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As part of the definition of the rafnvan development process to be used by BdSouth Science and 
Technology (BST S&T)'t6 d&Jopbavices fot the Advanced Intelligent New& (AIN). this 
document provides rdditional detail and focus on the pmject management aspcct ineuced in the 

The pllrpose of pmject'managemtni is to sadhati and'fgcus the gEan;ling,~coatiol aid 
assessment of project sctiyitiu RI rddnss this p-. methods'd'pucedurcs mun'be  . '. 
established for a variety of aspects 'ofAthe-'dcvelopmcnt~proccss 'isris- .a describe '. '.: t . (' 

suggested methods and procainrcs which can k used to effectively manage the phases and aspects 
ofsofovandevelopmnt - I 

The terms"pmject" and'pr0ject manager" in the context ofthis documeat assume a limited scop~ 
in an o v d  service or product development effort. For the pu~posc of this document, "pjcct" 
refers to the work &ne by the Advanced 'Itchnology Development Center. ATDC, to transform 
rcquinmeots into a software produn A broader view of product development encompasses 
additional activities such as p l a t f m  definition and selcaion. service concept evaluation. 
rcquinmnt spcci6cation, deployment activities, ongoing opuatiom. field suppon. etc. 
One major emphasis of project management is planning. Project planning is v a y  imponant prior 
to beginning a development project but must continue throughout the project It is necessary to 
assess project status periodically to detumine whether or not modifications arc needed in the 
m a t  project plan. l)@Aly. as 'the project pro&csscs the in&g level of available 
infomation will allow theproject plan to btC0.m~ more detr6led. In addition, some basic plans may 
rcquin change to cfKcicntly guide and coordinate the project' 
Rojcct assessment drives project planning and keeps the project on schedule by measllring 
propss and by identifying problems which may require ndirection of &at. The methods to be 
used in ongoing project assessment tbaeforr constitute an &portant topic in the definition of a 
projcct management process. 
Measurements of things such as project complexity, project status. and project quality arc essential 
to successful project management. These and other measunxncnts allow the project pareiCipmts to 
quantify the current situation and to predict future results. They also provide for hqmmements to 
the development proccss by identifying. with accurate data. areas which require special anention 
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2IusQne 
This document conccllpates on ATDC‘s parr in a Iargt7pmccss. ATDChas the goal of defining a 
process that interfaces effectively with all other ucisting processes. 

. . 

This document is intended to bc used by ATDC in sofnvare development projects. It may also 
prove to bc of interest to other organizations intafacing with such as the Product Evaluation 
Center (PEC) and the Strategic Advanced Network Ilrdritecturc Center (SANAC). . 

.. .-. 
. .  *. . The document contains the followin&. . . . . - 

Section 1.0 - an executive sumuWyc . . . ;. 
Section 2.0 - the purpoSe, scope. intended audience, and document organization. 
Section 3.0 - an oveMew of project management. 
Section 4.0 - a discussion of project planning. 
Sean 5.0 - a discussion of project assessment (oacking). 
Section 6.0 - a dcsxiption of mcuics to be takcn and their pupose. 
Section 7.0 - a summary of responsibilities by phase. . 

Scction 8.0 - a conclusion highlighting pro* management delivcrablcs. . .  

Section 10.0 - xcfaenws . ’ - :-. 1 : . ” - : .-- . . - ..s. 
Scuion11.0-alistofofnoccoaymf; c.-L:::L:: .:.I .=s. , 

. ;.. . . . . . 
.. 

. .  ....a ,. 
.. ,. . . . Section 9.0 - awrap-up.. ’ . .  . .. 

. . .  

section 120-aglossar~tofm;..’ .. I.*:.:’- ; ,. . -s. 

. .  
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Planning is essential prior to the start of a project It is also imponant to continue the planning 
process throughout the entin project. Project plans consider questions such as: "What is the 
dednition of the project?". wo will parricipatc?''. "Iiow will th? work be divided?", and 'What . 
process will be Used?''. - 
Continuous aacking of the project is ncccssrrry to ensure that the'pmject is px+cdiag as plannea 
and that mid-course c&rcctions:dm;be. @en% rtq@ai;atappmpria~ times. &the need Wi: : 
the plans must be adjusted. +king p;ovidis informaton on the &tctiveness:ofuast pltii~~, the ' 
c l m c ~ ~  s f p r  the remainder of the project 

The process of review takes place throughout theproject and is associated with tracking. It is a 
required ---.$Y--. activi which>acemra- ' g "what went right" and "what went wrong." It 
relics hea y o n ~ g c - c ~ k t b n d + a s i e c t  mtaics and . its nsults ~trc fed .... back.hto the @eKto 

Project management is an activity and a nspondbility which is inturdcd to speed the dcvelopmcnt 
process. It provides coodination of effort, maintains a focus on the project goals, and provides a ' 

mechanisxh by which the~dcvdopment p a s  can improve. 
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Establishment of milestones. 
Determination of schedules. 

c_ 

The basic definition of the project is stated in the Software Development I&. The Softwan 
Development Plan wil l  nfacnce and nly on other documentspch as service speci&arion . 

Process documents, such as this one. establish the normal process to be tlsed thmb@out the project- . 
During initial project pldnning !be p c q s  i s  

Estimates. work breakdown SLTUC~UICS. milestones and schedules an all considered and 
reconsidered during initial and ongoing planning. Progressive refinement of each of these items is 
a major part of project management 

P 
The Sofnvan Development plrur is used to lay the foundation for the software development 
organization's involvement in the project. This plan may be used as input to business cases or to 
explain the need for reso&.It i s  eJswltial that sponsorship by uppu management and buy-in by 
all project participants be obtained at the beginning of !be project. These agreements should k - 
based on a clearly defined andmutually wrdesstood project definitionand d - s t h d u l e .  - 
having Ralistic and anaipable_ goals. Th6S&&c'Wkele*t Plan sews ihiipuposE ' - : ** : ._ . . 
The SofOvarr DenlOpnrent plan &Odd 

It should be understand8blC:. ' 

It should have a modular @nd hiaarchical stnmurc. . . - -  .. 
The highest level view Sbwld e be bricf(e.g, it may a~ntaiO*-yqatiw rJllllrmaty). . ~ I - :. .- : -- 

. ... documents to provide g m t a  &tail. - 

to this process Bn rtquirrd. ne S0fn;arr Dejelopment Plan wil l  addIeSS&thiS issue. 

" 

- . 
ro ~etermiat wbethcr 01 n6t modificadons . - . . .  ... . 

\d '.. 1 

' . . 

* 5 

. 

have the fQllOWbg &araetcsisticS:' . : y .  * - . .: 
. .. as. 

, . -. . .  

It should tell will be done and what Itsoutces ~IC need#l 
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TherisLsandopen'issuesshouidbtcl&jystated .; ::..; :,. 

It should allow for cOnting&cy (the goals should k aminable in kss than ideal sinktionsj . 
..... .. . 

. . . .  ... . . . . . .  _.._ - pr' . I.ULF.3U ~. . . . . . . .  .. . .  . i .  

. . . . . . . . .  .... . .  
. .  

. . .  . . . . . . .  ... - _  i ..... . .  . . .  . 
. .  . . .  . . .  . . i : .  . . .  . .  . .  

. .  . . .  
. .  - .  . . .  . .  

. .  . .  * - . .  Ibc SofnwKC Dcvelojmcat Plan, will.con& the following: 

Rojcct goah and obj&w - . .~ .??. 
c k g - ~ d ~  :; . -  L . . - .  

. .  
. . . . . .  . . . . . . . .  

. .  _.-, 
. .  . .  .. : - :  - I  . . . . . . .  .... ... . . .  . . . . . . . . . .  . . .  . . . . . . . .  1 - - . - . -  

. .  
.., Rocus to k used (changes rcq& to the standard process should.& noted, &&I &tion . . 

should k given to the subject ofqdty). ~ 

Laboratory facility rcquircmCnts (iitial view). 

Responsibilities of ocher qanizations as they relate to sofnvacc development 
High lwd work breakdown smcaxc. 
Schedule (including a s t a ~  date). 
Risks and contingencies. 

.. 
. . .  . .  .. . .  . .  

. . . . .  . . . . . .  . . .  . .  
. . . . . . . . .  

' .. A typical outline for the Sofnvare.Develqment Plan might be: 
. .  . - . , i .  

. -  . !  . .  . .  
. .  

. . .  . . 
. .  . .  . .  . -  . .  1. pllrposc" 

2.. ovaview . .  . . . .  . . -. 1.: ??. .. 
3. 
4. 
5. 

. 6. 
7. 

. .  Organizations & Roles 
Requirements 
ATDC Software Development Work Plan 
Schedules and Milestones 
Risks 

The Sofrwan Development Plan is used ptimarilr at the early stages of a project Adjustments to 
the project, such as schedule modification and minor changes to the work breakdown rtruc(ure, wil l  
be nfltcted iri other,proje* d a c t s .  However. it may k useful to update and rdssue the Softwsre 
Dcvdopmmt Plan as situations change uidrddiribnal i n f d o n  becomes av.ilrblc. 

L 2 h v d o a m e n t . .  
Beforr kginaing a &d*t+jG il;i'&pld~ d'.t of.*: ~ j& 'muj t  be 
This ldnd of cvaluati.n . . . . . . . . . . . . . . .  comeJ in ve' 

of cffm in the prow:.'.-., -. ! : .-; f '.. ~ ::,; .: ,.!':.z::.:-i:: i.;. ~ . . . . . . . .  - . . . .  - T h e p r o c c s s o f ~ . ~ &  i ; ~ y ~ l c i d o o a c c p t n ; e ~ l ~ ~ ~ * ~ . ~ d k i i ~ ~ ~ a  .._ I .'.? . . .  . 

. .  . .  . . .  . . . . .  . . . . . . .  -. ._ I > ; . > . : I -  i ,- ,.,.. y . .  '.-. I . .  . . . .  ... . - .  :. - ...* 
:: i 

. . . .  . . . . .  . . .  . . .  ... . ..... .. . . . .  . .  ; -. ... . - _ .  . . _ .  
. A  . ' ' .  - .  . 

. . . . .  . .  .. 
- 

:_._ .- . ...._ - . .  
. ...... - . 

- - .. 

6f . . . . . . . .  mw* & * g&&iyEha & .. - ... .. ..$ 
.. the quantity of iaf&ti& aV&abk o the pmjcct which k in ann directly nlated to the amount . .  . :__ ,.:. ; . 5 .  ; . . .  . .  . . 

L~ . . .  f :. _ .  . .  

reference is made to similar past projects, md a conclusion is ,&a- by swling past experience to 
the cumnt problem. However, it is usudy the casechat each new project differs in k c  h - m t  

6 
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ways from all previous p r o j ~ : Y ~ c e : i n 3 b c ~ i ~ r i o f i t c n l  a~~uicl l 'as ,rh~'pel  w c d i ~ ~ c  - . 
on the project can amkc it difficult to &w dctailzd & I l ~ 1 u $ i Q ~ ~ ~ p a s t ' ~ c i I c &  mt+ :i I . .  :. . 
wi l l  however bcumc betta'and be& with each R1cctssiVe ~ d e v e l a p m c n t . & m  
At the beginning of a project a nry pAimiaqevaIuation myst take pl?ce.W &de:whcth&q~?,'::: : 2 6 
not a project should k undenaLeadM kind of waiuation may be Used &.input tba bwess caSe 1 i .,. 1 :. 

or may take the form of a p d i q h r y  Mvice detl used ,p.primitize candidate senrigs .mid- .: ::. : . -' I .' 

Increasingly more detailed and tvslm-ons and estimates of prdjecf ditIiculty. will k; . ..2;. I i 
required for various pmp0s.q thro@mut the pmjF cycle. The projcct.mpager will 'Smagg for. . . : 

Purposes. t 

Development estimates rypicaUy show uniu of engincer-wceks (or months). Estimates of the 
number of new and changed some modules or the number of new and changed lines of code arc 
also sometimes useful. These are espcdally useful when pscd with metrics taken from previous 
development estimates. For example, the number of upccted problems and qu i r ed  duration of 
the system testing phase can k expapolated from this type of estimate. 

: .: ' I .  

.. .k. to deteruliac required staffing lev&. . - .. 

the dclivuy of such duntiom aud. CJtimateS as rupircd and will limit thcirpsc to the intended 

4.2.1 Platform Development 
Sofovare not directly related to the implementation of any spcci!ic service can be nfpred to as 
platfonn software. 'Ihis cagg@ry includes fudctibd elmy~u used t~ suppan the implementation 
of many saviocs (cg. @o+ interfaces, 

Mor to the first service offering on f particular platform the c m t ' a n d  future sbftware 
requhmtnts for the platfamr should be dctamincd Thcsc requirements will anticipate the 
functional needs of the platform in supparring a broad range of services. 
The drst platform software development estimates can k made when enough information is 
available on the vendor provided pladarm to make an intelligent llsscssment of required additional 
functionality. The vendor's RFp response will proviac some of this information. When a final 
agreement is mad6 with a platform vtndor, a d d i t i d  infmnmtion will btcomc available and 

. .  . 
subsystems and SS7 intafaC@. pladorm . . . .  - ._ toftware also includes the tools used to aeVelOp and maintain Scsvices.' . .. . 

preliminary platform developmat estimates can k made. 

7 



Development estimstes will be H e d  at the conclusion of the requirements review. feature 
design, and f a n r e  subsystem design aad as needed to adjust schedules as mpired. 

Schedules and other charts may be used to present plans in an easily understood form. AJDC has 
selected the Viewpoint project management software tool to assist in the genaarion and 
maintenance of schedules and work breakdown strucnrre charts. Copies of charts taken &om 
ViewPoint wil l  be aaached to planning documenu such as the Software Development Plan. the 
Integration Plan and the System Tcsting Plan. 
Viewpoint allows the project to be W e d  in a hierarchy of project dccompdsition. "he tool 
presents this hierarchy as a trtc 6f nodes each having a partioular function arul leVel of detail.. 
Underlying each node is a "timeline" chan showing actifities or d e s  of activities defined in . 

' 

Viewpoint will be used to plan and monitor the status of a project. ?he "timeline" charts can be of 
several forms including Gant, Network Gant and P u t  Dependencies between activities and events 
can be rcprcscnted to ensure that the impact of schedule slips is fully anticipated and tracked 
During the initial planning phase the project and its supponcd activities will be modeled in the 
network ~ E C  c h a ~  This ~JW will constitute the initial work bnaMown s ~ ~ c t u r e .  Known target 
dates and fixed events such as the availability of platfolms will be input to the f00L The 
dependencies between activities will then be dc6ncd. 
When the projcct has been divided into areas of responsibility, detailed levels of the nerwolk trtc 
(sub-aecs) can be stored as separately @able Viewpoint dles The detailed dvities within 
these sub-sees will then be defied by the individuals responsible foqthcse tasks. Viewpoint can 
then import all of the mb-uces to forpl a complete project schedae. 

. 
. .-j. .\. . - - *  -'?. 

A familiar modcl of the software develo&nt process shows the progressive decomposition of a 
project into s d  picces fluring the list half of the-process foll wed by the integration of 

combined in many ways to form a completed product. Howewr, a d d l y  ooh~tructcd scenluio 
completed modules duing thc latter half. Individually &nstru clt% units or modules CM be . 

\€WRY PRIVATE S o l 3 4  pR0PR Not for ULI or dl8ctoruun outslds BellSouth or 
any of Its wbrldhrkr sxcopt undsr m h n  agreement RlKllY w39a 

8 



- 
During the system testing p b  a broad range of tests are pafonnd to vaify the quality of the 
softwan and to locate and 6x problems to further impmve the software's qdty.  This requires a 
broad range of tests including new ftanuc tests, rcgrcssion tests. strcss tests and continuous 

. 

nrnning tests. The SystemTCsting Plan wbcs the Strgcgies to be used ill systcql wtiag. Italso 
provides schedules for fcstibg'actiuitieS to bt canicd_out d&g the phase. ~ 

. . . .:. . .  . , .. .-. 
The System Testing plan is f19t a mU&q ofsy$tc,m &st pfsnr:.Systtq.teqt plssf &ede$ild test . . . 
suites which will be used during wbcs whm F d  how 
these test suites will be trsed. 
New feature system wt plans are typically Wrinen during sys!cm design. These test plans may 
howcva be updated or added to at anytime during the development process. The System Testing 
Plan is finalized when the smtegy and schedule for the system testing phase cau be &termin&. 
Criteria exist for enuancc to and cxit from the system test phase p1[13.1t is a crucial part of the 
project management process to be able to usc available infomation to pltdict the srarriag date. 
completion date, and resources needed for the systrm testing interval. 
To JUIMI1IviLe. the System Testing Plan must Contain the followbg 

- 
.. estivg.The Srstfm 'Rstbg 

. . .. . 
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. .  
1 ~ o n s p r o v i d i n g r a q r r i r u n e n t ~ ~ a n d w i t h r b c s a v i c c v a i f i ~ o n  

Asspnviourly desaibcdmcwill p m v i d c ~ e v a l ~ o n s . n d c s t i m a t c J  . . . . 

services to assist in thikprOcess Kn)c will also protljtyp 
~ a r l y  opponmity to preview a service sa that - bct~dcbsioas > . . : : .  can . . .  be 
v k b i l i t y r r w c l l a s ~ d r y .  - 
whm a-service has betp a ~ e d f q & y d ~ t ,  NDC wiu work.~oscly with the rcquimncnt 
specification group to form a cl&and d&ed understanding of the'suvice to be developed. In 
fact. this i n d v e  and.itaative process of ktumining suvice rcquimmts begins pi& to ' 

service approval due to the fact that the business case must be based on the knowledge that the 
rtnict is technicaUy feasible. 
The Nctwark Integration Tcn p u p ,  NIT, wi l l  vex@ the quality of savicc sofnvarc developed by 
A m .  Following the successful completion of the system testing phase. AlDC wil l  provide 
with the vdcation version of a software nleasc and all necessary documentation. However, prior 
to this, pnliminary versions of the software and documentation will be made available to NIT to 
rrssist in pnparation for the verification activity.NlT will also puform a "probe" ar sampling of 

may also (or altunately) be pcrfotmed by a selected team h m  PUPC - 

Following service deployment, ATDC assic in the ongoing support of sofhHare in the fidd. 
The Switching Ttchnical As&Smcnt'pu$s?jQC. dl w&with operations groups such as 
ESAC to evaluate and track ficld problems, It.-Sp,C.det@cs that a problem exists in ATDC 
sofware or requires assistance in locating the &m of.a,pblcm, ATDC will be notified ATDC 
will sharl a problem tracking databaSi'&th ST4C t6 guaran'tec satisfactory nsolutionof problems. 

fm.candidate 
~ w i l l p r o v i p e ' . .  an.. . , . .  

ttt'siivicr: ' a .. M& . .  

. 
. 

~ - 

pnliminary vasions of the software to give an UnbillJed asscsSment of softwan quality. ms probe 
.._. 
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ha ing  the CoIPse i f  a project. piodic assessment must takc'plsct to track plogrcac 
reevaluate the nnrtnt plan. To acc~wtely gaugq progress, a,&&. se t .o fmcy~lc i tcmslmust?  !-.--::::?? 

exist for tach project activity or phasc; e j e c t  s- d~progress . .  
amount of work rrmlining are &.bsstdon these- 

i;T.& 

well as 

- 
. . . . .  ".. . .  . .  . .  
.. .!..-I - 

A project file should be main*& throughout the course of the puject to collect all artihp . . .  

asssod~ed with the project  his file will provide a central source of information on the A t .  
status and plans for the project It will also pmvide a history having a set of project snapshots (c.g. 
successive versions of planning documents and schedules) and metria which can be used to 
improve the process to be used in future projects. 
Some of the tools uscb to produce project delivmbla such as specification documents, dcsign 
documents. some code, test plans. test results and schedules support multiple versions or 

. "snapshots" which can be used to maintain a project history. Howcva. it may be desirable to starc 
hard copies of these snapshots taken on perhaps a weckly basis in a physical project file. This is 
probably desirable until a fully integrated development and tracking environment is implemented 

' 

- .  

.... ClCCUOlliCally. 
The project file will con& the following: "' . ' .. . . . . . . . .  . . .  

j . .. . . .  

.$. 
. .  ' I  e.,. . .  The service feature SpsCificatiOns.~ 

The software development plans. 
The integration testing plan. 
The system testing plan. 
AUdesigndocumcnt-5. 
Results from design nvkws. 

- . 
. .  .'. ' 3. 
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why is the last "five percent" of all activity the hardest? 

5.2.l "Percent Complete" 
based on calendar b e .  The length of an activity time line is determined by the 

estimated calendar duration of the activity. However. activitystatus cannot be determined by 

completed and how much work remiins. To addn5g this problcm&ctivities must be clcarlydc&ed - 
and have quantifiable dclivcrables. For cxam@l':a~~xt.icular cbding activity'can be ddinid to 

qnd planned design. In this case ''pacent complete" be the paccntagc of completed modules 
to the total number of modules listed for the activity: When a 
way is applied to the activity time line, the point drawn may or may not match the current date. 
Although this seems obvious, many individuals stay "on schedule" by watching their calendars 
during the planned activity i n r d  only to stay "bchind schedule"f0r a significant period after the 
final delivexable is due. 

. lEme lines 

looking for today's date on a calendar. Activiry stam depends on how much work has been .. 
- * 

consist of the &g and JU-M n*G:&g kt& & o f u u l & . m h : h g  g h d  i*se 

mmplcte'' calculated m rhis. . 

52.2 " h a t  happens when the activity takes longer than expected?" 
This question brings up an importmt isrue. It is important because it occurs in almost mry pmjccr. 
Activities normally take lopga (m calendar time is nqukcd) than,expened bcquse that. ip  

Related to the coding activity t*Bmplc. consider a sitrution'in w&h it is planned that 6!ly 

expected to span five wccks of the calendar. The individual nsponsiile urpects to work M avcmge 
of one half day five da$a week on-this puticuleir I*hricy'(the five weiks of calmdar-rimE was 

i 
I 

more work to be done and less available tjmc to do the york thanmi&ally anticipapl. 

modules will be wrinen end micWed for I particutar 8ctivity time. line. This atlivity linec+? 

daivcd &om this fact rndrhc cs&nate ulat 2.5 c o ~  w& q c  required for the .ctiviry3. The 
d g i n a l a c t i v i t y r i m c l i I l e w ~ ~ a s ' ~ ~ .  :- - - -  - . -  

. 
. .  

- . I -  
-. .- . . --.:-.- . _ '  I . . .  . 
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Assumc that at the end of the first week 10 modules were complttcd The activity is on schedule. 
The snapshot for the end of week one would therefore be: 

- .. . .: d i e  . .. ; 5 
! 

ond ond ond end end 
w 1  w 2  w 3  w 4  W S  

flnish 
dme 

' I  - 
I i I i i : d ... . 

. . . . .. , -', 
Activity (1 time OkO) line Mer week l:(durd weok0;.50 modu!as). . .. . ' ~ 

. .  -'j . : : I . 

t i I 

. 

*- -~ 

i I P $ 4 

I r. i 

At the end of two w& it has bcen determined that morc code modulcS than plauned ere needed 
to complete the functional unit covered in this activity time he. At this time 10 modules have bcen 
completed but a total of 60 modules ~ T C  n d d T h e  question is now, "how wil l  the plan revision 
be illusaatcd in the time line representation?". 'Ihc chart below is one solution. 

. 

' 

M U  ond .nd md ond ond 
W l  w 2  w 3  w 4  w 5  w 6  

. ., 
, ' . I *  

I. 
. . - .a 

.. 
. .. 



. . . .  ~. . . . .  . . . . . . . .  . .  . .  .Md . . . . .  Pd end 
W l  w 2  w 3  . w 4  

'' I &Id end 
W P  . . . .  

e 

.... . -  
tlnlth 

. ,  
. . %  . . .  . .  - .  . . . .  

. 
. .  

. .  . . . .  _._. _ .  I (2060) ' 
. . . . . .  . . .  U k Q  time Il;d-m$ & 2 [&& a;bo'&um) 1 ... - - . .  : . -_ : . . . . .  

At the end of- we& o d y k  moduks have been -led cvea though me -& for ibis" 
activity have been hcTcas&L It'has be+n daumined that the rtmainiag modules arc monmdt 
than the previously completed mu It is estimated that only 10 modules can be completed cach 
week for the &der of this activity. Given this situation the activity could be extended to span 
six weeks. The Cumnt status and the hi& date slip would be shown as below. 

: . . .  . . . .  . .  . .  . . :. . .  .. 

'"t end end end end ond 
W l  w 2  w 3  w 4  w 5  W 

. .  . .  
. . . . . . . . . . .  .by.  , ,  , . . . .  

i i (30164 

. . . . . . .  . . . .  . . . . . . . .  e - - . .  j u t ~ v w  time 11ne after week 9 (dura wtw 50 modutos) .. - . .  . .  
. _  . .  . . .  , . . .  . . .  . . . . .  .-- :: - - : ~. . .  

. . . .  . _. 
. .  

Ifthescheduleisnotexte;ldt;l;alagwoaldbe slibwnduc~thCf&tth&only50% ofthe&&w& 
complete when '60% of the scheduled cdehdar tiine had k b  UJCdup. Itmay be:dcsirable to k-: . : . . :; 
the original 6nish date throughout the activity and show the scvaity of the p m e s  lags as below. 

..' .- ' 

end 
w 1  

end 
w 2  

end 
w 3  

end ' end 
w 4  w 5  

m 
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5.23 The Lost Wve peradt" :. . : .: : . . -::p 
As mentioned p w h s l y .  it is typically the case that activity progress is rcporkd to be "on. 
schedule" until the deliverable is due and then reponed to be ?cry n d y "  complete for somctirpe , 
thcrca!k. As the due date forthe activity deliverable becomes qear. actidtyprogrrs.scaqs to itall - 
a t a b o U t l l i n c t y f i V c ~ t . ~ k ~  ::.. ..; 
One obvious nason forthis dhlluiw is that when status npodu arc n6t based on cIcarIymCasrrtabIe: . . : * 

p r o p i .  individuals w to g i e m  rrpars &owing that their-activitics'ke_pnmoding-on~:~<. .. 1. . 

p r o p 5 a ~ o f ~ l ~ " ~ ~ t i n o w l y ~ ~ c ~ g . '  . . '  - . .  - -- I 

. .  . .  - . .  .. . . ., . .. . . . ..a- 

. schedule until the d c l h h l e  is due. Em' when in&iduaIs attempt to'acarately cstim+ . .. . 

Whena&fintdmcthodof~~measuraneatexiso.prognssnpoltingbcoomtsfarlessbiastd 
and signi6cantly more 11cc1wte. However, care must be &en to avoid delays at the end of a project 

One hazard to avoid occurs when the mare difficult parts of an activity are " ~ v e d "  for lest. If the 
method of measuring progress during a coding phase is to a u n t  completed modules. cach module 
would idcally require the same amount of &on. However, thir is usually not the case. As a result, 
individuals may dclay the coding of the morc lime Consuming modules in M &ort to npon 
favorable results hoping to catch up at the end. 
Another problem occurs when the method of  pro^ m c a s m t  ovqlooks Cataip tasks which ' . . 
must te completed to support &e deliverable, F q x a m p I e ; d o n  a ~ d  hyitw meetings. . . . . : 
may be required as cxit:criyxhfor activity but may not be m q e  at any.poibt prior to the. end - ' . ' 

point. These tasks arc w y .  to pdong  the d w e n  of?he iiql."6ve percat"ofaaa~&~ty.;. . : . .I :. -' I 
To avoid these prob1cms;themethOdfqrdetamining activity;seatus~muJt ~ y d a s s s e s s  the total . 

effm for the activity and the m u n t  of effm n d e d  for completion. To adequately meet this 
requirement, mcBsurements must include a l l  tasks and must take into account the dat ive Wculty 
of each task. 

. activity. 

. 
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During the planning phrce'thepject network diagram is seared to modcl the project wmk 
bruLdown smlcmrc (wBs);vicwpoint allows qcb  tcwl mcmbQ or gIylp of r q m  membas to 
maintain their own "sub-menof the project network diagraxn These "sub-trees" can be nand in 
separate DOS files. Roject team members wil l  input status details related to their particular .- 
lctiviritJ using Vicwpoipt 011 their individual project activity files. This will rcquiq 
and inputting the m t  compl*e" for Zdch activity-rime-line. Viewpoint d n . % s  
infamation to form * .&unary views ofthe project aanrs. 
Dependencies between various project activities can@ modeled using the project management 
tooL As individual lcrivitiu lcad or lag the projcctph the impact of these ommaces can be 
paphically shown by the tooL This will allow nsollrces tobe shifted to theaiticalpatb activities 
IIS n& 

" g . ,  

- -  
Mcttinp will be held periodically to review group progress and to idcntQ important issues 
poraining to the project These mcetings wil l  in most cases OCCUT weekly and wil l  be attended by 
the members of an RM (Research Manager) group. 
The typical agenda for this mectiag will be as follows: 

. .  R&XV of previo~~ wetipg's prow *..!@lighting - . .  pfbble . C . . '  -.: : . .  l. : . . . . . . . .  . High level view of &t ,~j&&. 

Identification of new problem anxs and open issues. 
Discussion of new action plan including assignment of action items. 

At the beginning of each group mceting the projcn status as it was presented in the pnvious 
mcctingwillbesummanzcd ' ?hiswillfolmabaselineforasscssingrtccntpro~.Roblcmsthat 
wacidentifiedin the previousmeeting will beemphasized and thtpmposcdmethods for dealing . 
with them willberestatcd 
A pcsson ivill be rrsponSible for estimating the status of&h project.criViry @&to the w a y  
group meeting. This iafommion.will be given to the appropriate RM . . .  so that.it can be used to 
opdatcthepmjcctstarus,inir~t. . , ' 

At the group wctihgs ~ t ~ ~ ~ s : @ : b k  MmmMztd 
theViewpointtto0L spedatittcnrion.wilIbepaid.~,~~tin~g,~ ~ ~ ~ ~ ~ ~ h s i ~ o n i - .  .* .... L:.. ....... ' ? I  K.. ,..-l%,,.v\- ' .  r. 
comparison will be & ~ t h e ~ ~ ~ ~ t $ f ~ ~ C # &  . . . . . . . . . . .  €@-@lm&g . . . . . .  probl@'dthe . . . . . . . .  Zr . : - =.. - . .  . 
pgrepsachicvcd. : . . . .  . . . .\.. 
Detailed views of individual activity progress will be presented by the indiduals responsible. 
Eff~madctoimprovq.laggingaMswill alsobe-scdin grcata'detailat this point. 

group. strategies for these *IunsWin be formed ind new''d&iitCms . .  . .  will'be ._ 

- 
. . .  . . . . . .  . . . . . . .  . . . . . . .  . . .  ........ :.. . .  . . .  . . . .  . ....... by *e& &g s& ;vici..& 

_ .  
.... 

- . .  I ' .  . -  . . . . .  .... 
. . . . . . . . . .  

Action items due s&e last n&ng wjll be reviewed. New probluus will be identSed by the . .  . . 

PRIVATE 170151 
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~~twillprobab?y&uitdc*~~yutbePeriodic~.mtetings. ctiricalpuhaclivities 

rtdirocting mmes to sol*e-+lcms can beuplorcd~usidg Viewpint @'an hmaqiwprip . : 

~toma!ically highlighted by thc tooL Miltstopc slips,,and lags a r ~  highlighw Thtsefcanncs 
will provide for cfEcimt identification of the higb priority uuls and probkps. A + ~ ~ ~ v c s  for 

diSCUSSiOn. -., 
. 

- 
. ,  ' *  . -. ' . '; -5  

Using a project management tool such as Vewpoint to plan aud m k  a project will provide a 
. simple mechsnism for project reponing to a variety of audimca. Wewpint can build smnmary 
views of the project to suit almost any pllrpose. 
The wed AIN project management tam will use Viewpoint to plan and monitor higher level 
aspects of the projeci status updates from ATDC can be pro*vidai to the project management team 
in electronic form and "uploaded" into the high level project model. Viewpoint can then produce 
currcnt status views of the project reflecting PLIIDC's contributions. 
The AIN project management tam will probably conduct periodic meetings (perhaps monthly) to 
discuss the o v d  project status using a f q  s- to that of the ATDC RM group meetings. 
ATDcts contributions to the Ptsjen. will.apptar as.suplrqary activities which span @e.taviCe 
development work. . .  

