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Integrated Services Digital Network (ISDN) promises end-to-end, high­
speed digital connectivity ina multivendor environment. Over the pastsev­
eralyears, applications-such as high-speed data transfer and tele­
marketing enhancements-have expanded, and the deployment ofISDN
customer-premises equipment has increased. However, applications that
are available in some countries are notavailable inothers, inpart, because
standards for the ISDN primary-rate interface (PRJ) and the deployment rates
ofthis interface vary from country to country (and carrier to carrier). Thus,
trueglobal portability ofthe protocol is notfeasible at thistime. However, it
is possible to design and develop a PRJ implementation thataligns with
thesevarying standards ina single software and hardware base. The imple­
mentation requires flexibility and leniency inhandling certain protocol ele­
ments and may rely onsystem administration to allow explicit control over
some country-specific options ofthe protocoL Thispaper reviews the differ­
ences found worldwide in the ISDN PRJ standards, and describes the flexibil­
ity thatcan be designed into an ISDN PRJ implementation to accommodate
theseinconsistencies.
Introduction

Service providers and equipment ven­
dors throughoutthe world see the Integrated
Services Digital Network as the network of
the future. Designed to provide an end-to-end
digital network, ISDN also promises multi­
vendorconnectivity anda wide rangeofinte­
grated services that are basedon an openset
ofstandards. However, these promises are
beingrealized slowly in the marketplace. A
main reasonfor this lag in the availability of
ISDN applications is the largevariance in ISDN
standardsthat haveemergedthroughout the
world sinceccrrr beganthe initial standard­
ization effort in the early1980s. (ccrrr is the
International Telegraph andTelephone Con­
sultative Committee.) Although the goalof
ISDN is to have a common protocol that canbe
used anywhere, eachcountry has applied vari­
ous interpretations and changesto the inter­
national recommendations andcurrently has,
in effect, its own version ofthe ISDN standard.
(Panel 1 defines acronyms and terms.)

The ISDN primary-rate interface is the
digital "pipe" used to connect a private branch
exchange (PBX) or multiplexer to the public
network, or to connect two PBXs to form a pri­
vatenetwork. To accommodate country­
specific (orcarrier-specific) differences and
conform to eachcountry's standard, a vendor
normally mightbe forced to produce several
software releasesfor the sameequipment.
However, the flexible architecture used in the
design ofboth the hardware and software
components ofthe AT&T DEFIN[[Y® telecom­
munications systemenables AT&T to avoid
the multiple releaseproblem. 1 Hence, a sin­
gle software releaseofthis system's ISDN PRI
implementation is compatible with various
networks aroundthe world.

Key Terminology. It is critical that read­
ers understand the difference between a rec­
ommendation and a specification (orstan­
dard). In the contextofdefining a protocol
such as ISDN, a recommendation is all­
inclusive; that is, it defines many
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configurations and operations-some critical to the pro­
tocol, ingeneral, andsomerelevant only in someapplica­
tionsofthe protocol. Aspecification (orstandard) is more
selective than a recommendation. In particular, a specifi­
cation defines only thoseaspectsofthe protocol that are
necessary forthe application beingaddressedby the
specification.

For example, the ccrrrrecommendations define
botha 1.544-Mb/s (megabits per second) interface anda
2.048-Mb/s interface. In contrast, the ETSI specifications,
with their focus on the European market, define only a
2.048-Mb/s interface becauseuse ofthe 1.544-Mb/s digi­
talinterface has, ingeneral, been confined to North
America andJapan. Wewill provide moredetail shortly
about the ccrrrrecommendations andthe ETSI specifica­
tions. (ETSI is the European Telecommunication Stan­
dardsInstitute.)

Evolution of Global ISDN Standards
ccrrrinitiated the ISDN standardization effort

with the publication ofits "Red Books" in 1984.2 The Red
Books contained recommendations forthe implementa­
tion ofboth the primary-rate interface and the basic-rate
interface. However, the 1984 recommendations werenot
complete. Since then, ccrrrhas issueda morecomplete
set ofrecommendations for ISDN. These recommenda­
tions werepublished as the eeITI "Blue Books" in 1988.3

The ccrrr"White Books," which replaced the Blue
Books in 1992, addedfurtherclarifications andfunction­
ality to the Blue-Book recommendations.4

In addition to the efforts underway in ccrrr, var­
iousnational standardsbodieshaveundertaken the task
ofapplying the eeITI recommendations to form imple­
mentable, national ISDN standards. Among these stan­
dardsbodiesare the American National Standards Insti­
tute (ANSI) in the United States, the Telecommunications
Technology Committee (TIc) inJapan, and the Aus­
tralian Telecommunications Authority (AUSTEL).

