Belgium: Outgoing call

I Idle
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B 0-----------------------------
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Transmit
Idle

Transmit
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B ~ 1JI Answer 0
End of dialing

Figure 1. Digital pro­
tocol sequences for
basic outgoing cen­
tral office calls in Bel­
gium and Italy. The
Italian protocol uses

fewer bits from the
control channel than
does the Belgian pro­

tocol, but It has a
more complex state
architecture. In Bel­
gium, DTMF signals on
the speech channels
are used for address
signaling; In Italy,
toggling the A bit
simulates rotary dial­

ing (make/break
signals).

charges. Among countries, three basicpulsetypesare
used: 50-hertz (Hz) longitudinal, 12-kilohertz (kHz), and
16-kHz transverse pulses. In addition, frequency toler­
ances, levels, timing, and termination requirements differ
among countries. To handlethese various requirements,
the frequency, level, timing, andtermination impedance
ofworld-class PPMdetectorsmustbe programmable.
This capability is implemented primarily in hardware
rather than in firmware. Mostofthe world-elass central
office circuit packsused in Definity G3 communications
systemsdonot supportallthree basic pulsetypes. Gen­
erally, it is better to supportonly two ofthe three types
on a single circuit pack, becausethe groupofcountries
inwhich a particular circuit packwill be used often has
similar PPM requirements.

Topreventoutgoing callsfrom beingmadeon
faulty lines, somecountries (e.g., Australia) requirethe
PBXto test centraloffice trunks beforemaking eachout­
goingcall, either bydetecting PSTN dial toneor testing

the dc condition on one or bothtrunk leads. Because
Definity G3 communications systems support dial-tone
detection administrable for a wide rangeofcountries,
extrahardware usually is notneededto meet this
requirement. Asolution has been developed basedon
software rather than hardware to minimize hardware
complexity andtakefull advantage ofexisting world-class
tone-detection capabilities.

DID trunks. Byaccepting and processing exten­
sionaddresssignals from the centraloffice, DID trunks
provide directdial accessto PBXstations from the PSfN.
There are two major categories ofDID trunks: those for
which the PBXprovides dc current (source current) and
those forwhich a PBXabsorbs de current (sink current).
There are many signaling protocols evenwithin the same
category. Supporting economical DID service across
many countries requiresat leasttwo types ofhardware
- current sinkandcurrent source- with administrable
firmware designed for the specific signaling protocols
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andtimings ofthe countries in which they are marketed.
The difference in the designofsink- and source-type cir­
cuitpacksmakesa single design, adaptable to both appli­
cations, costly. Eachcustomerwould be paying for two
typesofDID circuit packhardware, one suitable for their
country's DID (source or sink) modeand anothersuitable
foran unneeded mode.

Digital trunks. DSl (U.S.) and El (European) digital
trunks use bit-oriented signaling (BOS) to provide central
office, DID, and tie trunk services. Asin analog trunk pro­
tocols, digital BOS protocols used by DSl and El trunks
varywidely amongcountries. DSl trunks have24chan­
nelsthat transmit1.544 megabits per second (Mb/s)
compared toEl trunks,which have32channels that
transmit 2.048 Mb/s. In addition, mostcountries have
their own systemfor linesignaling andcallprocessing.

Figure 1 illustrates digital protocol sequencesfor
basic outgoing centraloffice calls in Belgium andItaly.
Even thoughthe Italian protocol uses fewer bits from the
control channel than does the Belgian protocol, it has a
morecomplex state architecture. In Belgium, DTMF sig­
nalson the speechchannels are used foraddress signal­
ing,while in Italy, toggling the Abit simulates rotarydial­
ing (make/break signals). The two protocols are differ­
ent, evenfor a simple outgoing call.

To be applicable to as many world-class digital
trunk processesas possible, signaling protocols are han­
dledby circuit packfirmware. The firmware canbe pro­
grammedthrough systemadministration to process
many signaling protocols. Programmable parameters
include the correctnumberofspeechchannels, proper
timing, andcompanding mode.