As ATDC grows it will b m c .  uScfpl mdivide'@oject .wark into sw&al,Rh$ttams4:Each W., . -. . : 
monitors a podon of a ~~::prpj6c?~hducbng'~~c .~$ouprmtet ihgs  pS2Wcr&cdpbove:- ;I - - : .' 
Puiodic Director meetings will talte place to codsolidate tht lesblts of these group meclings. The 
ATDC Direcun and the Research Managers wil l  meet to discuss cumnt status, problems and 
snategies to overcome problcms. Interactions among the project "pieces" will be examined using 
the Viewpoint tool as appq&~~.  

. - 

, 

. . 
. ~ . .  . .  ._.. k-. . . . . . .. . . 
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review mccriog. The numbered rcquhmg~@. in ea&. d o c e n t  wilj be i@vidcd. m a g .  tb 

m t e  in a gcaUal SUISC, daaminc whether or- thereqUirmrent is supponed by platform 
capabilities, and whether or not the requiraacat is testable during a system test 
R o w s  towad completing the G-0 mieW.can be mw\sid by counting completed 
requirements since the 

. Each -&t win be &&,&e W & ~ &  noi.b, 

. . . . . . . . . .  . - _  . 

. . . . . . . .  - .. oftotd requiranmts is k n o b  in achuc.~. - . . .  . . .  ... . . .  - . -  . .  - - . . .  
. .  - .  

. .  .. . - .  
,. 

. . . .  .- - . .  - - 
5.53 System and Subsystem Daip Phases 
The high level design phase is pelflaps the most di5cult phase to quantify. The first stcp toward 
doing this is to attempt to gauge the overall &e ofthe design effort Since the deliverable from this 
design phase is a documcat, the size of the document should be cstimattd and an outline gmuatcd. 
h g m s  toward completing this phase will be measured in pages or sections Compltttd in the 
document - 
Another activity that takes placc during or @or to System Design is the writing of test cases. A 
test or set of tests must be defined for each requirement in the requirements specification. These 
test cases wil l  be used during system testing to prove that each requirement has bem met Regress 
duiag this activity wil l  be measured by calculating the pactntage of test cases written to the total 
ucpected 

. ~ 

. . . . .  . . . . . . . . . . . . . .  -. . . . . . . . . . .  - . . . . . .  ... . . .  . . . . . .  ~-.. . . .  .- '. Ly. 

.. . 

Se=vice developmeat will req& the useof~Decidon~'Ghaphs, 'SLL. and Ctc. %e- Ctc'.., . . 
environment allows many small modules asscciated with a single subsystem t6 be coded and &td 
independently. In c o n a t ,  SLL may require the development of a large single source program 61e 
for each scrvicc. Decision graphs typically exist on a "per subfiber  pa Senice" basis and an 
datiGely s d .  
Ctc module development activities can be uackcd by comparing the number of modules 
completed (designed, codcd, or tested) to the number p h d .  Lager modules can be wughted 
more heavily than smaller ones what approPriate.Fbr SLL. the namba of planned modules may 
be only one. laatfore the dzc of the p h c d  activities should be musurcd in "sGi!c~",  event^", 
orl inesofS~code.DeddonGwphswil lbebail tbyoron~ofcustomas. 'I) .pica~le  
Decision Gwphs will be created during M o p m e a t  fa tcSting p m .  Requid &ort 
rssociatd with thc input and testing of rcprcsentativc W o n  Graphs should be csrimatcd in 
terms of the number aad size (- 'um/large) of p p h s  needed for testing. 
Completion of the design, coding, or unit test of a module or other "&unk" should imp!~ that a 
d e w  has taken place. Roocduns for the review proces~ ut described in another ATDC 

- 
. . . . . . . .  .. .. .. . . . . . . . .  

. .  . .  . .  . .  . .  . .  . .  

. . -  
. . . . . .  - . . . . . . . . .  

- 
. . .  . . .  . . . . . . . .  . . . . . .  . i. . . . . .  

5.53 Module Deslp, Cod@ and Unit''&@tg . .  ':. .;."- i . .  

. . .  

document['lJ. 

5.5.4 Integration and System Tesbing 
h g r a s  achieved during testing activities is also di5cult to gauge. A great deal of liuraturc Ucisis 
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my development phase is most ohen dctamincd by compming the .mwruofub&c+xt~pl& to . - 
the totd amount of woxk rcqukd AS the litaaturc points Out. it is d y  not possible to - 

~ g p r o g n s J c a n ~ ~ y ~  . ... ' * . .  . . . .... . -3. =-Y 

The situation is not hapclcsJ however Thc M l y  &.la oIgmi2ah.m esdmate yhe.ameunt .of, . .: .. : 

many pmjccrs of a similar natur;?, estimues 6f oetiing c$FQlf-can be relalivdy alxUrau.:s&g . :; : -: 
factors can also be applied to-adfit for diffaences in PrOjM C0mplcXity. nrff and orhn Vuiablcs. - 

Pmi l%LFM 

. 
...-..:.. 3 - 7  

On SOfWEIC &.&g and hQw ~ ~ . ~ ~ b e ~ r a c d , d u r i a g ~ g p ~ - ~ l ~ ] [ 1 2 ~ . ~ ~ ~ i , i n  .- . 
:'. .. ::. : 

estimate the amount.of wok reqltiluj in.a ming eff* I! s s . ~ o q ~ y  that.' ' . . . 
. -  

a g  rrquirrd for a gim p j a  improves-with ~f la -m has : w e t & . : .  :,.r I : .. 

. . 
Parametas such as "number of lines of codc", "number of modalcs". %umber of requirements". i 

k. can be used Regardless ofaccumcy,estimateS for a testing intavrl usually oonsist of the 
quantity of tests which 
One somwhat optimistic objective in test planning is to ppovidc total muage of S- ~ 

functionality. I f l t  is possible to Write and execute a complete test plan then pmgres! can be 
measured by calculating the percentage of tests successfully completed. For a large software 
system consisting of several releast levels this, approach is usaally not practical. Aside &om the 
volume of tests required to completcly test a system it is difficult to anticipate all of the required 
tests in advance. For this reason it is useful to uack the rate of the discovay of defects as a function 
of the rate of test execution. By monitorhg them$l of."bug".d*cctiW 
on the number of remining wts r#luind 10 .WCQ ai.- ICGJ ~f quality; . _. :.. :-i 1 

During unit and integration testing the 0mphrSiJ.is on 'by f e q e  testing''. RogreSs dUringthF. :. . I . . . 
phases will be calculated bas;d on &e p&ntage of planned tc~t  cases suoecSdully completed. In i. i =! .:II ; 
system testing, which is much broaduin scopc. this method &also ud but will be tempued 1. : .. .. ... . 
with conclusions dra~n from analysis of the defect detection ~tatislics. 

expecttdto bem and a timeduration. 

m. be .We.  . . 
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I; ..... to'avoid-pitfh anb.td.p&nt ... .. .._ 
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- . _  

Rogrcssive rdinement.'pnd i m p ~ ~ ~ & f  of the dcvel&pt #ucess is,; prh+uy goat for KpC. . 
c y c l c . l p i s d a t a w i u b e u s p d t o . ~ t h e ~  
E t J t n t i a l t o m e e t i n g t h i s ' g e a l . i s t h e ~ g ~ f ~  r t l a t e d ~ . .  ~g: ,~dewt lop .mei i t t ' . . . ; - .  : . .  

o u t & & ~ & o ~ & ~ & ~ : : > ,  . . I  L:? J C ~ ' 1 . t  C.1 

It is important u, *e "right" h+ mtd& is * consmg-- & - -  1 
be cwsidacd inrmsivc ,in catain cascq Misuse lI+teipretatiad of mqics  cdp be. dCUimental' 

. .  
, : ; , , I ~ , ~ . c ~ . ~ ' . ~ ~ ~ ~ ~ . : ! i . ? ~  ..:;;- >>.:.,.>,. . . .  

L .  . . .  . . . .  . - . .  ..-. . . q.-. *: < . . .  ;;: :- . - . _  

to a project and to the organization. The purpose of collacting project mctrics should be 6 &prove 
overall project predictability and efficiency. Rojcct metricS should neva be used to evaluate the 
work of individuals. 
Automation of the metric collection process saves timC. improves acamcy, and lessens any 
intxusive effects. Examples of automated metrics include mechanisms to count new or changed 
lines of source code and tools for tabulating and presenting ~ccurrmccs of defects. 
ATDC will probably UT in favor of initiaUy CollCCting morc &cs than a!e probably necessary. 
As expricnce dictates some metrics may be deleted and some may be added The following list is 
a first pass attempt at auseful set of meecs for l u p ~ : .  . . . . . . .  . . .  . . . . .  . .  . . . .  . .  .. . . . .  . .  ! . , . ,  . . . ~. . .  . . . .  - .. - . - 

I. . . . . .  .. . !  ;. 
Thenumberofw&linesadded&moPificd..:: ;. :.., ..::*:~ 

. ,. . PcrsoMClresourcesdcdicatedtotheprojcct.(eg.'~n$ccks~j . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . c .  . . . . . . .  .:.u - ., .... i . .  . '  . . . . . . . . . . . . . . . . .  . . .  
I . . . . .  - ... - ..... 

The number of modules added. 
The number of modules modified. 
The number of elemental requirumnu. 
The number of test cases written. 
The number of test cases addcd after the  st^ of testing. 
The amount of timc spent in each project phase. 
The amount of timc spent in each of several categories of project mCttings. 

The amount of cime spent on non-project nlated activities during @cpjjan.. . -.. :. , . . - I  

~ h c  numberofdefectr found@aphasc. p 4 r d p e r  d L  e&.) 
. 

The number of defects . .- caqscd .. in each phase. 
The amount of tirde &t "zewxk$g" in r+ch phas+. . . . . . . . . .  . . . . .  . . . . . . . . . .  . .  - . Nc6 ij lbcsc ~~~. . . . .  '.t.'.< -: 

B y t a l d n g m e a s ~ .  v a t  inm!S'rad' i i l&*g~<~~,+>*~?L,  ' i 

Snapshots many o t h e r ' ~ ~ u l . ~ ! r s d ' m n d s ' . . c a o . k ~ v ~  . . . . . . . . . . . . . . . . . . . . . . . . . .  r r a e , ~ e J S  . . .  . .C . . . .  OfitreK - .  ... . . . .  . :-.. -. : 
... 

-. waics is desaibed MOW. .. 
. .  . : . -.:.f . . . . . . . .  . . .  . . . . . . . . . . . .  . _ .  . 

nofu 
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Some metrics pmvide information on how well certain methods work in ach iehg  dcsircd results. 
MetricS can be used to identify the activities that arc most time consuming. The producxivity during 
thcsc activities can then be compared across several past projects. 
An -le of a productivity metric is the ,number of-lines of source d e  pxoduccd pa.uuit b e .  
 his of course is M o m  misused meaic ,sometimes used to .gauge individua! personm-1- 
paformance. this n#c to be an 'Lccurut indicam:of productivify: ttre Vaiaaix of st)rle,, 
p r o w  type. quality, etc. must ix consid& mer, 115 prcviouly mmiomi, the p;ppOse for 
this metric io ATDC is to improve the estimation pkuccss and to gauge the effcai~encss of tbc 
development environment not to rate iudividual performance. 

. 

MCII~CS can be used to gauge quality in each development phase. This type of meirk usually 
compares the number of defects found in a deliverable to the amount of effort spent aying to find 
defects. Defects can &st in requirements documenu. software designs. programs and test plans. 
The effort required to find defects can be measured in the duration of a review. the number of tcst 
cases exccutcd, or the amount of tim spcnt in testing. The ratios formed by comparing defects to 
detecrion effort can be very Cffectivc in assessing the quality of the development prows and in . 

in;aics an essential to- the god o f ' n i v e  . . . ~ 

':I - . .  . .  . .  

-_ .. . v.- . .  . -  
A cornmoll pitfall in project planning is to ignore fhe possibility that% consuu3g @Viti&aud __-  ' 

dtllruiolu d a t e d  to * projax may &<Id f ~ - ~ y i n v a x i a b l y  do bcnn qldmebfitni- ' 5 . 
dgIli6canL Examples incltge: u n c x ~ ~  acnwa;T&!l o$& pmjccto. illness, vacaaon - .  qdd.. 
downsizing of s e .  , I  

.._ 
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.' ' attend related meetings, provide- d e n  ana vabal 'fctdbaci &'be anthm. and begin 

As soon as the service is well enough defined to begin system level design the appropriate RM 
evaluating the required Capabilitie;olzhe plafforms. 

will form a service development team 

mmments to authors. 
Rough e s h a t e  of required number of service dcvelopcrs. 
Metn'a: 
T i e  spent in this activity. 

' .:s. . .  . .  . .  . .  . . . .  . . .  . ' I '  ' .  . 

- . .  
In most cases the savice is well enough defined to begin system level design wben the bnt 

draft of the Service Mapping document is issued. At this point the service development team 
will divide the numbered requirements among themselves. Ihe RM will appoint a team 
member to do this. 
Each developer will evaluate herbs assigned requirements against three basic critaia (1) 

Docs the requirement make smse? (2) Is the requirement testable? (3) Can the specified 
plaffom support the requirtmcat Exceptions will be reponed to the requirement authors in 
Writing. This evaluation is &ne for each of the three service requirement documents (Swice 
CQncept, Savice Mappiig, Fcatm Specification Document). 
Each &velopm.will WnitG a capabilities Mapping Document desuibmg how the specified 

platfonn cau or canwt'.supporI ca&rpquirtment assipd This is initially dqne using the 
Service Mapping Docurg&hd.i*td'wh&:the'jiSD h hdi&.If th~.~~&&platf~rm 
cannot support a rqu@i i i i t  ,a;ith; i ~ : w i  ~p@iliticCmd analysis will be .done to 
detumine how new cap@Gli?~'is' dobld k.-+:.Sae tcdm-&dd make a r&mmcdation 
to the RM on whether the kqkbilitj kh&M &'Welopad p;IDc. the vendor, or not at all. In 
the latter case assochtql fcq&qnent must be negotiated out of the scnricc specificaton. The 
RM has the dhte e b i l i v  OrIOSOIvhg . .  Such rihuriws. - .  . . - . . . . . .  ., . , .: .). 
 he RM will assign one semi& d w c l q & t . - . ~  to cmmiiwcJysichrmting.  his 

individual (test coordinaiol) Win. see that &test absaact (a brief description of the required test 
suategy) exists for each service requiiement. Responsibfity for Writing test abstracts lies on 

.... _.,. . . . . .  



Written comments on requirements docamexits. 
Capability Mapping documents. 
Tkst Abstract documents. 
Feature Design documents (and pahaps System Design Addendum). 
Metrics: 
?Erne spent in this phasc (funha broken down as apppriatc). 
Number of requirements. 
Size of Feature Design documents at each issue. 
Results from design reviews. .:- , , s. 

. 

During System and F e a m  Design the development team will decide how to h a k  the design 
into definable pieces. The team and/or the RM will assign rcspoDsibility to each piccc In most 
cases the work breakdown will cornspond to the architMlaal subsystems. A Subsystem - 
design or Feature Subsystem design will be d e d  out b the assigned individuals. The 
culmination of this effort is a set of SSD or FSSD documcnD tlol. 
The Capabiliry Mapping documents and the System Test Abspan. documCnts &I be 

reviewed by each pason responsible for thesc documents as described above. 

A subsystem design review will bc held to review each documcnt 
.. . - .. 

. .  . .  . . Subsystem Wgn documents (iinew su~ystcms arc MI. I . ;.:.). 

Updatca capabili tyMappiaL~&tLc. ..-;.;,;.-.(, L-,L=L\s.. 
Updated System Testing Abstracts. 1 .  T : . -. - ' ' .: : JS. ' 

lime spent in this phase (furtberbrokcn'down as ' 

Metrics: 

Results from design review& . . - . . . -  . ' s. 

SUbSystem Detie d t ~ .  :_. :- .:., .- _.:.:is. . -  
. -, 

. .  
~, '.:--. .. - 

* 
J....,T(:~: ,?.. ,. ' . . , -  .... - s ..i::t.). 

* : _:.Z S i  0fFeaturc Subsystem d&ts,at e%- . . .  . ... 

PRlvATE 26dS 
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.. ~ .. - - . . _. 

AU (or at least ~ s t  a111 of the requind mdt ' ~ u i e s "  (the -on of mdt '&i~les in 
this context vriricS from C, Cy, SLL, & W s i o n  Graphs) wil l  have-been d&ed prior to 
beginning the "Unit" phase. Mop to &e coding of'+h mcidde. h e  detailidobjectives arid' . . . . . .  
implementation plan fcq tbe.module.should be de&@ in &e &de hzadu acuxding'm the 

Bd& considcsing a module complete in the&& of unit design and coding each module 
must h a v ~  passed a review !!.l]. 

Unit test slso quires a A e w  as &ed in the Sofnvare Testing Rocedurcs document [lZ1. 

.... . . . .  . . . . .  . . . .  . . . . .  . .  

. . . . . . . . . . . . . . .  . . . . . . . . .  t .  . . . . . . .  - - \ .  Coding Standards and ~ e w s  :-. .' 6 e n t t " 1 .  . . .. . .. 
' ~ 

. . .  -.I_ 
.I 

. .  
. .  .;. 

.~ . .  

Rcviewed source code containing completed headers 
Rcviewed unit test plans. 
Mdrics: 
?Ime spent in this phasc (funha broken down as appropriatC). 
Sizc of code in lines pa language. 
Number of QCi+ modules. 
NIlinba of SLL FSM's. 

Number of SLL went handlers. 
Number of test cases. 
Results from design Wews. . 

* 

Number Of SLL StBtCS. - 
- 

26 



.:. .. . . .  
Reviewed Integmion Test plan at the beginning ofthe phase. 
Reviewed System Test PIan including &taiIcd test QLSCS by the completion of the phase. 
Reviewed Integration Test cases. 
Reviewed final version of the Integration Test Plan ar.d test cases with results. 
Metn'cs: 
'IEmt spent in this phase (further broken down as qmpnatc * 1. 
Number of Integration Test cases. 
Number of defects discovaed (broken down by cause type). 
Updated meuics on sofnvare load size as spccifued earlier. 
Bug curves. - . .._ 

.:. 
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- .  . .  
I .  

. . .  . .  . .  
* ,  . .  

. . . . .  .......... .e .. . . . .  . . . . . . . .  . . .  . .  
. . I  ' .  

Updated and reviewed System T& Plaqind test cases Witfi result+ 
. .  -. - .  - . . . .  . .. % -  .... :. . . .  NITQuaLityRobeRW . - .  . .  . .  - -.L. 

updatcdandreviewcd6nai"dapmcntation: ' ' 

I 

. .  - . . .  - .  
' . . '  
. . . . . . . .  i. . . .  McMcs: . .  

. .  . .  
. . *.. ,.. - 

.. , ...... . . . .  .. . . . .  

T h e  spcnt in this phase (furtherbrqken d o e  as appropriate). 
Test and defect muics. . .  
Bug curves. 

Assistance must given to the NIT group on a continuing basis to answer questions during the 
NIT phase. An Rh4 will be designated as the primary contact for KIDC 

Suspected problems will be reponed via E-mail to the DDTS database by NIT. ATDC will 
adhcre to a problem analysis and resolution process to be mutually agreed to. The process will 
require that an ATDC RM assign problem reports and aack progress toward resolution. 
VerificatiodConcmencc of problem resolution must be attained by NIT. 

List of open problem reports on a weekly basis. 
Status update on each open problem when available (automatic via E-mail). 
Metn'cs: 
Tie spent in this phase (further broken down as appropriate). 
Test and defect metxics. 

As a brief summary of the highlights of the project management process described in this 
document, consider the following: 

A projea 6le will be oped a! the beginning of each project and maintained throughout the 

A "Software Development Plan" wil l  be h u e d  at the b e g h h g  of the project and reissued as 

Development cstimares will be prcpand aad issued at various timcs and for various purposes. 

_ .  

product life cycle. 

netdcd 

The Sofnme I)evclopmcnt Plan will include developmellt estimatcf 

.. ~..... 28 
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r l  Southern Bell Tel. 6 Tel. co. - FPSC Docket No. 920260 
Audit 
Date: 05-11-93 
Amended Response to 
Item No. 1-031.A 
Page 1 of 1 

, I  . _  
_ -  . -  

Request: Provide the work programs/packages, as discussed by John 
Mast in our April 26, 1993 interview, for each projcct 
performed in the S&T organization for 1992. 

/' ,' 
Response: The Company stated on May 19, 1993 that the cequested 

information would be mailed in overnight mail on m y  20, 
1993. The Company amends the response as follows: 

The requested information is proprietary and is being 
sent in overnight mail on May 20, 1993. 

This material constitutes confidential proprietary 
business information and is the subject of a "Notice of 
Intent to Request Specified Confidential Classification." 

pate Provided: May 20, 1993 

30 



'k PACKAGE . . .  . 

for providing those services. The 
formulations are requirements and specification 
and operations systems that insure support, te&ZX for BellSouthls 

twork elements - 
- 

business plans. 

engineering organizations eatures supporting 
BellSouth's priorities ar 

DELIVERAELES t 
Cp releases in th 

releases in the late 

N 0.3" switch features to be implemented in 

of "Equal Access AIN' features for 

AIN 0.2 Architectural Overview Document to support t 
personnel who have to work with AIN element 

5. 
-. 

ZO/pRcw. DEPENDENCIES: 
This package is not dependent on others. However, this package SUppOrtS 
development of market plans for new features on AIN and supports future 
strategic planning activities in a number of Wownstreamgl organizations, 
including strategic inarket planning, and regulatory planning. 

.. 
31 . ,  . . . , . .. 
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----------------__*_----*-------------- 

PROJECT 1~ aaWe:. A I N , R I & O . l  and 0.2 MPLEEIENTATION' SUPmRT . .  -------------- 

. .  

engineering algorithms and 
for use by line traffic en 
network. This project wil 
functionality needed to 

development. 

service Nodes, specifically those supporting engineering 
measurements, repair and operations, and surveillance. 

3. Technical Memorandum outlhhg engineering rules for SCP deployment 
and Service Ndde Deployment for AIN services. 

4. Long term analysis of the operations needs to be supported by the. 
. . Service Management System, with the goal of recommending an 

. 
, architecture for the hardware and software of that system. 

5. Consulting and training to various staffs on .the details in the A 
Operations Technical Plan. 

- 

. .  

. .. . .  . .  

. .  . .  

. .  
.. . .  

. .  . . .  . .  
. . .. ... 

. .  . 
. .  

. .  . .  

- .  
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cost of this package is included In that business case. This package 
supports one of the Corporate strategic thrusts, Le., deployment of 
A I W .  . 
BEADcom: 

PROPOSED BUDaET: 

S 

I 

REtATED BELLCORE PROJECTS: I 

lR4111 AIN Planning and Requirements . 

. .  
- .  . 

. .: 
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nAm: SERVICE 

and.long-term business strategies. 
the CASP group at Bellcore and concept development at BellSouth, 
efforts which lead to discovery of new services opportunities. 

It also supports participation in 

/y DESCRIPTION OF -RX: 

1 5 -  Duri this project will support development of detailed service 
display services, personal services, multimedia services, 

A number of these service concepts will be refined through 

conc 
mobile services and various applications that might utilize the AIN 
platforms. 
market research that is supported by simulations and prototypes that 
are developed as part of this effort. 

DELIVERABLE8 : 

1. 

2. 

Service concept document for Phases 11 & I11 Customer 
Programmability. 
Service concept description of Display based Voice Messaging 
Services. 

~. 

* .  
' ' F01!3W 007929 .. : . 

37 
. . . i .  . .  

. .  



INDIVIDUALS WORKIN@ ON THIS PROJECP % OF TIME 

100% 
100% 
100% 
100% 
100% 
100% 

l g  
14 w 
2-4 
9% a3. 

! 

' . .. 



. .  

. .  .. . . .  

. . .. . . . .  . . 

RX PACXAQE 

-- 
- .  

. .  
. .  

. . , .  

ion and ing of potential services 
for analysis and market research in a real customer environment. As . .~: - 
such, it.provides tools to be used by Marketing personnel for testing 
new service concepts in live marketing trials. 
developed'in such an environment should provide much more accurate 
data on which to base BellSouth's business cases, advertising plans, 

Narket research 

eta. . .  

. /r DESCRIPTION OF ssslllF"..RX: 

This project will develop service concepts and requirements documents 
for services to be tested in the Community Lab environment. Results 
of market research coming from the Community Lab will be documented 
and analyzed to ensure appropriate utilization in the development of 
final service concepts that will be a part of the formal service 
development and delivery process. 

DELIVERABLEB: 

of testing for PNC Services 

Interface testing 
3. ADSI ServfGe testing 
4. 

TO/FROlI DEPENDENCIES: 
This package is not dependent on others. 
supports development of market plans for new features on AIN, ISDN,,.. 
887 and other network capabilities and supports future strategic. . 

ing activities in a number of mdounstreamn organizations. 

. 

Integrated Service Test - PNC, ESSX, 'MemoryCall 
However, #is package 

. .  
. .  

. .. - , .  



100% 
100% - 

RELATXD BELLCORE PROJECTS: 

None 

_-- 
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h 1993. 

DESCRIPTION OF 1992 WORX: 
Laboratory systems and field trials w i l l  be cooperatively developed ad 
tested w i t h  network equipmelk and customer premise equipment (CPE) 
vendors t o  effectively support the initial r o l l  out of three new data 
services, SUDS, FR and Native Mode IAN. 

DELIVERABLES: 
Support t o  be provided t o  Marketing for  the 1993 r o l l  out of three 
newdata services; SMDS, Frame Relay, and Native Mode LAN (FDDI).  
Support t o  be provided t o  Marketing for  the ro l l  out of special 
assembly SMDS services i n  conjunction w i t h  the proposed NC 

1. 

2. 

3. 

. 4. 

5. 

. . ~ .  . .  .~ 
~ '. .., 

. .  6 : 
l i  '. ,. . .. . ". 

. .  . ,  
. .  

- -  - 
broadbakd network. 
A specii ic exploratory development program t o  be carried out on a 
broadband network "RNET" jointly being developed w i t h  I B M  and to 
be deployed i n  Tennessee (ORNL/UT).  
Continuing support of an experimental SMDS network between BST 
Science and Technology locations in Atlanta and Birmingham. 
users w i l l  be placed on the prototype SMDS network. 
Overview and management of ongoing Bellcore projects: AD/=# 
SUDS Phase 2, Rame Relay Pvce, High Speed Networking, 
Internetworking, Network Operating Systems, Computer Systems and 
Networks, Information Systems. 
Development of 

O t h e r  

management ccpability for  Native 

45 
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adapters. 

DEBCRIPTIOH OF 1992 WORK: 

k wireless and wire1 

DELIWRAB~S P' 
1. 

2. 

3. 
.. via a multi-regional trial of a Personal Number Service. - . , 

4. Provide technical. consulting to others in BellSouth (e.g. ; '' .  .. , 

conduct an internal trial of wireless ESSX at the Bellsouth 
Colonnade facility. 
Provide trial radio systems and technical support for customer . . 
wireless access trials as requested by Marketing. 
Contribute to current industry effort to define barly PCS services 

' . '. Network Planning, Standards, Corporate,  and^ Regulatory) as needed.. 
on radio topics (e.g., eatellites, PCS, Microwave radio, etc. . Provide reports to the FCC on the use of experimental licen . ,Jointly with Bellcore and the other Regions define network, 

and issue 
specifications and.requirements for pr 

services which could be offered to PCS providers, . .  

.. .. 
.~ . .  

. .  

. .  . 
tem technoiogy'is'assumed. ~160, a :.' . 

strong push from Bbllsouth Telecommunications Marketing is needed to' 
set up and evaluate customer trial Continued RBoc support . . 

' 

for Bellcore% PCS work plan is ass . .  

. .  

. : .. 
. ., 
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RELILTED BELLCORE PROJECTS: 
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i. Address technical issues as 

' ' Bellsouth's network. . . . .  - Update BellSouth's Network Evolution Plan based on an analysis of 
.~ the impact of new technologies. 

. .  

.' 49 
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Transfer of video research concepts to potential user environments in 

%av%oral science aspects, Le., subjective testing will be assessed 
to the 'extent practicable. 

Exploratory d nt will be performed using prototype video 
network semi ilities to evaluate and demonstrate user 
scenarios for possible applications, especially those already . .  

experimental evaluation of switched video and multipoint video 
conference bridging technologies in support of Distant Learning and 
gWerXment telecommunications applications, demonstration of video 
transmission using-various video codin and compression technologies, 

.. demonstration of technologies for mult 4 media teleconferencing and. :' : 
.. Distant Learning applications, and other similar work. Qualitative 
evaluation and advice will continue to be given on proposals being 

. local applications will be emphasized, such as video-conferencing, 
ltipoint video conferencing, and video on fiber distribution. 

27. DEBCRIPTION OF om: 

. requested by certain BallSouth customers. These,include: 

. .  

. .  

r 



. -  

. .  

5. Periodic reports will be made on the status of ATV in the united 
States and its strategic significance to BellSouth. 

-/FROM DEPENDBNCIEB : 
The expekimental video facility will use corporate cominuniqations 
network-facilities between Atlanta and Birmingham. 

BUBINE88 IMPACT: 
Successful video services will be key elements in corporate revenue 
growth. 
significantly as more competitors enter the market. 

The total available opportunity is expected to expand 



operations costs 

Frame Relay, and switched. DS-1 are three early availability broadband 
sarvices being planned for BISDN. BellSouth's BISDN technology trial 
(VISTAnet) began in 1991.. It is expected that commercial deployment 
of. a broadband multiservices platform to support SUDS, Frame Relay, 
and.ATM seqices will begin in 1993. 

?D D~BCRIPTION OF 
Address te associated with BISDN and BISDN services. .1. 

2. 

3. 

4. 

5. 
6. 

Take a proactive role in standards bodies to ensure that CCITT 
recommendations (SONET, ATM, adaptation layer, and signaling) for 
initial comercia1 deployment of BISDN are consistent with 
BellSouth's business interests. 
Take a proactive role with Bellcore to ensure that Bellcore 
technical advisories on BISDN and BISDN services are consistent 
with BellSouth's business interests. 
Work closely with equipment vendors to understand their plans for 
broadband products and give them feedback to align their products 
with the needs of Bellsouth. 
Support Network Planning and Marketing in their studies of BISDN. 
Develop proatotypical hardware and software for BellSouth BISDN 
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- -  BUSINESS =am: 
Broadband ISDN is recognized throughout BellSouth as being an 
essential element of BellSouthes target network architecture. 
Specifications for BISDN are now being developed nationally and 
hternationally, and both network and CPE vendors are now developing 
BISDN products. 
BISDN are in BellSouth's business interests and that standards and 
requirements are completed in a timely manner. This can only be 
accomplished by having direct involvement in these decisions and 
taking a proactive role to ensure that critical issues are resolved 
before they become obstructions and delay the introduction of BISDN 
services. 

It is essential that the decisions now beinq made on 

1 
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southern Bell Tel. L Tel. Co. 
rPSC Docket No. 920260 - TL 
Audit 
Date: 10-26-92 
Item No. 1-004 
Page, 1 of 1 

Request: Provide all planning documents relating to PCN and 
wireless developed OK obtained in 1991 and 1992. 

Response: Attached is the March 30, 1997 BellSouth Standards 
Strategic Plans. 
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Science aqd Technology 

Subject: Standards Strategy to Support 
Personal Communications Services 

c 

Date: March 30, 1992 

\. 