Similar workis also underway in regional stan­
dardsbodies. Onesuch effort is goingon in ETSI, which
beganpublishing ISDN standards in the late 1980s for
implementation throughoutEurope. However, even
these standardswill have country-specific options, which
are determined at the national level.

The specifications defined bythe national and
regional organizations are furtherrefined byusers
groups, such as the National ISDN Users Forum (NIUF)

Panel 1. Abbreviations, Acronyms, and Terms

ANSI - American National Standards Institute
AUSTEL - Australian Telecommunications Authority
Bchannel- bearerchannel; carriesvoice or data
Blue Books - ccrrr recommendations for ISDN, pub-

lishedin 1988
ccrrr- International Telegraph andTelephone Con­

sultative Committee, based in Geneva, Switzerland
es- codeset, a grouping ofinformation-element

identifiers for a particular typeofnetwork or user
D channel- datachannel; carriessignaling forthe

bearer channels
EeMA- European Computer Manufacturers Asso­

ciation
EIUF- European ISDN UsersForum
ETSI - European Telecommunication Standards

Institute
IE - information element
IPNS - ISDN Private Network Specification Forum, a

consortium ofPBX manufacturers
ISDN - Integrated Services Digital Network; eCITI­

defined digital network
ISO - International Organization forStandardization,

basedin Geneva, Switzerland
NIUF - National ISDN UsersForum, a user groupin

NorthAmerica
PBX - private branchexchange
PRJ - primary-rate interface
Red Books - initial eeITI recommendations for ISDN,

published in 1984
tandem- a PBX is a tandemfora particular call if the

callneitherterminates nor originates on that PBX
and if the incoming andoutgoing legsare bothan
ISDN PRJ. Messages ofend-to-end significance
received for this callon one interface are sent out­
i.e., tandemed-on the other interface.

TIC - Telecommunications Technology Committee in
Japan

White Books - eeITI recommendations for ISDN, pub­
lishedin 1992

X.25 - a packet-switching protocol at the linkand
packetlayers; defined byccrrr
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in NorthAmerica, and the European ISDN Users Forum
(EIUF) in Europe.

Besides these standardsfor public networks,
standardsforprivate networks in Europeare alsobeing
written by the European Computer Manufacturers Asso­
ciation (ECMA) and the ISDN Private Network Specifica­
tionForum (lPNS, a consortium ofPBX manufacturers).
The International Organization forStandardization (ISO)
is writing worldwide standardsforprivate networks.

Many options are leftopenby the ccrrr recom­
mendations and, to a lesser extent,by the regional stan­
dards.Because various national standardsbodieshave
selected different options in defining their country­
specific ISDN standards, these standardshave diverged.
However, the differences among the ISDN standardswill
become less evident as the countries move (atdifferent
paces) toward common implementations.

ISDN PRI Deployment Status. ISDN PRI service is
now available inat least 14countries.v" including the
United States, Australia, Japan, Germany, Italy, France,
and the United Kingdom.

In addition, 26European countries signedthe
Memorandum ofUnderstanding onApril 6, 1989, which
targeted100-percent deployment ofETSI-eompliant ISDN
for 1992. However, this date has slipped somewhat in
several countries.f Italy and Germany nowclaim 100­
percentdeployment will occurby 1993, and the Nether­
landshas shifted its date to 1995. Bythe end of1991, ini­
tialISDN trialsand services wereavailable in mostEuro­
peancountries (butforthe mostpart, these trialsand
services do notyet comply fully with the ETSI standard).

Some countries waited untilthe ccrrr BIue
Books werepublished to beginimplementing ISDN PRI in
their national networks. However, mostofthe ISDN PRI
networks currently deployed use implementations that
werebased on the ccrrr Red Books. WhenISDN PRI was
introduced intothese pre-BIue-Book networks, each
country's national standardsorganization extended the
CCITf protocol wherenecessary. Often, these extensions
werenotcompatible. For example, in the United States,
AT&T first introduced ISDN service in 1986 with a proto­
colthat wasbasedon the Red Books but used mainte­
nancemessages, which werenotdefined bythe ccrrr
recommendations.

Migration to a Common Protocol. Today, vendors
whoparticipate in several ISDN PRI trialsface another
problem. Because morecountries are moving to support
the common European-wide or worldwide standards, the
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protocol that is beingused in a trialmay notbe the one
that will be used in that country in the future. Therefore,
vendors in Europe will have to build a special interface
for their pre-ETSI trialsand,then, provide an ETSI­
compatible interface (presumably with country-specific
modifications) for use in the future.

