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Thegrowing market for wireless telecommunications services is resulting
ina strong movement toward digitizing theseservices. Currently, three dig­
ital wireless standards are specified. Each includes a mobile switching cen­
ter (MSC) as the centralized network switching and call control entity. The
MSC mustbe adaptable to a variety ofnetwork and service environments,
and must support a broad range ofsophisticated end-user services. AT&Ts
5ESS® Switch supports the MSC function for two ofthe threedigital wireless
standards, and is an integral component oftheAT&T MSC product for the
third standard. Reuse ofthe existing hardware platform, designing wireless
functionality as incremental extensions ofthe existing software architecture,
and support ofintelligent network ON) capabilities onthe 5ESS MSC,
results ina uniquely matched solution for providing wireless services ina
wide variety ofnetwork environments and applications.
Introduction to Wlrele.. Radio

Advances in digital radio technology
are expected to dramatically increase the
capacity ofwireless networks while driving
down costs. This,combined with increasing
levels ofnetwork intelligence, and the emer­
gence ofstandardsfor systemand network
interconnection, promise to bringthe vision
ofwireless personal communication services
(res) intoreality. Atthe sametime, wireless
networks already offer a viable alternative to
fixed landline networks in many applications.
In addition, wireless technology is expected
to play an increasingly important rolein the
local loop as the technology evolves.

These trends are driving digital
switching systemsto supportwireless ser­
vicesas partofa ubiquitous, high-eapacity
wireless telecommunications network. These
switching systemsmustbe adaptable to a
variety ofnetwork and service environments,
and must supporta broadrange ofsophisti­
catedend-user services. AT&T, as a leader in
the information movement and management
industry, is addressing these market
demands by integrating wireless capabilities
intothe features andapplications already
available on the 5ESS® Switch.

Digital Wlrel... Advantage.
The digital wireless standards grew

outofthe experiences with analog wireless
systemsand the desire to supportnational
and international "roaming," or interconnect,
services between different service providers.
Specific improvements overthe analog sys­
tems include increased capacity on the same
bandwidth, better fraud protection through
mobile user authentication, and increased pri­
vacy with encryption on the radio interface.
This increased capability is supported bythe
digital radio interface with message-based sig­
naling protocols, such asAT&T's signaling
system7 (SS7) service.

National and international roaming
services are provided by intelligent network
databases, which are queried by MSCs to
authenticate subscribers, provide supplemen­
tary services, and routecalls.

Wlrel... Network Overview
All major wireless standards share a

common underlying network structure. The
network elements (asshown in Figure 1) are:

Cell Site Complex. Provides the radio
resourcecentralto wireless operations. This
complex is usually divided intotwo functional
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Panel 1. Acronyms UsedIn This Article

AM- Administration module
AMPS - Advanced Mobile PhoneService
ANSI - American National Standards Institute
ASM - Abstract syntax machine
AVC - Authentication center
CM - Communications module
DBM - Database management
DFI - Digital facility interface
DLTIJ - Digital linetrunk unit
DMNI/RCR - Digital Mobile Communications Net-

work Internode/Radio CenterforResearch
ECP - Executive cellular processor
EIA - Electronic Industries Association
EIR - Equipment identity register
GSM - Global Systems for Mobile Communications
HLR - Home location register
IN - Intelligent network
IS - Interim standard
ISDN - Integrated services digital network
ISVP - ISDN users part
LV -line unit

elements:
• Radios-Radiotransceivers, channel

coders/decoders, etc.
• Controller-Manages the radio resources, provides

the control interface to the network, etc. Onecon­
troller is often associated with many radios andcells.

Mobile Switching center (MSC). Provides switching,
call processing, andsupplementary services supportfor
wireless calls. Mobility management, often with the sup­
port ofintelligent network nodes, is included in the MSC.

IntellIC.nt Network Nodes. Provides database sys­
tems accessed byotherentities in the network that sup­
port three main functions:
• Home location register (HLR)-Provides a centralized

storeforsubscriber data;
• Authentication center (Avc)-Provides a securesys­

temforauthenticating subscribers' identification
codes transmitted from mobile phoneequipment; and

• Equipment identity register (EIR)-Screens forstolen
orfraudulent mobile phoneequipment.