- EXECUTIVE SUMMARY 

This document is intended to provide an overview of the BeIISouth standards strategy to 
support the present vision for BellSouth network deployment of Personal Communications 
Services (PCS). To facilitate the convergence of understanding within BellSouth of PCS 
concepts, included herein is a fundamental description of PCS from an industry standards 
perspective. The section describes PCS principles, required capabilities, and high-level 
service descriptions. Included for clarification of many terms used is a w a r y  of industry 
standards accepted terms. The BellSouth Corporate Strategy regarding PCS is outlined and 
gives current direction to BST and BSE subsidiaries in pursuing the development of 
BellSouth's PCS business. Consistent with other BellSouth strategies, the development of 
PCS architectures is discussed herein, and suggests that a near-term architecture employing 
AIN elements be employed which would later be evolved to the strategic BST target 
network architecture,, also discussed. These architectures will support project deployment 
scenarios for wired and wireless end-user PCS as well as access services, all based on BST 
network evolution plans. A standards strategy section discusses unresolved PCS issues which 
will impact the network and how these issues should be developed within industry standards 
fora. The extent to which BellSouth can influence the outcome of these standards issues 
is dependent on BellSouth resources applied to standardization efforts. The current level 
of BellSouth representation within national and international standards fora is furnished and 
further resource requirements are discussed. 

_ _  -- 
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1. INTRODUCTION 

1.1 Purpose 

It has been determined that Personal Communications Sen 
purpose of this document is to 1 

gox;&d&j&es* onalandintanational  fa&.^ telccomm 

..stan-@rds~ .~nceroing Personal C 

I 

BellSouth to moat effectively w[ccute its corporate strategy: 

12 Document Overview 

The following information is contained within this document. 

- PCS fundamentals are described, including the goal of Personal COmmuni~tions, the 
capabiities required to provide PCS, high-level end- and’ a&& service 
descriptions of PCS, and a set of service objectives as envisioned by national industry 
standards bodies. 

‘The &USou&~corpOrate strategy regarding PCS and  wid^ sewices is briefly 
discussed to provide aperspective on how Personal Communications may fit into the 
evolving telecommunications and informaton industry. 

Potential architectures and deployment schedules arc presented to indicate how 
BellSouth may participate in providing PCS. 

Broad technical issues surrounding the implementation of PCS are discussed. as well 
as some standards management simtcgiies for these. issues. 

Resource requirements which will permit the realization of this standards strattgy arc 
discussed. 

A glossary of PCS terminology accepted by national industry standards bodies is 
included for clarity. 

- -  c 

- 

Because PCS is at a very early stage of development, it is envisioned that this documtnt will 
require periodic &isions as PCS development matures. 

> 

6 2  
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, 2 .  PCSmMDAh4ENTAL.S 

2.1 PCS Principles 

It is generally understood that the goal of Personal Communications is to provide end-users 
with greater flexibility in their use of telecommunications services in terms of mobility and 
controll'l. Mob* a d d r e s s  the ability of users to use any available terminal for network 
access. It' also allows the use of a portable terminal which provides network acctss at 
different locations and while in motioa Gmtd addrc.sscs the abiity of the user to control 
access to services and assodated service parametem and to have control over the completion 
of calls to the user. - 

2 2  Capabiities Required to Support PCS Principles 

The mobility and conk01 aspects of PCS can be defined in terms of personal mobility, 
terminal mobility, and service protile management capabilities. ANSI Techaid 
Subcommittee T l P l  has defined a Personal Communications Service as a set of capabiities 
that allows some combmation of terminal mobility, personal mobity, and service profile 
management. t 1c 

Personal mobilify allows a user to access services (e.g. make and receive calls) at any 
termiual in accordance with the user's service profile and to accept incoming calls at  the 
usefs current terminal or direct the calls to some other destination. This requires a unique 
user identifier which the network can use to identify and locate users. In addition, billing 
records for services should also be assoCiated with the user. 

--- - 

Tmninol mobility allows the user's terminal to access the network at  different locations, 
while stationary or in motiou This requires a unique terminal i d e n a e r  which the network 
can use to identify and locate terminals. Note that terminal mobility consists of two distinct 
attributes 'aocess at different locations, and access while s t a t iona~~  or in motiou The latter 

. is specifically associated with wireless terminals. 

Service profile management allows a user to review and modify the user's service profile. 
Since the service profile controls the services provided to the user, the ability to control this 
profile gives the user a customized telecommunications environment not available in today's 
networks. This capability of PCS will offer the user the ability to configure 
telecommunications services in ,a manner which best meets the user's individual needs at any 
time or location. 

63 PROPREP 
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. ~~ . .. . .  . - ' ' Servik should be provided with ubiquitous coverage connect& to the public - 

network. 

Services should utilize Intelligent Nekork capabiitia 

Services should have quality comparable to those provided over wirehe.' 

'Services shobld have lowcost potential. 

Services should be provided with sufiideht privacy. 

Services access should be secure. 

- 
0 

- 
'C 

I 

Pmonh communications encompasses services and features that offer various degrees of 
terminal and personal mobility. These services range from voice ~ccess using a portable, 
pocket-sized comrnunicatOr (terminal mobility concept) to feature traasportability (e.& 
specd-calling list) Ihom the user's pr;marY network access point (wirclin&ased or wireless- 
based service provider) to 811 alternate network access point @ersonal mobity concept). 
The services offered will be limited by the capabiitics of the network provider, sewice 
provider. and regulatory considerations. 
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2.4 High-level PCS End-user Service Descriptions 

CategoGes of ~ c e s a n ~ o n e c i ~ o r e &  
&hki-TlPl%6d~-Am Mobi ty   service^ conferring Terminal Mobility (WAMS) 
UNvexsal Personal Telecommunications (UPT) Services. WAMS is based on 
CCllT/CCIR rtcommendarions on Future Public Land Mobile Telecommuni 
systems (FPLMTS). rn semi& recommendations of the 
name. 

% "Wireless-Access~MobUity Semites c o n f a r n g ~ n a l  Mobility w .  -- 

These suvices allow users to originate and terminate calls from small, lightweight portable 
devices, regardless of location within a service provider's coverage area WAMS. as an end- 
tctcnd s e M q  ws emerging digital wireless technologics to enable a user to communicatC 
while in motion. WAMS will allow users to a m  voicc-grade services, be simple and easy 
to use (cg. automatic registdon), and utilize wireless acc+s technology to sem small, 
lightweight handsets. WAMS will also offer security and quality comparable to wireline 
services. From an end-user's pwpective the small, lightweight, shirt-pocket-sized terminal 
(SPT) will be the focal point of WAMS. By dewtion, the SFT will have l o w - p e r  radio 
access to microcellular sites that will have full connectivity yith the @SlN and Intelligent . - 
Netwdrk capabikies. 

WAMS aUm a user, while within a WAMS seMce provider's coverage area, to make and 
receive calls with a SIT. The SPT au tomat idy  registers with the network so that a user 
is not required to perform any manual tasks to register. The user can dial anywhere that 
is currmtly accessible by wireline networks. 

The user will be able to move at pedestrian speeds while main- a conversation. As 
the user moves from location to location, aItcrnative'WAMS providers may be offering 
originating and terminating semccs. The user should be able to request the identi6cation 
of (and to select) the WAMS Service provider M e  at visited locationS. 

. . 

. 

Voice sentices available via WAMS include exchange and access seMces and commonly 
available capabiities, such as dual-tone multi-frequency (DTMF), and Intcrurchangt Canier 
(IC) selection and pre-selection. 

2.4.2 U n i v a d  Personal Telecommun-katbns 0 Services 

These sewices allow users access to a variety of telecommunicatio& services. UPT enabl& 
users to originate and terminate calls based on a userdefined profile and a UPT number. 

65 - 
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UPT will allow users to access voicc-grade services, enable uses to be reached through their 
UPT number regardless of location, be simple and easy to use, and be access technology 
independent- UPT will also enable portability of vedcal services and transparenq a a a  
networks. UPT security and quality will be comparable to those offered over wireline. 

UPT allom the user access to telecommunications senrices as &hed in their u s e r - d h d  
service profile related to their UPT number. This protile will contain informationregarding 
the services available to the user and the screening of calls destined to the user. 

This seMce will include portability of some vertical Services and features. Regardless of the 
location of the user's subscribed UPT service provider, a user should be able to have access 
to some common set of vertical features including portability of billing information and 
calling party number information. Calling party numberinformation is needed for screening 
(by the user or by the network) of calls. 

Users should be able to access their profiles and invoke vertical seivices in a uniform 
manner regardless of locatioh, serving equipment, or UPT service provider. 

Voice services available via UPT include exchange and access seMces and commonly 
available capabilities, for example dual-tone multi-frequency (DTh4F) and Interexchange 
Carrier (IC) sc.lcqion and preselection While at visited locations,- should be able to -- - 
i d e n q  the default' UPT service provider and to select the UPT service provider of their 
choice. 

2 5  High-level PCS "Wholesale' Access Services Description 

Personal Communications access services, or "wholesale" services, are W i g  designed to be 
typically offered by the regulated, wireline-based local exchange carriers to PCS service 
providers (PSPS)~]. These PSPs include PCS Wireless Providers ( P W s )  and F'CS 
Database Providers (PDPs). EPs, depending upon regulation, may be independent 
compauiy or RBOC subsidiaries. In this scenario, the PSP's are the "customers" for the 
access services; the PCS users are the "customers" of the PSP. Five potentid a c e s  services 
will be discussed here. The provision of multiple access seMm are necessary for a 
number of reasons: 

Multiple access service configurations allow for a staged entry into PCS rather than 
a "flash cut." 

Multiple services will accommodate a variety of netwoik architectures and the 
inevitable evolution of those architectures. 
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- Multiple access services will provide BST flexibility in establishing bushus j 
reiitionships with PSPs. 

A high-level diagram depicting access services and providers in relationship to end-@end 
services in shown in Figure 1. F i i  2 shows the personal communications systcm physical 
architecture from which these access services were developed. Figure 3 shows,the 
architecture of Figure 2 implementkd using Advanced Intelligent Network (AIN) eleme&ts. 
Similar a c e s  services are certainly possible for other architectures as well. 

Each a- service provides functionalities across a specific interface to support several PCS 
end-to-cnd events, which will further support the end-to-cnd Services such as WAMS. ThC 
par t idar  events which have been identified as necessary in providing Pcs end-to-cnd 
services are - 

. Terminal Registration, 

. Personal Registration, 

. Terminal Authentication and Privacy, 

. *  

. User Authentication and Validation, 

. Automatic Link Transfer, and 

. Alerting and Call Delivery 

The five access.services which support combinations of the above events me listed below. 

25.1 PCS Access Service for Networks (PASN) 

This is a connection service that provides signalling and transport to a P W  with switching 
capabilities. BST provides translation (UPT number-tO-TID, TID-teRN3 and routing 
functions, so that calls for UPT subscribers are delivered to the appropriate PWP network 
over the PASN interface(s). 

'TID: Terminal Identifier. RN: Routing Number. See glossary. 

PROPRIETARY 
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PWPs with a minimum amount of PWP network functionality. 
e radio license and radio pom. but most functions would be 

PASN and PAS 

- 
. .  

~. 

. .  -This access Senrice is actually a colleuion of databgst functions from which the desired, or 
n- functions can be selcacd. This service will include the exchange of both 
"persimnr ( subsa i i )  and "transient" (call-related) data. Every PCS provider who will 
support the end-tocnd services such as WAMS will require some of the functions in this 
access service. Taop wbich sewe as FCS hosts (providers whose data&ases store persistent . . .. . 

. .  ~. 

. 
data) will require most or all of these functioos. i 

! 255 PCS Access Senice for Ehhanced Service Pruviders (PASE) 

?his acoess service provides functionalities to aQxlmmodate PCS providers wishing to supply 
PCS support services (eg. high-speed paging for alerting, specialized voice mail) for, other 
service providers. 

.~ 

. 
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Bellsouth should immediately establish experiments and trials to enhance its 
leadenhip position in PCS. - 

(BE) should puisut the devclopmknt 
d-user services) . 

(BST) should pursue the development of (End-user services) @I!!m: 
Bellsouth shiuld closely coordinate its internal business activities associated with 
PCS 

Be11south should develop large-scale intelligent network plans to support other 
providers of limited and fuU mobility services. (Aaws strviccs) 

BellSouth should aim for some degree of operational compatiiity in the future for 
terminal devices used in all the markets it wiU pursue. 

. 

’ 

2c - Sr7 
W a? 
3a which requires mer attention 

It is uncertain whether the FCC will allow Bellsouth to offer wireless PCS, and if BellSouth 
is permitted to offer wireless PCS, the question arises as to whether wireless PCS business 
wo~ld IX ruled as regulated or mgplatsd. ~ ~ n b e r  more, uoctrtainty BS to which aspects 
of PCS would be best served by BST and which would best be served by BSE is an issue 

PROPRaTARY 
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12 .Four platforms q d  their Operations Systems fom the foundation for this B-INA target 
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I 
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I 31 attnites of this target ar&tectme which relate directly to PCS are as foUows: 

3% 4.1.1 Supports multiple seMces on a common platform 

- 

._. 
7 0  

. .  
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These a m i t s  are all aimed at the objective of providing services that customers need at 
ai~ordable prices.  he cost effectiveness or providing these se&ks is by 
supporting multiple services on a commoa plagorm. making use of approPriate standard 
interfaces to benefit from volume deployment, integrating operations systems with network 
elements, and reducing reduudanq in corporate databases. 

. 

. 

Joiut efforts have been underway within the standards fora TlPl and TIA TR45 to identiljr 
reference models for Pcs. lX45 has already developed a reference model for cell& 
systems, and TlPl should complete work on their PCS reference models in mid 1992. The 
two groups are working together in developing an agreed upon architecture which should 
meet the needs of users represented by both TlP1 constituents and TR45 constituents 

2 t 
12  
23 

As the development of Pcs matures, Beusouth should strive to insure that the above listed 
attributes are also those of the industry standardized PCS architectures, so as to be 
consistent with BST evolution toward its target B-INA. 

1 .  

- 3)r 4.2 N~-Te~i~hmhit&urt! 

36 a -king more toward the 1995-1996 window when wireless Pcs will initially be deployed, 
tbe AIN architecture of Figure 3 is capable of providing end-user wireless services and 27 access services as duaibed in Seaion 24 and is evolvable to the target B-INA. Bellcore 
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. .  
At this point in t h e ,  these services are Chaactenzcd - bythcirabiitytoallowthe 
portable terminal which provides network 8ccess at different locations and while st 

:-- 

or in-motion (terminal mobility). 

/r 
/C 
/ 7  i /e 

arz5f , 
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36 
In 1993, standards will likely become finalised for PCS system architectures, port-to-portable 
intufaces, and network interfaces. Also,- 
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place. Dcpcndingon 
Regulations Part IS using spread spectrum technology. Handsets and radio ports wiU be : . 

sta6ons ava'ilable'For ILK at &e uscl.'b ddence .  

sufficient amouat of Spectnfm'with'which to begin deployment of a pervasive PCS o 
The deployment of such a system is estimated to rquire one to two years. 

IS, da may have to be provided under FCC Rules and 

dssJifled~ssa - - d i a 1 ~ e & ~ ~ w ( i u b c - a -  - b  1 .  - 
. .  '! 

the will made a-le i 

. : , 

. .~ .,. . 
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. .  
5.2 'Wholesale' Aecess senices r '  

? *  

27 
$& 27 

3 I 
32 

During the 1994-1995 timehmc, A I N L d  seMccs will be sufficiently developed for 
offering to the cellular industry through intelligent interconnection. An integral part of the 
design of intelligent mtercomection Services will be the utilization of CCSI @ding links 

An industry ss7 interconnection trial involving Bellcore, BellSouth C&ular, Southcm &Is; 
McCaw Cellaar Communications, and an interexchange carrier has been undertaken in the 
southern Florida area? The trial is the 6rst to test the feasibility of interconnecting * 

- 30 bepnwireliaeandwirelesscaniers. 
I 
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. . .  . . .  . .  .7.2 .PcsOpenISJlles . , . . . ~  

7.2.1 SpectnuaReaUoca~ons 

requesting industry information of the development of Personal C3mumnications Scrvics 
(PGS). Among the topics, the FCC inquired about where spectrum should be allocated for 
PCS and how much specaum would be needed In its comments to the NO& BellSouth - 
recommended an ipitial amount of 30 to 40 M k  of bandwidth, and ul$matcly 100 Mhz On . _ -  

new arcas of spectrum to be used for emerging tel-cations technologies. These 
new irequenq bands will come from 220 hGiz of spcanun between 1850 MHz and 
2200 MHz, more specihlly 1850-1990 MI-Iz, 2110-2l50 h%Hq and 2160-2200 MHZ The 
FCC has identified emerging technologies such as PCS, data PCS, generic mobilesateuite 
services, digital audio broadcasting, and l o w d  orbit Satelliw for applicatiors within 
these bands, with PCS probably being the first application &IIsopcth sharkl mcounsgc the . 
dtvelopmcnt of ardriradun and ~ ~ s t s t r m d m r l c  which bcct Utilherhirspacinun uhiIerrLP0 
sqppo&@dhuh%spacitionrforJpacbum albcation andspecfnundmhgwith aisrtrguws 

On June28.1990, the FCC initiated Docket 90.314 which issued a- - (Nor) 

February 7.1992. the FCC released aJUoticc e p r o ~ t o c s t a b l i s h  

72.2 PCS Numbering Impads 

are many technical 

-. e9 
30 
3/ 
31/ implications of these issues are darified. 

recommendations will be documented as the 
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ere may also be a unique station 

. . .  I . .  

%rapidly dakiting, but a n  be expanded by five biion numbers, if intcr&&ble 
I 7 'Numbering Plan Area (MA) coda are implemented in 1995. Bellsouth suppons the 
/F- position that interchangeable WAS should be implemented, and also that the numbering 
9 plan for UFT and 'on numbers should maintain compatibility with '4c El*'? .... BdBouth 
30 jhorJd w p  a j 2 m n  on d e r  port&*, the &sty of the 
2 I provided by multiple semce providers. m d  s u p p t  thirparitiOn in stwuhis and numbering 

n u n h  to--bec 

2-% fopn 

7 2 3  Quality and Performance ) 

Overall, PCS should provide seMce performance levels which m e t  the expectations of our 
customers. It is no longer desirable nor justifiable to "gold plate" our fadlities to achieve 
customer satisfaction. but neither should we undcr&&gn our network elements to the point 
where capital consemtion is outweighed by lost market share, because the Services are not 
what the customer expects. It is important that we are dedicated to quality and "delight" 
customers with our products and semces. The best way to determine our customer's service 
expectations is thou@ markepearch and trials. Therefore, BeuToulh slrould support rhe 
dcvelopmatt of pa$mmmstandanis which nrrtain service kvds cortSis1Ent with ihaK 

723.1 * Performance Models 

There is a need for new performance modeling techaiques for wireless access systems. 
Speech telephony performance models have been traditionally based on fixed network 

30 
31 
3L detmninedthnnlgh0urmm;kctrCremchandbiaL 
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such as system gaiS receiver sensitivity to thermal noise and time delay spread, re&ivu 
interference ratios m a h u m  radio channel word error ratios, and maximum allowable 
transmitted spurious emissions. Note that tstabliihiug tbesk criteria wiu influence wireless 
access interface radio parameters such as ch-1 modulation, channel aCCtSS scheme, ' 
dupl.cxing scheme, channel management scheme. diversity scheme, codec rates/delays, e m r  

j f  detectionJoorrectios and maximum channel bit ram. ..BellSouth should suppori the.r 
dwebpmcnt of WircECrs access systa s t a d d s  which will emwe that out customen re&%& "- . 

36 md-tbend~s& quatiry compatuble to wteline sewices. 

. 7.233 SpeeChcodecPerfomance 

Speech code& (coders/decoders) used for PCS applications should be designed to operate 
well in awireless environment, where channel impairments uuique to radio propagation will 
severely affect system performance. A desirable codec design should ideally exhibit low 
throughput delay where possible to eliminate the need for echo cancellation and operate at 
low bit rates to achieve higher spectral effiaency on the wireless interface, thus providing 
higher traf6c density per MHz of spectrum. The d e c  should also achieve a Mean Opiion 
Score (MO'sl) rating as close to toll quality as possible, so'as to support high quality 

%9 end-to-end.seMa objectives. BeUSouth should support :he development of (I speech codec 
algodhm standard which exhibits :he above qualirier 

7.23.4 Non-speech Applications Performance 

mobile data Suvices and other non-speech services. 

. 

a2 This is for funher study, dependent upon the position BellSouth develops on the role of Pcs 

PROPRIETARY 
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72.4 PCS Senices and Capabilities 
~ . . . .. ... . . 

3 9  
3 1  
37 

30 

. 
7.2.6 Intemperability 

?he extent to which a network which offers PCS interoperates with other networks will 
affect the complexity of the interworking function which is required to s u e y  interface 
the two networks. The interworking complexity can raqe from adjusting a physical layer 
difference, such as an optical to electrical wnversion between networks, to a situation where 
the physical, data link, and network layas differ completely in their specifications. The 
latter extreme makes interconnection very d i E d t  and expensive., especially where access 

rquire to midmize the cost of ituenwking with ofher nehvorks at variouC ~~ and 
 upp port the devdopment of indurtry stadanis in this regad 

semces me concerned. &I1south shoulddetmnurc the levelof interopurrbility anchvorkr 

7.2.7 SignaJlingNmrk 

SS7 signalling network capacities (STF's, databases, signalling Link loads) should be examined 
under specific scenarios of mobile d e r  intcrconucction for impact of large service 
penetration The impact will be largely dependent on the interconnection scenario. the 

' mobility characteristics of mobile users. the number of mobile users, and the implementation 

P R o m m  
Not lor llsc or dkdasue oebfdc&OSatLU 

m y  d ita smbsidkrks aQpe oads rritta .-t 20 
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Possible protocol enhancements may be .required to increase 
ed to process the high volume of TcAP messages and Global 

, ,. . . 

A major technology issue currently under discusion is centered around determining the 
more appropriate channel aces scheme, Time Division Multiple Access ('IDMA) or Code 
Division Multiple Access (CDMA). .The choice of radio channel adctss schemes af€eus 
d o u s  characteristics of PCS architectures as shown in Appendix 3Iu! Also, the choice 
of interface parameters such as duplwdng ( T h e  Division Duplcxiug W D ]  vs. Frequency 
Division DuplcXing WD]), multiple vs. single channel access (TDMA vs. T i e  Division 
Multiplex mh4l). and hquency assignment methods (Dynamic Chamel AlIocation p] 
vs. Quasi-Static Auionomous Fre uency Assignment [QSAFA]) may*& based on serving 
area environment, as shown in ?'l. Bel&& should ~~coumge development of an air 

regdated tmwk evolution p h  fw PCS. 
inte$ue which COnddQs P a  environrr,mtr Mh is w&ent with ourR?gulated and non- 

t 

72.9 NetfforkInterfaces 

Network interfates which have the potential to provide the "wholesale" access services listed 
in W o n  5 2  should be standardized. Just as the five iaterfaces identified in Figure 5 
through Figure 9 are applicable to the specific architecture of Figures 2 and 3, &asouth 
JhopJd ulcolvqgc the devebpment of similar interface standanis which are wmpatible with 
those i n t e r j i i  of aisting cellularproviden as well a s @ m  PCS wterl, wireless, and databate 
serviccprovidas 

7.2.10 Division of Industry Standards Work 

A joint worhg agreement was reached between TlPl and TIA TFt-45 at the July 1991 
T l P l  meeting. The mcering resulted in joint working sessions to iden* areas of 
standardization required for Personal i(=ommunications. In January 1992, the two groups 

21 
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I?  
/z wireless access link. 

Security and privaq'hes must be addressed concerning communicatioos over the 

. . .. . i .c .' 

Database requirements should be determined, as many networks will be accessing 
location and service data necessary for proper call completim. 

Environmental requirements needing hdgation pertain to the impact of new 
network elements, such as radio ports, on existing infraseuctures, and concern such 
thiugs as electromaguetic compatiiity, elcctsical gmmdiug, power systems, and 
physical parameters of network elements. 

22 



. .  

- .  - &Ll ccm 
1 >  here is :a prcsent..oeed for tme :or.-moTc~assodates~to be invoked w i h ~  CCXIT UPT 

activitiq. such as WP I/1 Draft Recominendation F.851 "UPT SeNiapriadples and ' 
Operational Provisions." WP II/l Draft Recommendation E168 "Application of E164 
Numbering Plan for UP"." and WP XWII/S Recommendation U9x "Network capabilities 
to  Support UT," and Draft Recommendation U9x "vocabulary of Terms for UP"." These 
recommendations aave beenveryuseful within TlP13 in developing US. positions for PCS 
service' descriptio&. 

* 

20 
3.1 

One d a t e  is currently participating within CCIR TG 8/1 developing the FPLMTi family 
of rcwmmendations~ and monitoring technological advancements which will impact 

2% &llhth's effectiveness in providiig wireless services. These recommendations have been 
very useful withii TlP12 in developing Pcs concepts such as functional models, 
architeaures, and the complex h a  assodated with the impact of a wireless interface 
within the dism%ution portion upon a telecommunications iafrast~~cture. 

82 National Fora 

82.1 Committeem 

A reorganization within the Committee has resulted in the reassignment of the performance 
and d i g  standards development within TlA1. Participation within this group, especially 
concerning performance is required. - 

a4 



. . . 

. -  

1 / 

/3 

l b & d a t &  &.c~mmitted in lead~~hip'positions within:TlP12 and TlP13;managia& 
- . .....contributing, .and modorhg high-level systems eqginecring'workforPcS. .As U work is 

moved into other Tl Technical Subcommittees 0, itwould'be valuable to have one .:. 

'assodate partiapate.in TlP1.1 "Standards Planning and Program Management" and for that 
person to p&fiohn&nilar fundom withhBellSouth, maaaging'&IlSouth standards 

/p 
planaing and p&qation in CCITT, CCIR, T1 TSCs and TIA fora, as required. .. . . 'W ; 

82.u TlSl  

One d a t e  is'needed to'partiapate within TlSl to develop (A)IN capabilities, and 
protocols needed to support PCS end-user and access services. The same may also 
contribute to ccI?T:WF' X/4. 

. 
)p 

8.2.1.6 T l X l  

Some work concerning network synchronization is expected to be performed here, and it is 
27 not dear if BellSouth partidpation will be required. 
- 

8.22 .Telecommunications Industry Association (TU) 

. .  . . ~ .  

PROPRIETARY - -bc2 d 
85 

.. ,~~ , .  8 , . ~ : . , n  
.... , 

, . ~ .  .. ... 



$5 

Development of the access 
. .~ 

. .  8233 TIATR-45.4 

. . . As TlPl and lR45 have arranged a working agreement for the coequal development of 
PCS standards, one d a t e  is also required to represent BcllSouth*s Non-regulated PCS . . ~ 

- .  . .. interests within the TR45.4 Subcommittee "Microcell/Pcs.= . ' . .  , 

- 
indication of arcas"rcqUiring national PCS standardization and the 

BellSouth participation in those fora where PCS issues will be addressed. . 

. 
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~ , BellSouth Standards Forum R e p k t a t i o n  
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-. 

'Indudes temdnology. servlce descriptions mvke/systm ok+xws, fundlonal 
~ / m d e l s ,  architectures, and numbering/addresslng. 
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9. GLOSSARY 

Automatic Link Transfer (ALQJTlPlJ - 
rerouting the radio PO 

Future Public Land 
FPLMTS are systems which provide telecommunications services to mobile or stationary 
users by means of one or more radio links. This mobility will be uarestricted in terms of 
location within a radio coverage area FP- will &end the telecommunications services 
of 6x4 network to these users over wide geographicareas, subject (0 constraints imposed 
by spectrum allocation and radio propagation, and in addition, will support a range 
service particular to mobile radio systems. (CCIR Rec 687 and Reports 1153 and 1155) 

Personal Communications W c e  WPl] - 
A set of capabilities that allows some combmtion of 
and service pr- 

A ~ % * a & - * € S g a a l * i , ~ G ~  or* ruson!&o~ 
a call without interrupting the call. 

le Telecommnnications Systems (FPLMTS) [F.FFLh47S 

. 

.. .. 

auificator The aaonym Pcs should be taken to rcfcr to Penonal Communications Suvict unlcrs 
s+idy identitied otherwire. 

-. Dersonal 
Personal Communications System [TIPI] - 
A collection of facilities which provide some combination of 

and service pr- . 
Claritlcarior Ihc t& fa&& should be 
componenu. 

to ind& hudwuc, roftwuc. and network 

personal mobility [Ilk] - 
The abiity of a user to access telecommunications services at any terminal on the basis of 
a unique personal identifier, and the capability of the network to provide those Services 
according to the useis w. 

aarisation: Theword'acecsr'is intcDdcdto convcythe mnceptsof both oaiginuing a d  tudaatiq 
Servieu Mamgemat of the service pro6lc by the UICI is not part of personal mobility. 

Routing Nnmber (RN) [Bellcore] - 
An address used to deliver calls and information to a specific physical location. The RN k 
used in conjunction with the UPT number in order to provide seMcc to a user. The RN 
is an E164 number. 

- 

88 
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service profile [I.llx] - 
~ A record containing all th to a UPT. us= in order to provide the yHI: 
& 

. .  . .  
~ o t ~  bcb UPT number bar an associaccd Cmr service profdc. . 

' 

aarxca&: The: meistheinformutom oflc puciculr rn Dumber vhihis 
needed for the netmrk to be abk to provide ?he UFTruvicC bnrolvcd rrith thu prnicuLr number. 

smicc p&da. . .  

T&mial Identifk ("ID) [Bellcore] - 
A code which is stored in a user terminal, and by which a network can identify a specific 
terminal. The format includes a country cod& a code identifying the provider of the 
terminal profile information, and the terminal identification code itself. 

terminal mobility [I.llx] - 
The ability of a terminal to access telecommunications services from different locations apd 
while in motion, and the capability of the newirk to identify and locate that terminal. 

.- 

.. 

tldhtim Thir ability implies the anilrbility of telecommunications suvim throughout a spa& 
d u m c  and ideslly at dl timer 

Universal Personal Telecommunications (UP") [Lllx] - 
involves the actwork capability of rmisucly idcntifyHg a m  by mcLpc of a m .  
A service which provides- ' *  and &ce pr- Notc: Thir 

~ . U P T ~ ~ u c h U F T a s c r t o ~ m d - a l L o n t h e ~ o T a ~ ~ k -  
transparent UPT number across multiple ncwrlcs at my tunJng Gd, movrblc. or mobile. 
k r q c d v e  of geographic locltion, limid only by terminal and n m r k  capabilities and rcsvicrtolu 

the location of the UPT drubrsc Tnnrpuc~y inel& the case. wkcrc nchval=lodcpendcnt user 
idmtikation is ured 

-~~bythenetworLprovidu. =N~-tlaosucol'implicathuthcusudocrnotDccdtolrnow 

- 
UP" Customer (UPT subscriber) [Lllx] - 
A person or entity who, or which, obtains a yET service from a UPT service provider on 
behalf of one or more UPT and is responsible for the payment of charges due to that 
service provider. 

. . 
PROPRIErARY 
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UPT number [L~IXJ  -. I 

. .  

. .  

UPT user [Illx] - 
Apcmn who.has access to univmal 
been assigned a UFT nu-. 

. 

- -  
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onal Communicatiins, Draft 3; 

? 

re; BCCIBCR P a .  . ~ 

.~ . 

arfl5.1992. 

Is] TM-ATSEC-08-91433; Repotion BellSouth Network Evolution; BellSouth; . .  
September 15. 1991. 

.m Memo; BellSouth/McCaw Wireless SS7 Trial; Jeny Breed; September 10,1991. 

181 TM-INS-020228; Technical Impacts of Personal Communications Numbering; 
-Bellcore; February 1, 1992. 

191 Standardization Task Force Final Report, TIA Mimcell/PCS Ad-Hoc Committee, 
March 27,1991. 

[lo] PCS Numbering Plan Meeting Minutes, Leonard Sttickland, M a y  7.1991. 

1111 TM-NWT-020139; Signalling System Number 7 Network lnterconnecffon Impacts 
in Support of Mobile Communications Services; Bellcore; October 31, 1991. 

114 TM-NWT-017426; Preliminary Survey on Technical Issues Befween Two 
Alternative wireless Access Technologies, COMA and TDMq for PCS 

113) TM-NWT-020320; An Assessment of Alternative Access Technologies for PCS 
Applications; Bellcore; November 5. 1991. 

