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Broadband ISDN was developed with the goal ofproviding a multiplicity of
services over a standardized interface. Thefast-packet technology ofasyn­
chronous transfer mode (ATM) makes it possible to transport information
with widely differing characteristics, from bursty data services tohigh­
definition television signals, over a range ofspeeds. With ATM technology,
it is possible tobuild new high-speed networking equipment for the custo­
mer. These new products, plus a defined interface toSynchronous Optical
Network (SONET) standards, and powerful signaling and control capabilities
for multimedia services, are making broadband ISDN the basis for the next
generation ofnetwork infrastructures. Toprovide global broadband products
and services, international broadband standards arecritical. This paper
reviews the work ofdomestic and international standards bodies on a num­
ber ofimportant standards for ATM transport, broadband signaling, and other
aspects ofbroadband ISDN, and discusses how industry forums are working
toensure the compatibility ofproducts and services ofmultiple vendors.
Introduction

The emerging new dataand multi­
media asynchronous transfermode (ATM)
technologies canprovide a powerful platform
to implement newproducts and services. Rec­
ognizing the potential ofATM to supportand
to transmit sophisticated multimedia applica­
tions, computing andcommunications compa­
nieshavecommitted to bringing ATM prod­
ucts to marketquickly. The successofthis
ambitious vision rests, in largepart,on the
development ofwell-defined broadband ATM
standards. Substantial progresshas already
been achieved in ATM standardization, anda
numberof"show stopper" issueshave been
resolved.

The desireofmany companies toget
products to marketquickly has alteredthe tra­
ditional standardsprocess, and accelerated
the development ofATM standards. While this
aggressive schedule is notwithout risk,on the
whole it has produced a richset ofsolutions
forcustomers, due to the increased interac­
tionsbetween computing andcommunications
vendors. The challenge is to ensure that the
many standards forums do notproduce

conflicting standards, but ratherwork
together to complement eachother's efforts.

History of ATMs

To fully appreciate the progress in
ATM standardization and its implications, a bit
ofhistory may be helpful. The CCITT, now
called the International Telecommunications
Union (lTV), is the international standards
body that dealswith public carrierissues. The
lTVbegandiscussing broadband ISDN stan­
dards (multiples of45-53 Mbits/s) in 1985.
The goalthen was to develop a high­
bandwidth version ofthe 1.544 Mbits/s
"narrowband" ISDN fordataandmultimedia
applications. Early proposals revolved around
the ATM user-network interface structure.
There wasgeneralagreement on re-using the
narrowband ISDN concept ofdefining a multi­
services interface, but few could agreeon the
precise natureofsuch an interface. One
major question was whatinterface structure
to use, synchronous transfer mode (STM) ,
which is loosely translated to mean circuit
switching, or ATM. STM had a numberofadvo­
cateswho cited, as benefits, the efficiency of
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Panel 1. Acronyms Used In This Paper

ML - ATM adaptation layer
ATM - Asynchronous transfermode
BISDN - Broadband integrated services digital net­

work
CBR - Constant-bit rate
CCnT - International Telegraph andTelephone Con­

sultative Committee, nowcalled the International
Telecommunications Union (ITU)

CPE - Customer premises equipment
DSl-1.544 Mbits/s NorthAmerican transportrate
DS3 - 45Mbits/s NorthAmerican transportrate
E3 - 45Mbits/s European transportrate
ETSI - European Telecommunications Standards's