World-class tie trunk design. A PBX tie trunk is a
directcircuit interconnecting two PBXs without interme­
diate switching. One, two, or three pairsofwiresmay
connectthe two PBXs.

Basic designcharacteristics foranalog tie trunk
circuits are modeand signaling protocols. The E&M sig­
naling mode is the FCC-registered tie trunk interface des­
ignation that ensuresfull compatibility with signaling
equipment in the U.S. These signaling modesare suffi­
cientformosttie trunks in use throughout the world.
The E&M leadsare used forde signaling between two
tie trunk interfaces; de signals are sent on the E leadand
received onthe M lead.

Because ofits simplicity, type 1 signaling proto­
colis used with many E&M tie trunks. Withtype1signal-

ing, grounding or ungrounding the Mleadat the trans­
mitend signals off- or on-hook conditions, respectively.

Unfortunately, type 1 signaling cannot provide
universal compatibility with signaling equipment inall
countries. For example, inAustralia, analog tie trunks
must supporttwo non-type 1signaling protocols. One
typeis "ground offidle," or type 5 signaling, and the
other is "ground idle," or reversed type5. In reversed
type 5 signaling, grounding onthe Mleadindicates an
on-hook condition, while ungrounding indicates an off­
hookcondition. Afully universal analog tie trunkmust
provide a flexible signaling schemeto supportat least
type1 standard, type1compatible, type 5,and reversed
type5 protocols. Aswith circuit packsin the analog cen­
traloffice trunk, tie trunk circuit packfirmware is pro­
grammed throughadministrable software. This software
allows onecircuit packto handle multiple E&M signaling
protocols, including the fourprotocols just mentioned.

Other tie trunk circuit packcapabilities (exclud­
ingsignaling protocols) mustbe flexible enoughto meet
a rangeofglobal requirements. In the U.S., the standard
decadic-dialing pulserate is 10pulsesper second (Pps) ,
whereasin other countries (e.g., Japan), the nominal rate
is 20pps.To supportboth 10- and20-pps rates,circuit
packdial-pulsing circuits are controlled byfirmware that
canvarydial-pulsing signal durations.

Whenan existing fixed (U.S. standard) firmware
timeris changedto a programmable world-class timer,
the software/firmware design strategy mustbe compati­
blewithbothold (fixed U.S.) timersandnewones. To
maintain backward compatibility with earlierU.S. soft­
warereleases, each programmable timerdefaults to its
standard U.S. value. Generally, circuit packs do notsup­
portprogrammability ofalltimers. To reduce complexity
by usingstandardized algorithms, administrative soft­
wareusually sendsa complete set oftimer-setting mes­
sages to circuit packs, evenif a circuit pack doesnot sup­
port the full set ofprogrammable timers. Circuit packs
are designed to acceptalltimer-setting messages without
reporting maintenance errors, evenfor timers whose
programmability they do not support. Therefore, admin­
istrative software doesnothaveto calculate particular
timer-message sets whenprogramming world-class ana­
logcircuit packs.

Tie trunk transmission requirements vary
among countries. Italian specifications require that ana­
logtie trunks provide Odecibel (dB) digital loss. Without
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flexible circuit packcapabilities, this would be incompati­
ble with other systemtransmission plan components. By
adding firmware-controlled elements to the analog trans­
mission circuitry, the overall loss plan for anycountry
canbe achieved while still meeting specific digital loss
specifications.

Tone Plant Design. Aglobal PBX mustbe ableto
handleproblems arising from three intercountry tone
variations:
- Register-signaling tones - Tonesthat send addressing

andcall type information between the PBX and the PSTN
hardware. The tone sets used, as well as the mappings
between specific tonesand their meanings, differ
among countries.

- PSTNcall progress tones - Tones (e.g., dial tone,busy
tone, ringback) sent by the PSTN as callprogressfeed­
backto callers. Often, the PBX mustbe ableto detect
these tonesautomatically. For DID operation, the
PBX also may be required to transmit these tones to
the PSTN.