MSC - Mobile switching center
MTP - Message transfer part
OA&M - Operations, administration andmaintenance
OSDS - Operating System forDistributed Switching
PeS - Personal communications services
PH - Protocol handler
POTS - Plain oldtelephone service
PSTN - Public-switched telephone network
PSV- Packet-switch unit
RCR - Radio CenterforResearch
RTR - Real-Time Reliable
sCCP - Switching connection control part
SM - Switching module
SMP - Switch module processor
SS7 - Signaling system7
SIP - Signal transferpoint
TIA - Telecommunications Industry Association
TSI - Timeslot interchanger
TIC - Telecommunication Technology Committee
WGSM - WIreless global switching module
WSM - WIreless switching module

Wireless MSCGoals
The design ofAT&Ts 5ESS mobile switching

centerwasguided bya set offundamental goals, based
on extensive discussions with customers abouttheircur­
rent andfuture needs,the evolution ofinternational wire­
less standards, andAT&Ts own vision ofthe future of
wireless communications andpersonal communications
services.

International Wlrel... Standards. Asmobile com­
munications matured, users andnetwork providers
beganto demand increasingly sophisticated inter-system
andinter-network features andcapabilities. It was appar­
ent that standards wereneeded to ensureconformity and
consistency between multiple networks, network ele­
ments, andcountries. Strong standards efforts, suchas
the Pan-European Global Systems forMobile Communi­
cations (GSM) andthe initiatives oftheAmerican
National Standards Institute (ANSI), the Electronic Indus­
triesAssociation (EIA) , andtheTelecommunications
Industry Association (TIA), emerged in response to this
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IS.41 - Interim Standard 41
ECP- Executive cellular processor

Figure 1. The com­
mon underlying struc­
ture of a wireless net·
work Includes: Cell
s/t~rovldes radio
resources, such as
transceivers,
coders/decoders, and
controller; Mobile
Switching Center
(MSC)-Provldes
switching, call pro­
cessing, and other
services for wireless
calls; Intelligent net­
work nodes-Provldes
the centralized store
for subscriber data,
authentication of su~
scriber codes, and a
screening process to
Identify stolen or frau­
dulent mobile phone
equipment; and the
network signaling
links that connect the
systems together.

~~...... -.....~ Air-interface

cell site

need. While these initiatives have been successful in
defining a consistent set ofstandards within largeseg­
mentsofthe market, there is as yet no single, worldwide
standard forwireless systems.

Nevertheless, AT&T is committed to providing
its customers with wireless products that conform to all
major international standards. These include:
- Global System for Mobile Communications (GSM) 1

-for European andother countries,
- Digital Mobile Communications Network

Internode/Radio CenterforResearch (DMNI/RCR) 2

-forJapan, and
- AMPS (Advanced Mobile Phone Service)3-for North

andSouth American andothercountries.
The 5ESS Switch actsas the complete MSC for the

GSM and DMNI/RCR standards. The AT&T AMPS MSC con­
sistsofa 5ESS Switch andan adjunct processor, which is
responsible forsubscriber dataandmobility management

support for Open InterfaceL The AT&T wireless
product lineis a vertically integrated, complete solution,
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including the cell-site complex, MSC, and intelligent net­
workelements. However, the standards specify open
interfaces, GSM and DMNI to a greater degree, and AMPS to
a lesser degree, betweennetworkelements (as shownin
Figure1).AT&Tscommitment to openinterfaces has
been maintained in the wireless productline,withsupport
ofalldefined open interfaces betweennetworkelements.

National Network Standards
The digital wireless market is emergingin virtu­

ally everycountry, but is dependenton each country's
existing infrastructure and regulations. In somesituations,
wireless servicewill be integratedintothe current public­
switched telephonenetwork, while in others, wireless will
existin a separate network. Therefore,the MSC must fit
gracefully intoa variety ofnetwork configurations. It must
supportinterworking witha variety ofcountry-specific sig­
naling protocols, including national versionsofsignaling
system 7. It also must supporta variety ofcustomer­
specific billing formats, operations supportsystems inter­
faces, and operations, administration and maintenance
(OA&M) interfaces. Sincethe 5ESS Switch is present in
many markets throughout the world, it supportsmany
country-specific signaling protocols and customer-specific
billing formats. Furthermore, the switch is designedto
allow easy modification to incorporate new, market­
specific signaling typesor billing formats.