- Applications; Bellcore; S. tin, T. Noerpel, J. Weise, July 18, 1991. 
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Service . Service 

Figure 1. Service Relationships 
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Figure 4. BellSouth Telecommunications Target Information Network 
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Figure 9. Reference Model PASE 
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E&lqYixtg CDMA and TDMA 

... . . 

technology with yet unknown problems . .  . Risk of unfanuh 

- . Complqiy gf overall architecture . .  
. .  - . Radio link Transfer implementation complexity 

CDMA/TDMA Dissimilar Characteristics with Only Network Implications: 

'0 - 
~ blocking of c x ~  alls 

- Capacity is hard limited vs. soft limited. 
Interport coordination requirements for pilot, Automatic Power Control, and 

Interport synchronization requirements 

CDMA/TDMA'&ar Characteristics with Only Portable Terminal Implications: 

100 

Automatic Power Control (APC) requirements 
Duplexer requirements 
Heat sink requirements 
Power requirements 
Usage time between recharges 
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project 

service 

ln this document. the word m j e &  refers to a complete sottware 
development effort. The so- lifecycle Is defined for a project. 
Examples of projects lndude the development for an AIN Architectural 
Entii, or the development of a service or defined set of services for an 
existing AIN Architectural Entity. Planning is done on a project basis. 
Each aspect deflned in the dowment addresses itself to a complete 
project. 
One or more features on the network which may be sold to an end 
customer or used internally in BellSouth. A service may consist of 
features which reside in different AIN architectural entities. 

. .. An and user view of a service which BellSouth.can sell to Its wstomers . . . . ' . 
. .  1 . . .I.., 

senrice concept 
.. or use internally. . . . .. 
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"Why can't I spread calls across my attendants in Atlanta and Birmingham during the day, 
and send all calls to Atlanta at night?" 

"Why can't my services survive, even when individual components of the network fail?" 

totally satisfed by BellSouth's current network architecture. BellSouth faces intimasing 
competition from bypass carriers who are positioning their networks to attract our most 
desirable customers. If BellSouth is to place its "customers first" and "resp6nd positively to 
change", we must aggressively evolve our network to meet these challenges. 

T b k e  qUCStiOnS Urpm Of the evolving needs Of BellSoUth'S customers that =Mot be 

- 

. .  

.~ 
. .  . .  . .  . .  . . .  . . .  .. . 
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BellSouth's network has changed dramatically over the.past decade, due in part b ~ d i  
'' and increased competition from alternative serbice providers. Several reccnt events 

.. . .  

. .  

.- . An organization has been formed within &IISouth to develop Advanced Intelligent 
Network (AIN) services. 

An RFP for fiber in the loop equipment has been issued and several trials arc 
underway. .- 
Internal trials of Switched Multimegabit Data Service (SMDS) have begun. and an 

Thirteen CCIlT Recoa&ndations on Broadband ISDN (B-ISDN) have received 

Synchronous Optical NETwork (SONET) product evaluation trials have begun. 

A field trial of a B-ISDN Asynchronous Transfer Mode (ATM) switch has begun; 

Internal wireless trials have bcgun, and wireless ESSX field trials are being planned. 

RFP is forthcoming. 
r .. 

unanimous international approval. 

BellSouth is ;ell positioned to achieve the goal of evolving its network over the n.yt decade 
to a flexible and cost-effective Information Networking Architecture (INA) that can respond 
rapidly to satisfy emerging customer needs To achieve this goal, a clear vision of ' 

BcllSouth's target network architecture, as well as a realistic and COJtIffective evolution 
path toward that target, is imperative. . 

. 
4 

. .  . .  
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itecture that serves the total information 
~~~~~~~ @e communicatiods of &llSouth's . . . . 

D are identified and briefly discus&, they are not ' ~ 

nd the evolution steh described in this report 

. ,  

' ' 

ions in &IISouth, and they 
.:. . 

. . . .  

utes that have guided the formulation 

paraiiip for n e t w d  mol 
crs'.needs in a co.~-cffcctive 
th respect to alte&tivc 

Section 3.dacribesrccuu 

- .  
.~ 

. . .  

~ ~ service providers. Section 4 ptesents BeUSouth's target Information Network Archikun . ' . .  

: ~ . . and relates this architecture to the auributts presented in Seaion 2 Section 5 is a summary 
of the steps needed to cvolve CoJteffcctively to the target. Attachments.io chi report 

- provideadditional dasilsofthcse evoiutionstcps. 

. .  
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to support many services over a common platfonn in order to spread the cost of 
common network resources over multiple services and to maximize the service 
opportunities whileminimizing the risk ofscrvice-Jpeeificienrestmena. 

Enables Rapid Service Delivery 

The ability to provision services rapidly is a critical attribute of BellSouth's target 
architecture. Our customers are no longer willing to wait weeks, or even days, for 
BellSouth to provision new services, since private networks provide them with 
immediate responses to reconfiguration requests. A fundamental change must occur 
in the BellSouth network if we expect to be able to compete with private networks 
and alternative service providers BellSouth's target architecture must move the 
enation. modification. and provisioning of new services closer to the customer. 

Enables BellSouth to Introduce New Sewices in a Timely Manner 

BellSouth's ability to introduce new services in a timely maoner has been hampered 
by our dependence on switch vendors for the development of new services. The - 
target architecture must allow us to develop our own services and to schedule the 
availability of new services based on ourown assessment of our customers' needs. 

Preserves Customer Investments Through Service Continuity 

BellSouth's customus have made substantial investments in customer premises and 
private network equipment, and a network architecture that ignores this fact is 
doomed to failure. BellSouth's target architeaure must provide for the cost&fective 
continuity of existing services and capabilities, while at the same time providing the 
new services required to satisfy our customers' emerging communications necds. 
Interworking of existing services and capabilities with emerging services is also 

PROPRIETARY 
critical to the succus of new services. 

NOTICE 
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invaluable as competition becoina increasingly fie= Rwidmg service . 

survivability when individual components of the network fail is a key attribute of 
BellSouthk target uchitccturc and will be critical in attracting and rc'ining our most 
important customus 

-. Netwo.rks Other Networks 

. 
. .  ~ . ,  . 

. .  

1 

. 
Networks an proliirating: business customers arc building their owp premiscs 
networks, cellular and wireless nekvorks a n  on the rise. and IC networks are 
essential for interLATA communications. Enterprise networks are inmensingly 
needing to interconnect with many different t y p  of networks. As this OCCUIS. the 
LECs networks must undergo fundamental changes to assume the role of networking 
other networks together. BellSouth's target network must provide a seamless 
integration of service across various wireless. wireline. premises, ESP, and IC 
networks Ewe an to satisfy the customus' needs and be their provider of choice. 

.* Integrates Network &a~ents  and Operations Systems into a corhmon Platform . 

- The distinction between Network Elements (NEs) and Operations Systcms (OSs) 
continues to blur. Using a common architectural platform and common stan&+ for 
0% and NEs will allow &red access to data and will enable &1ISouth to migrate 
data and functionality between the two environments as appropriate to meet business 
and technical nccdr < 4 

. .  . .  . .  . , .  . 
.. .. . ~. 

. .  
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. . .  
' . Customers' bandwidth requirements have inaeased drastically over the past decade M 

tbeirmmmunicationshave begtin to include data, video, and image information, in 
addition to voice. BellSouth must evolve its network from one optimized for voice 
communications to one optimhd for information networking. Information 
networks, which cany voice. video, data, and image information, require bandwidths 
spanning a wide range &om a few biWs for telemetry applications to several hundred 
Mbitls for supercomputer interconnection. BellSouth's target information networking 
arcbitecture must be capable of supporting communications over chis entire range in a 
cost-effective manner. a. 

- -  

.. . .  

SuppoA Multi-media Communications 

- Multi-media applications SDr pusonal computers and workstations an expected to 
emerge over the next few years Companies such as Sun Microsystems and Apple 
arc already developingsystcms for multi-medii cominunicatioaJi and are planning 
LANs based on Asynchronous Transfer Mode (ATM) to support thew applications. 
Support for multi-media communications is a critical attribute for BellSouth's target 
architecture. The ability to support multiple communications with a wide range of bit 
rata over an integrated customer access intuface will be key IO ow SUCCQS in this 
am. 

Provides Private and Securr Communications 

The ament telephone network is perceived as Wig both private and &re, but 
these attributes may be threatened in the future BellSouth's target network 
architecture must ensure that our customers' communications and control of their 
communications.qe protected by building appropriate firewalls into the network 
architecture. : 

. .  - - 
.~ . 

..~ 
.. . .  
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to resolve. BellSouth's target architecture must minimize the redundancy of ' , . , 

corpor& databases in order to provide cost-effective services to compete with other 
service providers In some cases, this redundancy can be minimizd by integrating 

. .  . - the data Jvith~enetw~~+lem~tsIhemselvtJ.  . Provides Needed Scrvics.at Mordable Prices 

The attributes listed above arc all aimed at the objective of providing the services 
that customers need at affordable prices. This is the ultimate measure of the 
success of the e e t  network architecture. The ability to provide rapid service 
delivery, introduction of new services in a timely manner, service continuity, high 
reliability and survivability, scamless integration of serviccs across &ultiple 
networks. services w!th a wide range of communications bandwidths. multi- 
media communications, privacy, security, and customer control of services are 
essential to satiSfyjng the communications needs of our customers The cost 
effectiveness of providing these services is maximiked by supporting multiple 
serviceS.on a common phtform, making usc of appropriate standard interfaces.to 
benefit from volume deployptcn~integrating operations systtmJ with network 
elements, and reducing redundancy in corporate databases. 

-. 
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Two key enabling technologies, end-tocnd digital'systems and StoredProgram Control 
(SPC) systems. have now made it possible to evolve BellSouth's network on an incremental 
basis. .In the future, existing systems will not be totally replaced; instead, new services and 

subsystems may be replaced as new capabilities arc integrated until. over time, little or none 
.. capabilities will be integrated into existing systems. as illustrated in Fig. 2 Some 

~ ~ ~ 

. of the original sytcm remains. nii represents a fundameniai change in ~~t tSouth ' s  

future services in a timely and cost-effective mannu. 
3 - ' approach to network evolution, and one that will be of utmost importance in introducing .. . 

t . .  

. .  

. New Customer Interfaces 
Mgbl  SPC 

New Technologies and Services ~ . ~ . ~  

. .  
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- As new features were added to S 

uch flexibility, allowing a few 

. .  . 

and made available in a uniform manner throughout the region on any vendor's switch. 

Some service logic can ako reside in computers owned by customers; a Switch-Computer 
Appiications Interface (SCAl) will allow customers to request SCM'CCS and provide routing 

.. infomation to the network on a call-by-call basis for applications such as inbound and 
outbound telemarketing. AIN is a key component of the target information networking 
architecture, enabling it to satisfy many of &e required attributes. 

. 
..<; :i 

.. 
. .  ,-: 
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. ISDN extends digital communicatiom and out-of-bandsignalhg t o a d  usm, thusenabling 
switched 64 kbicls digital communicationsand moresophisticated control. ,m provides 
customers with an order of magnitude more bandwidth than was available w a  POTS-based 
data connections. However. ISDN still provides two to chrre orders of magnitude less 
bandwidth than that available on business customers' LAN& 

. . Niw switching fabrics can be added to existing digital SPCswitches to support higher-spccd 
: communication$. For example, some switch vendors are now introducing new n x 64 kbit/s 

(n = 1.6,12,24) switch f ibr ia  to replace their existing 64 kbius switch fabrics, and others 
are modirying their 1.5 Mbit/s digital ~ o s s - c o ~ e c t  SYstemJ to allow them to be controlled 
by the switch software. as shown in Fig. 4. Either of these fibricswill enable a Switched 
DSI s&vicc, which will allow customers to d b t i i h  15 Mbitls calls to other customers on a 
&l-time basis using a TI line and an associated POTS line for signaling. The a x 64 kbit/s 
fibria will also,enablc a Switched FreCli0~1 DSl scm'ce, which will allow customers to 
establish 384 kbit/s, 768 bit/& or 1.5 Mbit/s calls to other cummas on a real-time basis - 
using an ISDN Primary Rate Iotcrface (Piu) md ISDN signrllng. 
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- Today's public telecommunications network is optimized for connection-oriented services, 
which ire characte.rized by a call setup phase, a communications phase. and a call disconnect 

- ~ 3 3 0 w c v 4 d a l a a r r t o m e a t ~ y u r c ~  'dccs&tagrotocolf,wchas 
?E&nlFtm*-m p),-*m---lemm*- 

. phases. Instead. each data packet is treated as a self-contained wit that carries not only the 
data IO be transported. but also an address used to route the packet to the destination. 
Switched Multimegabit Data Service (SMDS) has been p r o b d  by Bellcore as a public 
connectionless data service designed to provide networking between connectionless Ilws. 
The initial introduction of SMDS on an early-availability basis is expected to use a stand- 
alone Metropolitan Area Network (MAN) switching fabric, which will provide SMDS 
initially over a new service-specific interface using service-specific technology. 

"Trovidingaaewswi fabricSwspchnewserviceintroduccd(e.~anax64lrbitls ~ 

fabric for Switched DS1 and a MAN fabric for. SMDS) rcsulk in high capital and operations 
costs. as wcll as long development intervals for new interface standards and products. 
Broadband ISDN (B-ISDN) will solve thii pmblqn by introducing a single switching fabric 
that supports many diffcrcnt types of communications, including both Consiant Bit Rate 
(CBR) and Variable Bit Rate (VBR) &muuications at virtually any bandwidth desired. 
over a single standardized user interface. This fabric is based on a concept called 
Asynchronous Transfer Mode (ATh4). in which information is carried in fixed-size cells . 
along with a header that contains an explicit channel identification Io simplify the 
mhipluring of different virtual channels with different bit-rates. 

. 

- The ATM switching fabrics of B-ISDN will be connected by high-bandwidth optical fibers. 
using the SONET transmission format, which will provide a cost-cffective and swivable 
transmission infrastructure that is extensible tn Gbitls rates and beyond. The use of SONET 
for B-ISDN transmission is another example of the fundamental change from evolution-by- 
replacement to wolution-by-integration. SONET, which is being deployed aow to carry 
DSI and DS3 channels. has been selected as the transmission hfiastmcture for B-ISDN to 
preserve the value of SONET equipment when ATM switches are deployed in the 1994 time- 
frame. ATM cells will be carried in some SOm.payload.s, while DSlsand DS3s arc - . 
carried in others, thus ensuring a smooth and cost-cffective evolution to B-ISDN. 

. .  



4. BellSouth's Target InfOrmatIOn Networking Architecture 
- 

L 
7 
8' 

CCS7 provides highly reliable out-of-band messagc-based network signaling to 

, - ISDN cxtcndsdigital communications.andout4band mcssage-bad signaling 

-. AIN places the development of new services undu Bellsouth'J control, enabling the 

B-ISDN extends ISDN to offer new high-bandwidtb communications services to end 

- support existing and future switched narrowband, wideband, and broadband services. . 
- 

' 

capabilities to end users to enable new switched services., 

rapid introduction of new network services. 

users and provides than over an integrated platform to minimize capital and 
operations costs. 

control from any terminal and to any network. 
*. PCS offers new services which give users freedom of movement and haeased 

The public telecommunications network is expetted to move from today's POTSbased 
architecture to a future Information Networking Architectun (INA) that suppons 
informaton services, includmg not only voice; but a h  daq  video, and image 
CommUniCatiOaS. 

Thue are many different views on the structure and the timing of INA. For 
&Ilcm~ views INA as a "daatataa" rescar& mica. which defines the withnut 



4 

I 



. . i . .. . .. ~~~~ 

~ 

nts of the target architecture is based on the standard open ' . 

mers and enable us to introduce new services 
1. 

. .  
The operatiow capabilities required to manage and control the network will be essential to 

The optical fiber transmission infrastructure 0hheta;gct architecture provides the vast 
bandwidth required.to support information networking services, including voice.~data. video, 
and image. SONETsurvivable rings operating at Gbit/s rates interconnect the Fiber Centus 
with .cad other and with ATM access nodes. These nodes pmvide a common access 
phfonn supporting a wide variety 01 customer interfaces ranging from POTS to ISDN, 

.i Switched DSl. Switched DS3. Frame Relay, SMDS, and B-ISDN. A simple line card 
changeout, or a software download to the line card, is all that is required to provision a new 
customer interface. This common accessplatform not only expedites the introdunion of new 
services. thus maximizing our new service opportunities, but also m i n i m i  risk since the 
incremental investment required to introduce a new service is small. 

Optical fiber can extend beyond the access nodes to remote multiplexer nodes, located 
very near the customer. Video from a CAW headend or an enhanced services provider 

. is wavelengthdivision-multiplexed onto the fiber at the access node and canid to h e  

the success of these services. > 8%. 
,: 

.- 
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uth's Target Network Architecture 

. .  . .  - STP Pass-through (1991): "STP pass-through will allow telephone companies (e.& 
independent telephone companies) to access various database services h u g h  
BellSouth Signaling Transfer Points (STP). 

CCS7 Interconnection to ICs (CCSAC) (1992): CCSAC will allow an 
-- Interexchange Carrier (IC) to connect to &IISouth's network, enabling 

features such as Charge Number and Calling Party Identification to be provided on an . 
interUYTA bash  CCSACwill also lay the foundation for interLATA services such 

CCS7 Interconnection to Private Networks (1992): Several private network 
owners have inquired about connecting to BellSouth's CCS7 network. Ultimately, 
this could extend lDUCHSWt and AIN services between our network and private 
networks. 

asmuQisrAR. ! 

- 
CCS7 Interconnection to Cdular Carriers (1992): Interwnnection'to cellular 
carriers will allow m d e d  service areas for Tou(stsTAR and AIN Services. thucby 
enhancing their value to OUT customus. BellSouth. McCaw, and Bellcore have 
selected southern Florida as the site for 8 trial interconnection in 1992 

As the demand for AIN services increases the load on the CCS7 network, the S@ of the 
CCS7 signaling linlrs will need to be increased from the current 56 kbit/s to 384 kbitk 15 

simple replacement of the physi&l level; the entire interface will need to be evaluated to 
determine whether changes will be required in higher levels. 

. Mbitls, or even to the 15s Mbit/s rates of B-ISDN. This will likely be more than just a . 

- . . .  
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Extension Capability: Typically, only one ISDN terminal is allowed to control a B- 
channel during a call. Therefore, traditional extension service, common to residence 
service, is not available with ISDN. - -  
Prehises Wiring: Some residential premises wiring is probably not suitable for 
ISDN &vice, and determining whether ISDN will work with a residential customer's 
premises wiring may be timecon&ming. If it is not acceptable, significant rewiring 

CPE Terminal Portability: The relative expense of ISDN CPE and the mobility of 
residential customers make it important that the CPE will function on multiple central 
office switch.types. If CPE is not portable, the customer may have to replace it to 
move to a new residence supported by a different type of switch. 

a may be required . .  

BellSouth also plans to tariff the ISDN Primary Rate Interface (PRI) in 1991, with volume 
deployment beginning in 1992 &IISouth's PRI tariff will be aimed at providing networlc 
access for P B k  By 1997, ISDN will be receiving wide acceptance from both business and 

.Many ISDN issues. such as terminal powering and extension capability. an fundamental 

' residential Customers 

4 

. i . .  . 
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5.3. Evolution to AIN' .~ * .  I .. 

i . .  

infoxmation back tn ' . 

AIN gives BellSollth control over the specification and development of new network 
services and avoids the need to negotiate a suvice description and a schedul$ for service 
development with switch vendors. An additionalirdvantage of an AIN service is that all 
customers see a uniform service, unlike switch-based services which often differ across 
vendors' implementations. 

BellSouth has formed a team to specify and develop AIN services with the following 
objectives for 1991 and 1992. 

Develop and install the essential Software Development Environment .@DE) required 

Test the-d SB platkns, 
for the development of the first AIN savi& 

29 
1993 deployment a- 

calling Name Delivery (CNAM) is similar to calling Number Delivery; however, the 
network delivers the name mther than the number of the calling party. The name of the 
caller is expected to be more valuable 14 th: CUJtomer receiving the call than the number. In 
addition, it avoids some legal auestiom that have uisen with Wine Number Deliverv. since 

4 31 * 

the call can only be return& i t h e  customer has the calling party$ knber. calling N&e 
Delivuy promises to be a mass market service that will be attractive to residential customers 
as much as to business customers. .. 

NOTIC 
N a t k r W O r ~ C  

. 
M Y d ~ ~ ~ ~ ~ &  - -  
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Initially, only :he provisioning and anaintcnanaagadzations will be provided with some 
capabilities to modify Smrins. As thaeiools ma- they will be enhanced and made 
accessible to BellSouth ~CIXOMCI outside the provisioning and maintenance organizations to 
provide more rapid response to euStomer rqucsts. At the same time, the provisioning 
organization will be provided with more powerful tools to allow greater flexibility and 4 
czpabiiity. Ultimately. customers themselves will have the ability to create, modify and - 
provision their own services. 

38: 
39 

3 t  
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. .  . ~~ . . positions BellSouth to offer other information networking scwices, including data, video, 
and image, which q u i r e  much higher bandwidths ihan voice SaViceJalone. . ,  - . .  

5.4.2. SONET . .  

BellSouth has been deploying optical transmission systems since the early 1980's; however, 
. since no standards existed, each vendor developed equipment with proprietary interfaces, 

th& making optical interconnection of these systems impossible A substantial set of 
. national and international standards for optical interconnection. called the Synchronous 

Oqtical NETwork (SONET), has been issued, and SONET multiplexer products are now 
becoming available. All transport relief projects plaona for 1992 and beyond will evaluate 
new SONET altemativ&. The bitial SONET deployments are expected to be primarily 
driven by growth requirements, with only very limited replacement of existing asynchronous 
quipment during the early deployment stages: 

Two major benefits of SONET an its sclf-hcaling capabilities k d  its ability to provide more 
economical add/dmp multiplexing (ADM). In the loop. 155 Mbitls sy~lemsare expected to . , 
predominate, with point-to-point systems initially, followed by addldrop. followed by ADM 
rings. The unidirectional self-bealisg iing (VSHR) architecture is expected to be mo? 
appli'cable in the loop than the bidiredional self-healing ring @SIR). in the intcro&kc, the 
standard BSHR is expected to be favored when it becomes available in late 1992 or early 

- 

. .  iB3. - 
i . .  

. . .  
4 

. .  . 
., 

. .  -. .~ . . , . .  . ., 

.. . ~. . .  . 
. .  

, .  . .  

. .  
. .  NOTICE 

No(kruwadi.daunoubIde*IDouhoI 
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J m e  ReIay: 

FrameRelay is a 64 kbitls to 1.5 Mbitls (and possibly higher) connection-oriented 
data service designed to support L4N interconnection and terminal-co-hos~ 
applications. The Frame Relay protocol and procedures a n  similar to W D ,  SXJ it is 
relatively casy for CPE and switch vendors to add Frame Relay interfaces to existing -- equipment 

Switched DSli - 
Switched DS1 gives customers the ability to place 1.5 Mbit/s calls to other wtomers 
on a real-time basis for applications such as video wnferencing. Switched DSI 
requires that existing digital CCOSS-COMC~~ systems and narrowband switches be 
enhanced, but allows customers to w existing CPE, Switched Fractional DS1 
service may a h  bccbme important; this allows a customer to place cab with a 
bandwidth of n x 64 kbiW to other customers on a ikal-time basis. 

- 
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- 5.4.4. Integration of Services on a B-ISDN Plattom , 

P., 
2. r . -  

~~~~ & l . € s D N w i m & a w - * r ~ ~  ' , ., .. . ~ ~ ~ a ~ ~ - - -  ~ 4 a a f m w b a n d  . 

. operating. and ~. maintai-ice-specific platforms 

information is packaged into small 48-byte cells. Each cell wntains a 5-byte header. which-. 
carries an explicit channel identification that simplifies the multiplexing and switching of all 
types of information. including voice, data, video, and image. With ATM, cells are 
generated as required by the application. For example. a 64 kbills voice application would 

. _generatembout aneicell formcryuKKlcellsona SSMbills htuface, and. 45MbiJs video 
= ..' - applicationwould generate about oneicell for every three cells' Data communications. which 

tend tb be bursty in nature. can also be supported by ATM, and cells arc generated only. 
when the application has information to send. Therefore. an additional feature of ATM is 
that !he network can use statistical multiplexing to achieve incrulscdnetwork efficiency. 

. 

- .  . 

ATM will also enable the installation pdrIion of provisioning to be simplified. For example. 
an ATM access node can support many different bpes of customer interfaces, such as POTS. 
ISDN BRI. ISDN PRI, SMDS, or Switched DSl. simply by inserting the appropriate l i e  

, card. The line card converts information on the interface to ATM cells, which are carried 
within the SONET transmission payload to the Fiber Center. when the cells arc switched to 
the appropriate destination based on the channel identification in the header. The ATM 
switch in the Fiber Center handles all cells identically, independent of the service inteaface at 

5.4.5. Introduction of B-ISDN Customer Interfaces 

B-ISDN also provides a new integrated UswNetwork Interface 0, which will allow a 
customer to multiplex many different types of information, including multi-media 
communications, on their premises and to comcct to the public network over a single ATM- 
based interface that supports the full rangeof communications required. Tbe ability to 
establish ATM virtual channels on demand will stimulate the introduction of many new user 
applications integrating voice. video, data, and image communications for both business and 
residential customers. 

- .  

the aecess node. c 

. .  . 

PROPRIETARY 
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5.5.. Evolution to PCS 
. , . . ,  

:'. of the followine: - 
, .  

. .  
. .  

- . Receiving a call anywh and'anytime, ' ~' 

. .  

odata both business and personal calls, 
. .  . .. . . 

- .  - ., . . .  

- ' .Tmplementing pusonal call-handling preferences. such asautomatic call snecniag 
and automatically rctMlingcalls at a more convenient time. 

There is currently a high degree of regulatory uncertainty rega 

. .  
. .  

. ._ , 

134 
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! . The architecture for wirekss s s x  consists of various radio ports distributed on each floor 
of the customer's building according to traffic requirements and radio propagation 
characteristics. . .- USCK-W~II ,- 

P.,. 
t roafiai*a--d---@.&..*-.. be able'to send and rcceive calls throughout the building. .An 

d-& 
g. Each radio port'will support multiple connections according to traffic needs and ' . .  

' ~ will be connehed via ISDN BRI or PRI facilities to a radio port controller. New ISDN .. 

D-channel messages will be defined for such functions~aS hdsctregistration and handoff 
between cells. The radio port controller will be connected to ISDN lines from a digital . 
central office. A function of the radio port controller is to make the user's handset appear to ' . 

be.hardwired to the switch 'pa Switching is performed in the radio port controller to , 

perform handoff and to connect the uscr to his or her assigned &itch port. Eventually, the ' ' ' 

Three wireless ESSX trials are planned for 1991 to establish the concept of wireless ESSX in . . 
different environments with heterogeneous equipment. The goals oflhe.trialsam.m ' ' 

. .  . 
' 

' 

.. 
.. . ..: . ~ctionof~eradioportcontrolluco~ld beintegratedinto the digital.switchingsystem. . . . 

.. . . ~  .~ . .  . . ,  

. 
. .  .. 

. .  
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. - JZoables&lISouth to lcontrol f ie  Timing of Service htroduaion - Pnscnrcs cwtomuJnv~atsThroughSavicc Continuity 
Uses Appropriate Open Standard Interfaces 

* Provides High Reliability and Survivability 

-. Networb Other Ncbvorb 

Integra!& Network Elements and Operations Systems into a Common Platform 

Provides Independence from Regiilatory Decisions 

Suppons a Wide Range of Communi,cations Bandwidth 

Supports Multi-media Communications 
Provide Private and Secure Communications 

Increases Customer Control of Services. - 
Reduces Redundancy in Corporate Databases 

.The feasibility and practicality of evolving BellSouth's Current network to the target 
Infor&tion Networking Architecture are of paramount imporrance. In the past, new . 
capabilities have been added to BellSouth's network by replacing older system with newer 
systems. Two enabling technologies, end-toad digital systems and Stored Progam Control 
(SPQ now make it possible to evolve the ament network by integrating new services nod 
capabilities. 

4 - 
, 

. 
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, .  
. .  

. .  

. 
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users and provides them over an integrited platform to minimire capitatand 
operations costs. - PCS offersnew serviaswhich give users freedom of movement and increased 
control from any terminal and to any network. 

. ' , 

, .  

Section 5 his presented a summary of the steps needed to evolve BellSouth's network to the 
target Information Networking Architecturc The attachments to this report provide a more 

evolution. 
i detailed description of these steps and discuss some of the issues associated with this 

Attachments 
A -Evolution to CCS7 
B :Evolution to ISDN 
C -Evolution to AIN 
D -Evolution to B-ISDN 
E - Evolution to PCS 
F - Evolution of 0% 
G -Evolutiorrto INA 
H -Glossary 

137 



Attachment A i Evolution to CCS7 . 
. .  

A-1. Background ..... ~ .................................... ............................................................. 1 . . . .  . .  
A4.d+ .+X!S7- 4 4 5  

. a , Z . ? ~ . ~ ~ y ~ ~ ~ ' ~ ~ ~ t e c t u r e  ............... i .................................. 5 . . . .  . .  
~ .................. 

. ' A-1.1.2. CCS7 
A-2. 1991 Events .................. 
A:3, 1992 Events ...................................................................................................... 9 

. . .  ~ A-2.1. STP Pass-Through ....................... ........-........ i ..................................... 8.: 

A-3.1. CCS7 Interconnection to ICs (CCSAC) ...-....... ................................... 9 
A-3.2 CCS7 Intercbnnection to Private Networks ........................................ :. 10 

. .  

,. . .  

A-3.3. CCS7 Interconnection to Cellular Carriers ........................................... 10 . . .  

A-4.1. Increase Capacity of CCS7 Networ lc--.-.-.-- ............................ 11 
.. 11 ' . .: 

.. 
. .  A-4. X95+ Events 

. .  
A-5. Critical CCS7 Issues 12 

. .REFERENCES ' ..-.. 13 

. . 
. 

138 





trol switching systems, 

information carried overthe common signaling channel could be functional data masages 

mcludt: .. 
.~ rathcr~ioncsorputscs. Theadvantagcsnf"outd4mnd"cbmmrn channelsignaling 

- Signaling docs not interfere with an active communications channel (e.g.. talkoff, the 
erroneous intupretation of user information as signaling, is eliminated), 

transmission and Switching facilities, 
- -  - Shortening of interoffice signaling delays results in incrcased utilization of 

- The iapability for &itting funciional data messages enables new .-ices such as 

- The capability for transmitting functional data messages between a CO and an SCP 
. calling party identification, and 

- enables the development of Intelligent Network services ' . 

In 19% &maon channel Intuo&ce signaling (as) was introduced in 4ESS toll 
switches. In the first major applicstion of packet switching. in the Belt System, signaling .. 
messages were carried h m  switching offices over 2 4  kbit/s signaling linlcp to Signatii  
Ttansfer Points (SIP) which routed the s i @ i  messages to other switching offices [2] 
using a variant of a protocol called CU" Signaling System No. 6 (CCISQ 

The &IISouth Common Qlanel Signalihg Project began in early 1982 Common Channel 
Signaling (CCS), under the direction of AT&T, was primarily being uscd in the toll network 
at that time. Migration of OCS to the local network, while seeming to be the appropriate - long-turn strategy. had no real driver or cconomic justification. It was apparent that network 

.. . , savings alone would not pay for l k l  common channel signaling, so &IISouth began to 
~ ' .  identify potential revenue-producing services that could utilize a CCS network. . ' 

4 

.~ 

.- . . .  .- 

- 
I TrpdcmaL of AT&T. 
-. 

.* 
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- 
A team was formed in April. 1983. to study &vice and technical alternatives, as well as 

.. . . ~ ~  ~ 

, available on some switching'syksand wme services had alr9dy been developed, it was 
limited inscopeand . .  . was already outdated. Implementing a s 6  would make the inevitabl 
transition to a more sophisticated protocol more difficult. &TIT Signaling System No. 7 

. .~ 

. .  . . .  . .  - A forward-looking' digital eo&-ht with the 
. .  . .  - messages and features, and . .  . .  