- PBXcall progress tones - Tones produced by the PBX as
feedback to callers within the PBX. Problems arise in
global designsbecausetype approval regulations often
specify particular types ofPBX tones. Also, users in dif­
ferentcountries often haveconflicting expectations as
to the "correct" tones forvarious functions (e.g., "nor­
mal" PBX dial tone differs among countries).

Globalization requirements for register tones
affect two typesofDefinity G3 communications system
circuit packs, as well as systemsoftware. Trunk interface
circuit packs are affected becausethese control tonetim­
ing. However, common systemtone-detection circuit
packs control tonegeneration and detection. Switch soft­
ware requiresglobalization becausethe meaning ofvari­
ous tones, particularly multi-frequency (MF) signaling
tones, differs from country to country.

The Definity G3 communications systemadmin­
istrator cancontrol numerous tone-related parameters
onbothindividual trunk interface circuit packs and
common-tone-detection/generation circuit packs. For
example, these parameters control the power levels of
individual frequencies transmitted to the PSTN, levels of
to-be-detected signals offered to common-detection ser­
vice circuit packs, andDTMF tone and intertone pause
durations on trunk interface circuit packs.

Register signaling. Two tone-based systems, DTMF
andMF, are used for registersignaling. Originally, MF
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wasdeveloped forsignaling between central offices, but
in many countries it also is usedforcentral office-PBX
applications.

Two basicMF tone sets are neededforglobal
operation. The 2/5 systemforms signals bycombining
two frequencies from a set offive signaling tones, while
the 2/6 systemuses two frequencies from a set ofsix.
Besides beingable to selectparticular tonefrequencies
and signal levels, administrators use systemsoftware
to assignparticular meanings to MF toneson a country­
by-country basis. For example, in Spain, an outgoing call
placed throughthe Spanish virtual private network,
known as IBERCOM, beginswith a particular MF code
to the PSTN to indicate that this routeshould be used.
In other countries, the sameMF tone is usedfora dif­
ferentpurpose.

PSTN call progress tones. Eachcountry has its
own, sometimes evolving, requirements forcall progress
tones, such as dial tone, busytone, and ringback. These
tonessignal the PBX hardware andusers whendialing
canstart,whenthe called partyis unavailable, andwhen
the called partyhas not answered. To avoid confusing
callers, somecountries requirePBx-generated callpro­
gress tonesto be identical to those usedbythe PSTN.
However, somecountries are concerned that callers
mightnotbe ableto differentiate whetherthe PBX or the
public network is the sourceofparticular callprogress
tones. These countries requirethat certain PBx-generated
tonesbe specifically distinguishable from PSTN tones. In
Australia, PBx-generated tones sent to the PSTN before a
called partyanswers (e.g., ringbackor busytones) must
soundsimilar to thosegenerated bythe PSTN, but PBX­
generatedtones sent afterthe called partyanswers (e.g.,
tones sent duringcalltransfers) mustdiffer from PSTN­
generatedtones,unless theyhavethe samemeaning as
the corresponding PSTN tone.

Certain callprogresstonesmustbe detectable by
Definity G3 communications systemhardware to support
capabilities, such as automatic route selection, that use
automatic dialing. Often, type approval regulations specify
that a PBX cannotsendaddressing signals to the PSTN until
it detectsPSTN dial tone. This is particularly critical in
countries with limited telecommunications resources,
wherethe PBX maynot receive PSTN dial tonefor several
minutes aftera trunk is seized for an outgoing call.

Forflexibility and low cost, the toneplantarchi­
tectureofDefinity G3 communications systemhardware



places tonegeneration/detection on common systemcir­
cuitpacksseparatefrom lineand trunk interface circuit
packs. Because callprogresstonesare only applied for
short intervals, tonegeneration/detection canbe shared
to minimize overall systemcost.