Multiple Applications on. Switch. WIreless services
are often provided in conjunction withland-line services,
either to substitutefor wireloop or because the alternate
service provider is in both wireless and land-line busi­
nesses,such as tollor operatorservices. Whenthis is the
case, it is advantageous to offer5ESS Switch wireless
capabilities on the same switching hardwarethat supports
other5ESS Switch applications, such as gateway,
local/toll, integratedservicesdigital network (ISDN), or
operator services.

PI8tfonn for Continued Evolution. Wirelessstandards
continue to evolve and newapplications, services, and
interfaces continue to be defined. The digital wireless mar­
ket is in its infancy, and wireless serviceproviders will
identify newproductneeds as they gain experience with
thisnewapplication. In addition, one ofthe most impor­
tantareas ofevolution is in subscribergrowth. The 5ESS
MSC, withits modular architectureand full range ofexist­
ingapplications, is a flexible, growable platform designed
toevolve to meet changingmarketneeds.

Wlrel... Switching Challenge.
Modem wireless networks present unique

switching challenges. The traditional connection ofsub­
scribers to specific hardwarefacilities no longerexists,
as subscribersare free to move between cellsand
betweenswitches. The use ofcommon channel,
message-based signaling betweenallnetwork
elements-as well as to allsubscribers-puts a heavy
loadon manysystemresources.The integration ofintel­
ligentnetworkcapabilities withsophisticated supplemen­
tary servicesrequires a high degree offlexibility as well
as distributed control.

There are three major extensions requiredfor
switching systemsto supportwireless applications:
- WIreless Signaling-This involves signaling between

the switch and cellsites,as well as mobile telephones,
whichis viamessage-based, common-channel signal­
ing,withspecific protocols varying amongthe three
majorstandards (GSM, DMNI/RCR, and AMPS). In addi­
tion to traditional signaling associated withcallsetup
and teardown, message-based signaling is used for
mobile location updates,allocation ofcell-site radio
resources,call handoverbetweencells, and queries
and updatesto intelligent network databases.

- Mobility Management-This refers to the tasks
required to dealwiththe inherentmobility ofsub­
scribers:locating, paging, and identifying subscribers
in the network; validating subscribersand mobile
phone equipment; allowing subscribersto "roam"
betweencities,networks, or countries; and maintain­
ingdatabasesofsubscriberinformation independent
oflocation.

- WIreless Call Control-This refers to settingup, rout­
ing,and tearingdown callsto or fromwireless sub­
scribers;supportof supplementary services, such as
callforwarding or multi-way calling; andallowing calls
to be handed offbetweenphysical facilities, as sub­
scribers move fromcellto cellthroughoutthe network.

lESS MSC Architecture
The 5ESS Switch is designedto handlemany

international applications overa full range ofoffice sizes
and witha wide variety ofcustomized services. Its modu­
lar hardwareand software architecturesformthe base for
incrementally building mobile switching center capabili­
ties onto the switch'sexistingdistributed architecture.

Asoutlined in Figure2, the 5ESS Switch has a
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PCM trunks Lines

Figure 2. The SESS® Switch has a fully distributed archI­
tecture comprised of modular hardware and software. The
switch consists of the administrative module (AM), which
manages all global switch resources; the switching modules
(SMs), which Interface with customer lines through line
units (LUs), and customer-leased and Interoffice flber- and
copper-based trunks through digital facility Interfaces (OFIS);
and a communications module, which Interconnects the
other modules together.

fully distributedarchitecturecomprisedofmodularhard­
wareand software components. The hardwaremodules
consistofswitching modules (SMs) , a communications
module (CM) , and an administrative module (AM). The
switching modulescontainmost of the call-processing
and signaling software. The communications modulepro­
videsswitched paths betweenswitching modules, and
the administrative moduleprovides globalservices, such
as interfacing to operationssystems.