For example, the trialthat Societa Italiana Per
L'esercizio Te1efonico is running in Italy uses a protocol
that predatesthe BIue Books and is notconsistent with
the ETSI standards. Butafterthe trial, the service to be
offered will be ETSI compatible. Similarly, France and
Germany haveservice offerings that follow non-ETSI­
compatible specifications. For France, the migration path
from its RNIS Numeris VN2 protocol (which is basedon
the Red Books) to its RNIS Numeris VN5 protocol (which
is fully ETSI compliant) involves two "stepping stone"
specifications: RNIS Numeris VN3 andVN4. (RNIS is the
Frenchacronym for ISDN.)

Vendors mayneedto support, at leastin the
short term,both an ETSI (orotherglobal) version ofthe
ISDN protocol andan olderimplementation foranother
reason. Years before the ETSI standard or the ccrrr BIue
Books existed, many vendors andcountries had imple­
mentedISDN-based networks, which haveevolved since
then to a stateoffeature richness. Until the ETSI imple­
mentations can catchup to this full-feature support, ven­
dors obviously will be motivated to maintain the oldstan­
dardsforthe sake oftheir existing customer base.

In the longterm,as the trend toward globaliza­
tionofthe ISDN protocol continues, this multitude of
country- andcarrier-specific differences will eventually
be a thingofthe past.The progressmadeby ETSI in
defining a standard that the European technical commu­
nity, at large, has embraced is a signofthis trend.But
untilthe migration to these common, regional or world­
wide standardsis complete, the proliferation ofvarious
country-specific standards andimplementations will con­
tinue (inthe short term) and,probably, will get worse
before itgets better. Clearly, vendors whowantto com­
pete in today's global marketplace while this migration is
inprogressneed to designsystems that caneasily
accommodate this host ofdifferences.

World-Class DEFINITY System
Asdiscussed earlier, ifcustomer-premises equip­

mentis to operatein the global marketplace, then it must
meetmany standards, government regulations, andcus­
tomerexpectations that often conflict.
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Figure 1. The CCITT recommendations for the
ISDN primary-rate Interface support both a
1.544-Mb/s Interface (which Is used In North
America and Japan) and a 2.048-Mb/s Interface
(Which Is used In Europe and elsewhere). The
1.544-Mb/s recommendations on the left define
a 193-blt frame consisting of twenty-four 8-blt
time slots, plus one framing bit. The 2.048-Mb/s
recommendations on the right define a 256-blt

frame consisting of thirty-two 8-blt time slots.

AT&T's DEFINIlYsystemreadily adapts to these
needs. Forexample, within the 18monthsafterAT&T
introduced the DEFINIlYsystemin the United States, it
was also ableto introduce the systemin morethan
20 countries. This rapid deployment waspossible largely
because ofthe strengths ofthe DEFINIlYsystem'sarchi­
tecture, which allow the systemto be adapted easily to
meetthe technical differences faced in eachcountry."
Thisflexible architecture includes the ISDN PRJ imple­
mentation on the DEFINIlYsystem, which is currently
available in the United StatesandAustralia. AT&T plans
to introduce ISDN PRJ on the DEFINIlYsystemin Italy, the
United Kingdom, Japan, France, Germany, the Nether­
lands, Spain, andother countries.

Although the issues discussed in this paperare
relevant for anycustomer-premises equipment that con­
nectsto an ISDN PRJ, wewill focus on the specific imple­
mentation choices that weremadeforthe DEFINIlYPBX.

Physical Layer-Layer 1. In general, the specifica­
tions for the physical layer (i.e., layer1)ofa communica­
tions channel define details ofthe bit-stream transmis­
sion, including:
- Electrical characteristics (bitrate,voltage, linecoding,

and so on)
- Frame structure (time slotsper frame, time-slot

assignment, and so on)
- Operational issues (normal andfault-condition signals

and states).
For ISDN PRJ, the CCITfrecommendations support

botha 1.544-Mb/s interface (which is used in North

America andJapan) anda 2.048-Mb/s interface (which is
used in Europe andelsewhere). Asthe diagrams in Fig­
ure 1show:
- The 1.544-Mb/s recommendations define a 193-bit frame

that consists oftwenty-four 8-bit timeslots, which are
numbered from 1 to 24, plusoneframing bit.Time
slots1 through23are assigned as B channels (i.e.,
bearerchannels that carryvoice or data). Time slot24
is assigned to the D channel (i.e., the datachannel,
which carriessignaling for the bearerchannels).

- The 2.048-Mb/s recommendations define a 256-bit frame
that consists ofthirty-two 8-bit time slots, which are
numbered from 0 to 31. Timeslots1through 15and
17through31are assigned as B channels, andtime
slot16is assigned to the D channel. Time slot0 carries
framing information.

Bothinterfaces transmit8000 frames per second.
The layer-1 standardsare matureandstable, and

the 1.544-Mb/s and2.048-Mb/s interfaces are largely con­
sistentworldwide. Nevertheless, westill haveto consider
the national options. To dealwith these differences ina
single software andhardware base,the country-specific
options are selected throughsystemadministration, and
the appropriate parameters are downloaded to the PRJ
board." These parameters include the ability to specify
whetherthe boardwill run at 1.544 Mb/s or 2.048 Mb/s,
so that a single boardcanbe usedforeither standard.