To meetglobal tone-detection requirements, the
Definity G3 communications systemenables the system
administrator to control tone-detection precision. Atthe
least precise level, tone detectorsare activated by any
above-threshold burst ofacoustical energy, regardless of
its frequency or cadence. To classify tonesat the most
precise level, detectorsare tunedfor specific narrow fre­
quency, cadence, and power level ranges. In the least
precise mode, one oftwo broadband filters anda valida­
tiontimerclassify tones.The timerdistinguishes short
tonesfrom longones,for example, to differentiate a busy
tonefrom a ringing tone.Because mostcountries have
continuous PSTN dial tones, the timercanalso detect
PSTN dial tone.

To generatecallprogresstones, the Definity G3
communications systemuses multiple tone sets built
from a set ofstandard frequencies. The Definity G3 com­
munications systemallows systemadministrators to
changeanyofthese tone sets. System administrators can
createspecialized tones with a simple tone-programming
language bychoosing predefined frequencies and speci­
fying a cadence for each selected frequency. These can
rangefrom a single burst to multiple bursts ofdiffering
frequencies, as well as repeating or non-repeating cus­
tomtones.

Power and Safety. APBXdesigned forthe global
marketplace mustbe ableto use inputpower from many
sources. Electrical power specifications aroundthe world
vary almost as muchas network signaling standards.
Reliability oflocal power is evenless consistent. In the
U.S., 12~ and 208-Vac, 6~Hz power is universal and
homogeneous. Unfortunately, muchofthe world uses
different voltages and power linefrequencies (e.g., 220
Vac, 50Hzin Europe) than those used in the U.S.
Regional differences existamong power types within
somecountries. Power connectors also varyamong
countries, and evenwithin buildings. Asimple solution
to this dilemma is to use the local power cords, which
terminate in a standard connector on the Definity G3
communications system.

Reliability oflocal power sources is often an
issue, especially whena PBXis the lifeline between

customers and emergency services. Consequently, PBX
power systems mustbe designed forhigh reliability in
the wide rangeofenvironmental conditions encountered
on a global basis. Using advanced switching power sup­
plytechnology, the Definity G3 communications system
canachieve high reliability while beingableto use power
sourcesthroughoutmostofthe world, including both
120 and 240 Vac, 50and60Hz, as well as a 48-Vdc bat­
tery.Potential problems with physical connections are
often eliminated by usinglocally available power cords
or adapters that terminate standard Definity communica­
tionssystempower socketsand plugs. These connec­
tionsalready meet local safety codes, which may differ
significantly from those in the U.S.

Safety approval is often a tedious, expensive
proposition. The stringent standards set for types ofinsu­
lation used on power cordsand PBXwiring, physical spac­
ingbetween electrical components andconductors, and
eventhe colors ofwiresrequired in the PBXmay conflict
with U.S. standards. These problems cannotbe resolved
byprogramming solutions andare sometimes major
impediments to intercountry PBXsales. This fundamental
issuecanbe addressed only throughstandardization. A
movement is underway to set global safety standards;
this should reducethe expensive testingneededto
obtain separatesafety approval in eachcountry.

Transmission Characteristics. Two-wire analog
interfaces, such as the tip/ring pairthat connects a tele­
phoneto the PBX, carryvoice signals bidirectionally over
the samewire pair. However, within a digital PBX, such
as the Definity G3 communications system, the transmis­
sionmedium is notbidirectional. Separate, single­
direction channels carryeither transmitted or received
voice signals. Figure 2 illustrates this combination of
one- and two-way transmission.

The basicconnection elements illustrated in Fig­
ure 2 are always the same, regardless ofwhere the PBXis
installed. However, fourconnection parameters vary
among countries:
- Two-wire port inputimpedance - European input

impedances often differ from the U.S. 6000. standard.
- Inputand outputanalog gains- When analog voice

signals are converted to digital form, the signal levels
mustfall within specified ranges.

- Encoding law - Regulatory bodies specify which
ofthe two eem-defined encoding laws, A- or u-law,
mustbe used.