Administrative
module

Communications
module

I I

Switching ... ... Switching
module module

Switching module

I SMP PSU TSI I
/ \

IDLTU1DR II DR II I ILU

I ••• I I ... I

SESS Wlrel... Switch Hardware Architecture. The
MSC connectsto the following wirelesscomponents:
- Cellsite complexes,
- Intelligent networknodes, and
- Other MSCs.

All of these interfaces are based on signaling sys­
tem 7. Sincethe 5ESS Switch alreadysupportsSS7 signal­
ing,no newhardwareis necessaryto add the MSC func­
tionality to the base 5ESS Switch architecture. See Fig­
ure 3 for a diagramofthe common channelsignaling
architectureon the 5ESS Switch. Additional software was
added to the administrative module, and switching mod­
ule software load,to add wirelesscapabilities to the 5ESS
MSC. Twotypes ofswitching modules are used to sup­
port the wirelessapplication on the 5ESS MSC (as shown
in Figure 4).
- WIfeless Switching Module (WSM)-Terminatesfacili­

ties fromthe cell-site complexes. The WSM is a switch­
ing modulethat handleswirelesscallprocessingand
mobility management.

- WirelessGlobal Switching Module (WGSM)­
TerminatesallSS7 signaling linksand handles the rout­
ing ofwirelessmessages to the appropriate WSMs.
Within the WGSM is a packet-switch unit (psu) contain­
ing an engineerable number ofprotocol handlers
(PHs). Protocol handlers are microprocessor-based
units that implement the message transportpart (MTP)
and switching connection controlpart (seer) layersof
the SS7 protocol. The WGSM can alsoact as a signal
transfer point (STP) for SS7 signaling betweenother
wirelessnetworkelements,or to the public-switched
telephonenetwork.

While the WSMs and WGSM are able to handle
wirelessoperations, they need not be dedicated to wire­
less. Both modulescan supporta mixoffunctionality,
such as analogPOTS, ISDN lines,or trunks in a public­
switched telephonenetwork. The number ofsubscribers
and callcapacity on the MSC is an engineerable quantity
based on the number ofWSMs in the switch.

SESS Ba.. Software Architecture. The 5ESS switch
software architecture is structured as a hierarchyofmod­
ular systems,each withclearlyseparatedfunctions, and
withhardwaredetailsisolated fromapplication software.4,5

Figure 5 showsthe 5ESS software architecture
schematically. The operatingsystemmanagesthe
switch'scomputing resources, supporting all software
systems.Adatabasemanagementsystemprovides a

DLTU· Digital line trunk unit
DR - Digital facility interface
LU - Line unit

SMP - Switch module processor
PSU- Packet switch unit
TSI - Timeslot interchange
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Figure 3. Signaling
between 5ESS
modules Is via com­
mon channel links
called networkcon­
trol andtiming links.
Thesedata links, over
high-speed fiber optic
cables, support call
setup and teardown
of customer channels
between switching
modules, and mes­
sagesbetweenthe
administrative module
processors and the
communications and
switching module
processors.

SMP - Switch module processor
PSU- Packet switch unit
TSI - Timeslot interchange

PH - Protocol handler
DR - Digital facility Interface
- Signal data link

general, but switch-specific, distributed relational data­
base forallapplication-related data. Anabstractswitch­
ingmachine designprovides a constantview ofthe hard­
ware, yet hides hardware details from the application
software. The application software-the highest layerin
thehierarchy-provides systemfunctions, such as call
processing, maintenance, and administration, by using
theservices ofthe lowersoftware systems. Operational
software forapplications is distributed amongthe various
processing elementsofthe system: protocol handlers,
switching modules, andadministrative module.

Wire.... Softw..Architecture. Just as the 5ESS
MSC uses the existing 5ESS hardware architecture, the
MSC software architecture is based upon the existing
5ESS software architecture. Extensions to the base archi­
tecture weremadeto supportwireless signaling, mobility
management, andcallcontrol.