Institute
ISDN - Integrated services digital network
ISVP -ISDNservices user protocol
ITU - International Telecommunications Union
MAC - Media accesscontrol
MIB - Management information base
MPEG - Motion Picture ExpertsGroup
NAS - Network Aspects technical committee
OA&M - Operations, administration, andmaintenance
SNMP - Simple network management protocol
SONET - Synchronous optical network
SDH - Synchronous digital hierarchy
SS7- Signaling System 7
SSCOP - Service specific connection-oriented protocol
SfM - Synchronous transfermode (N x 155 Mbits/s)
STS - Synchronous transportsignal (N x 53Mbits/s)
TlSl - U.S. standardsforum for BISDN
TSS - Technical Standards Sector
UTP - Unshielded twisted pair
VBR - Variable-bit rate

the existing systemsand the priorexperience ofvendors
with this technology. ATM waschosenas the basisforthe
transport unit, however, fora numberofreasons:
- Asingle, universal ATM packetfabric could handle

many types ofservices, such as voice, data, andvideo,
- Circuit-based approaches grewcumbersome as the

numberofchannels increased, and
- Manufacturers andusers had enormous interestin the

potential ofATM technology.
AIM: Fixed v..... Verlable Size. Once it wasagreed

that packet technology should provide the basisforATM,
the nextdebatewasoverwhetherthe packet, or "cell" in
lTV jargon, should be fixed or variable in size. The fixed
sizewas chosenbecause ofthe ease ofswitching at
broadband speeds,the controlled, or "fair," handling of
multiple datastreams, and the morepredictable cell-
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delay variation-an important issueforconstant-bit-rate
(CBR) services. Onedisadvantage ofa fixed-size cellwas
the increased overhead needed to adaptvarious data
streamsintofixed-size cells, but many felt that bandwidth
would be plentiful in the future to handle this need.

The ATM Cell Size. Ofallthe ATM standards issues,
noneprovoked as muchconflict as the choice ofthe actual
sizefor the ATM cell. Atthe sametime, it wascritical to
achieve international agreement on size. Without suchan
agreement, it would be almost impossible to deploy glo­
balbroadband services. The main reason forsuch differ­
ingviewpoints wasthe difference in philosophy between
various countries on the initial application forATM.

The U.S. felt, forexample, that datanetworking
applications forATM would drive the initial needfora rel­
atively largecellpayload of64bytes, anda headeroffive
bytes. Many countries in Europe, on the otherhand,
favored short headersoftwo or fourbytesand short pay­
loadsof16or 32bytes. Theyfeltvoice traffic could be
better handled byshort cellswith less packetization
delay. After a longstalemate, the CCIlT Study Group
XVIII (now lTV Study Group 13) inJune 1989 produced a
compromise-the universal ATM cellsizeconsisting ofa
5-byte headeranda 48-byte payload was born.

Otheraspectsofthe agreement included a
sor-er-based physical layer, andadaptation-layer proto­
colsforhandling burstydata. In retrospect, this agree­
mentproved to be a major milestone. It helped catalyze
interestin ATM bycomputer vendors, andit resulted ina
reshaping ofthe original vision ofATM as a carriersup­
porting both a moreflexible, premises-based networking
technology, as well as public carrier-based technology.

BISDN Standardization Proce..
Traditionally, standards development inboththe

U.S. and Europe have followed similar paths. The most
important common thread is that boththe U.S. andEuro­
peanprocesses are consensus-based. To illustrate, let's
lookat the U.S. broadband ISDN (BISDN) standards pro­
cess. In the TlSl committee, the U.S. standards forum
whereBISDN standards are discussed, member compa­
niesoffer for discussion technical proposals, or "contri­
butions," to createor enhance technical standards.

When consensus is reached amongst the inter­
ested parties, the issue is considered resolved. The
agreement is then reflected ineithera "living" listof
issues, or ina TlS1.5 draft standard. Typically, reaching
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ITU - Intemational Telecommunications Union
COC- Corporation for Open Systems
MAN - Metropolitan area network
SMOS - Switched multimegsblt data service

consensus on a major issuealsowill result in the TlS1.5
committee drafting a contribution to the appropriate lTV
Technical Standards Sector (TSS) studygroup, such as
the Study Group 13dealing with ATM. Once approved by
the parentTlSI committee, the contribution is forwarded
to the U.S. StateDepartment Study Group B,wherethe
content is discussed and, if it is agreed to, forwarded to
the lTV as a firm U.S. position. The U.S. delegates to the
meeting are boundto support this position, unlessthe
position is formally changed duringa delegation meeting.