In addition, the CCITfrecommendations donot
clearly define the physical-layer idlecode (which is trans­
mitted on everytimeslotthat is notassigned to a
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CALLPROCEEDING (confirms initiation of call establishment)
< ------------._-

Channel-identification IE confirms requested B channel
(or negotiates to an alternate B channel)

SETUP(initiates call establishment)

Bearer-capability IE indicates type of call
Channel-indentification IE indicates B channel requested
Called-party-number IE indicates number called

Figure 2. Most of the
country-specific
ISDN PRI specifica­

tions agree on the
protocol exchange
required to establish

a call between
ISDN PRI endpoints, as
In this network-layer

message exchange.
However, the exact
Informatlon-element
(IE) encodings
required at each

country's endpoints
may be different
enough that no call
attempts would
succeed.

PRI ALERTING (indicates called user is being alerted)
endpoint ~"l-----------

A

CONNECT (indicates call has been answered)

CONNECT ACKNOWLEDGE (confirms call completion)

Call is now active

PRI
------- endpoint

B

channel, and on everychannel that is not allocated to a
call). Therefore, this idlecodecanbe administered for
each PRI board, to allow alignment with the differing
country specifications.

Forvoice transmission, ccrrrdefines two com­
pression schemes: Alawand u-law companding. As
a system-administration option, either companding
schemecanbe selected for the switch as a whole, and
either schemecanbe selected foreach PRI board. If the
switch and the boardare administered for different
schemes, then the DEFINITIsystemdoes the conversion
necessary between the two schemes.

Data-Link Layer-Layer 2. In general, the specifica­
tionsforthe data-link layer (i.e., layer2) ofa communica­
tionschannel define procedures forconverting an error­
pronephysical layer (layer 1) intoan error-free transmis­
sionlinefor the network layer (layer 3).

For ISDN PRI, the protocol definition for the data­
linklayeris also relatively mature, becauseit is drawn
mostly from the widely used X.25 packet-switching proto­
col. Butas with the physical layer, certain country­
specific differences exist, particularly in the areasof
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error handling and error recovery. These differences are
minor, and two layer-2 implementations that are builtto
align with two different country-specific standards might
still be functional. (By junctional, wemeana layer-2 link
could be established andmaintained between the two
implementations.) However, if a country has specific test­
ing requirements for the error-handling anderror­
recovery procedures, then an implementation might
meet the CCIIT recommendations yet,despite this func­
tionality, notbe ableto passthe country's conformance­
testingrequirements.

The DEFINITIsystemcurrently supports a
single layer-2 protocol, which aligns with both the ccrrr
recommendations andthe ETSI specifications. Because of
the potential need to accommodate country-specific
error-handling and error-recovery procedures, the
DEFINI1Y system's ISDN PRI wasdesigned to allow easy
expansion to supportmultiple versions ofthe layer-2
protocol simultaneously.

Network Layer-Layer 3. In general, the specifica­
tionsfor the network layer (i.e., layer3) ofa communica­
tionschannel define procedures to establish, maintain,



andterminate connections. For ISDN PRI, these connec­
tionsmayconsistofB channels, callsthat use these
Bchannels, and signaling connections that are not
related to a call. Unlike the protocols for the physical
layerand the data-link layer, the PRI network-layer proto­
colcontains many country-specific differences forthe fol­
lowing reasons:
- The network-layer protocol is continuing to evolve.
- The network-layer protocol is morecomplex because

ofthe functions it provides.
- Asdiscussed above, the various country specifications

mayhaveused, discarded, or modified the options
that wereleftopenin the CCfIT recommendations.
Thus, standardsoverlap in mostareas,but diverge in
many others.This is particularly evident in the cur­
rently deployed implementations.

Customer-premises equipment that attempts to
provide evenbasicISDN PRI service in several different
countries or in a multicountry network faces a challeng­
ingtask. Because the network layeralsosupplies the
foundation for invoking and operating supplementary
services (which continue to be defined), the task is even
moredifficult.

General differences. Mostofthe country-specific
ISDN PRI specifications agree on the messageexchange
requiredto establish a callbetween two ISDN PRI end­
points. The layer-3 messageexchange in Figure2 illus­
trates this protocol.

However, a single, hard-eoded implementation
ofevensuch basic aspectsofthe PRI protocol at layer3
would notbe functional in allcountries. The information­
element (IE) encodings that the various country PRI speci­
fications requirefora basiccall-setup message exchange
differ enoughthat the exactencoding requiredin one
country maybe unusable in anothercountry. (Unusable
meansthat no callattempts would be successful.)