AT&T TECHNICALJOURNAL. MARCHIAPRIL1993 71



A/D
encoder

Tip/ring
pair A

Station A

Port A
3

Port B

D/A
decoder

Tip/ring
pairB

Station B

--- - ---1---<

1. Input impedance 2. Input and output analog gains 3. A- or u-lew PCM representation 4. Balance impedance

Figure 2. A voice signal travels along a path from station A to
station B as follows: The analog voice signal from station A is
extracted by port A and placed on a single-direction medium.
This signal is then digitized according to either an A- or Il-Iaw
pulse code modulation (PCM) process. This digitized signal is
"switched" (l.e., connected) to port B and then decoded
from PCM back to analog while still on a single-direction
medium. Finally, port B places the decoded analog signal on
the bidirectional tip/ring leads to station B. In an actual con­
nection, a voice signal path from station B to station A will
also be established within the PBX.

- Balance impedance - Balance impedance removes
the receive signal from the transmit signal in a single­
to bidirectional conversion.

APBX intended forglobal use mustaccommodate
significant variation in allfourparameters. Atleast two
solutions are possible: (1) Usespecialized port hardware
foreachcountry, or (2) use oneflexible port design that
canbe adapted under software control.

Country-specific port hardware canbe developed
economically bydesigning a standardized, basiccircuit
packthat includes allthe common hardware requiredto
interface to the PBXdigital switch andcontrol complex.
Thisdesignshould also allow the circuit pack'strans-
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mission characteristics to be set usingdiscrete, off-the­
shelfresistorsandcapacitors. Anewcircuit pack
identification codeis requiredforeachcountry, but oth­
erwise only component value changesare needed. This
reducesdevelopment timebecausenewcircuit packs
neednotbe designed and testedfrom beginning to end.

Evolving, commercially available telecommunica­
tionintegrated circuits (ICS) now enable analog port
designers to createports that haveprogrammable trans­
mission parameters. For sometime, D-to-A, A-to-D con­
version, companding, decompanding, andfiltering func­
tionsthat comply with either CCIIT G.711 A- or u-law stan­
dardshavebeen available on a single IC. Subsequent IC
designs haveaddedselectable transmit and receive
gains. These ICs contain registersthat canbe pro­
grammed to selectgainswithin a given rangeandresolu­
tion. ICs also implement the transhybrid lossfunction
usingdigital signal processing andprovide programma­
bility to emulate the analog balance impedance function.
These second-generation ICs provide programmability of
allbut one transmission characteristic ofanalog ports.
Two-wire inputimpedance stillneedsto be set with pas­
sive components. The most recentgeneration ofICs
returns a filtered version ofthe transmit signal to the
receive signal, thus affecting the inputimpedance. These



filters are alsoimplemented indigital signal processing
(DSP) technology with programmable filter coefficients.
This newestICtechnology allows transmission charac­
teristics ofanalog circuit packsto be programmed in
their entirety.

Some Definity G3 communications systemana­
logports nowuse this technology, andother circuit
packsunder development will alsouse it. System admin­
istratorsselectcountry-specific transmission parameter
sets.These are loaded intocircuitfirmware to produce
operating characteristics suitable foreach country.

Conclusions
The designofa productforthe global market

demands not only flexibility and adaptability in hardware,
firmware, and software, but also flexibility in design strat­
egy. Just as a single, universal hardware design is sel­
domthe best systemsolution, neitheris a single global
designstrategy. The goalofcreating a circuit packthat
canbe used anywhere with just administrable changesto
firmware configuration settingsis not,at present, the
best approach, becauseit would be extremely difficult to
designandmanufacture.

Useofthe strategieswehavedescribed in this
paperhas produced savings byconsolidating circuit pack
productlinesand simplifying systemconfiguration pro­
cesses. In addition, wehaveminimized development
timeand problems associated with specialized hardware
forparticular countries. Customers in a wide variety of
countries are now gettingthe products that fit their
telecommunications needs at a competitive costwithout
paying excessive overhead forunusedfeatures.
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