In the context ofthe lTV, the consensus-reaching
process is repeated. That is, the positions ofthe various
lTV members are presented and debated, anda compro­
mise is reached that is acceptable to all. This agreement
is documented as a "recommendation," and is published
bythe ITU. Typically, technical changesto the U.S. posi­
tion will resultfrom the consensus-reaching process.
Thesechangesare, in tum, fedbackintothe TISI commit­
tee and,ideally, a unique worldwide agreement is reached.

Asmentioned earlier, the European process
parallels that ofthe U.S. ATM-related standards are dis­
cussedin the European Telecommunications Standards's
Institute (ETSI) Network Aspects (NA5) technical commit­
tee.ETSI strives to reach pan-European agreement on
important technical issues, with the goalofhaving a

unique European-wide standard, andofpresenting a
united front in lTV meetings. Once an ETSI position is
reached, the ETSI member nations are expected to abide
bythe agreement. National sovereignty beingwhat it is,
ETSI is notalways ableto reacha consensus. In these
cases,individual members will bringinnational contri­
butions to the lTV meeting. Asis the casein the U.S.,
ETSI members typically desirea worldwide, common
standard and,hence, also bringbackto ETSI forfurther
discussion the proposed compromises reached during
the lTV meetings.

The readerhas probably concluded, rightfully,
that the standards process is time-consuming, to say
the least. This is especially true in an industry where
changeand innovation are as rapid andas pervasive as
ours.To meet this concern, the lTV recently has stream­
lined its standards-development process, doing away
with fixed, four-year development and publication
cycles. Despite the time-consuming natureofthe con­
sensus process, however, someverystableandmature
standards have resulted.

The stronglevel ofinterestin ATM technology,
however, has significantly reshaped the standards pro­
cess, as illustrated in Figure 1.Anumberofnew industry
forums havesprungup, suchas the ATM Forum, with the
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FIgure 2. Efforts for global ATM standards continue to make
progress, driven not only by the traditional standards bodies,
but also by new organizations, such as the ATM Forum. This
table reflects the status of a number of standards Issues In
the T1S1/ETSI, the CCITT/ITU, and the ATM Forum.

goalofaccelerating the development ofATM standards.
These forums are characterized by moreactive participa­
tionfrom computing vendors, unlike the moretraditional
telecommunications standardsbodies. In theory, there is
nooverlap between the traditional standards-setting bod­
ies andthe newindustry forums. The statedgoalofthe
ATM Forum, forexample, is to develop implementation
agreements that are basedon available standards.

Infact, it finds itselfalsooperating as a
standards-setting body, albeit one that operatesina dif­
ferentfashion-by majority rule rather than byconsen­
sus.This mode ofoperation both helpsandhinders the
effectiveness ofthe forums. Takingthe ATM Forumas
the most relevant example, quickagreementhas been
reached on many important issues, leading to strong
supportfrom the customerpremises equipment (CPE)
segmentofthe industry that did not develop duringthe
TlSI/ETSI/ITU process. Dueto the potential forblock vot­
ingthat canexistunder operating rules, likethoseofthe
forums, however, simple, closemajorities canyield fleet­
ingagreements. The risk ofhastyagreementon complex
technical issues,which will havevastimpact on public
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network providers, is fairly serious. To ensure that maxi­
mumbenefit is obtained from the process, the Forum
has generally followed these procedures:
- Whereavailable, agreements are basedon interna­

tional standards.
- If such standards are notyet available in some areas,

the Forumdealswith those itemsanyway, andsub­
mitsits proposals to the appropriate standards body.

- It strivesfor the widest possible representation, based
on geography, industries, and users.

- It presses foraccelerated standardsdevelopment in
international standards bodies.