,- . ~ a d l n i n i i m m u c h s i m p l a t h a n ~ 6  

The major concern with SS7 was its availability. i.e, when the protocol would be 
sufficiently defined to support the services BellSouth was interested in deploying and when 
the vendor market would support the technology. Based on research and consultation with 
Bellcore, it was determined that sufficient protocol specifications tocover the initial 
BellSouth rquinments would be available io 1986. .Further, based on interactions with 
vendors, it was apparent that most of them were already incorporating the SS7 p r o m 1  into 
their produc! lines. All chis led BellSouth to conclude that SS7 could be de lo ed in late 
1987. only one year later than CUS6 could be deployed 

BellSoutb decided to use a two-tier CCS7 network. The first phase in 1987. show in figure 
1. consisted of a pair of Service Control Points (SCPs) and Regional Srps (Rsrps) split 
between Atlanta and Birmingham. and a pair of Local Srps (Lsrps) located in Atlanta. The 
initial STPs were AT&T products, and the Scpj wcse developed by Bellcore. The initial 
Senrice Switching Points (SSPs) included 4ESS, lAESS, and Dm 1oo1u)o LATA/Access 
Tandem switches throughout the regia hitially. thcsc faodems wen homed primarily on 
the RSI'Ps, with some homed m the Manta LSTP paw. The databases' for the two ioitial 
savicy 800 database service and &.lit card validation service, were contained io the SCP 
pair, which homed on the rcgbual STP pair. As !be initial services w c n  daubase only, no 
tmok signaling was required . 

- 

e y  

4 

. .  

- 
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Evolution to CCS7 
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Elrmlnghm AIIanta 

SCP: Sen(ca Control Pdnl 
RSTP: Regional SwRchlng Transfer Polnt 

SSP: Sarvke Swltchlng Polnt 
- LSTP: Local Swnching Trmrtrr Polnt ' - . .. . 

Fig. 1. Initial &IISouth CCS7 network. 

Begihing in 1988. LSl'Ps began to be deployed to support local trunk signaling for 
?VUcHszARTM services. ?be first major location to deploy YvUCIISTAR was Memphis io 
October. 1988. using Ericvon LSTPs and both AT&T and NTI end offices. By the end of 
1991, Lsrps from AT&T, Eriasoo. or NTI will be deployed io all but two BellSouth 
L A T k  Fifty percent of BeIISouth end offices and tandems now havelocal SS7 and 
TOUCHSTAR deployed; this will rise to 66 pucent and will include all major metro areas 
within BellSouth by year-end 1991, providing -7 access to over 78 percent of &IISouth's 
main stations, as showa'in Fig. 2 CCS7 access is planned for all switches, except 2BESSs, 
by yearund 1995. . 

The extensive backbone ocS7 network provides the long term sigoaling transport and . 
database awes mechanism needed to support uistig and futun services, including 
hkaLATA and interLATA functionality, for the ISDN, AIN, B-ISDN. and PCS platforms. 

- 

.- 

. .  . .  
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Evolution to CCS 
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. .  

the CCS7 network are ill-tr 

, ,., . .  

t (e.g, SSP or SCP) to an STP pair. 

the same hierarchical lev& 

0 ~ D a g o n a ~ L i n k c w n e * a n ~ m a t e d p a i r t o a n R S D m a t e d  pair. 

E (Extended Access) Lids connect a Signaling Point to an STF' pair other 

F Links directly connect two Signaling Points. 

than the home STP. 

- -  

. ~.. . . . 

Fig. 3. CXX7 physical archit#ture. 
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A-1.1.2. C B 7  Protocol Architecture 

OMAP: 
ASE: Appllcrtlon Satvica Elomant 
TCAP: Tnnuctlon Capabllltlaa Appllcatlon Part 

SCCP: Slgndlng Connodon Control Put 
MTP: M-9. Tmnator Put  

Oporatlona Malntorunco and Admlnlotrrtlon Part 

, ISDN-UP: ISDN Unr Pall 

Fig. 4. SS7 protocol architecture. 

The Message Transfer Part (MTP) provides reliable transfer of signaling messages. Level 1 
provides a connection to the transmission medium. Level 2 ensures reliable data transport on 
a link. Level 3 provides message routing fun&ons and network management functions 
needtd to reconfigure the sigualhg network in the event of signaling link or signaling point 
failure or to control uaffic in the wcot of congestion. ?he routing label w d  by Level 
3 to route a Message Signal Unit (MSU) toward its destination consists of a Destination 
Point Code @ P Q  an Originating Point Code ( O m  and a Signaling Link Selection 0. 
The Signaling C ~ M C ~ O O  ~ o t r o l  Part (m) provides (1) specialized routing called 
Global Title Translation. (2) SCCP maoagemeni to reroute or throttle sigoaliig m c  h the 
evtnt of failure or congestion io the signaling network, and (3) wnaectionless service.. 
Global Title Translation is required when an "indirect" address is provided for an SS7 
packet; this address must be translated to a DPC to route the message to its destination. 
Global Title Translation is typically performed% an STP. C O n n e a i ~ ~ l e s ~  service allows a 
user of the S C B  (e+. TCAP) to request a traosfer of up to 255 octets of user data without 
fixst requesting the establishment of a signaling c o ~ e c t i o ~ ~ .  Ibe user data is included io a 
d tda te  message, which contains the address used for routing within the message. 

r 

. 
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,/ 
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. .  
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me Transaction Capabilities Application P a r t ' q W )  suppons nontircuit-related services. 
It uses the connection1,ess service of the SCCP to carry messages between exchanges. 
between exchanges and databases, or between an exchange and the intcrworlcing point to an 

Application Service Uem&s (AS&) provide the specificinformation that a partic& 
appli&tion needs, e.&, information for querying a remote database to convert an 800 
into a network-mutable telephone number. 

. .  

, .  , . ,  
1SD.N customer. . .  

. .  . .  . . ,  ~, 

~. 

Admiii&tion Part ( O W )  uses TCAP to monitor the . ;. 

cot in the CCS7 network. Specifically, O W  prdvides routing ~ ,. 
. verification tests for.the MTP.and SOCP. determines if the= are farcnd equipment failures, 

The ISDN User Part (ISDN-UP or ISUP) controls the setup and tcardowo of calls between 
switches io the 
additional service-related data (e.& for fOu%tmAR, AIN Relcase 0, Carrier Access). After 
an ISUP message is transported fmm a node to the next node, a truolc is established between 
the nodes, and the message is sent to the next switch. Thu process is repeated until the 

. deshation switch is reached. Work is proceeding an the extension of the ISUP to support 
the establishment of ATM virtual connections for Broadband ISDN. 

network. This information consists of trunlr signaling and any 

.I 

. .  

. .  . .  
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Attachment A 8 

A-2. 1991 Events 

A-2.1. STP Pass-Through 

IT' pass-through Other e companies to BCCCSS ds*abases through BellSouth's 
S T p s  to provide various database Jerviccr. Indepcnatnt Telephone Companies (lTC) within 
&e BeUSouth region cunently accws out inwLATA 800 dambase in two ways - through 
dinct COMCCtiOn to OUT LSTPS Via "A" links and indinctIJ' through BCUSOUth SSPS. We 

provide operator & a s  for a large number of inacpcnacnt companies. and while we 

AT&T Billing Validation Appkation (BVA). this is expected to change for many of these 
validations on 12f31/9l;whemthe AT&T BVA3 scheduled to be terminated 

We have filed a waiver with Judge Grtcne rcqucsting authority to database bqukies 
for 800 and LLDB s u - v i a  for I X s  where the signaling ~ o s s c s  LATA boundaries. The DOJ 
has already agreed with the waiver request and if Judge Orrtac docs not ask for additional 
information, a ruling cwld be urptctcd during 1991. If we lose the capabfity to provide this 
typc of pass-through, the independents must find another method of gaining acass to thest 
databases; this could then. in turn. caw them to have to 6nd aaothamcans to connect to 
our network for local nondambasc scrviccS such as T0UCHsI;IR This would neccssitatc 
&ges to our network, sina some independents and otha network prwiaas currently 
connect to our network via "A" links far intcmmpany ? U V ~ X f t .  

. -  %?* 

. 

. 

4 

, ... 
~. .  
... . .  

' . . ~ .  :: . .  
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. .  Evolution to CCS7 

. .  

ncwork Once CCSAC is deployed down oflice level. much faster call setup and 

D. CCS7adds . 
. .  

. .  
'Ihe a r c h i d  a l ~ t i v c s  for CCSAC consist of either a BellSouth STP pair 
intuconntcting to an IC STP pair vias quad Of Bridge (B) links. 
interfacing to a Signaling Point (SP) in the intcsconneCtiag netwwk via a pair of Access (A) 
links. CCSAC service was deployed in Gntnsboro and Memphis in 2Q91. Seven more 

a BdSOUth STP pair 

. .  mempoliw area arc plaancd for 1991.13 for 1992. and 15 for 1993. - 

. .  . .  a c o l m m  I 
Fig.& ccs7lmKammm - tOICs 

. .  
. *  .. . . -_ 

. .  
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A-3.2. CCS7 Interconnection to Private Networks 

BellSouth has received inquiries from several owners of private networks for interconnection 
$0 our CCS7 network to provide improved network connection, as well as to deliver the 
calling number to the private network. Ultimately, this WMeCtion could extend foLIcfmAR 
and AIN services between our network and private networks. The demand for this appears 
io  be something that will increase greatly over time, particularly as ICs begin to make this 
type of connection to private networks, bypassing our network. At this poins however, 
requirements are not expcaed to be completed until 12/91 for this type of interconnection, 
and very few PBXs arc capable of connecting directly to a CCS'I netyork. 

A-3.3. CCS7 Interconnection to Cellular Carriers 

Interconnection to cellular carriers will expand the service area for T O U ~ M f  and AIN 
services. thereby enhancing their value to our customers, while also giving a cellular carrier 
the opportunity to generate new revenues h m  the sale of services similar to ~ U C H S I ; U L  
National standards are now being developed for hterconnection between a cellular network 
and an LEC network 

. BeilSouth Corp., McCaw Cellular Communications. and Bellcore have ~eleded southern 
Florida as the site for a trial interconnecting the BellSouth network and the switches of 

. wireless carries using SS7. The 1992 trial will include four phases ova 12 to 18 months. 
During the first phase. the Transaaion Capabilities Application Part 0 of SS7 will be 
transmitted on an interLATA basis. Phasc two will test the call setup pomh of the ccS7 
network. Phases three and four will expand these trials to include processing network 
functions on an interLATA basis with intercxchaage carriers. 

- -  

, 
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. . . A-q.1,. Increase, Capacity of CCS7 Network . .  
. .  ~ 

C C S ~  signaling links cliC 
currently uses only two of the eight possible link pairs. However. as the demand for AIN 
sc&& increases, the amount of signaling traffic will increase. Furthermore, some NUN 
services may place stringent constraints on the allowable delay in passing an SS7 message 
between an SSP and an SCP. The queueing delay at a node as a function of traffic loa 

'link speed isillustrated in Fig. a As AIN is introduced, both capacity and delay : 
'requirehaits may result in the need toin& the transmission rate of C C S ~  links to 
kbit/s or 1.5 Mbit/& and possibly to B-ISDNrateJ eventually. .In the US. we expect that the ' 

need for BISDN rates for signaling will o&r well after the year 2000. if ever; however, 

signaling traffic will actually be one of the major driven. along with new services revenue 
and network integration cost reductions. for the deployment of B-ISDN switching 
technology in their network [9]. 

and the most heavily-loaded STF' pair. ' ' 

" 

i 

.. . , 

Nippon Telephone and Telegraph (N?T) of Japan believes that the transport of network - .  - 

Delay (m8.c) 
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. . I P  
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Fig. a Effect of Link Speed on Queueing Delays at a Node. 



OAM&P. 

Necessary operations. maintenance. administration, and provisioning interactions 
must be established on an intercompany basis. 

Business Relationships 

-. 
.. 

. -. .. . . 

A major hurdle in progressing to "national CCS7" is the initiation and maturing of 
business &lationships with potential interconnecting networks. 
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Evolution to ISDN 
. .  . .  .~ 

6-1. Background 
. .  

,.. . 

. ~ ,  

. .  . ~. 
. ,  .. 

. -  

Table I. Evolution of Carrier Systems [2]. 

The first commercial T1 digital carrier system was introduced in the Bell System in 
1962 Digital transmission systems provide several advantages including: 

- higher capacity and lower mst, 

- higher quality voice transmission, and 

- enabling of transport of data communications. 

Digital carrier systems at the DS3 rate or higher require coax, digital radio, or optical 
fiber as a transmission medium. Initial optical fiber systems used proprietary optical 
Signal formau; however, since divestiture, M optical transmission signal format called 
SONET has been standardized internationally in the CCIlT [3.4,5] and nationally in 
ANSI 16.71. Some SONET multiplexer products arc now available and are currently 
undergoing evaluation in BellSouth field trials. Fig. 1 illustrates the evolution from 
analog to digital carrier systems in BellSouth. 

NUllCE 
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. . ~' 8-12 Digital Switching ' .. . 
.. . . 

The step-by-step,'crossbar. and early SPC(Iss ,  IAESS; 2ESS, ZBESS, 3ESS, and 
RSS) switches used analog switching techniques. The AT&T4ESS, introduced for toll 
switching in 1976. contained a digital timeslot interchange (TSI)/time-multiplexed 
switch (Th4S). Analog trunks that terminated on the 4ESS were converted to a digital 
format for switching. However, digital trunks did not require conversion, thus providi 
an efficient termination that reduced the overall cost of transmission and switching, as 

.. 
.. . . .  

.. Fig. 1. Synergies of Digital Carrier Systems and Digital Switching Systems. 

The NTI DMS-lO switch, first installed in 1981. was a digital timedivision switching 
system designed for local offices serving h m  200 to 6OOO lines. The AT&T SESS, first 
introduced in 1982, was a digital timedivision switching system designed for local 
offices serving from IO00 to lOO,O00 lines Fig. 2 shows the evolution from analog to 
digital switching systems in BellSouth. . 
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Attachment B 4 tlution to ISDN 

B-1.3. Digital Loop Carrier Systems f-" .. j 
i 

m e  AT&T SLCl-40 digital loop carrier @LC) syst& intbduced in the mid-l970's, 
used Adaptive Differential Pula Code Modulation (ADPCM) yoice coding to multiplex 
40 POTS channels onto a single T1 carrier line. The AT&TSLC-96 D E  system, 
introduced in the late 1970's. while making less efficient us; of bandwidth by 
multiplexing only 96 POTS channels onto four T1 carrier lines. was compatible with the 

~ . PCh4 voice coding used in digital switches and interoffice carrier systems. A Central . 

Office Terminal (COT). as illustrated in Fig. 2, was required to connect a DLC system to 
an analog switch in a configuration referred to as Universal D E  O L C ) .  However, 
since the voice coding of the SLC-% is compatible with that of a digital switch, its T1 
&er line can be connected directly to a digital switch in a configuration referred to as 

and digital loop carrier systems. 

' ~- 

. 
Integrated DLC (IDLC) [8]. This provides additional synergies between digital switches ' . .  - 

t 

DLC Digital Loop Curler 
RT: RcmoteTdnal 
COT: Central Office Terminal 

Fig. 2 Synergies of Digital Loop Carrier Systems and Digital Switches. 

B-1.4. ISDN 

ISDN is the next evolutionary step in providing end-toad digital connectivity. The idea 
af an integrated alldigital network was fm proposed to the CCflT in 1972 [9]. By the 
early 19&, the last remaining network component to digitize was the local loop, and by 
1984, the first technical standards for implementing ISDN had been ratified. 

- 

- 
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Attachment B s Evolution to ISDN 
. .  . .  . 

. , .  . . .  - - 
. .  . ,  B-1.5. iSDN Architecture 1: ~. 

Basic Rate Interface (BRI) ISDN. shown in Fig. 3, is analogous to the telephone loop 
currently in use. However. it provides the equivalent of 144 kbitls bandwidth instead of 
a single 3 lcHz analog audio ChaMd. BRI provides two B-chahaels and one 
in'a configuration commonlyreferred to is %I). A Bciiannel is a 64 kbi 
bidirectional information channel that can carry any digital information su 

,. voice or data. A Dthannel is a 16 kbith packet channel that can Carry low-speed p 
data, feature activation informahon, and "out-of-band" signaling messages for controlling 
the B-channels. This "out-of-band" signaling capability is analogous to 
CCS7 within the network. A d  enables new revenue-producing services. 

. .  . .  

Rate Interface (PRI) ISDN &es 2SBtD channels over a digital 1.5 Mbit/s ; 
. -  facility, and it is designed to meet the network access needs of a PBX or main-frame 

computer. ?he PRI D-channel differs from the BRI D-channel in that it has a data rate of 
64 kbitls, but it does not support data service. 

Fig. 3. ISDN Architecture. 
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- .. Table IL ISDN Recommendations. Standards, and Rquircments. 

BellSouth began to deploy vendor-specific ISDN on a very limited basis in 1988, but 
intentionally sought to limit ISDN deployment until standard ISDN products were 
available before beginning volume deployment. The regional companies agreed that a 
phased development would be the most realiitic apptuach. and they agreed on a set of 
capabilities to be included in the initial phase. entitled Phase 1.1 ISDN. Ln early 1988, 
Bellcore began developing the Technical Requirements necessary for the switch vendors 
to provide the first phase of ISDN, and by.1989, the Technical Requiremaits for Phase' 
1.1 ISDN were complete and available to the switch vendon. 

In late 1989. ATBT and NTI announced that they would deliver products in full 
compliance with the Phase 1.1 TRs by yearend 1991. However. by May, 1990. both 
vendors inditated that they'would not be able to deliver Phase 1.1 ISDN in the agreed-' . .  

. .  . .  
. .  

: . upon time-frame. 
. .  - 

. .  
. . .  

. .  
.. . .. . .  . ..;: : 

: . , .  . .  . .  . - 
. .  .. 

. 
. .  
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Attachment B . .  7 ~. Evolution to ISDN 

In light of the vendor'noncompliaocc'a national task force. with representation from 
Bellcore and all of the regional companies, was established to assess the near-term 
viability of ISDN. The task force analyzed the capabilitik defined in Phase 1.1 from a 

Bellcore issued a Special Repoh entitled "National ISDN-1" [lo]. which'specified a set ' 

of features for 1991-92 availability that is expected to be a&ctive to the initial set of .~ 
customers, primarily large businesses. The goals have not change  all the regional 
companies still want full vendor compliance with Phase 1.1 TRs. However. the reality is 
that Phase 1.1 ISDN, initially intended to bethe first phase in smdadized ISDN. will 
itself have 10 be achieved in p h k .  

' . 

target market perspective to determine what subset of the Phase 1.1 capabilities was 
necessary to make ISDN attractive to various market segments. In February, 1991, 

. .  . 
. .. 

'. 

. .  . .  

, .  . .  

In the second quarter of 1991, BellSouth be&n tariffing basic rate ISDN service, . .  
provided in conjunction with ESSX senrice. . .  - 

. -  
t 

.. 
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. .  . 

de 'the capabiiities described in the 
um&t in the fiat half of 1992. NE1 is the first step toward . 
important because of the high coat of enlarging the ,, . . . 

N CPE and network arrangements. Service 
ISDN CPE and network services. which . I 

. ~. . 

ill be necessary to continue with some vendor-specific 
e&. our initid target market, large business ESSX, will 

. .  be the least affected by the absence of total service uniformity. 

8-22. Lower Cost and More Capable CPE 

Low cost CPE is key to mass acceptance of ISDN. To promote volume production of 
ISDN CPE, &Ilcore and the regional companies have issued a guideline document for 
CPE vendors, which examines the NI-1 call control and supplementary services for 

' ciriuit-mode and packet-mode calls from the terminal's perspective. Tuminals that 
~ comply with these guidelines are expected to be portable, i.e, be able to function on 

multiple vendor switches that comply with the NI-1 capabilities. In 1992, CPE terminals 
designed to follow. these guideliines should begin to appear in greater volumes and at 
lower costs, thus increasing the demand for ISDN. 

The CPE guidelines also include recommendations for the support of future capabilities 
l i e  display-based softkeys Because of the stable NI-1 platform, CPE manufactures 
will be encouraged to continue to build additional capabilities into ISDN CPE such as 
the ability to do lowcost deskcop video confekncing and image transfer. These new 
applications could further spur the demand for ISDN. 

8-2.3. Primary Rate ISDN . . 

&11!huth plans to tariff PRI ISDN in late 1991:and volume deployment should begin in 
1992. Standards development for PRI is lagging behind that of BRI; however. because 
of the nature of the service and its'intcnded market, lack of standardization for PRI 
should not be as significant. BellSouth's PRI tariff will be aimed at providing network 

. .  

.. 

' A  
QT . .  

' E  
s :  .kr .. 

: e 4 . .  , ~ 

'' 

- 

. , aicas for PBXS and mainfmne computers. 

-_ 
. .  

. .  , .  
.~ . .  

. .  .. 

. .  

to offer.BRI ISDNtO single line (non-ESSX) custgmers in 1992 
1 issues must be resolved before ISDN becomes attractive to the . .  . .  

residential market.. Howevkr, 'many single line business customets are expected to be 
interested in purchasing ISDN before those problems a& totally resolved. 
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ring Committee to determine 
in the next phase of ISDN - . 

ncements following NI-I. The switch vendors have indicated that their work . . 

ilities and will provide a) 
ata capabilities, 

ght about by compliance with NI-2 will help decrease 

. .  . .  

. .  . .  . , 
the cost of ISDN and increase the portability of ISDN CP& thuS making ISDN more . 
auractive to the residence market. 

.. , . . 

8-3.2. Single Line Resldence ISDN 

Several issues that make ISDN less-thandesirable to the residence market should be 
resolved by 1993. 

-- Terminal Powering: Presently. ISDN CF'E is powered &om a customer-provided 
power source (typically AC commercial power). Unless customer provided power 
backup is available, the ISDN CPE will not function during a commercial power 

Extension Capability: Typically, only one ISDN terminal is allowed to control a B- 
ChaMel during a call. Therefore, traditional extension service. common to residence - service. is not available with ISDN. 

Premises Wiring: Some residential premises wiring is probably not suitable for 

. 
outage. c 

1 

ISDN service. and determining whether ISDN will work with a residential customer's 
premises wiring may be time consuming. If it is not acceptable. significant rewiring 
may be required. 

. CPETcrmia.I Portability: The relative expense of ISDN CPE and'tbe mobility of 
residlntial customers make it important that the CPE will function on multiple central 
office switch types. If B E  is not po&ble,'thc customer may have to replace it to ' 
move to a new residence supported by a different type of switch. .' , . . 

Interworking 4th ExsFting Services: ISDN CPE must be able to 
interwork with .&sting Services, Wch a ~ ' m m a  tobe amactive to ' , 

many customers. . ~. 

. .  

~~ 
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~ 

. .  
. .  . .  . . -  

8-33. Increased OS 

Many of the OSs neceSSa 
s m i c c  will not be available until 1993. Until these systems are,available, many ISDN 
functions will have to be performed manually. Availability of the ISDN OSs will help 
demase the cost of ISDN and may also add some customei network management 
capabilities that will enhancc the sales of ISDN. 

tomatic provisioning and maintaining of ISDN 
~: . ~ 

. .  . .  
. .  

. .  
.~ 

. .  
. . . .  
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Additional PRI capabilities and services 

- Additional data capabilities - Support of AIN services and capabilities. 
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Fig. 4. ISDN Single Line Scrvicc Foncast 
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The capability to allow extensip; ISDN terminals to control a Bchannel during a 
call is needed to provide the extension capability common in residential POTS 
SCrviCC i 

Premises Wiring 

Issues related to the suitability of residential customer premises wiring for ISDN 
need to be resolved. 

CPE Portability 

CPE must be able to function on multiple central office switch types; othewise 
customers may have to replace their CPE to move to a new residence supported 
by a different type of switch. 

Interworking with Existing Services 

. 

Extension of Appkation riase (cg. multimedia) 

Carrier Intekorking with End-to-End IntcrLATA ISDN Capabilities 
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E- 'ution to  AIN ., ' 
. .  

uted over the electromechanical 
rogressive basis by the ~ ' 

stage of switching, alternate; 
switches was centralized in 

alternate routing, which 
n electronic Central 

greater demands were placed on the CPU. The DMS100 and SESS coped with these 
increased demands by introducing microprocesson. working cooperatively. throughout 
the switch to distribute the call control logic [I]. While this architecture increased the 
call processing capacity. it still retained the possibility for processing capacity 
bottlenecks, ix.. a processor in one part of the switch may be idle, while another 

In 1987. the D W  SuperNode architecture introduced a high speed processor bus, which 
provided communications among the DMScore processor. application processom 
peripheral modules and VO dp4ce.s 'Ihis allowed proce~sors to be added d n q u i n d  to 
handle the increased processing demands. Most switch vendors either have 
multiprocessor architectures now, or are moving in that direction. Descriptions ofthe 
call processing atchiteclurcs and evolution plans of the AT&T SESS, Eriason AXE, 
Fujitsu FETEX-150. NEC NEAX 61E,.NTI DMS SupcrNodc, and Siemens EWSD are 
contained in a Separate BellSouth document 121. 

. processor is overloaded. 

Gl.2. Evolution to AIN 
Intelligent Network (IN) concipk ari based on the capability of 00 switches to 

.: exchange data with an external database in a device called a service Control Point (SCP) 
and to affect the procesSiag of calls based on the contents of that database. 

.. The scrvice-spedfic.logic for IN& fitst deployed in 1986 for 800 service, ksided in the - ~ Switch software, thus making m i c e  implemen,tations dependent on new switching 
.. .system software generic releases. SBjbased 0n W1 were dewloped and deployed. 

, .  . .. ' ,?be call Management Services Data BaJc (CMSDB) and h e  Infomation Data Base 

~. . .. . . . .  -_ 

. . .  tions currently execute on these SCPs. 
. . .  . .  . .  . .  .~ . .  . .  

. .  . .  
. .  
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tolerant computer and a set of cornhiiinications hardware and software that 
allow it to connect to the CCS7 network. In Relcase 0. the SCP can only 
get-involved in the call prior to the completion of call routing. 

. .  

Signal Transfer Point (!j”): An STP is a -7 packet switch whose 
sole responsibility is to route SS7 messages between two switches or 
between a switch and an S B .  

. 

Service Management System (SMS): An SMS is a new AIN-specific 
OS. It includes operations functions tomaintain Services, initiate and 
control customer SB data involving these -ices, and collect and tepoa 
information on the usage of the services. 

. .  
.. 

. .  . .  . .  

% ; 

- .  . 
. -  
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C-1.4. AIN Status 

SCP: BellSouth issued a combined STP/S& RFP in 1989, and several responses were 
reviewed; howevertno SCP proposal &as acceptable. BellSouth issued another SCP 
RFP in June, 1990, that STP/SCP. The ATBT SCP was 

/o 
// 
/2 
/3 
' V  

4 pafadigm in August, 1990. AT&T dam to comply with these rcauirancnts in eeneric 
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. .  Fig. 4. Software Development Environment (SDE) Architecture. 
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The initial service development willbe consistent with the following longer term goals: 

Pcepare and position BellSouth to deliver many AIN services rapidly in the 
future. 

Enhance the software development environment to provide productivity and 
usability for ATDCand to make it available to other BellSouth users and 
BellSou-h customers. 

. . 

Calling Name Delivery (CNAM) is similar to Calling Number Delivery; however, the 
network delivers the name rather than the number of the calling patty. The name of the 
caller is expected to be more valuable to the customer receiving the call than the number. In 
addition, it avoids some legal questions that have arisen with Calling Number Delivery, since 
the call can only be returned if the customer has the calling party's number. Calling Name 
Delivery promises to be a mass market service that will be attractive to residential customers 
as much as to business customers. 

- 
AIN architecture d k e n t s  [II, 121 and the AIN Operations Technical Plan [I31 were 

' These guidelines are scheduled to be updated in 19pl. Table 
potential AIN services for the future; these will be evaluated 

~ . . ' completed in July 1991. AIN Planning Guidelines [I41 were issued in April 1990:. ' 

.' 4 

ucptcted &venues and the cost of development. ' . . . , .  . 

. .  
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Table I. Potential Future Services. 
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Attachment D 1 Fvolution to B-ISDN 

ds and Expectatio are Changing 
. . .  . .  

. .  

many of which connect to LANs operating from 10 Mhth Ethemet rates up to 100 
?&it/s FDDI rates in order to communicate with each other and with file servers. 
Business customers would like to migrate from'propnetary~communications networks 
such as IBM's SNA and DECs DECNET to industry standard communications network 
such as IS0 OSI. As cr*tomer applications move kom a centralized to a distributed ' 

environment, TCPm and uND( are becoming more popular than IBh4's SNA. 

Communications rata are expected to continue to increase. Hitachi has already 
introduced a 622 Mbitls LAN product based on ATM cells in Japan to support future 
multimedia communications, and both Sun Microsystems and Apple Computer have 

joined a consortium planning BISDN interfaces for their computers for multimedia 
communications. As software tools are developed that allow more user-fiendly 
coinmunicatidns involving integrated voice. data, video, and image information, the need 
for. high-speed interpremises communications is expected to increase. 

In 1964. AT&T introduced PIcTuR&PHON€~ visual telephone service, which was highly 
. u ~ c c e s s f u l  due to insufficicat voice and picture quality, the need for extreme lighting 

conditions, the low penetration of customers, and the high price of the service [l]. In 
19.75. AT&T introduced P I m H O N €  meeting service which required that 
customers either travel to expensive conference looms or install an expensive conference 
room on their premises. .~ 
Although koth P I W W ~ ~  and.PMS were unsucoessful because tdey did not 
adequately meet the customcrs' needs, the demand for video communications by business 
customers continues to be reaffirmed. Several large companies have instol~ed private 

. .  

. .  - 
. . 

. 

. 

e. . . 

3( 
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- 

/- .: > 
- ?be communicatio? needs of business customers are currently provided primarily by 

private network solutions; computer vendors dominate this market, and the business 
customers only lease priv 

-e 1982 Institute for th study 12) found that the item causing the most 
difficulty to communications and computer usem was that sHtemS were not integrated 
with each other. The three most valuable potential benefits tha ect from new 

. 

information reso 

. - better information disxmi e company, and 

integration of communications and computing capabilities. - 
This study shows that customers are not really satisfied with the communications that 
they currently obtain. This represents an opportunity for &IISouth to offer future 
services that will better satisfy their needs. For example. the capabilities provided by 
future workstations from Apple, Sun, and others are likely to stimulate the demand for 
multimedia communications to the desktop. 

D:ii;2. Resldential Customers 

Residential custdmers are demanding more freedom of choice in video entertainment, 
evidenced by the increasing number of channels demanded on cable television systems 
and the large numbers of rentals of video cassettes. As a result, cable television 
companies are now using optical fib= in theirbackbones to increase the capacity of their 
syztems; for example, Time Wmcr just announ'ccd plans to serve l0,OOO customers with 
a 150 channel system that will pmvide two-way data and voice communications in 
addition to video. 
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BellSouth's optical fiber infrastructure positions it to provide new high-bandwidth 
~ . services such as switched a c e s  television. pay-per-view. and videoondemand to 

residential customen. Several value-added services. such as remote learning, 
ncyclopedia"look-up, and serviw similar Io Prodigy.'may become increasingly 

important in the future. However, while such sewices reprexnt a large potential market 
. for BellSouth: 'entering this'market &tails significant rkb. Large investments will be 

required to upgrade our switching systems and access networks to support.these services. 
Furthermore, to a tkc t  customers, these services must provide either significant added- 

complicated by the fact that low 
can be achi&ed, an unlikely 

Regulatory issues continue to be addressed The National Tele~mmunications and 
Information Administration (NTIA) issued a Notice of Inquiry (NOI) into sll asp- of ~- 

the telecommunications inhtructure in early 1990 to assist in the debate on a number of 
policy issues. For purposes of the inquiry the NTIA favored a broad definition of the 
term infiastmcture to include the wide range ofothcr telecommunications facilities and 
serving arrangements that can be employed to satisfy users' needs, such as value-added 
networks. cellular radio systems. paging networks, shared tenant services, metropolitan 
area networks. teleports, cable television systems and private networks. The NTlA wan& 
to examine the view that, as the U.S. economy becomes more dependent on the provision 
of services requiring efficient dissemination and distribution of information, the 
telecommunications infraJtruchrre will be as important to US. productivity as the 
transportation infrastructure was to theindustriai.economy. 