Wireless Signaling. The existing international 5ESS
signaling architecture'' provides an established, robust
basethat waseasily extended to supportwireless. Proto­
col handlersin the WGSM provide messagetransferpart
andswitching connection control part signaling protocols.

The abstractswitching machine provides a standard,
protocol-independent view ofsignaling channels. Mes­
sage distribution to the switching modules is achieved
viathe communication module forapplication software.

MobilityManagement. The implementation of
mobility management forthe GSM and DMNI/RCR stan­
dards on the 5ESS MSC takes advantage ofthe 5ESS
Switch's distributed database management capabilities.
In landline applications, subscriberdatais distributed
acrossallthe switching modules in the switching office,
with an associated directory numberand/or portto the
subscriber. likewise, ina wireless application, the sub­
scriberdatais distributed acrossswitching modules,
with an associated directory numberand/or mobile iden­
tityto the subscriber. This allows the subscriberbaseof
a singleMSC to expand to 300,000 mobile subscribers by
adding switching modules to the office.

Wireless subscriberdatais implemented using
an object-oriented approach that supports a well-defined
set ofaccessand update software primitives forthe logi­
caldataentities, while hidingthe details ofthe underly­
ingphysical data. This allows the 5ESS to playa variety
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Rgure 4. Two types
of switching modules
support wireless
applications on the
5ESSSwitch. The
Wireless Switch
Module (WSM) ter­
minates facilities
from the cell site
complexes.
The Global Wireless
Switch Module
(GWSM) terminates all
557 signaling links,
and handles the rout­
Ing of wireless mes­
sages to the appropri­
ate WSMs.

Global
switching
module

Cell
site

Administrative
module

Communications
module

Cell
site

-- Signal data link

ofroles, depending on the wireless network architecture
the customer desires:
- It canserveas a stand-alone wireless system, with the

homelocation register, the authentication center,and
the equipment identity registerdataresiding locally on
the MSC.

- In a multiple-MSC network, it can serveas an home
location register, authentication center,andequip­
mentidentity registerdatabase forother MSCS, either
as a dedicated intelligent network nodeor as an inte­
gratedMsc/intelligent network.

- It can retrieve subscriberdatafrom the remote home
location register, authentication center,and equip­
mentidentity registerdatabases. These canbe either
other MSCs in the network, or theycanbe dedicated
intelligent network systems.

- It canserveas a wireless network gateway. Whencalls
from the public-switched telephone network or other
personal communications services networks come
into the network, the switch canperform remote
homelocation registerqueries, anddeliver calls
directly to the network location currently serving
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the terminating subscriber.
The ability to make MSC, homelocation register,

authentication center,andequipment identity register
capabilities available onthe sameplatform provides the
wireless network provider with a numberofadvantages.
It reducesnetwork startupcostsforcapital, facilities,
training, andadministration, while providing maximum
flexibility innetwork configuration. And, whencombined
with supportforopeninterfaces, it also provides a wide
variety ofnetwork evolution paths.

Mobility management functions-such as
attach/detach, as a resultofturningthe mobile device on
or off; locating the device ina service area; andauthenti­
cating the device-are performed bythe switching mod­
uleon which the subscriber dataresides. The authentica­
tioncenterfunctionality (which involves computation­
intensive encryption algorithms) is offloaded to protocol
handlers in the packet-switch unit. This approach takes
advantage ofthe distributed architecture ofthe 5ESS
Switch. It spreadsthe processing load among multiple
processors and allows mobility management andcall
control tasks to be performed in parallel, thus both



AM - Administrative module
CM - Communications module
SM - SWitching module
OSOS- O~rating system for distributed switching
RTR - UNI)(e real time reliable
TMS - Time multiplexed switched