BISDN Standardization Progre..
The above processhas yielded a solid set ofstan­

dards for BISON. Progressto date is summarized in Fig­
ure 2.The following is a "snapshot" ofthe statusofcur­
rent BISON standards. The discussion parallels the proto­
colmodel for BISON: first the physical layer, then the asyn­
chronous transfer mode (ATM) layer, andfinally, the ATM
adaptation layer.

Physical Layer. The physical layerstandards
define the fundamental schemesforbasic digital trans­
mission to supportATM, including signal definitions, cod­
ing, formats, andoperations and maintenance capabili­
ties.Oneaspectofthese standards is unique to ATM:
Theyalldefine a mechanism to delineate ATM cells.

Asurprisingly wide rangeofphysical-layer trans­
portoptions existforATM. Definitions forATM transport
over OS3 and E3facilities of45Mbits/s have beenagreed
to byTlSI and ETSI, respectively. There is a growing
interestin "lowering the price ofadmission" intothe ATM
arenaby also producing a standard forATM transport at
the OSI rate of1.544 Mbits/s. Standards forATM trans­
portoverSynchronous Optical Network (SONET) have
been agreed to byTISI, andforATM transport overthe
Synchronous Digital Hierarchy (SOH) in the ETSI and ITU.
In the caseofSONET, transmission rates are STS-I at
53Mbits/s, STS3-C at 155 Mbits/s, STS-12C at 622 Mbits/s,
and STS-48C at 2.4 Gbits/s. For SOH, ATM transport rates
are STM-I at 155 Mbits/s, STM-4 at 622 Mbits/s, and STM­
16at 2.4 Gbits/s.

The ATM Forumhas filled a significant void
in the ATM standardsprocess by defining the physical
layers appropriate for transmission on the customer's
premises. In particular, the ATM Forum has defined
interfaces-at 100 Mbits/s and 155 Mbits/s-that



operateovermultimode fiber, usingexisting transceiver
chips. This makes it easier and cheaperfor CPE manufac­
turers to get productto market. Asignificant area ofon­
goingworkin the ATM Forumrelates to establishing
physical-layer specifications for transmission over
unshielded twisted pair (UTP-3 and VTP-5) copper tele­
phonewiring. Here again, the emphasisis on reducing
the customer'scost ofentry intothe ATM arena by allow­
ingthe re-use of the customer'searlier, and significant,
investment in twisted-pair installation in buildings.
Recently, the ATM Forumagreed to supportAT&Ts
proposal at the 51-Mbits/s rate on VTP-3 cable.

ATM Lay.r. The ATM layerprovides the unifying
architectural conceptthat makescommunication both
feasible and attractive usingthe wide range ofphysical
layers. The ATM layerdefines a quantaof information,
which the ATM celluses to exchangeuser data.This
layeris constantacross allaccess and transportmethods.
For this reason,ATM is often called cell-relay technology.

The ATM-layer standard «crrr Recommendation
1.361) defines the requiredcapabilities for transferring
information at this layerin the BISON protocol model.
The standardcurrentlydefinesthe mechanisms for
identifying particular user information flows:
specifically, the user's assignedpath through the net­
work, called virtual pathconnections (VPC); the virtual
circuit connections (VCC) that ride in the VPCs; and the
policing mechanisms to ensure that users do not use
morethan their allocated bandwidth. In addition, there
are capabilities built intothe control field ofthe ATM
cellthat indicate howthe cellshouldbe interpreted,
such as one oftwo kindsofuser information, or as an
operations and maintenance message.

Finally, two mechanisms forcontrolling traffic
overloads are defined. The first is an indication as to
whether the cellencounteredcongestion alongthe path
it has traversed. The secondis a mechanism to indicate
whethercellsshouldbe given lowerloss priority. Cells
with this lower priority, forexample, cellsexceeding the
user's allocated bandwidth, could be discarded in the
eventofnetwork congestion.

There are severalareas in which additional
agreementswill need to be reached in order to complete
the ATM layerstandard,including the specification ofthe
general flow-control protocol. This protocol will allow for
sharingofmultipoint physical accessarrangements,
muchlikethe media accesscontrol (MAC) mechanisms

used by such local area networks as Ethernetor token
ring. (Ethernetis a registeredtrademarkofthe Xerox
Corporation.)