For example, the Type ofNumber field ofthe
called-party-number IE is used to identify the typeofthe
numberwhose digits follow in the information element.
Possible encodings include 'Unknown', 'International
Number', and 'National Number'.

In the U.S., for example, the AT&T switched
network expectsthe PBX to do somedigitmanipulation.
That is, if the Type ofNumber field indicates that this is a
'National Number', the AT&T switched network expects
the digits that follow to be a lo-digit numberin the North
American numbering-plan format. But if the Type of

Number field indicates that this is an 'International
Number', then the AT&T switched network expects the
digits that follow to be an international numberthat
beginswitha country code. However, the AT&T
switched network will not accept a callwhose Type of
Number field is encoded as 'Unknown', because it does
notknow howto handlethe digits that follow.

Onthe other hand,the public network inJapan
doesnot expect (orallow) the PBX to do anydigitmanip­
ulation, and the Type ofNumber field mustbe encoded as
'Unknown'. This public network will notaccept a call
whose Type ofNumber field is encoded as anything other
than 'Unknown'.

Clearly, the differences at layer3 canbe critical
forevenbasiccallsetup. Ifa PBX is to align with several
country PRI specifications at the sametime, then it must
provide morethan a single, hard-coded implementation
ofthe protocol. Critical protocol differences mustbe
accommodated in someway, so thatvarious standards
canbe supported simultaneously.

If a vendoris to build a common ISDN PRI, these
generalareas ofdifferences need to be addressed:
- Messages supported
- Information elements supported
- Message-encoding rules to be used (e.g., which infor-

mation elements are mandatory or optional)
- IE-encoding rules to be used (e.g., which octetsare

mandatory or optional; whatdo the different encod­
ingsmean)

- Call statessupported
- Statetransitions expected
- Basic call services supported (e.g., wideband chan-

nels, or overlap send or receive)
- Procedures to be followed for ISDN to non-ISDN inter­

working
- Maintenance procedures to be followed forthe

B channels
- Error-handling rules to be used.

DEFINITY System Handles Diverging Protocols

The DEFINITY systemapproaches the differences
between the manyISDN PRI specifications for layer 3 in
three main ways:
- The software that supports layer3 is designed to be

flexible andlenient. (Thatis, the implementation does
not enforce allelements ofthe protocol, andyet pro­
vides a fully functional andcompatible interface.)
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- The software is driven byswitch administration. (Ibis
meansthat administrative parameters are provided to
control the protocol andfeature options.)

- Some areas,such as B-ehannel maintenance, use a
combination ofapproaches. For these areas,an intelli­
gent maintenance architecture is provided. Thus,
switch administration drives the software, but the soft­
ware is also flexible to allow forunexpected differ­
ences in othervendors' networks.

The rest ofthis section discusses these
approaches in detail.

Lenient Software. Flexibility and leniency in the
layer-3 software is especially beneficial whenweconsider
message validation. The DEFINITY system'ssoftware is
ableto processincoming layer-3 messagesthat conform
to many different country-specific ISDN PRI standards.
Wherever possible, the DEFINITY systemaccepts incom­
ingmessage encodings that mayor maynotconform to
the PRI specification that is in effect forthe network or
switch from which the layer-3 messagewassent.

To allow as many calls as possible to be com­
pleted, the basicphilosophy is for the software to be
lenientaboutpotentially minorprotocol violations from
anotherswitch. However, alloutgoing messagesare
encoded in a format that is accepted bythe PRI specifica­
tionsupported on the outgoing interface. (By outgoing
messages, wemeanboth those messagesthat originated
from the DEFINITY systemand those ina networked call
that originated from anotherswitch and are sent out
again-that is, tandemed-on anotherPRI.)

For example, although the eerrr recommenda­
tionsrequirethat messagesbe encoded with the infor­
mation elements ina particular order, the DEFINITY sys­
tem (aspermitted by the eerrr recommendations) does
not requirethe farend to do so.All information elements
in an incoming message are processed, regardless of
their order ofappearance. However, outgoing messages
are always encoded with the information elements in
the correctorder.

In addition to messagevalidation, flexibility and
leniency in the layer-3 software is beneficial formessage­
encoding practices that are supported in somePRI stan­
dards,but not in others.Again, the DEFINITY system'sphi­
losophy is to be lenientaboutthe incoming message
encodings for the sakeofmaximum callcompletion. Butit
strictly follows the globally accepted message-encoding
practices inalloutgoing messagessent from the switch.
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Support for the locking-shift and nonlocking-shift
IEs servesas a goodexample. eerrr defines eight
codesets-that is,groupings ofIE identifiers-that are
numbered 0 through 7.For example, codeset0 IEs are
defined byeerrr for the basicprotocol, while codeset6
is reserved for IEs that are specific to the local network.
The nonlocking-shift IE provides a temporary shiftfrom
the currentcodesetto a different codeset, but the new
codesetapplies only to the next IE in the message. The
locking-shift IE provides a morepermanent shiftto a dif­
ferentcodeset. Here,the indicated codesetapplies until
anotherlocking or nonlocking shiftis received, or until
the end ofthe message is reached.