. 

luc or cost reductions over competing networb'ssrvices. success is further 
rvice is only possible if high custom= volumes ' ' 
in the first several years after offering a new 

. ' 
. . 

. ' sewice. Finally. the m ificant impedimqt may be the regulatory aspects. 
. .  .~. 

. . 

The CATV/telco portion of the NO1 included a section on the telco provisioning of video 
programming and/or video processing services. In a 1988 study, the NTIA suggested 
that telcos be limited to providing only a 'video dial tone' for common carrier transpon 
to others' cable TV programming; however, the NO1 suggested that wen if LEG are 
precluded from directly providing video programming, they nonetheless could 
conceivably offer a range of 'video proaessing" suvices or capabilities that would afford 
viewers greater control w e t  the programs they watch. These services, while not 
providing contens would involve the LEG in manipulating or repackaging antent 
provided by others. 

For example. LEcr a u l d  develop video gateway menus tailored to the viewing 
preferences of individual customers. Altcmtively. customas could program their own 
viewing preferences bo that programs fitting those profiles would appear fiat  on menus, 
or LEG could p&gram their switches to 'learn" customer preferences on the basis of 
actual viewing patterns. Moreover, viewers could selectively choose portions of a 
number of programs to watch, and the gateway could bod through the spd i lc  programs 
and deliver the selccted scgmenrs to the viewer. Dcbatu on thae types of policy issues 
arc likely to continue for several years, particularly if these types of services appear to be 
profitable. 

NOTlCE 
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D-2. B-ISDN Building Blocks n D-21. Optical Fiber 

In the early 80s. BellSouth began placing optical fiber in the inkoffice environment to 
increase the capacity and reduce the cost of interoffice trarkmission systems. By 1984, 
BellSouth studies found optical fiber to be economical in the feeder portion of the local 

technology over the past decade have resulted in an effort to make economical the 
extension of optical fiber directly to the customer, or to a small pedestal located very 
near the customer [SI. 

The vast bandwidth capacity of optical fiber far exceeds the bandwidth requi& to c a q  

BellSouth to offer future services. such as data, video, and image communications. which 
require much higher bandwidths than voice services. 

-- loop. and began placing fiber for DLC systems. Significant advances in op t id  

voice communications. Thus. optical fiber is an enabling technology that positions . -  

. 

- 

.- 
- 

8 0 8 2 8 4 8 8 8 0 9 0 9 2 9 4  
. .  

Fig. 1. Optical Fiber in BellSouth's Interoffice Network ' 

An economii study of Fiber-in-the-Loop (ITK.) local access systems [q was completed 
in March, 1989. and an RFQ for Fiber-to-the-Home (F'ITH) systems was issued ip April 
1989. Respoa~es to this RFQ iodicated that FITH systems were not affordable. The . 
RFQ also specified a single Fiber-to-the-Curb -cost targu for systems of four- 
living-unit pedestals, and several responses approached this target. As I rcruli, 
BellSouth's direction shifted from FlTH to four-living-unit FlTC deployments, and 
Bellcore advities were focwd  in that direction as well. 

Several fiber in the IOOD trials are now underway in BellSouth. as shown in Table I, to 

- - . 

. .  
enable us to gain experience and validate the &mptions wd in ow ecooomic studies 
of architecture and product alternatives. 

PROPRIETARY 



Table L BeIISouth Fiber-in-the-Loop Trials. 

EITL video deployment assumes that fiber is being placed on a cast parity with copper 

difficul: because of the fullyallocated costs requirements imposed by the FCC, which 
docs not allow incremental pricing. 

* for POTS. Even under this assumption, a video transport service offer by an REOC is 4 

. .  

-. , 
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- - - 
BellSouth has proposed numerous FITL transpbrt systems that include the following ,- ., 
technologies: I - 

- Ah4 and dieital video transDort over fiber to a node. 
. .  

., - AM broadcast v . .. 

er fiber to a node, 

. .  

- switched digital video transport over fiber to a pedestal. .. ~ 

. .  

The fiat FITL video 
~~ from a CATV service provider's locationto the customer. The early trials proved the 

feasibility of a switched digital video fiber-to-the-home system. However. the costs 
associated with the& earlysyst&s were orden of magnitude higher than the costs 

' ' ' associated with the AM coaxial transpodsystems used by the CATV industry. Since no 
new services were being offered over the switched digital system, it was difficult to 
justify the significantly higher cost. ' ' 

used switched digital technology to transport CATV signals 

. . 

. .  

. , 

The CATV industry, faced with the realization that an alternative method of transport 
was possible and that fiber offen a superior broadband transport medium. has begun a 
dedicated effort to find ways to justify the w of fiber in the CATV n a w o h  After 
initial trials with digital video. the CATV industry decided to punue AM fiber transport . 
b i c a w  of the potentially low component and network cost The CATV industry has 
now successfully developed AM fiber transport technology and is presently deploying 
fiber star architectures to replace coaxial tree-and-branch networks that have in the past 
been the characteristic CATV network architecture. 

Since the primary customer for telco fiber t r a q o i w a s  the CATV operator and the only 
significant service was CATV entertainment video. it appeared that telco early entry into 
broadband transport would be succeJJful only if it could accommodate AM analog fiber 
video. As a result, telco FlTL efforts shifted from a switched digital direction to an 
analog fiber transport suvice to aceommodate the existing potentialmstoma and 
existing predominant service. Unfortunately, FlTL proved more costly rhan the 
equivalent hybrid fiber/coax networks of the CATV industry, and chis cost combined 
with regulatory pricing and CATVconmns over competition have not resulted in 
significant success for telco analog AM fiber transpoa: In addition, telco analog AM 
fiber transport does not offer functional or performance advantages over the equivalent 
network that can be provided by the CAW industry. 

. 

- . 
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Attachment D 7 rvohtion to  B-ISDN 

In recent months, switched digital video has reappeared primarily due to the significant 
advances being made in digital video compression. The capabilities offered by low-bit- 
rate, high-performance viPe0 delivered over a broadband medium such as fiber. satellije 
broadcast, or coax, has created new revenue possibilities thatcould make a switched 
digital video system feasible. Major consumer electronics manufacturers are planning to 
build digital interfaces into next-generation television sek. making set-top converter 
boxes unnecessary with digital transport and new digital televisions. These possibilit 
have generated significant interest in switched digital video networks by a number of 
playen. such as the satellite broadcast industry. the CAW industry. the telmr and the 
Y 

approach, which will support multiple services and service providers, 2 the proper path 
for the RBOCs. An RBOC analog AM broadcast transport service does not provide 
added value over an existing CATV m i c e ,  does not easily provide for multiple services 
or service providers, and does not offer sufficient revenue potential from simple 
btoadcast transport to justify today's FITL cost of an analog broadcast system. The final 
report from the study group is scheduled to be complete by the end of 1991. This "video 
services" report will be used by the FITL architecture group to write the video network 
requirements to be included in TA-909. 

26 
z7 

fcasible residential'bmadhanrl +I 

I . I  

-I I S ~ I L  YUUI LUC rcsiucuual oroaooana SCIVIW 
is scheduled to be completed in 1991. 

.. 
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c 

- 
. .  0-2.7.1. Issue Fiber in the Loop RFP (1991) 

An RFF' for Fiber in the Loop (FITL) quipmat,  based primarily on &Ilcore's TA-909 
[7], was issued in Junc.~ 1991. to provide the vendor community with BellSouth's view of 
,architecture and product directions. It is expected that some vendon may meet the cost 
targets provided in @is Rm, and that two to three fs . may . : be approved for general 

re alternatives are shown in Fig. 2. The star architecture dedicates a 
er from the Host Digital Terminal (ID) to each Optical Network Unit ( O m  The 

. ., .~ . deployment where' economical [SI. . . .  
. .  . .  i , .  

The FlTL archi 

Passive Optidal Network'(P0N) architecture US& passive . .  splitters tb split . .  the'optical 
signal over multiple ONUS. 

: ' .  ~ . '  

a) Star Arshlt.cturr: 

d p t l e r l  Network Unltr (ONU) 

b) Prartvo Optlsrl Network (POW Archltrcturr: 

Fig. 2. Fiber in the Loop ArchitectureJ. 

One issue is the number of fibers to be placed to each O W .  Two fibers can be placed, 
one for transmit and one for rcceive, or a single fibercan be placed, using directional 
couplcrs IO separate the traaJmit and receive directions. The single fiber alternative may 
provide the optimal solution h r  &lISoulh, since the cabling savings an expected to 
more than offset the in& cost of the vendors' electronics. Both alternatives an 
expected to be upgradeable to provide broadbani3 services Another issue is the number 

. of living units to be served by an ONU. TA-909 SpCcitieJ four living units as the 
maximum number of living units served by an O W .  Howcver, greater sharing may be 

O W .  and the number of living units served from each O W ,  must be weighed against 
the cost and timing of future upgrades. 

. 
- more economical, at least in the near term. The number of Gben dedicated to each 

. .. 
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D-22. SONET 
. .  

Optical iransmission systems ha since the early'Ws. However, 
since no standards existed for o 
equipment with proprietary int is made optical interconnection'of these . ~ 

systems impossible, and it required the use of separate Fiber Optic Terminals (FOT) for . 

'connecting digital equipment to optical fiber. The need for standard optiCal interfaces 
was recognized in the early 80's. and work began on a standard called the Synchronous . ' 

Optical NETwork (SONET)..A substantial setaf CCIlT Re&mmendations2 [9, 10.11 
ANSI Standards (12 131. and Bellcore Technical AdvisorieslRequirements [IS, 15. 16. 
17. 181 have been issued, and SONET multiplexer products are now becoming available. . 
Fig. 3 illustrates the simplificationsmd.ewnomies resulting from the integration of 

mission systems each vehdor developed 

. ~ , 

, 

. 

: SONET interfaces into add/drop multiplexcis. . .  
. .  . ,  

'(a) Aynchronorn AdMkop 

Fig. 3. Simplification and Economy of SONET for AddlDmp. 

. 

SONET was designed to be oot only an optical transmission standard, but also a 
multiplexing standard. which supports existing multiplexing hierarchies. SONET rates - 
a n  multiples of the fundamcntpl rate of 51.84.Mbit/s, which is called STS-1 or oCP. 
The most important multiples M expected to be the o C 3  (15552 MbiVs), oC12 
(622.08 MbiVs), .ad O W  (2.4 GbiVs). Each STS-1 container cao carry a single DS-3 
signal or 28 DS-1 signals carried as Virtual Tniutarics 0. SONET also supports. 
other multiplexing hierarchies, such as the CEPT hierarchy used io Eumpe. 

PROPRIETARY 
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- 

. .  , . ' In December. 1990, BellSouth issued a planning Recommendation Letter for SONET 

international agreement on. the use of SONET for the B-ISDN physical layer. Thus. 
rlyingtransmission ' . . 

to BISDN in the mid-90's 

BellSouth Approved Products List. However, commercial SONET products fujm 
several vendors are now undergoing product evaluations. The lab evaluation of AT&T's 
DDM-2000 multiplexer is now in progress. and a unit has been installed in Memphis. 

. The lab evaluation of Fujitsu's FLM-150 multiplexer is complete, and a unit has been 
installed in Alpharetta. The lab evaluation of NlTs ocs8 Transport Node is complete. 
and a unit has been installed in Gainesville. 

. 

- 

. 
' Th; expected availability of SONET equipment is shown in Tabfe II, and the expected 
.date of SONET automation is shown in Table 111. 

* 

Table IL Expected Availability of SONET Equipment. 

199 



~ - 2 2 2 .  SONET Deployment In Interoffice and Feeder (1992) 

. ' 

. . 

&&xi relief~proje&planned for 1- and beyond should evaluate new SONET 
alternatives using the prices and planning assumptions contained in the SONET 
Multiplexer Planning Re&mmendations [19). Initial %NET depldymenu arc expected 

, to be primarily driven by growth requirements. with only yery limited replacement of . . ' 

.~ . us equipmentduring the early deployment stages. , . ~ 

ms are expected to predominate. with point-to-point systems . . ' 
initially. followed by adddrop multiplexer (ADM) chains. and finally by ADM rings. as 

(BSHR) architecture rig. 6);~since all traffx in the loop~cokerges'on the CO. no 

BSHR. Generally, multiple OC-3 systems are expected to be more economical than OC- 

shown in Fig.,4. The unidirectional self-healing ring (USHR) architecture (Fig. 5) is . . 
expected io be more applicablt~in the loop'than the bidirectional self-healing ring 

. ~ significant survivability or cost advantages risult from the increased complexity of '. . .  

:' . .  
,. .. 

. .  
.:. , ;  

' . 

12 systems in the-loop. 

co 

DS1 to DS1 lo 
DLC COT or DLC or .. Dlgltrl Switch 11 ttnr 

(a) Polnt-to-pdpolnt conflguratton 

co Rt 

... 
DS1 to DS1 to OS1 to Ds1 to 

DLC COT or . D E  or DU: or DLC or 
Dlgitat Switch T1 JIrn T1 llnr Tl llm 

@) Unrrr addldrop chain configuntlon 

R t  RT - 

DS1 to OS1 to DSI to D S l t o  . 
DU: CDTor DLC of DLC or DLC or . Digital Switch Tl l h  T1 llnr TI Ilna 

(e) Addldrop r l q  coMlgulrtlon 

Fig. 4. ~VOlution'~S0NET architectures-&-the loop. 
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Worklng Protoctlon' 
B toA B t o A  

Worklng' Protrctlon 

Fig. 6. Bidirectional Self-Healing Ring (BSHR) configuration.' 
I 

In interoffice applications, the USHR configuration will be preferred over non-standard 
B S m  except in cases where the capacity bencfiu of non-standard bidirectional rings 
can iu'stifv the risk of increased complexity due to their proprietary nature. However. . 

receht pr&re~s has been made on s&ndards for bidirectional rings, and it is probable that 
tablished as a standard in late 1991 or 

C 

-. 
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03. Early-Availability Wideband and Broadband Services 
.~ 

' .- . . . -  Without a position in the marketplace. BellSouth cannot expect to be the future provider 
. ' of choice for switched high-bandwidth services BellSouth's partkipation in market trials " 

of pre-B-ISDN services in the 1991 - 92 timc-hme. while planning for migration to a 
~ . ~ future B-ISDN platfoh. is essential to our success. SMDS. Switched DS1. and Frame 

Relay are three early-availability services that could allow BellSouth to capture the 
demand while posit 

. .  . .  
. .  

. . ~  . 
- .  

. .  Switched Multi-megabit Data Service (SMDS) isa 1.5 Mbills to 45 Mbills . .  
connectionless data service designed to serve applications such as LAN 
interconnection. Sh4DS uses the IEEE 802.6 cell struaurc, which has. been closely 
aligned with the ATM cell structure to allow a smooth evolution to B-SDN. 

Frame Relay: 

Frame Relay is a 64 kbit/s IO I5 Mbitls connectionoriented data service designed 
to provide traffic aggregation and switching capabilities for tcnninal-to-host and 
LAN interconnection applications. Frame Relay is based on the X25 LAPD 
standard, so it is.relatively easy for CPE and switch vendors to add Frame Relay 
interfa& to existing equipment 

- * 

e .. . .. 

Switched DSl: 

- Switched DS1 gives customers the ability to place 1.5 Mbitls calls to other 
customers on a real-time basis for applications such as video confemncing. 
Switched DS1 muires that existinp digital cro.s-wmect systems and - -  
narrowband switchts be enhanced, but allows customen to-useexkting BE 
Switched Fractional DSI service may also bccome important; this rlIows a 
customer to place calk with a bandwidth of n x 64 kbit/s to other customers on a 
real-'time basis. 

PROPRIETARY A 
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I 

DS.1. SMDS - 
Between 1989 and 1991, kllcore released several Technical Advisories on S m S ,  a 
high speed connectionless data service for B-ISDN [21.22,23.24.25.26.27.28]. The 

' Interface (ICI). OAM&P. Operations Systems, and billing are fairly mature. SMDS is 
planned for initial deployment on a stand-alone MAN platfonn. based on the IEEE 802.6 
standard; however. the 8026 and ATM cell structures have been c l o ~ l y  aligned to 
facilitate the migration of this ,. . . &vice to a B-ISDN platfonn. Vendors including AT&T. 

: . NEC Siemens, cisco Systems, Sun Microsystems, and Hewlett Packard (HP). Alcatel. 
and Wellfleet have demonstrated interoperability and some products arc now becoming 

0-3.1.1. Internal Service Trials on MAN Platforms (1991) 

BellSouth has been working actively with other regions to demonstrate SMDS to 
generate interest from switching and CPE vendors. ICs. and customers. In October. 
1990, a nationwide SMDS network involving &1ISouth. Pacific Bell. Southwestern Bell, 
NyNEx AT&T. Sun. cisco, and W wasdemonstrated at INTEROP '90 in San Jose, 
.California. In March, 1991. SMDS was also demonstrated at the AT&T Executive 

.. Cotifereace on Data Networking in Jacksonville and at SWERCOMM 91 in Houston. 

. , . , .  rcquiremenu'for the SMDS Subscriber Network Interface (SNT); Interexchange Carrier 
. .  ' 

' . .. 

.. . 
. . , 

, . 
. .. ~. ~ . .  . .  ilable. 

T&l to implement the service. and how the setvice will be supported. 
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ne in Nashville. Currently, company mail and shar 
used fordata communications between AWta and Birmingham, so many of the file 

*transfers take hours and a n  only be done during restricted times because of the high 

- .  
. .  - . 
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An RFP for SMQS is scheduled to be issued in 1991. Responses to this RFT will provide 
additional information about the cost and availability of SMDS switching S- to be 
used in the SMDS business case, planning letter, and market trial proposal, ail planned 
for completion in 1991. 
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In addition, development will also take place in the following areas: 
.~ . .  . 

13 
'7 
IT - 
I C  .. 

r7 
/s/ 

- ,  

. .  

A marketing trial provides a key type of valuble market research direct, external 
customer feedback that can be used to fine-tune a BeltSouth senrice offering prior to 
general tariff and deployment The marketing trial will help to determine customer 

. acceptance of existing SMDS capabilities and provide dinction for-furtherfeature.. 
development 

Additionally. a marketing trial will continue &1I,South efforts to promote SMDS to the 
industry, including'CPE and switch vendors, 1% applichtion dkvelopen. and the end 
customers. Since a marketing trial is usually conducted with larger customers, it will . 
also help to promote public high-speed data networking as a viable networkhg 

. . ~ . .  

~' - - alternative for other large customers in our region. 
. .  . .  . .  

. .  . .~ 
. .  

. .  

' 'PROPRIETARY ~. 

-'. . .  . 
. .  . .  

. ,  
.~ 

. .  - 
NOTICE' 

. NakruuaQ.FtouneBew*  
' . r d I ( . w b 8 ~ . a ~ u n d u ~ ~  

~ 0 2 ~ 0 1 2  O E I ~ ~ ~  . . 207 

: . . . .  378! !. :. 
. .  

~~ 



Attachment D 19 p-lution to B-ISDN Y 

.- . 

Fig. 11. Architecture for early-availability SMDS market trials. 
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D-32 Switched DSi 

. .  
- 

.In today's telecommunicahon network, switched access for customers is typically 
restrictid to services using less than 64 kbitls of bandwidth. Public Switched DSl 
service will give customers the ability to establish calls with other customers at the DSI 
rate on areal-time b k i  Switched DS1 is a constant-bitbte connection-oriented 
service. and it is therefore appropriate for applications that have a longer holding time, 
relatively constant bandwidth requirements, and stringent delay requirements. 

' ..' 
.. 

. 
eo and workstati teleconferencing is li to be the largest carly application for 

Switched DS1. Cumntly there are several services that can be used for video 
confemcing. some of which are moderately succesJful, but none of them offer dialable 
real-time call setup. Another potential application is dmter.recovcry; a large user may 
choose to use Switched DS1 to temporarily replace failed linlcsin a private line network. 
Other secondary applications might include high speed data transfer, LAN 
interconnection, and new versions of Customer Control Management (CCM) services. 

Switched DSI allows the customer to establish a digital call at 1.5 Mbitls in real-time. 
Initially, the signaling will be provided over an associated POTS line, as shown in Fig. 
12 The architecture provides compatibility with existing CPE, such as video codecs. and 
requires no additional equipment on the customer's premises other than a P o l s  

. telephone. The customer uses the POTS telephone to dial a special access code, such as 
"Tl", followed by the destination phone number. When the call is COMCC~C~, the users 
may place the telephones on hook without disconnecting the DS1 call. To disconnect the 
DS1 call, one of the users goes off-hook and dials a termination code, such as "12". 
When the telephone is not being used for cbntrol of the Switched DS1 service, it can be 
used for POTS calls and other services. 

. 
' 

Bellcore has issued two Technical Advisories for Switched DS-1 xrvi&. One is b a d  
on the use of an associated POTS line for Control [29]. and the other is based on the use 
of ISDN PRI [30]. The switched DSl ISDN-based service provides initially for switched 
384 kbitls rates and eventually full n x 64 kbitls services. 

- 
- 

. 
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Fig. l i  Architecture for early-availability Switched DSl market trials. 

D-3.2.1. Market Trials (1991) 

I 

term-witch akhitectures. AT&T also plans to support early-availability of Switched 
DSl by using a digital CIOSS-COMC~~ system. which is administered .. by the'end office. 
: 

I 

. 
. .  

. .  .. . 
. .  

-. 
210 
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- If approached properly, switched DS1 can be @tiond as an extension to basic . .-. 
'. j telephony. Because this service uses well-known technologies and closely resembles the 

POTS model, it should be easier to develop and deploy than other network-intensive 
services. In addition, switched DSI capabilities provide 8 comcction&ented capability. 
which'bndges the gap between the switched data services offerrd coday and the switched 
servi&s at greater than the DS1 rate that will be offered in the near bturc. It is . . , 

becoming clear that customers' communicatiom needs arc very heterogencok and that . 

handles wideband Constant-Bit-Rate (CBR) applications prior to the widespread 
availability of 8-ISDN in the mid-1990s and beyond, customas will continue to 

- ' . .  

. .  '~ no single solution will meet all their needs. If BellSouth docs not offer a seMce that 

.. : 

< . -  solutions outside the public network '. 
. .  

. .  . .~ 

. 
t 

. _I 

. .  . .  . 
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0-3.3. Frame Relay 

Frame Relay is a 64 kbitls to 1.5 Mbit/s connection-oriented data service designed to 
serve such applications as LAN interconnection. The Permanent vkua l  c h u i t  (PVC) 
service is similar to a value-added private line. It is appropriate for connections with 
long holding-time characteristics. The Switched virtual channel (svc) service is setup 
on a per-call basis similar to conventional circuit switching and it is appropriate for 
connections with rclatively short holding-time characteristics. 

Sufficient standards have be completed on the custo network interface for F m e  
Relay to allow preliminary deployment of a PVC Frame Relay service. Two other 
standards are in draft form and should become standards during 1991. The major B E  
and switch vendors have embraced the higal PVC frame relay standard. Several of these . 
vendoa have published a document that outlines enhancements. which go beyond the 
initial standards and may result in a de facto enhanced frame rclay definition. 

A single-vendor implementation of PVCs could be accomplicd in the 1991 - 92 time- 
frame, but a multi-vendor PVC implementation is unlikely unless the vendors agree to 
use. one of the proprietary methods available formitch-to-switch connectivity; a 
prsprietary ATM or 802.6 protocol seems to be the front runner for this interface. A 9 gingle vendor implementation of SVCs is unlikely before w f  SVC~ are ever 
developed. . 
BellSbuth could provide an early-availability PYC Frame Relay service using one of the 
following alternatives: 

- NTh DPN-100, which cunently provides PulseLink service 

- NTI'S UP, which is a new attached processor for the DMS SuperNode 

- AT&T's BNS-2OOO. which can also provide SMDS 

- StrataCom IPX CF'E, intercpnneaed by private lies 

- 

There appears to be significant confuJion in the marketplace regarding the capabilities 
available with Frame Relay. Despite the press and vendor hype. it is not clear how other 
RBOCS, ICs. and B E  vendors plan to achieve a uniform PVC frame relay service. 

. 

although.thm is growing interest in resolving the remaining standards issues. 

The cost savings and.implied added-value to the customer a n  not evident, because of the 
unknown cost of the frame =lay switching equipment and software. the limitations of 

. 

our opetations and provisioning system 

3? 

. 
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D4. Evolution to B-ISDN 

&ISDN is intended to provide the ability to offer high-bandwidth communications 
services to end users and to integrate many different broadband and narrowband services 
over a common transmissiodswitching platform to avoid the cost of building, operating, 

. 

e-specific networks. . 
at Bell Labs in the carly 1980s. where 

prototypes of self-muting Banyan fast-packet switches with external links of 1.5 Mbit/s 
wen developed for w in carly trials in California [31]. Researchers at &I1 Labs further 
extended this fast-packet switching conccpt by placing a Batcher sorting network ahead 
ofthe Banyan routing network to improve the traffic handling characteristics of the . 
switch 1321. Bellcon designed and fabricated VLSI for a Batcber-Banyan switch in 
1986, these switching elements were used in the development of the Experimental 
Research Prototype (ERF') B-ISDN network [33] and in experimental investigations of 
B-ISDNserviccs 1341. Simultaneously. a research prototype bas4  on a concept called 
Asynchronous Time Division (ATD) was under development in%urope [35]. 

Several objectives wen common to these research activitia: 

. 

- 

. .. 
- Support multiple communications services (voice, video, data, image) over a - common*switching platform. 

~ - -. . - Support a range of communications bandwidths from very low to v e b  high bit 
r a t a  - 

- - Support both constant bit rate and variable bit rate services. 

D - 4 i  6-ISDN Specifications 

By 1986. the need for broadband capabilities in ISDN was rrcognlsed internationally, 
and standardmtion of a B-ISDN User-Network Interface and a Network Node 
Interface 0 began in CCllT. ?be first CCTIT Recommendation on B-ISDN [36] 
was approved in 1988 It recommended a new packct-orientcd transfer mode called 
Asynchronous Transfer Mode (ATM), based on fixed-sue cells, as the target tranjfer 
mode for B-EDN. At the June 1989 Ccrrr meeting, agrccment was nrched on the ' 

structure of the ATM cell and its mapping into the payload of the SONET transmission - 
stream. 

_ .  
. .  -, . .. 

PROPRIETARY .. ~. 
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In ,November 1990. the CQ"T gave unanimous approval to thirteen 
Recommendations on BISDN in Matsuyama, Japan [37l. While these 
Recommendations arc far from being a complete specification for B-ISDN. they do cover 
most of the critical issues required for manufacturers to begin development efforts on a 
largescale. The CClfT SG XVln plans to complete a 
BISDN recommendations in 1992 

comprehensive set of 

DN signaling Recommendations in SG XI. 
Agreement was ruched in the April 1991 meeting to proceed with signaling 
Recommendations for CCTIT Rclea~c 1 B-ISDN services based on extensions to the 
exiJting Q.93 1 access and SS7 network signaling protocols. It is an objective to 
complete these Recommendations in 1992. Work on a new longer-tenn signaliig 
protocol called the ISDN Signaling Control Part (ISCP). which is based on the separation 

completed in 1994. 

In December 1989. BeIlcore issued a Broadband Architecture and Evolution Plan [38]. 
which described a set of steps for evolving the current network to B-ISDN. In December 
1990. Bellcore issued two Framework Technical Advisories 139.401 on B-ISDN 
switching systems and transport network elements, and two Special Reports 141,421 one 
on B-ISDN transfer protocols and one on a network and operations plan. Final Bellcore 
Technical Requirements on BISDN are planned for 1992 - 93. in anticipation of 
complying co&mucial products in 1994 - 95. 

of call and connection control, will proceed in parallel; the,ISCP protocol may be . -  

I c 

04.3. B-ISDN Product Developmenis 

AI1 major switch vendon. including AT&T;NTI, Siemens, Fujitsu, NEC, Ericsson, and 
Hitachi. have developed prototype B-ISDN switching systems [43,44,45,46,47l. The 
first field trial of a B-ISDNswitch was the BERKOM trial in Berlin io 1989 using the 
Siemens ATh4 switch 1481. ?his switch was based on the 5+64 cell structure, BS 

proposed by the United States prior to the international agreem'ent on the 5+48 cell 
srn.cture in June, 1989. Fujitju is currently leading in B-ISDN deveIoDment. Thev 
demonstrated a recond gcn&tion B-ISDN to t6  switch at ICC90-io Atlanta, Ad 

. 

is Switch provides 
s' / Mbitk and it is 

consistent with the CdTRecommendations approved in 1990. . 

. .  
. . . .  . . .  

. .  . .  
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early as 1993 (NEC, Fujitsu. NTI). others as late as 1996 WiesJon and AT&V. NTI's 
ATM switch product will provide Permanent Virtual Connection (PVC) capabilities in 
late 1993 and can be used as an integrated platform to provide access to SMDS. Frame 
Relay, and ATM Cell Relay services. Nn plans to add Switched Virtual Connection 
(SVC) capability later, probably in the 1995 time frame. AT&T plans to extend the life 
of their DataKit platform (BNS-2OOO) by incorporating SMDS and Frame Relay 
interfaces and by increasing the speed of the backplane. They arc currently focusing on 
8026 interfaces for the BNS-2O00, however we are asking them to explore the 
possibility of introducing ATM interfaces in 1993 to support an ATM Cell Relay service. 
They plan to introduce a higherdpacity fabric based on the Eng/Karol architecture in 
the 1995.96 time frame. 

CPE vendors are interested in B-ISDN because of its ability to sUpport.multimedia 
communications. Sur Microsystems and Apple are members of a consortium planning 
ATM interfaces for their workstations to support multimedia communications. Hitachi 
already produces a commercial ATM-based LAN product that is available in Japan (49. 
SO]. Stratacorn plans to evolve their Frame Relay produa to usc a public ATM 
backbone. Toshiba plans to introduce a premises-based ATM switch in 1992. 

ors plan to make commercial B-ISDN switch produaZ available as 

. e . 4 .  BellSouth 8-ISDN Plannlng Efforts . 
In March, 1990, BellSouth released Phase I of the Broadband Plan [SI]. which focused 
on the market network evolution. and strategic &ues associated with the deployment of 
broadband technology. In December 1990, BellSouth released Issue 2 of the B-ISDN 
Technical Plan [52]. which addrevcd the,tec$nical issues associated with B-ISDN 
sewices and applications, network architectwe, . I  evolution. performance, signaling, hafic 
management. and operations. 

04.5. .B-ISDN Architecture 

The B-ISDN physical anhitecrun 'is shown in Fig. 13. The Local Exchange Node 
(LEN) sen& various types of customer interfaces including B-ISDN User-Network 
Interfaces (UNl), which support I variety of customer services, as well as smice- 
specific interfaces such as SMDS, Frame Relay, and Switched DS1. The LEN pmvides 
the ISDN call procssing functions needed to establish ATM virtual channels o m  the ' 
SISDN UNL 

The Access Node (AN) serves the same types of customer interfaces as the LEN. 
%ever. it serves fewer interfaces. thus shortening the length of dedicated fiber required 
10 customers. The AN may provide some call pioCeuing functions, but would likely be 

- dependent on a host LEN to provide thesc functions. 
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Fig. 13. B-ISDN physical architecture. 
? 

.. .. 

The B-ISDN protocol reference model is shown in Fig. 14. SONET provides the 
underlying transmission inhtruaure for B-ISDN. ATM provides the multiplexing md 
switching to support multiple ATM virtual channels. each with its own specified 
bandwidth. The ATM Adaptation Layer (AAL) maps individual Suvices. such BS 
SMDS. Frame Relay, DSI. ISDN, etc, into the ATM payload. 

SMm DSfm 1- mhlll* 8VCFme pv(:m 8VCC.u a Relay Rely Rely R u a y  
ATM Ad.pt.uon Layer (UL) 

ATM WultIpl.xlns arid Srrltchlng 

SONETT'nnunMon 

Fig. 14. B-ISDN protocol reference model. 
. .  
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D-5. 1991 Events 
. /-. .... 