FIgure 5. ThIs \IIustratlon shows the 5ESS software archI­
tecture schematIcally. The operating system manages the
switch's computIng resources, supportIng all software sys­
tems. The systems are UNIX® Real TIme Reliable (RTR) and
the OperatIng System for DIstributed SwitchIng (OSDS). A
database management system provIdes a general, but
swltch-speclflc, dIstributed relatIonal database for all
appllcatlorHelated data. An abstract switching machine
desIgn provIdes a constant vIew of the hardware, yet hIdes
hardware details from the applicatIon software. The appllc.
tlon software, the hIghest layer In the hIerarchy, provIdes
system functIons, such as call processIng, maIntenance,
and admInIstratIon, by usIng the servIces of the lower

software systems. OperatIonal software for applicatIons Is
dIstributed among the various processIng elements of the
system: protocol handlers, switching modUles, and adminis­
tratIve module.

increasing systemcapacity and reducing callsetupdelay.
It also prevents anypartofthe system from becoming a
systemor network bottleneck.

Wireless Call Control. The 5ESS call processing
software architecture is structured as pairsofcooperat­
ing terminal processes' (seeFigure 6).Eachterminal pro­
cess implements eitherthe originating or terminating
halfofthe call, allowing call processing to be distributed
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WlreI... swltchl", module 1. Wlrel... swltchl", module 2

Standard
interprocess
Interworklng

ISDN Wireless
terminal '>...H-------4-----.........-----~ terminal
process process

PhysIcal hardware Physical hardware

AMPS - Advancedmobile phone service
DMNI- Digital mobile communication network Internode
GSM- Global systems for mobile communications

- Message translation
- - - Virtual signaling channel

Figure 6. The SESS call-processlng software architecture Is
structured as pairs of cooperating terminal processes. Each
terminal process Implements either the originating or ter­
minating half-call, allowing call processing to be distributed
across different switching modules. The terminal process
communicates with the physical hardware (lines, trunks,
data links, etc.) via a standard set of hardware-lndependent
services provided by the abstract switching machine. In
addition, there Is a standard set of messages used fOrcorn­
munlcatlon between terminal processes that allows a diver­
sity of different call-processlng applications, such as ISDN,
Intelligent network, common channel signaling, or POTS, to
Interwork with one another.

acrossdifferent switching modules. The terminal pro­
cesscommunicates with the physical hardware (lines,
trunks, datalinks, etc.) viaa standard set ofhardware-

independent services provided bythe abstract switching
machine software. In addition, there is a standard set of
messagesusedforcommunication between terminal pro­
cesses.This allows a diversity ofdifferent call-processing
applications-such as ISDN, intelligent network, common
channel signaling, or POTS-to interwork with one
another,"

Because theybothshare an underlying
message-based, signaling system model, wireless call
control is builtupon the ISDN application software." The
abstractswitching machine provides the application with
a transparent interface to the cell-site signaling channel.
Application-specific message translation software con­
vertsprotocol-specific messages coming inon the signal­
ingchannel into a standard internal call-processing mes­
sageset, then delivers themto the application software.
Useofstandard internal messages allows the majority of
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the existing call-processing application software to be
reusedforwireless callprocessing, and provides wire­
less subscribers accessto the wealth ofexisting features,
including ISDN supplementary services. And, because ter­
minal processescommunicate viastandard interfaces,
wireless terminal processescan interwork easily with a
wide variety ofother applications and signaling types.

The wireless terminal processruns on the WSM,
wherethe voice trunkfrom the cellterminates, minimiz­
ing interprocessor messagetraffic to handlewireless
calls. Whena callis handedofffrom onecellto another,
a newterminal processis createdon the switching mod­
uleserving the newcelltrunk,andcallcontrol responsi­
bility is transferred to that process. The subset ofsub­
scriberdatarequiredforongoing callcontrol is copied
into temporary dataon this newswitching module. The
voice path is switched transparently between switching
modules, usingcapabilities originally developed foroper­
ator services.

Conclusion
The 5ESS MSC is a robust, full featured, wireless

switching system. It supports allthree international digi­
talwireless standards, and is designed to continue to
supportthe evolution ofthose standards, as well as new
global personal communications services standards. The
5ESS Switch is ableto be quickly deployed in many inter­
national markets, due to its supportofa largenumberof
national signaling systems. Finally, the 5ESS Switch can
support multiple applications simultaneously, making it
an ideal switch for service providers with both wireless
andother,moretraditional, telephony applications.
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