Although defined in the eerrr recommendations,
somePRI standards do not requirethat the nonlocking­
shiftIE be supported. Instead, these standards allow the
recipient ofa nonlocking-shift IE to ignore the
nonlocking-shift IE and the information element thatfol­
lows it.Thus, PBXs that comply with these standards may
notbe ableto processallthe information elements ina
message.

The DEFINITY systemsupports locking-shift and
nonlocking-shift IEs. If it receives an incoming message
that contains nonlocking-shift IES, the DEFINITY system
processesall information elements in the message in the
correctcodeset, including the information elements that
immediately follow the nonlocking-shift IEs. To allow
full-feature operation with networks that do notsupport
the nonlocking-shift IE, the DEFINITY systemalways uses
locking-shift IEs to encode its outgoing messages (even
the tandemed messages), with allthe information ele­
mentsin codeset0 first, followed by the information ele­
ments in other codesetsin numerical codesetorder.This
approach also enablesnetworks that process only the
information elementsincodeset0 to provide the correct
functionality forbasicfeatures (i.e., codeset0).

Figure3 illustrates the message conversion
that cantakeplace, usingthe examples notedin the
above paragraphs (thatis, placing information elements
in numerical order,and relying on the globally accepted
locking-shift mechanism forchanging codesets). Of
course, additional conversions at the IE-eontent level may
alsotakeplace (e.g., modification ofthe digits ofthe
called-party number, basedon system-routing adminis­
tration).

In addition to the flexibility already described,
the software is alsodesigned to be lenient when
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Figure 3. In a call-setup message exchange,
message conversions in the PBX place the
outgoing Information elements in numerical
order based on the IE Identifier (e.g., channel
identification before called-party number).
These conversions also rely on the globally
accepted locking-shift mechanism to change
codesets (CSs).

terminating and tandeming callsthat contain information
it cannotprocess. For example, if an incoming callis to
be switched to another PBX or ISDN endpoint, the DEFIN­
ITY systemwill transparently tandemallunknown infor­
mation elements in codeset 0 (i.e., ccrrn,codeset 5 (i.e,
national), codeset6 (i.e., local network), andcodeset7
(i.e., user-specific). This action accomplishes two goals:
- It provides forward compatibility by not rejecting

information elements incodeset0 that maybe added
to the ccrrrrecommendations afterthe switch is
deployed. These information elements maybe impor­
tant forcallcompletion at the terminating end.

- In a networked environment, an information element
that the DEFINITY systemdoesnot recognize is
passedto the nextswitch, whereit maybe used to
provide an enhanced service for the call. Again, these
information elements maybe critical to a supplemen­
taryservice that otherwise would notbe provided at
the terminating switch.

Administrative Parameters. Two typesofadminis­
tration parameters drive the DEFINITY system'sISDN PRJ
software. Onetype, which we refer to as protocol adminis­
tration, drives country-specific (or standard-specific) soft­
ware forcountry-specific (orstandard-specific) options or
parameters. The other type, which wecallfeature admin­
istration, drives software that is common to allinterfaces
becauseit drives switch features.

Protocol administration. The DEFINITY system
requiresthat a country protocol be administered foreach
ISDN primary-rate, user-network interface. In addition,
the DEFINITY systemrequires that a peer protocol be

administered for each ISDN primary-rate peer interface
(i.e., the ECMA peer protocol).

These administered protocols are used to drive
layer-3 protocol decisions in the software wherethose
decisions are purely the resultofdifferences in the PRJ
specifications, such as error procedures, andnot related
to a particular feature. The use ofthis administration
parameter allows nonstandard aspects ofthe protocol to
be implemented on a particular interface, without affect­
ing the protocol used on anotherinterface.

For example, Australia's ISDN PRJ specification
defines a nonstandard method forthe assignment of
B-ehannel numbersto time slotson the interface. There­
fore, if the Australian protocol is selected fora particular
interface, then the channels are numbered according to
this method. Also, although mostspecifications require
that the Numbering Plan Identification field in the called­
party-number IEbe encoded as 'ISDN Telephony', Japan
requiresthat this field be encoded as 'Unknown', There­
fore, whenthe country protocol selected is the Japanese
protocol, 'Unknown' is used to populate the Numbering
Plan Identification field ofthe called-party-number IE.For
allother protocols, 'ISDN Telephony' is usedin this field,

Feature administration. Several information elements
canbe populated with various encodings that are basedon
the feature or service beingrequested. Thus, the different
encodings are determined in common software usingthe
conditions that surrounda particular call, andnotthe pro­
tocol that has been administered forthe interface.