-5.1. Research Trial of P duction B-ISDN Switch 

nh quarter of 1991, a p ction version of a Fujitsu FEEX-150 B-ISDN 
switch will go into service in the VISTAnet testbed [a]. which is a jdint project 
involving the University of North Carolina (WNC), MCNC. GTE, and &lIsduth. 
V I f l h e t  is one of five national research testbeds organized by the Corporation of 
National Research Initiatives (CNRI) to advance tcchaology and knowledge in networks 
operating at rates on the order of a gigabit per second. ?he= tatbeds arc funded partly 
by the National Science Foundation (NSF) and the Defense Advanced Rcsearch Projects 
Agency (DARPA), and partly by private corporations taking part in these projects. Work 

proposed National Research and Education Network (NREN), which is intended to link 
together government, industry. and higher education communities. 

The VISTAnet architecture is shown in Fig. 15. The B-ISDN switch will connect 
together a C n y  Y-MP supercomputer at MCNC a medical workstation at the UNC 
Radiation Oncology Lab, and two highly parallel image processing systems at UNC - User-Network Interfaces 0 to these sites will be based on oC12c (622.08 Mbit/s) 
ATM/SONET access interfaces consistent with the approved 1990 CCTIT 
Recommendationt on B-ISDN. The ATM host switch and a broadband remote switch 
module will be located in the &IISouth central office in Chapel Hill; a second remote 
ATMswitch module will be located in the GTE office in Durham. 

A second project referred to as the Medical Information Communications Applications 
(MICA) will broaden the study of medical applications and allow &IISouth to gain a 
better understanding of the market applications and opportunities for B-ISDN. The 
B-ISDN switch of VISTAnet will interconnect an X-ray archive system and high- 
resolution displays over Oc-3~ (155.52 Mbit/s) BISDN UNk, allowing a famiiy 
physician to get expert consultation from a remotely-located radiologist.. 

. 

' 

on these tatbeds is expected to contribute significantly to the establishment of the ~- 

. 

. 
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1 Fig. 15. MSTAnet and MICA B-ISDN Trial Architecture. 
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,'-.... 0-6. . .  1992.Events . .  .. 
i 

04.1. C C m  Standards for Initial 6-ISDN Sewices 

C a n  Recommendations sufficient fo 
expected to be completed 

- Provisioned ATM 

. .  . .  

. . .  
d Virtual ChaMel (VC) connection . ' . 

(CBR) and Variable Bit Rate W R )  

- -  . -  - Connectionless data service (called S W S  in the U.S.). '. 

- Interworking with certain narrowband services. 

In order to complete these Recommendations. the following issuu are now being given 
urgent attention: 

-- - ATM issues including Generic Flow Control (GFC) and congestion control. 

- ATM adaptation layers for CBR and VBR &vices. 

- DSSl and SS7 extensions for B-ISDN. 

219 
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0-7. 1993 Events 

D-7.1. ATM for internal Network Integration of Services 
1 

&vice-ipccifii network n in Fig. 16, a n  
introduction phase'of a n c y  Grvice, but they create h l y  inefficiencies. For example, 

'~ separate 0% may be required IO suppon different networks; separate engineering of 
trunk facilitik may result in I& tn~nk utilization; geuing-started costs of network 

&&the only altemtive in the 
: 

220 
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. 

Fig. 16. Service-specific networks. 
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Fig. 17. ATM used for internal network integration. 
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Using ATM to integrate the a k  nelwork, as shown in Fig. 18. can result in further 
cost reductiohs ATM allows flexibility in service provisioning since services can be 
offered from a common access shelf by plugging in the appropriate,typc of service 

. 

o the Metallic Facility Terminal concept wd 
ircuits from a common shelf of quipment 

in ion on the servi&-specific customer 

. .  . .  

. . interface to ATM cells. The cells arc multiplexed with cells from other act-ess cards and 
. routed to a module that provides higher layer functions. For example. for SMDS, the 
. access card will translate the header of the 8026-based cells IO the ATM format and 

... 
' ' ' ' 

' ' ~ 'route the cells to an SMDS &rvcr, which will provide the Level 3 hnctions such 
routing, address screening. and source address validation. The similar format of 8026 ' . . 
and ATM cells simplifies the conversion process. . .  . .  

A - -  

-. 
... 

- 

Fig. 18. ATM used for integrated access. 
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Fig. 20. SONET ring o f%m access shelves. + 
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D-7.2. Market Trlals of ATM Cell Relay (PVC) Customer Services 

The ATM acc& s can also be used to provide a new Cell Relay service to end 
users, as shown in Fig. 21. The customer intuface would likely be a DS3 initially 
supporting a Permanent Virtual Connection (PVC) vmion of Cell Relay. Each PVC 
provisioned on the interface would have a bandwidth specified by thecustomer. One 
application of Cell Relay service is to support the communications needed by @e next 
generation of multimedia workstations now being planned by Apple, Sun. and othen. 

ATM PVCs can be provisioned 
virtual networks. Multiple ATM Virtual Channel connections cao be provisioned 
between the various locations, or alternatively Virtual Path connections can be 
provisioned between the various locations, with the end user allocating Virtual Channel 
connections withii the Virtual Path as required. 

ATM PVCs can also be provisioned to network elements, such as to an SMDS server to 
support SMDS connectionless data service. ATM PVCS could also be provisioned to 
othu network elements such as video bridges to support multimedia teleconferencing. 

the customer to implement private 

Fig. 21. ATM Cell Relay service. 
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D-8. 1994 Events - 

EvoIuti~n to B-ISDN 

D-8.1. Market Trials of ATM Cell Relay (SVC) Customer Services 
. .  

. .  

: . .  Some vendon (Fujiuu in particular) are expected to have commercial producu 
supporting a switched A m  r ! l l  Rrlav wM’rc hv loOd t3th-p vrnAn- nlJ- .I.- . . 

.~ . , . ”  

i 

,.is. 

D-8.2.. CCll7 Standards for Multimedia Signaling 

CcSrr SG XI is pursuing two parallel paths for B-ISDN signaling, one based on 
extensions to the existing ISDN User Part (ISUP) of the SS7 proto~al for eady B-ISDN 
introduction, and a longer-term signaling protocol called the ISDN Signaling Control 
Part (ISCP). ISCP was started by the Europeans around 1988 as an offshoot of work on 
call and CQMCCtiOn separation. Two reasons for separating call and connection control 
are listed below. 

- To allQw association queries with databases while a call is in the active state. 
- - 

- To allow look-ahead procedures to send messages between the orieinating exchange 
and the terminating exchange prior to proceeding with the connection setup. 

In addition, there existed a need to allow for the control of multimedia (multi- 
connection) calls, which was not currently allowed for with the monolithic Istl’P, ISUP 
would require that the CPE establish an independent connection for each media and 
integrate the communications within the CPE CCm Recommendations for ISCP may 
be completed in 1994. 

PROPRIETARY 
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D-9. 1996-Events 

itching nodes, and the number of customers 
will be required 

e sippiementary 

, .  

B-ISDN systems with extended signaling capabilities based on ISCP are expected to 
become available in 19%. 

. 

. 
. .  
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0-1 0. 1998+ Events 

I! 
D-10.1. Use B-ISDN in 
As demands on the CCS7 ne services, 
the capacity of the CCS7 network may need to be expanded. In thc1998+ time-fime, 
the CCS7 network may be extended to take advantage of ATh4 switching te'chnology. 1 . . . 

D-10.2. 'Residential B-ISDN Services 

As the cost of ATM techno1 
lo begin to be dep1,oyed to DLCsystems 
offered to residential customers. 

 in&^ due 10 increased demand for 

.. . .. 

. ., 

&lines as the && deploi&t incr&, it is 
*, PO=, ISDN, and nCw services BIe ' ' . . .  
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E-1. Background 

L .  I . -  
, ' serving morethan 5.000 radioequipped poiice cars created theirst spectrum crisis for . 

the recently established Federal Communications Commission. In 1937. after extensive 
nnels allocated for police Use from 11 to e FCC increased the nu 

&e 1940s. rqtk-iti for s 
. .  . ,  

y mobile radio incrked  . 
ly for a wide range of private sector WS: police, fire departments, forestry 

pis, and water utilities. and transportation suvicef including railroads, 
trucb'and taxiis. The nu&b.b;r of mobile p d i o w r s  exploded from a 

few thousand in 1940 to eo00 by 1948; 695.000 by 1958; and almost 1.4 million by 
1963, the vast majority of which were nof interconnected io the telephone network. . .  

Mobile Telephone Service (MIS). the interconnection of mobile users to the public 
telephone landline network to allow telephone calls from fixed stations to mobile wrs, 
was introduced in 1946 in St. Louis [I]. In leu than a year, MTS was being offered in 
more that 25 US. cities. using operators who manually patched the radio call to the 
wireline network. In 1948, the fmt fully automatic mobile telephone system was turned 
up in Richmond. Indiana, but manual systems remained the dominant mode of o p t i o n  
for many years. From 1962 to 1964. an Improved Mobile Telephone Service (IMTS) 
field trial, which featured automatic trunking, direct dialing, and fullduple~operation 
(instead ofpush-to-talk). was conducted in Harrisburg, Pennsylvania. 

E-1.2. Cellular Systems 

The radio links of cellular systems do not differ significantly from IIkfE, but the 
problem of spectrum congestion is alleviated by restructuring the coverage areas of 
mobile radio systems [l]. ?be traditional approach was to setup a high-power transmitter 
-on top of the highest point in the area and blast out the signal 40 to 50 miles to the 
horizon. This provided coverage over a large area, but also tied up the relatively small 
number of RF channels. 

Cellular uses many low-power transmitters, each designed to serve only a small ana, 
called a cell. By reducing Coverage arm. the frequencies &an be reused in different 
cells, as shown in Fig. 1. To avoid interference, the same frequency is not reused in 
adjacent cells. but rather several cells arc skipped beforc reusing a frequency. Since 
interference is dependent on the ratio of the cell radius to the distance between co- 
channel cells, cells can be split into smaller cells to increase the capacity in densc, high- 
araffic areas, as shown in Fig. 2 

- 
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. 

The cellular architecture is based on four key principles: 

Fig. 2. Splitting of e lk  for denser arcas 111. 

- low power transmitters i d  small covtrege zones as cells, 

- frcquencyreuse. 

- cell splitting to increase capacity, and 

-, . .  handoff from one cell to another without . .  dropping or dsnrpting the 

- 

. .  
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. The fint proposal for a largecapacity mobile telephone sy~tems was in 1947. only a year 
after the introduction of mobile telephone service [I]. AT&T p r o p o d  to the FCC that 
150 two-way channels be created, but the proposal was not acted OIL Two yean later, 
AT&T proposed a m orate plan to the Fee. which was in the proces~ of 
allocating additional m for UHF television. ATBT argued that mobile sewices 
were also entitled to additional spectrum. and should not be squeezed out by 
broadcasters. Each TV channel required 6 MHz of spearurn, enough for more than 100 
mobile telephone channels, and each TV channel represented three times the total 
spectrum for all the precellular mobile telephone frequencies. But, each TV channel 
benefited millions of people while a mobile telephone channel benefited only elite 
few. In the Commission's decision on the 1949 docket, they rejected AT&T% ideas, and 
refused to allocate any po m to mobile telephony. while allocating 70 
channels for UHF TV 

After 20 years of struggle between TV and mobile telephone, the decision on Docket 
18262 in 1970 allocated 115 M H z  in the 800 MHz hand to mobile service, including 75 
MHS to common carrier systems, of which 40 MHz was available for immediate 
allocation and the remainder was held in r w c ~ e  [I]. After the fim Report and Order on 
Docket 18262 in 1970, cellular radio passed through 12 y m  of further inquiries, 
petitions, comments, judgments, challenges, ncopsidcrations, and lawsuits before the 
&.cision on Docket 79-318 was rendered in March 1982, which established the licensing' 

In 1970. it was assumed by almost everyone that the new mobile telephone service would 
be operated as an extension of AT&Ts wueline'tclephone monopoly [I]. Indeed, 
Motorola, the major supplier of mobile radio systems, a business it had "inhaitcd" when 
AT&T was fomd  to get out of the radio madachuing business by the 1956 Cowat 
Decree. sided with ATkT against the Radio Common Carriers ( R q  in court battles 
until AT&T made a tactical error in 1975 by not including Motorola as a supplier for the 
planned cellular test system in Qlicago. Motorola was outraged by its urclusion and 
changed its position in the court appeal attacking the cellular allocation, and urging the 
court to set it asidc. In 1977. Motorola teamed up with one of the larger RCQ to file an 
application for a second cellular developmental system in the Washington area. By this 
time, R C O  wcrc b c g h h g  to develop into substantial business  mainly on the strrngth 
of the rapidly growing paging business, which went from 50,OOO CIDtOmerJ nationwide 
in 1970 to more than 600,tXlO in 

ATBT recommended a unified 40 MHz allocation for cellular. while the Justice 
Department recommended "open entry" with allocations as small as 5 MHz p a  operator 
111- The FCC accepted AT&Ts arguments that smaller systems are less efficient and 
more costly. but decided to split the total into two operating licenses with each to receive 
20 MHz (333 channels). One license in each a n a  would be set aside for the wireline 
telephone company, while the other would be reserved for a nonwireline carrier. 

. 

- 
. 

. 
procedures, . 

. 
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m e  Chicago cellular system began operation on Octobu 13.1983.79 days before 
divestiture, when AT&T withdrew 60m the operating business and the CBicago system 

s taken ovu by Am [l]. By the end of 1984. cellular service was available in 
American cities. H r, costs were high, service was flawed, customus were 

reluctant. and profits were thin or nonzxisteat. Cellular radio was by nature a s y w  
with a much higher fixed cost upfront than IMTS. A 5channel IhiTS s ~ m  could be 
started for as little as S2OQooO; however, a cellular system for a major metropolitan area 
could easily cost $5OO,oOO to $1 million per cell, for a total cost of $10 to $20 million 
before the first revenue producing csll is placed. This made it neceSSary to attract a 
ritical mass of customers, and be able to survive the relatively long suvt-up period 
efore reaching this aitical 

_ .  
11. operators fo 

in unexpected locations. Hand-off was found to be more difficult than expected. and 
dropped calls and crosstalk problems occurred. Furthermore, these problems increase as 
the cells are split; some calculations indicate that a reduction in cell radius by a factor of 
four will produce more than a tenfold increase in the hand-off rate per customer. Privacy 
became an issue, and Bell Atlantic offered an encryption box for S2,%W plus $65 per 
month, a solution that was not particularly attractive for a service already in trouble due 

, to its high cost. Finally, wirelie operators in Chicago, Los AngeIes. and New York City 
f6md that cell splitting. a fundamental principle of cellular, was about 50% more cmUy . 
than adding capacity by acquiring more spectrum, and within one year of turning ud 
service they petitioned the FCC for additional bandwidth. 

Aftcr extensive debate. the FCC allocated an addltional 5 MHz to the wireline and non- 
wireline cellular carriers This added an additional 83 channels to each systan. 
However, the addition was given with the stipulation that there would be no more 
frequencies allocated to cellular in the future. 

The cellular industry realired that the new allocation would not be sufficient for suvity 
in the near future. To prepare for that time. the cellular industry moved to start the 
developmeat of a digital system for the cellular industry. 'Ibis system would be designed 
to fit into the existing channel bandwidths and to allow fix the coexistence of both the 
exkthg analog FM system and the new digital system. Although there bas been much 
w n m e r s y  io the development of standards for the new digital system, it is prrscntly. 
scheduled for deployment in the 1992 time-frame. 'Ibe new system will initially provide 

3 

. 

* . three channels for each existing channel. 
- 

z 

. ,  .. . .  

.- , . .  . .. . .  

. .  . .  , . .. 
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e roo Mar tech licr in hiory than cordless telephone's roots; 
however. the impact of cordless telephones has been just as great and its growth rate just 
as strong as cellular. Cordless telephone technology was developed in the 70's. and it is 
licensed to operate under Part 15 of the FCC Rules. A cordless telephone uses an analog 
frequency modulation scheme on the radio link similar to other existing radio systems 
and consists of a single base unit and a single handset. The base unit communicates wj 
one and only one handset. Access to the telephone netwodc is via an RJ-11 jack and 
insideawire to the Network Interface. A cordless telephone is, in essence, a cordless 
extension of the telephone network. RF channel selection is solely the task of each 
cordless telephone. The simplest cordless telephone has acccg to only one channel. 
More expensive products have multichannel capability, usually with the ability to select a 
good channel; however, the user can choose another channel if desired. 

Cordless telephones under Part 15 of the Rules do not require an FCc license to operate. 
Under the FCCs low power operation rules, cordless telephones operate on ten channel 
pairs at 47 and 49 MHz. cotdless telephone transmit power is limited by the Rules. and 
Rules requirc the base unit antenna to be an integral part of the unit. Thesc requirements 
limit the coverage of each cordless telephone. Even with thcse limitations, the sales of 
qrdless telephones have increased 20% annually. 

Cordlcss telephone manufacturers through the Telecommunications Industry Association 
("IA) have petitioned the Fcc to increase the cwent  channel capacity significantly to 
meet the growing market. In 1985. Part IS of the Fcc Rules was changed to provide 
three bands of hqucncies for low-power un!icenscd use. Thcse bands arc located at 
902-928 MHS 2400-24835 MHz, and 57255850 MHr The maximum transmit power 
in these bands can be as high as one watt if spread spectrum technology is employed. 

Spread spectrum communications systems use special modulation techniques that spread 
the energy of the transmitted signal over a very wide bandwidth. Since the transmission 
rate through a radio channel is a function of the channel bandwidth a d t h e  signal-to- . 
nose ratio of the radio system, conventional radio strategy fie the bandwidth of the 
channel (set by the FCC) and allows the designer to seleqa modulation scheme that will 
allow &e desired channel throughput. However, another approach is to fix the 
modulation scheme and inaesse the bandwidth used to transmit the signal. "lis i n c r k  
in bandwidth is equivalent to increasing the data rate through the channel. 

. .  i . . 
. . .  

.... . .  i .  

. .  
. , ~. 

. .  - ,  ~. .. . ,  . .  
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f -::, f the infohation itted is deliberately ~ . :; 
idcned by means of a spreading function and then modulated onto an RF carrier. The 

spreading technique w d  in the transmitter is duplicatedinthe receivetho enable 
detection and decoding of the signal. Each user of the channel has a different spreading 
function, 'The spreading function produces the code to receive that signal and thus the 
name Code Division Multiple Access (CDMA). Spreading accomplishes two key 
'characteristics of spread spec-. fiat, spreading reduces the power density bf the 
signal at any frequency within the transmitted bandwidth, thereby reducing the 
probability of causing interferen& to other,signals occupying the same spearurn.. . 

' 

Second, the signal processing~tends to suppress undesired signals, t h d y  enabling such 

io  a11ow for spread' 
spectnun systems which can operate in the Part 15 bands. 

,. 

systems to tolerate ng signals. Since these changes in Part 15 of the Rules 
&e, many manufacturers have started devclo&g spread 

E-1.4. Personal Communications Services 

Pmonal Communications Services (Pds) have been proposed to evolve from, a marriage 
of two wireless technologies - cordless telephone technology and cellular technology. 
PCS offer a potential level of convenience and control over communications never before 

,p&t or purse. At the airport. the phone is flipped out to call the office, while avoiding. 
the lies at the qedit card phones. In the office, the conventional phone may be chosen 
for its larger display. with the pmondphone resting in a charging cradle, informing the 
network where the user is so calls can beforwarded therc. At home, the personal phone 
can be carried in a pocket during a stroll around the neighborhood. to avoid missing calls. 
For those times when you prefer not to be disturbed, an automated message system can 
log the calls, providing convenient access to messages from anywhere that the phone can 
be used. Such a system o f fm unprecedented user control over telecommunications 

. 

' possible. To help visualize PCS, think of a very small telephone that will fit into a 
. 

services. Pemnai Communicati& is based on several elements: 

A Personal Tuminal, pmbably with a small display, whicb cao be used at homt, 
in the neighborhood. in the office, in the car. in public area (Cp; malls, 
transportation terminals); . ' . .  

A Personal Access Number which will allow a person to be reached at any time 

0 -  A Personal Service Profile a&ss all communications network, aIlowing.for 
' .. 

or place desired, and will allow for privacy when prefure and 

simplified billing and a common access to subsfflied services and features such 

. .  
. .  -. 

- .  

. . ,  

. .  
. .  - .  .BS three-way calling. ,. . ' 
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personal communication systems for use and for sale. In !he % two effoaS are in i' -9 
progress. The first is the development and field trial of the second genetation Cord lk  
Telephone (Cl'2). 'a is a digi~l,'low-pow~conil~~telephone system that operates . .. 
on 40 FDMA channels around 865 MHZ. The two applications of 

. .  

are as a p r i k c  ' . , 

less telephone for business and residence use. and as a public'cordlus pay klephone 
. 

. ~. system. In the public applications, CIZ systems will bestmtegidly placed at shopping . .  

et% where customers can originate calls. 'Ihe Cl2 
ot terminate calk and does no: have the capability to ' . 

. .  . .  

.~ . .  

. .  

er effort in the UKhas addressed P e . & ~ l  , ' 

Communications Networks. Proposals have been accepted for a network comprising . 
radio base stations with small service areas which would provide access to vejsmall. 
light-weight, pocket radio-telephones capable of relatively long periods of w without 
(he need to recharge battnies. The technology suggested was that proposed for the.new 
digital European cellular system for availability in the mid-1990s. but in a different 
frequency band (between 1.7 and 2 3  GHt). 

In another activity in Europe, the European Telecommunications S-dards Institute mi> is developing another digital cordlcss telephone system called the Digital 
European Cord lp  Telephone (DECr). Unlike Cn. D E a  can both originate and 
terminate calls, uses TDMA, and will operate around 1.7 GH% 

In Japan, NTT has done extensive work in developing a multi-channel analog cordless 
telephone, called the Enhanced S u v i w  cordless Telephone @COR% which b 
integrated into a PBX system. R W U y ,  the Japanese also announced an effort to 
develop a digital portable telephone system, which is scheduled for availability around 
1995. 

In the US. during the mid-SO's, the only interest in pcrso~l  communications was at 
Bellcore. In 1984, BeIlcore started a small research project called Universal Digital 
Portable Communications (UDF'C) [2.,3,4], which is a digital. low-power, TDMA 
poxtable telephone system that uscs small cell sizes of about loo0 foot radius. +to 
the public switched network would be via radio ports strategically placed approximately 
20 -30 feet high in a square gid. The radio ports would be c o ~ ~ c t e d t o  a central office - switch either on copper or fiber D I E  systems. ~Prototypcs of the radio links arc operating 

' '. in the laboratory; however, no work has bcen done in implementing the switchlproceJj4r 
function or the DLC line functions. Another problem area for UDFC is the lack of a .  . 

. .  

~. 

.. 
t 

- 
frcqucncy allocation in the U.S. for this service. . . ' . .  
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'spectrum for PCS use. and 

control and was already allocated for other services. 
- The RF spectrum in the area of interest for PCS was under the FCCs 

During the course of the FCCs NOI, the technical chkctcristics and potential 
marketplace applications of PCS will be carefully studied. PCS experiments will be 

. qmducted by a broad range of companies including BellSouth, Bell Atlantic, NYNM, 
M&orola, Ericsson, M&w. and Millicom. The feasibility of different hansmission 

a technologies, such as TDh4A and CDMA, will be investigated. 

PCS advocates differ consjderably in their recommendations concerning th i  amount of 
spectrum that the FCC should allocate in the 900 to 3.000 MHz range [SI. AT&T and 
Ericsson suggest that the FCC allocate approximately 180 to 230 MHz of bandwidth; 
BellSouth recommends 30 to 40 MHZ initially and eventually 100 
suggests 50 to 200 MHZ; US West and Motorola propose 200 to 300 MHZ; and 
Southwestem Bell and Northem Telecom believe that 60 MHz would be adequate. 

Although the FCC has not formally conkittcd to a PCS allocation. it is exploring two 
approaches for a spectrum allocation [a]. The first approach, and the one which would 
permit deploymentof some type of Pcs service in a timely manner, is spectrum sharhg. 

do this, the suvices must coexist in the same 

. .  

Ameritedr 
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nd approach is to dedidate spectrum for PCS m i c e .  If dedicated Spectrum is .. . ,̂ z 
required, existing users of the chosen band will have to be relocated to another band at a ... j 

t 

. .  

remotely located centralized administrative and billing computer, or as complex as 
copperfiber distribution facilities leased from the telco or from a CATV operator into 
switching centers connected by a common channel signaling network. 

Potential providers of the components of PCS service include cellular opdators, new 
PCS entrants, LECs, ICs, CATV operators, private radio operators, and equipment 

’ manufacturers Since the issuing of the NO& the FCC has received over 60 applicitions 
for experimenta1)icenses for PCS trials. These appli-ts include RBOQ cellular 
operators, PCS start-up companies, equipment manufacturers. and CAW companies. It 
is impossible at this time to determine either the outcome of the spectrum debate or who 
will be the PCS licensees. 

. .  
! 
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. .  

E-1.5. ~ BellSouth PCS Planning Eff0.t-k < .  ,,  , . 

BdlSouth's interest in Personal Communications is the result of a number of growth 
. .  . 

Souren: Collukr - CM DIL. S u m y  
C0rdl.u - U.S. Doprtmont ot Commorcr 
Prglng - UNK Fto-urcn, Inc. 1oILo * -. . 

% 
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ne Planning Committee was formed in 1990 to identify business 
opportunities for wirelie support of wireless networks (both cellular and PCS). In its 

University of Florida in Gainesville. Florida. 

Fig. 3. wireless ESSX Architechue. 

support multiple connections according to traffic n e e 4  and will be CoDllCcted via ISDN 
BRI or PRI facilities to a radio pott contmller. New ISDN Dchannel messages will be 
defined for such functions as handset registration and handoff between cella Ibe radio 
port controller will be connected via ISDN BRI ficilities to the digital central office. A 

- 
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E-2. 1991 Events 

E-21. BellSouth Wireless Lab Trials 

The goals of these trials a re  

E-2.2. Organization of Ti P1 
.. 

TIP1 is a Technical Sub-Committee operating under the auspices of Committee TI - 
Telecommunications as M ANSI-accredited standards body. TIP1 was formed to 
address complex standards work requiring signifi.cant project management and systems 
engineering. The first project being addressed by TIP1 is Pusonal CommunicatiollJ; 

TlPl has formed !bee working groups T1PI.I.k the project management group. Thty 
arc responsible for general coordination of TIP1 projects. TIP12 deals'with the wireless 
acpects of personal communicatiow they are concerned with the air intuface and related 

' . 

switching. routing, and network services in support of'pusonat communicatioE . ' 

. 

. .  

- . 

. I  

TIP13 addresses nehvork'aspects of personal communications; thii includes . 

.~ 
- 

. .  . . .  

, .. - .  
. .  . . . .  . ...~ 

. .  . .  .. . .  . .  ._. . . . 
. .  . .  

. .  . . .  
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. .  
~n relation to persopaI.comrninications, 
engineering and project management resulting in high-level standards documents. 
reports. and other appropriate output. One key component of TlPl's work is that of 

PI ii expected to perform sjstems 

. . .  working with other standards organizations to exchange information and expertise 
. ' ~~ . towards the goal of uniform personal c6mmunications standards. In particular, TlPl will . .  

. .  
'. . . workwith other T1 Sub-Committees to ensure that standards (cg, signaling, network 

.~ ' . intu&&ections.. performance) are being developed by the appropriate Sub-Committee. ' 

.In addition TIP1 will make use of, and contribute 10. work being done internationally 
~ 

. I and nationally. 'International work includes the Future Public Land Mobile 
Telecomniunications Sysks (FF'JMTS) work of cQ[R and the Universal 
T e l e m m m u n i c a t i o n s . ~  work of National organizations include TIA's TR- ' ' . . 
45 and.IEEE80211 .wireless LANg 

TlPl meets quarterly; membership is  open and includes manufacturers, . .  service providers 
(q., RBOCs), consultants, and others. 

~ , ', 

nal 

. .  . .  
. .  

E-23. Initial Senrice Description for Personal Number Calling AIN 
Service 

e use of market research to refine service concepts dynamically. 

operations procedures for the suvices. ' 

.... 

- .  

. ., , . .  . 
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for three basic registration choices: . .  

>- . . .  
- .  - Send my calls here; 

Send my calls there; 

Send my calls to default routing; 

and one optional registration feature (if subscribed to): 
. 

Send my calls to Anywhere Call Pickup. 

cusiomcr comes to pick up their call. The customer is informed of the waitinglparked 
call via a page to their pager. The customer can then find a phone, dial in, and coimect to 
the caller. A! any time while they are waiting, the caller cao request to go to voice mail. 

- ,  

. -  
. ~. 

. .  . 

. .  . 
. . % .  . ' 

. .. 
i _  . . .  : . . .  . .  - . .  

- 
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. .  E-23.2 Audio Call Screening 

Audio ,&ll Screening is a screening service that allows the customer to screen calls and 
,determine whether to answer them. ?he service is based on the identification of the line 
that the caller is calling from by announcing the name associated with the calling number 
in-band to the customer (e.g., 'Call from the phone of Cathy Addkyfor Boris .. . Yeltsin"). . .I 

' ~ 

' 

e.&tomer (Boris) can then choose from two basic choices: . .  . . .  

. .  
.~ 

. .  . 

. .  and one further screening feature'if the cusromer also subscribes to Personal Voice Mail: . : 

. .  . .  
Send the callto voice mail and allow me to listen in on &e line. 

The last option allows the customer to screen calls when callers who may or may not be 
known to them are calling from unrecognized line numbers. This provides a more 
comprehensive and reliable screening capability than with screening methods that rely 
purely on calling line identification. 

Ek3.3. Personal Volce Mall 

Pick up their message@> 

Request the "envelope" information for messages. This cons is^ of the 
- dateand the time the message was le& the calling number (if av&ilable). 

and the caliing name (ifavailable); and 

. . Perfom ring administration (Le., the user can set the number of Mgs that . 
will occur before voice mail will pick up the call. 

. .  4 

. . .  
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can be made about its viability in a shared environment. Work will continue 00 the 
interface standards, and it is possible that such interface standards could be approved in 
this time-frame. 

. E-3.2. BellSouth Wireless ESSX Field Trials 

;Two Wireless ESSX trials are planned for 1992 to establish the concept of wireless 
ESSX in different environments with heterogeneous equipment. 

- - Gainsville, FL (University of Florida), a university campus with several 

. .. 

.. 

campus locations covered. 

- Birmingham (Colonnade), a typical suburban office development. 
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. ,  

. G-l..Background . 
A number of developmen& within the telecommunications and computer industries have ; 

een fundamental drivea behind thenecd 14 evolve M originally telephony 
etwok, into an inforination netwo e following sections discuss recent 
evelopmerits in'open Systems In ection (OSQ network managme 

processing, broadband communications, computing systems architecture, and their effect 
on BellSouth's network evolution 

The Reference Model for Open 
1983, has been an influential description of how communication takcs place between 
different computing systems. 'Ibe model specifies a seven-layer architecture for 
communications between open systems, as shown in Fig. 1. 

" P V  
Layer. 

.- 
Lowar wN* 
.. 

AppllcaUon -I4 M ApplluUon 
Pnr.nt.tlOn --A 

* 8 . u l O n  W e o n n w m F  - TizxiiF -- Sumion 
Trm8poll -I4 
Nrtrron 4 
DataUnk 

- 
~ Data Unk 

PW, 

G-1.2. Network Management -. 
Nepmk mapgemmt is an m a  of growing inkrest throughout the telecommunications 
and computing industries. Network management applies to all sizes of systems from 
small, localized systems such as a LAN on one floor of an office building to a nationwide 
system such as the -7 network Major telecommunications vendors as well as major 
computer vendors have announced network management products, and many network 
management standards documents are being drafted in ISO. - - 

N ~ C E  PROPRIETARY 
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, .  ISOhas s&ral foundation documents w.hich'd-d 
ManagemenL. The Structure of Management Information document describes how 

.OS1 approach to Network 

nismsformanaging , '. ' . . 

cating information related. 

management into 

_ .  