The other significant activity forfutureATM-layer
standardization relates to enhancedmethodsfor traffic
management. Coding spacehas been set asideforthis
purposein the ATM control field, and it is expected that
methodswill be defined that allow users to realize
greater statistical gain.

ATM Adaptation Lay.r. The roleofthe ATM adapta­
tionlayer (AAL) is to mask the specifics ofATM transport
from the user application byenhancing the ATM layer
capabilities to better serve the needs ofapplications. It is
expected that different applications will havedifferent
AALs, although there is a strongdesire to minimize the
overall numberofAALs. Currently, there are three AALs
defined:
- ML 1 is used to transportconstant-bit rate (CBR) infor­

mation streams. It is employed whenthe user desires
to emulate an existing service, for example, a D5-1 cir­
cuit,across an ATM network.

- ML 2 provides the requiredcapabilities to perform
clocksynchronization across the network, to detect
impairments ofthe information stream,and to frame
the user information. Information is transported at
varying rates.The application ofAAL 2 is expected to
be forvideo transport.

- ML 3/4 andML 5 carryvariable-bit rate (VBR) "bursty"
data,such as the signals that would be presentedbya
computerworkstation. These AALs provide services
likedataframing, error detection, and multiplexing.

TlSI and the lTV TSSalsohavenearly completed
the specification fora newhigh-performance link-layer
protocol suitedto transportin an ATM environment. This
protocol, the service specific connection-oriented proto­
col (sscor), initially will be used to carrysignaling traffic.
Workis continuing in the adaptation layerarea to define
the protocols for transporting video streams,such as
Motions Pictures ExpertsGroup 2 (MPEG 2), as well as
voice and multimedia.

Call Control. The standardsforcall-eontrol signal­
ingare currently beingworked on inTISI, ETSI, the lTV,
and the ATM Forum. All ofthese groupshavechosenthe
approach ofextending existing ISDN signaling protocols to
meet the special needs of BISON. Thus, the Q.931 access­
signaling protocol is beingextendedto supportBISON
accesssignaling, while the Signaling System 7 (SS 7) ISDN
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services user protocol (tsur) is beingextended to sup­
port network-to-network signaling. These protocols are
referredto as Q.93B and B-ISUP, respectively. Currently,
the Q.93B protocol specification is basically complete
fora simple point-to-point call. Uni-directional point-to­
multipoint callsetuphas been completed in the ATM
Forum, andwill likely be completed soonin ITO Study
Group 11. The morecomplex specification ofbi­
directional multipoint-to-multipoint callcontrol, and
contJ:ol ofadvanced supplementary services, will
require anotheryear ofstandardization workto be con­
sideredmature.

0penIt1ons, Admlnlatnltlon, end Melntenence. The cru­
cialareaofnetwork operations, administration, and main­
tenance (OA&M) has in the pastyeargainedgreater promi­
nence, and its specification is progressing rapidly. TISl,
ETSI, and the ITO have a robustmaintenance architecture
inplace andare nearing completion ofthe final detailed
protocol issues to supportbasicservice. The ATM Forum
has defined subsetsofthese capabilities that CPE must
support. It has alsospecified the use ofthe simple net­
work management protocol (SNMP), and defined the man­
agement information base (MIB) that is used in SNMP to
checknetwork equipment statusand configuration.

Sum......,
Beginning with the agreementon a universal

ATM cellsize, broadband ISDN standardshavebeen
quickly developed to respond to the interestin ATM tech­
nology. Anumberofimportant agreements have been
~ea~hed inTISl, ETSI, lTV and the ATM Forum. The partie­
ipation ofcomputer vendors in these activities has raised
someexciting possibilities forend-to-end multimedia
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services. Important challenges remain in the areaofnet­
worksignaling, congestion control, and network manage­
mentfor the promise ofATM technology to be realized.
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