For example, the Type ofNumber field in the
called-party-number IEis populated using system-
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Table I. Comparison of B-channel Maintenance Strategies

SERVICE message RESTARfmessage No maintenance
procedures procedures message procedures

Scenario Near end Far end Near end Far end Near end Far end

1. Initialize near-end B channel; SERVlCE/in-serv--7 RESTART--7
farend is ready ~SERV-ACK/in-serv ~REST-ACK

B-channel state in-sere in-seru in-seru in-sere in-seru in-sero

2. Near-end Bchannelis removed from SERVlCE/ou~serv--7

service (e.g., port-hardware failure; ~SERV-ACK/ou~serv

manual intervention)

Bchannelstate out-sere out-sero out-serv in-sen: out-sero in-serv
(butsee 4) (butsee 4)

3. Nearend tries to restoreB channel SERVICE/in-serv--7 RESTART--7
to service; farend is not ready ~SERV-ACK/out-serv <ignored>

B-channel state out-sere out-sero out-serv out-sere in-sere out-seru
(eventually) (butsee 4)

4. Near-end DEFINI11' systeminfers, via N/A N/A
call-eontrol messaging, that far-end
Bchannelis out ofservice (e.g.,
repeated channel negotiation by
farend away from that Bchannel;
receiptofcause82"identified chan-
nel does notexist")

B-channel state in-sero-soui-seru out-serv in-seru-sout-serv out-seru
(without RESTART)

5. Near-end DEFINI11' systeminfers, via N/A N/A
call-eontrol messaging, that farend
has restoredthe Bchannelto ser-
vice, or that its out-of-service infer-
encewasincorrect (e.g., far-end call
origination forthat Bchannel; far-end
B-ehannel negotiation to that
B channel)

Bchannelstate out-seru-sin-sem in-serv out-seru-sin-seru in-sere
(without RESTART)

NOTE: in-serv = inservice; out-serv = outofservice; REST-ACK = RESTART ACKNOWLEDGE; SERV-ACK = SERVICE ACKNOWLEDGE;

administration information aboutthe dialed-digit string.
Thisgives the systemadministrator flexibility to fine
tune the protocol, as needed. Also, the calling party's
nameandnumbermay (ormaynot) be sent foreach
call, basedonsimilar systemadministration.

In addition, system-administration decisions at
the feature level provide backward or forward compatibil­
itywith other implementations by allowing the system
administrator to choosethe codeset inwhich certain
information elements are to be sent. For example, for
each trunkgroup, the systemadministrator can deter­
mine the codeset (i.e., 0,6,or 7) inwhich the display IE
is to be sent, based onthe needsofthe far-end switch.
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Intelligent Maintenance Architecture. Asmentioned
earlier, the ccrrrRed Books didnot define a mechanism
formaintaining the B channels (thatis,for resetting the
channels and returning them to an idlecondition when a
failure has occurred). Because ofthis omission in the
original recommendations, several different pathshave
been takenin this area.

AT&T defined its own maintenance messages and
procedures (i.e., SERVICE message procedures). Other
country andcarrier specifications followed the Red Books
andleftsuch procedures undefined; that is,no mainte­
nance messages are defined or exchanged. The PRJ
specifications that weredeveloped afterthe ccrrr Blue



United States Australia

PBX

24- or 32-channel
private-network link

(e.g., AT&T Skynet SM service) 32
DEANITY channels

PBX

Books became available followed the Blue-Book defini­
tions ofmaintenance messages and procedures (i.e.,
RESfARfmessageprocedures). Thus, wecurrently have
three diverging methodsforhandling B-ehannel mainte­
nance. The rest ofthis section discusses the differences
between these procedures, andthe approach takenby
the DEFINITY systemto accommodate these differences.
Table I summarizes the differences.

CurrentCCITT recommendations for layer3
define the RESfARfand RESfARfACKNOWLEDGE mes­
sages, which are exchanged to force a B channel or
anentireinterface intoan idlecondition. Usually, a
RESfARfmessage is sent by the near end ofthe interface
when the interface firstcomesintoservice, whenthe far
enddoesnot respond to other layer-3 messages, or when
some other failure has occurred. Noexplicit method
exists for the farend to tellthe near end that, although it
has received the RESfARfmessage, the channel or inter­
face is not readyforuse (e.g., the B channel has a local,
physical problem). In addition, the near end has noway
to notify the farend explicitly ofa near-end problem that
will result in a trunk beingunavailable for service.