. .  . . . : . ConfiguratiAMaaageai& 
. . .  

Accounting Management 

Performance Management 

. --e SecurityMmgement 

Each SMFA is sdpportad by one or more Systems Management Functions (SMFs), such 
as Object Management Function, Event Report Function; Accounting Meter Function. 
and Log Control Function [l]. For example, the Accounting Management functional 
area uses the Accounting Meter SMF to gather accounting information and the Log 
Control SMF to store records of accounting information. 

The Application Layer of OSI plays a key role in network management of OS1 networks 
[Z 31. The Systems Manageient Functions w the services and protocols provided by 
the Application Layer to a~mm&catc between managing and a p t  proce~~es. The 
SMFs access ihe Common hhmgunent Information Service Element (- tiut 
handles the Common Management Information Protocol (CMIP). CUISE in turn calls 
upon the services of Association Cantrol Service Element (ACSE) and the Remote 
Operatiow Service Element (ROSE). All of these smice  elements reside m the 
Application Layer. 

Management Information Bw is the conceptual repository for managed object instances, , 
and it is accessed through an Agent process. Ibe Agent performs all management 
operations on managed objects. at the r e q u k  of the Manager. The Agent also receives 
and processes notifications spontaneously emitted by the managed objeas. Fig. 2 
illustiates the relationship between Managers, Agents, and managed Objects. 

- 

- 

4 

rreso in the rk are modeled as Managed Objects. The 

.' '5 
! 



. . Although it has fewer capabilities than OS& it is more easily implemented. Internet 
documentation describes SNMP as an interim step for network management until OS1 
Network Management solutions are available. In the telephony environment. OS1 
CMISE will be used in operations support systems where Transaction Language 1 Wl) 
is furrently used. 

L 

,i Gk3. Distributed Processing 

The previous sections d i s d  how to ~ ~ e c t  two systems for communichtion, but 
systems also be interconnected in order to NII applications or processes Several 
dispersed machines running a single application form a distributed processing 
environment. Open Dismiuted Processing (ODP) is one of several closely related 
projeas that have begun recently to standardize a distributed computing environment 
ODP. M IS0 effort, is closely aligned with work on a Distributed Applications 
Framework @AF), which is occurring in the aXI" 14). Both draw heavily on the 
Advanced Networked Systems Architecture (ANSA) developed under the European 
Commission ESPRIT project and CUneDtly handled by the Architecture Projects 
Management Ltd. independent labo&tory at Qmbridge, England [SI. ' . 

ODP breaks the problem of specifying its dsmiuted proceying environment inm. 

- 

. .  

4 
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The Computational viewpoint of the ODP infrastrumre consists of appliication-specific 
functions, common functions, and the kernel. The fact that functions are distributed is 
transparent to the Computational vi+oinC only the existence of functions is seen. 
Examples of common functions are directory, naming, trading, and object management. 
Applications-specific functions are those needed specifically for the purpose of the 
enterprise, such as an airline resenration s y h n  for a travel agency. The functions are 
considered computational objects in the Computational viewpint. In the !%@neering . 
viewpoint, the structure of the kernel is Seen to consist of agineuiag objects and a 
rruclnrr Tbe en'gineering objects am the run-time represeatations of computational 
objects. t 

In addition to viewpoints, ODP also defines a number of aspects of information systems 
(storsgc, process. user access. commUnications. identification, management, and 
securityr 

Although ODP and DAF are standards documents and not products, they are based on the 
software workbench called ANSAwarc, developed by the ANSA project. 

G-1.4. Broadband CommunlcaUons Systems 
Broadband communications systems -all systems chat o p t e  at bit ~ B W  higher than 
DSl(1J Mbitls) -arc necessary to support the performance demands of the many . 



. .  

. .  

. .  
. 

The OSCA architettwe [q is composcd of thee type~ of communicating Building 
Blocks. The Us&'Layer Building Blockp&d& the functionality for human Usus 'to . 

within OSCA systcms. The Data Layer Building Blocks =.the stewards of corporate 

. . . 

ac& the system. The Processing Lyer  Building Blo& perfOm"a1l procefsing done ' . ' . 
- .  - 

: 

data, ensuring &mantic integrity of &e data thro&~out the OSCA system. The- 
Processing Layer Building Block can have local data used by that Procesing Layer 
Building Block, but it cannot steward corporate data. Fig. 3 shows the OSCA target 
architecture. 

.- 

Fig. 3. OSCA Target Architedun. . .  

. .  ., . .  . .  . . .  .. 
.~ . .  . .  

.. .~ . ' ' , ~  All bhlding blocks communicate thro CCJcalled contrack 'Any , 

building block provides to other building blocks must be declared in 
nctiWality not defined in a contract is unavpilable outside the building .. 

I. .~ , .  

. . .  

3 . .  . . .  . .  . - .  . .  . .  
. .. ,_. . . ~ ~ 
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. ' AnaehmentG' . . 

. .  

Information NetworFing Architectures 
. .  

has been important in driving the need 
I has had a profound influence on how , ' ~ 

ndor-proprietary solutions to allow 0 
makes it pk ib l e  tb build large, 

networked open systems quickly 
as well as information also becomes 
tioni systems with h e  capability for 

' . . 

furthir power to the oped 
thecapability for providing a : 

., very desirable informalion nefwork. It is strategically important for BellSouth to exploit. 
.~ . . . .  . ... 

. . . . .  . . . . . . .  
i ... 

thhccommunications power available through i s  series i f  developments. However; . 
harnessing the power of the developments is not done automatically. Just as the 
interoperability in computing applications drove the need for computing architectures 
(OSCA sad BSCA), using these developments will require an information networking 
architecture. 

An Information Networking Architecture (TNA) project started at Bellcore in 1988. 
Similar projects to integrate the network and operation systems were undernay in s w d  

. . .  
. 

informaiion ;;work 191. 'Ibis information netwbrk wouldsupport both inficmal users 
needs for administering the network and external customers' necds to acccss robust 
services and to perform customer network management. An INA Task Force of Regional 
Subject Wtter Experls and Bellcore pmducca a list of INA Attributes. Since the most 
pressing concem for the regions among dl the INA attributes was the management of 
data redundancy, a special project on data redundancy management was initiated [lo]. 

. . .  . .  

* 
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Delivery Segment contains hardware and low-level, technologydependent software for 
both Network Elements and Operations Systems. The technology-independent 
components of IN& which provide &vices, are in the Service SegmenL 

The regional Task Force representatives stressed the need lo w relevant work in 
industry and international standards in the specification of INA. A thotough document 

- was written to assess the relevance of the standards work and vendor products[l2]. 
G o n g  the standads a d d d  wen ODP. DAF, ANSA, OS1 CMISE. BSDN. and 
OSCA. The document concludes that a number of standards are applicable to particular 
a m  of the IN& and they should be used in forming the definition of INA. 

A-significant effort towards dcfiing INA during 1990 was the Enterprise Architecture 
t 

,. . . 
: 

workof the Integration Focus Group made of regional company subject matter experts 
and &Ilcorc The Enterprise Architecture [13] is a model ofthe functions, the data, and 
the interactions between them in a regional company environment. ' h e  En- 
Architecture models the entaprise of the regions, modeling all activities using 
information engineering methodology as dacribed by James Martin [14]. The Enterprise 
Architecture will be M u  decomposed in the Business Area Analysis procas. The 
EbterprirC Architecture will also lead to the Object Architecture for INA - 

23 
=cl 
2c 
31G -. 
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. . .  

' Asynchronous T~nsfcr Mode. Connections will be switched based 
Virtual Channel Identifier% Operations and network management fundons will be 
performed on physical equipment 'in the Delivery Segment or CMISE objects . . 

representing the equipment. The INA Architecture will S& a distributed computing 
environment that Service Segment objects use to access Delivery Segment I~SOUICQ. 
The Dstributed Processing Environment (DPE) provides logical-to-physical address 
translation, allowing'Service Segment objects to.acceu Delivery Segment resources and 
other applications The DPE plso enhances more efficient and widespread use of 
Del ivq Segment mums. The Data, User. and Processing Layer Building BlOCL 
concepts from OSCA will be used to design Service Segment applications. Fig. 5 
i~ustrates &Ilcore's INA target architeaure [U] with t h e  s d e l i e s  added. 

' ~ 

. . 
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investmint in a new service whose&cccss is uncertain entails much risL; 
however, failure to offer a new servi& until its success b assured may result in 
losing customers to competitors while we strive to catch up. BellSouth's target 
architecture must have the flexibility to support many s m h  over a common 
platform in order to spread the cost of common network resources over multiple 
services and to maximize the service opportuaitib while mioimidng the risL of 
service-specific investments. 

Enables &pid Service Delivery ? 

~~ 

The ability to provision SmriocS rapidly is a critical attribute of BellSouth's target 
architecture. Our customers are no longer willing to wait weeks, or even days, 
for BellSouth to provision new services, since private networks provide than 
with immediate respoll~a to donfiguration requests. A hdamental change 
must occw in the Bellsouth network i fwe expect to be able to compete with . 
private networks and alternative service providers. Bellsouth's target architecture 
must move the creation, modification, and prwiSioning of new services closer to . 

Enables BellSouth to Introduce New Service in a Timely Manner 

hampered by our dependenCeon switch vendors for the development of new 
services. Thelacget a e & r c  must allow us to develop our own s e r v i k  and 
to schedule the ava 
customers' needs. . .  

. .  . .  
the custom?. . 

. , .  

e ~ y  mamihas  been . .  

lity of new services based on our own assessment of our . ~. 
. .  , .. 

~. .. . . .  

. .  ~ . .  
. .  

w* 
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. .  

re must provide for the cost- 

* 

environment to allow BellSouth bo. benefit 6rom the competitive pricing of 
equipment, and 3) encouragesincreased w of BellSouth's netwark by ESPs who 
can use BellSouth's services as a platform for their enhanced services. However, 
standards also inhibit vendor innovation and are costly and time-consuming bo 

meet BellSouth's strategic needs. BellSouth's target architecture must be bascd on 
the use of appropriate standard interfsceJ required for the timely introduction of 
new services. 

develop, so care must be taken bo s(andardize only those interfaces ucccssa~~ to . .  
'. 

. .  - . . . 
Provides _. High Reliability and Survivability t 

Service outage can have a devastating effect on customers, who have become 
increasingly dependent on their communications suvica QUSouth's reputation 
for reliable and survivable communications has taken years to build; this 
reputation is invaluable as competition becoma incmsingly fierce Providing 
service survivability when individual components of the network fail is a key 
attribute of Bell!huth's target architecture and will be critical in attracting and 

~ . retaining our mOSt important customus. 

- 

Networks Other Networks 
. .  

.' - . . Networks are proliferating: business customers are building their'own premises . . 
~ ' 

networks, cellular and wireless networks are on the rise, and IC networks are 
essential for interLATA wmmunications. Enterprise networks are increasingly 
needing to interconnect with many differkt types of networks. As this occurs. 
Ihe LECs networks must undkgo fundam&tal changes to assume the &le of 

and IC networks if 

- 

. ; networking other ne&orks together. &IISouth's target network must provi 
seamless integration OfscrvicejauOsJ: various wireless, wireline. 

choice, I.. . . 

. .. 

. .  
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provider. Providing w i r c k  smices-wodd be a kcmendous opportunity for 
BellSouth; however, even if this setvice is classified as enhanced, opportunities 

. - - classified as basic and also to offer complementafy Serviots to support enhanced 
services. . 
Supports a Wide Range of Communications Bandwidth e 

. .  
. .  

> _  . .  
. .  

. .  - . .  

Customers' bandwidth requirements have increased markedly over the past decade 
6 their communications have begun to include data, video, and image 
information. in addition to voice. BellSouth must evolve its network @m one 
optimized for voice cqmmunications to one optimized far information 
networking. Information~networks, which cany voice, video, data, and image 
information. require bandwidths spanning a wide range from a few biWs for 
telemevy applications to several hundred Mbitls for supercomputer 
interconnection. BellSouth's target information networking archikchue must be 
capable of supporting communications over this entin range in a cost4fcctive 
manner. 

- 



ters and worktations are utpected to 

. .  . 

these attributes may be threatened in the future. BellSouth's target network 
architecture must ensure that our customers' communications and control of their 
communications are protectedby building appropriate firewalls into the network 
architecture. . 
Increases Customer Control of ScrViceJ .- 
Private networks are providing incrcased control and managemcni capabilities 
that all& services to be tailored to meet the needs of the enterprise. and 
customers are becoming increasingly dependent on thae capabilities BellSouth's 
target architecture must provide similar&ipabilities to attract customers to public 
network scwiccs, which must integrate the control capabilities needed to provide 
for the transparent networking of neworks. 

-0 Reduce Redundancy in Corporate Databases ' 

. 

'. * 

BellSouth's 0% currently q u i r e  that some information be entered into multiple 

- 
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capabilities to end users to enable new Switched services. 

AIN places the development of new services under BellSouth's control, enabling 
the rapid introduction of new network services. 

B-ISDN extends ISDN to offer new high-bandwidth communications services to 
ecd users and provides them over an integrated platform to minimize capital and 
operations costs. 

PCS offers new services which give users freedom of movement and increased 
control -. from any terminal and to MY network. .. 

. .  
The public telecommunica!ions nehr;ork is expected to move from today's POTS-based 
architecture to a future Information Nekorkimg Architecture (MA) that supports 
information services, including not only voice, but also data, video, and image 
communications. 

. .  
. .  

- 
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nmi@tXGi control the network will be essential to the success of the& &ices. 

The optical fiber transmission infmsmcture of the target architecture provides the vast 
bandwidth requhd to support information networking services, including voice, data, 

'. video, and image. SONET Jurvivable rings operating at Gbitls rates interconhtd the 
f i b a  Centers with each other and with ATM access nodes. These nodes provide a 
'common access blatfom supporting a wide variety of customer interfaces raqging from 
POTS to ISDN. Switched DSl, Switched DS3, Frame Relay, SMDS. and.EdSDN. A 
simple line card changeout, or a software download to the line card, is all that is required 
to provision a new customer interface. This wmmon access platform not only expedites 
the introduction of new services, thus maximizing our new m i c e  opportunities, but also 
minimizes risk since the incremental investment rquired to introduce a new service is 

Optical fiber can extend beyond the access nodes to remote multiplexer nodes, located 

/G 

. -  . .  . .  

. SmalL j 

very near the customer. Video from a CATV headend or an enhanced setvices provider - 
is waVclength-division-multiptexed onto the fiber at the access node and carried to the 

. . .. 
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Attachment G 17 Evolution to INA 

G-3. 1991 Events 

During 1991. the INA field Experiment Cycle 1 documentation will be written. This 
includes several types of documents. First. a Framework Architecture is being 
developed, which outlines the architectural separations. key interfaces and applications 
for INA Cycle 1. Concurrently, the Service Architecture is being written to describe the 
INA services according to the five OS1 Network Management functional anas (Fault, 
Configuration, Accounting, Performance, and Security). and an area dealing with call 
control and customer acccss to services. Detailed specifications will be written based on 
each area. Objects will be defined, then grouped into OSCA Building Blocks Other 
foundation documents will be written covering related Cycle 1 issues such as Distributed 
Processing Environment, Data Management, and OSCA Contract Specifications. Service 
Specifications for Cycle 1 INA services will be developed for each Field Experiment site. 
The vendor community will be invited to participate by building trial equipment for the 
Field Experiment. By the end of 1991, the first set of documents on the INA field 
Experiment Cycle 1 will be complete. 
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G4. 1992 Events 

In 1992, the INA architecture from the 1991 documents will be constructed in a lab 
prototype. The lab prototype will be constructed at &Ilcore. but the regions will 
contribute technical expertise and technical direction. Vendors who have chosen to 
participate may be contributing prototype INA-compliant equipment: Through the la6 
prototype process, new ideas will be trialed and performance will be verified for the 
Field Experiment. The documents will be modified to reflect what is learned kom the 
lab prototype. This stage of the Cycle 1 Field Experiment will be completed in 1992.. 

At the same time, documentation for the Cycle 2 of the Field Experiment will be started. 
Cycle 2 will reflect what has been learned while prototyping and what technologies will 
be available in the Cycle 2 time-frame. 
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G-5. 1993 Events 

The INA Field Experiment Cycle 1 specifications verified in the lab prototype will be 
deployed in several regional company networks. The INA platform (DPE, objects 
modeling resources, Network Management facilities. call processing, etc.) will be the 
same in each site, but the services trialed will be different. The results will be 
incorporated as much as possible into the documentation and prototyping occumng at 
this time for INA Cycle 2. 
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G-6. Critical INA Issues 

The work of INA should be closely coordinated with the work of the c a 7 ,  ISDN, MN, 
B-ISDN, and Pa platforms. In particular. 

How do the distributed processing environment and OSCA cwrdinate with other 
platforms? 

What problems arise from an object-oriented view of the network? 

Will platforms that are not compliant with the OSCA architecture be supportable 
in INA? 

Bellcore's working premise for INA isthat the existing network can be ignored. In other 
words, INA is a desert-start model. Clearly, INA must evolve to be part of the network, 
not a clean replacement. What issues in addition to those above must be taken into 
account to evolve existing networks to INA? 

.c .- . .. 
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GLOSSARY 

1 Glossary 

ACD 
A G E  
ADM 
ADPCM 
AIN 
AN 
ANC 
ANSA 
ASE 
ASN. 1 
ASPIN 
AT 
ATD 
ATM 
B-DCS 
B~ISDN 
BOSP 
BRI 
$RSU 
BSCA 
BSHR 
BVA 
CAR 
CATV 
CBR 
CCIS . 
m 
(x3M 
CCS 
CCSAC 
mMA 

,CLASS 
CMISE 
CMSDB 
CNRI 
CO 
COT 
€PE 
B U  
CRIS 
CSCANS 
cr 

c 

Automatic Call Distributor 
Association Control Service Element 
Add/Drop Multiplexer 
Adaptive Differential Pulse Code Modulation 
Advanced Intelligent Network 
Access Node 
Area Number Calling 
Advanced Networked Systems Architecture 
Application Service Element 
Abstract Syntax Notation 1 
Advanced Services Platform for the Intelligent Network 
Access Tandem 
Asynchronous Time Division 
Asynchronous Transfer Mode 
Broadband Digital Ooss-connect System 
Broadband ISDN 
BellSouth Open Systems Interconnection Platform 
Basic Rate Interface 
Eyitsu Broadband Remote Switch Unit 
BellSouth Computing Architecture 
Bidirectional Self-Healing Ring 
Billing Validation Application 
Carrier Access Restriction 
Community Antenna Television 
Constant Bit Rate 
Common Channel Interoffice Signaling 
ComitC Consultatif International TClCgraphiqut et TClCphonique 
Customer Control Management 
Common Channel Signaling 
Common Channel Signaling Access 
Code Division Multiple Access 
Custom Local Area Signaling Services 
Common Management Information Service Element 
Call Management .%vices Data Base 
Corporation of National Research hitiatives 
Central office 
Central Office Terminal 
Customer Premises Equipment 
Central Processor Unit 
Customer Records Information System 
Customer Services Cornouter Access Network Standards 
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DAF Distributed Applications Framework 
D N A  
DCOS Data Collection Operations System 
DCS Digital Cross-connect System 
DECT Digital European Cordless Telephone 
DLBB Data Layer Building Block 
DLC Digital Loop Carrier 
DMS Digital Multiplex Switch 
DOJ Department of Justice 
DPC Destination Point Code 
DPE Distributed Processing Environment 
DQDB Distributed Queue Dual Bus 
DS-n Digital Signal -Level n 
vss 1 Digital Signaling System 1 
DTMF Dual Tone Multifrequency 
W A S  Engineering and Data Acquisition System 
EADAS/NM Engineering and Data Acquisition System/Network Management 
ERP 

Defense Advanced Research Projects Agency 

ESCORT 
ESP 
Ess 
ETSI 
FCC 
FDDI 
FDM 
FnL 
FQT 
FrAM 
F?TC 
F?TH 
GFC 
HDT 
IC 
IDLC 
lEEE 
IFIT 
IMTS 
IN 
INA 
IOTP 
IP 
IP 
ISCP 
ISDN 

Experimental Research Prototype 
Enhanced Services Cardless Telephone 
Enbanced Service Provider 
Electronic Switching System 
European Telecommunication Standards Institute 
Federal Communications Commission 
Fiber Distributed Data Interface 
Frequency Division Multiplexing 
FIber in the Loop 
Fiber Optic Terminal 
File Transfer and Management 
Fiber to the Curb 
Fiber to the Home 
Generic Flow Control 
Host Digital Terminal 
Interexchange Carrier 
Integrated Digital Loop Carrier 
Institute of Electrical and Electronic Engineers 
Institute For The Future 
Improved Mobile Telephone Service 
Intelligent Network 
Information Networking Architecture 
Integrated Operations Transition Plan 
Intelligent Peripheral 
Internet Protocol . 
ISDN Signaling Control Part 
Integrated Services Digital Network 
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ISDN-UP 
IS0 
ISP 
ISUP 
LAN 
LAPD 
LATA 
LEC 
LEN 
LIDB 
LSTP 
MAN 
MBG 
MCNC 
MF 
MIB 
MICA 
MSU 
MTP 
MTS 
MTSO 
NE 
NI 
NMA 
NNI 
NOC 
NO1 
m 
NSDB 
NSF 
NTI 
NTIA 
NTMOS 
rn 
OA&M 
oc-n 
ODP 
OMAP 
ONU . 
OPC 
os 
OSCATM 
OSF 
os1 

Integrated Services Digital Network - User Pan 
International Standards Organization 
Infomation Strategy Plan 
Integrated Services Digital Network - User Part 
Local Area Network 
Link Acccss Protocol D - 
Local Access Transport Area 
Local Exchange Carrier 
Local Exchange Node 
Line Information Data Base 
Local Signaling Transfer Point 
Metropolitan Area Network 
Multilocation Business Group 
formerly Microelectronics Center of North Carolina 
Multifrequency 
Management Information Base 
Medical Information Communications Applications 
Message Signal Unit 
Message Transfer Part 
Mobile Telephone Service 
Mobile Telephone Service Operator 
Network Element 
National ISDN 
Network Monitoring Analysis 
Network Node Interface 
Network Operations Center 
Notice of Inquiry 
National Research and Education Network 
Network and Services Data Base 
National Science Foundation 
Northern Telecom, Inc. ' 

National Telecommunications Information Administration 
Network Traffic Management Operations System 
Nippon Telephone and Telegraph 
Operations, Administration, and Maintenance 
Optical Carrier - Level n 
Open Distributed Processing 
Operations Maintenance and Administration Part 
Optical Network Unit 
Originating Point Code 
Ooerations Svstem 
&rations $stems Computing Architecture 
Open Software Foundation 
Oped Systems interconnection 
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OTGR 
PBX 
PCM 
PCN 
PCS 
PICS 
PLBB 
PMS 
PNC 
PNS 
PON 
POTS 
PRA 
PRI 
PTN 
PVC 
Q.931 
0.932 
RBOC 
RCC 
RCMAC 
RFl 
RFP 
RFQ 
RMAS 
RMN 
RNS 
ROSE 
RR 
RSM 
RSTP 
RT 
SAS 
SBC 
SCCP 
SCCS 
SCIA - SCP 
SDE 
SEAS 
SIP 
SLS 
SMDS 
SMF 
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Operations Technology Generic Requirements 
Private Branch Exchange 
Pulse Code Modulation 
Personal Communications Network 
Personal Communications Services 
Plug-in Inventory Control System 
Processing Layer Building Block 
P r m r n P H O N E  Meeting Service 
Personal Number Calling 
Personal Number Service 
Passive Optical Network 
Plain Old Telephone Service 
Primary Rate Acces~ 
Primary Rate Interface 
Personal Telephone Number 
Permanent Virtual Circuit 
Access Signaling Protocol for ISDN 
Supplementary SIrvices Signaling Protocol for ISDN 
Regional Bell Operating Company 
Raaio Common Carrier .T- 

Recent Change Network Administration Center 
Request for Information 
Request for Proposal 
Request for Quotation 
Remote Memory Administration System 
Remote Multiplexer Node 
Regional Negotiation System 
Remote Operations Service Element 
Record Retrieval 
Remote Switch Module 
Regional Signaling Transfer Point 
Remote Terminal 
Service Administration System 
Southern Bell Center 
Signaling Connection Control Part 
Switching Center Control System 
Switch-Computer Applications Interface 
Service Control Point 
Software Development Environment 
Signaling and Engineering Administrative System 
Subscriber Interface Protocol 
Signaling Link Selection 

PROPRIETARY Switched Multimegabit Data Service 
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Sh4FA 
SMO 
SMS 
SN 
SNA 
SNI 
SNMP 
SOAC 
SONET 
SPC 
ss7 
SSP 
STM 
STP 
STS-n 
svc 
TA 
TA 
TCAP 
TCP 
TDM 
TDMA 
TEN 
TIRKS 
TL- 1 
TNS 
TR 
UDLC 
UDP 
UDPC 
UHF 

. ULBB 
UNC 
UNI 
URP 
USHR 
VBR 
vc 
VCC 
VLSI 
VMS 
VP 
VPC 
VPX 

Systems Management Functional Areas 
Systems Management Overview 
Service Management System 
Services Node 
Systems Network Architecture 
Subscriber Network Interface 
Simplified Network Management Protocol 
Service Order Analysis and Control 
Synchronous Optical NETwork 
Stored Program Control 
Signaling System NO. 7 
Service Switching Point 
Synchronous Transfer Mode 
Signaling Transfer Point 
Synchronous Transport Signal - Level n 
Switched Virtual Circuit 
Terminal Adapter 
Technical Advisory 
Transaction Capabilities Application Part 
Transmission Control Protocol 
Time Division Multiplexing 
.Time Division Multiple Access 
Transit Exchange Node 
Trunk Integrated Records Keeping System 
Transaction Language 1 
Total Network Surveillance 
Technical Reference 
Universal Digital Loop Carrier 
User Datagram Protocol 
Universal Digital Portable Communications 
Ultra High Frequency 
Upper Layer Building Block 
University of North Carolina . 
User-Network Interface 
Universal Receiver Protocol 
Unidirectional Self-Healing Ring 
Variable Bit Rate 
Virtual Channel 
Virtual Channel Connection 
Very Large Scale Integration 
Voice Mail System 
Virtual Path 
Virtual Path Connection 
Virtual Path Cross-connect 
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VT Virtual Tributary 
W-DCS Wideband Digital Crossconnect System 
WDM Wavelength Division Multiplexing 
WFA Work and Force Administration 
WFNC WA/&ntrol 
WFA/DI WFAlDispatch In 
WFA/DO WFA/Dispatch Out 
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this is a major goal of 0% for POTS and for all om, architectures. 
.~ 

Fundamental changes will be ocauring in OSs o w  the next decade, as summarized 
below. 

New platforms such as ISDN, AIN, and B-ISDN will provide the potential for 
increased operations capabilities. These will acapdew dpportunities for 
BellSouth to offcr inacased capabilities to customers. 

OS functions will be inacasingly integratql into uetwork elements. For example, 
the Pl<g-in Inventory Control System ( P I 0  is a database that contains 
information about the type and location of plug-in units. Whenever a plug-in is 
received, relocated, or removed, a data record of that change must be made in the 
PICS system. Future plug-ins will wentually contain identifyiig numbers, and 
the network elements can be queried.from 0% to obtaid accurate information 
about the type and location of plug-ins, thus eliminahg the need to maintain a 
separate database. 

interfaces OVU the om decade these will migrate to OSI protocolq specifically li 

CMISE and AsN.1. This will allow for OWS ammuhications as well as 
os/NE communications. OSI standards and requirements for operations . 
technology, transport, and m i c e  an listed in Table I [l]. 

- -_ - 
I. 

The Transaction Language 1 (TLl) pro10~1 is a m n U y  used for OQNE : 

- 
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Table L OSI Requirements Plas. . .  . ' 

. .  

BellSouth and Bellcon have produced guiding docum& that discuss operaions from 
global perspcctivc Bellcore has consolidated its views into the Opentions Technology 

module. The modules address operations functions such as meplory and system 
administration, network maintenance, message accountin& and network tnffic . .. 
management. ~ht rc  on a b  modules on the user system interfrce, the generic operations 1. '- 

interface, the embedded operations interkc& and opedons application mssages. The ' ' 

modules of the OTGR on continually 
network and its operations. 

. .  .< 
. . 

1 
, Generic Requimcnts (OTRG) [2], a slngle Technical Reference W~S- of many 

.. 

. 

and reissued to @ect . .. ncy change in the, 

. .  
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< 
It also recommends future support for 0% in each of these categories. 

The Bellcore work on Information Networking Architecture is also related to the 
evolution of OSs. The INA Overview [SI ddes not partition the network into NEs and 
0% Instead, it proposes a new separation of functionality into a Service Segment and a 

s- that as oomputers arc networked and as switching and tmsmission systems e v e  

more similar. Thus, the distinction betwr.cn OSS and NEs is diminished to a distinction, 
not of functionality, but of chanmristia such as the real-time and reliability constraints. 

In addition to the ovcmlI o p t i o  nsidenble attention has been SDcused o 
bow to manage the data wd by 0% Some data is useful only within a limited work 
anr. and it is owned and maintained by a single group. Other data is shared among 
many areas of the company and is used in many fundons. This is referred to as 
Corporate Data. The Corpornte Data Position Paper [q defines Corporate Data in the 

- Delivery Segment, as desaibed in Attachment G, Evolution to INA The INA Model 

more sophisticated diagnostics, the functionality of NEs and 0% becomes more and 

-- 
,. - - 
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The Total Network Surveillance (TNq is being deploy+ khtegmte multiple 
SEAS and SCCS outputs for a network view of ocS7 links and nodg, 
&IISouth's long tab maintenance will be handled by NMA. NMA is currently 
deployed throughout BellSouth to support f@ty maintenance. The NMA- 
S m  module will eventually surpass Sv cllpnbilitieJ. 

The Suvice Mapasement System (SMS) provides admiitration support for 
SCPs. BellSouth currently USCI the Bellcore SMS for 800 service control and 
report threshold- A new BellSoptb SMS will handle AIN requirements. , 

. 
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Enhancements are now being made to sevual 0% to support the new operations . .  
capabilities of ISDN. T h e  OSs will be extensions of existing 0% as much as practical 
from an cconomic puspectivc Fig. 2 shows the 0% that arc planned to mpport ISDN. 

The Service Order Analysis and Control (SOAC) receives service Orders h m  the service 
order processor for ISDN as well as other services. I b e  Meory Administration 
Systems (MAS) load and update the recent change memory id switching system. and . they support the Recmt Qange Memory AdmimiJtration Centus and 
Network Operations C e n k  (NQ The MAs.SySt6OIS that arc curnofly in w'i0 
&IISouth are theRemote Memory Administration System (RMAS) and m). 
"he Network and smices Data Base (NSDB) is a Bellcoredeveloped appli&tion 
designed to provide a common data sourcc for 0% NSDB receives data h m  Trunk 
Integrated Rc~ords Keeping System CIIRKS) y d  Work and FONX 
AdmIaistration/&ntrol (WFAIC). SOAC will provide NSDB with service order data 
needed to support ISDN. NSDB provides the carrier, circuit, and ISDN database for the 

- 

. 

Integrated Test System (lTS). WDB rlso provides real-time facility'and equipment data 
. - - - * -. to Network Monitoring and Analysis (NMA). * 

li 
. .  

Is TIS is a Bcllcokdevdopcd appllcatlon that k e s  as the testing and analysis OS for the 
installation and mrintrmnce of multiple services, such as analog and digital special 
services and ISDN BRL ITS also cwtains "flow-through" software that will , , 

.. . 

-_ l e m ~  without human intervention. Future 
support for FnL s transpors AIN. and 

. .  . .  

thc.basic iimctiomiy e provisioning ani maintenance of noni 
igned services. Initially. support for the installation of ISDN basic 

ided within WFA Control (WFAIC) and WFA Dispatch Out . .. ' 
' 

support will include WFAIC. WFIVDO, and, in additiorz. .. . .- 

WFAK and handed off to W A  Dispatch In (WFNDX). Trouble re 
either WAD0 or WFmL 
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