In contrast, as mentioned above, the AT&T
ISDN PRI specification'' defines additional maintenance
messages (i.e., SERVICE and SERVICE ACKNOWLEDGE)
thatare exchanged by the two sides ofa primary-rate
interface to establish the maintenance state (i.e., in­
service, maintenance, or out-of-service) ofeach
Bchannel in the interface. Bothmessages explicitly
indicate the maintenance state.Therefore, the farend
now can inform the near end that it has, for example,

Figure 4. This multinational gateway application shows a
private-network connection between a DEFINITY system In

Australia and another PBX In the United States. By using
the administrable protocol and the various administration

options of its ISDNPRI board, the DEFINITY system can sup­

port different, perhaps incompatible, PRI implementations
simultaneously.

received the request to transition the B channel to an
in-service statebut is unable to doso (e.g., because ofa
local, physical problem with the Bchannel).

Some country-specific ISDN PRI standards do not
supportanymessages, suchas RESfARfor SERVICE, that
canbe usedwhena B channel is in a maintenance condi­
tion. Presumably, the B channels are to be considered
always available. Even if an implementation is able to note
a local problem andremove the Bchannel from service, it
has no way to notify the farend explicitly ofthe problem.
The near end also has no way to notify the farend explic­
itlythat the problem has been rectified. (The ability to
send such a messagewould be helpful if the farendwere
ableto inferfrom the call-control messaging that the near
endhad a problem with that B channel.)

The DEFINITY systemsupports maintenance
strategies that are basedon the RESfARfmessage, on the
SERVICE message, and on no explicit exchange ofmainte­
nance messages. The strategyineffect on a particular
ISDN primary-rate interface is determined bythe protocol
that wasadministered for the interface.

In addition, the DEFINITY system's strategy about
maintaining PRI B channels viaRESfARfmessages or
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without maintenance messageswasdesigned to be
somewhat flexible for these reasons:
- The critical natureofthe B-ehannel maintenance

strategycannotbe stressed too much. The main­
tenance state ofa B channel is whatdetermines
whetherthe PBX will originate or accepta callon
that Bchannel.

- The CCIIT recommendations are not clearabout
whatthe switch is expected to dowhenit receives a
RESTART messagebut is notpreparedto place or
accept calls on that channel or interface. Therefore,
various networks may haveused different ways to
implement a maintenance strategybased on the
RESTART message.

The flexibility ofthe DEFINITI systemaboutthe
maintenance strategysimply meansthat the state ofthe
B channel is determined by methodsother than just the
exchange ofRESTART messages. In particular, layer-3
call-control messages canoverride the maintenance state
determined from the maintenance messages. Apositive
indication that the farend considers a B channel ready
forcallactivity (e.g., the receiptofa SETUP message from
the farend to request a B channel that the near end con­
siders to be in a far-end, out-of-service condition) will
causethe channel's state to be changedto in-service, and
the call-setup activity will continue.

TableI summarizes several key differences
between the three B-ehannel maintenance strategies. It
shows the explicit exchangesofmaintenance messages
andalsoshows the DEFINITI system'sability to make
proactive maintenance decisions based onvarious call­
control scenarios.

Gateway Functionality. The architecture we
have described in this papergives the DEFINITI system
the capability to act as a gateway switch between two
incompatible ISDN PRI implementations. (See Figure4.)
Byusingthe administrable protocol and the various
administration options ofthe ISDN PRI board, the DEFIN­
ITIsystemcansupportdifferent PRI implementations
simultaneously.

For example, Figure4 depicts a private-network
connection between a DEFINITI PBX inAustralia and
anotherPBX (possibly a different vendor's PBX) in the
United States. The DEFINITI PBX inAustralia is also
connected to the Australian public network, and the PBX
in the United Statesis alsoconnected to the AT&T
switched network. Acallthat is placed from the United
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Statesto the Australian public network, throughthe
DEFINITI systeminAustralia, will use the following con­
versions on the switch:
- Physical-layer conversions, such as conversion from

24channel to 32channel andfrom u-law to A-Iaw com­
panding (for a voice call)

- Network-layer conversions, including the possibility of
changing the codesetofcertain information elements­
such as the display IE; and the use ofdifferent Behan­
nelnumbering schemes, maintenance messages, and
other protocol features overthe two interfaces.

Conclusion
The promise ofISDN-to provide high-speed

digital connectivity in a multivendor environment-is
beingrealized slowly because ofdifferences in both
the ISDN standards and the implementations currently
deployed worldwide. If ISDN is to be supported in the
global market, these differences could force the vendors
ofcustomer-premises equipment to develop multiple
implementations ofISDN PRI.

However, this paperhas discussed ways to
address these divergent standards until the promise ofa
common, globally deployed standard is reached. AT&Ts
DEFINITI PBX addressesthese differences with an archi­
tecture that provides leniency in the design andflexibility
in the choice ofcertain interface parameters.
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