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PCT/ US98/ 0099 METHOD AND APPARATUS FOR"RE bgRATI ON
OF UNI VERSHO %@4& GRADE CARDS 5 BACKGROUND OF THE | NVEkl’FI O babds B
Fi ber-to-the-curb (FTTC) systens can provide both traditional

t el ecommuni cations s [ POTS) as
wel | as advancM@P@ﬁM®g@mﬁ£m§6NSDw and

hi gh speed dat a access. Because of the range of services which can be
supported, it is likely thatOEUNIVERS@ISVQIGEBGBRn E GARRSdel y depl oyed by

t el ephone conpani es as they install new | i nes and upgrade their

net wor ks. Since POIS is the basic tel ephone service that is
used by over 100 m | I | on subscrl bers inthe US, it is essential that
t he servi cesbe BACKAROGUNIIOE ‘ provi des POTS service by the

use of a print edC|r |t b ardc ni eI ect roni pporting one
or nore tel ephone Ii gr-o Erghiyf ﬁ%‘%“%mpggfgg%%a}%o

(WG card. The EX sesﬁ L&A s8ch m&ntmawdnﬁMé bP@'ps; asMRIEN i S
typically located in the nel borhood near a

group of” homes.
w despr ead as adde:ﬁded)saiwiv‘es eichfa§ BWitched Digital Video (SDIVI)landl hlginf Spbﬁdzlatar ds

for BNUs, and the t el ephone conpanieg.wll maintain Ja

i nventories of adsesse Besaess of Bie rangs;of|spryies fvnichyran b SHpRAgte t’él‘f‘aﬂ?@/m t

Faul ty oper tlo]g.r? I@,ctg t n&ﬁﬁ: Bikalf he
card has at%l e {:ég?t%{ Fﬁ@?’g ﬁ@;g%égc §g}£&{°0°%a re % gé;fheg t he

sof t war e, newuﬁé%dn@,gﬂﬁe@y@r@mﬁﬂ@f ammuabl e state machi nes, contai ned
within the card. In ddition, it is possib|e that a WG card may be

i nconpatible with a {Smcc iP&IlSas thezbaac telpptmope sqryicerthaldrused byoyryHOG mitlign or

ncl utle e pr oBEBTRRL R BA L Rg TR oSy B e gprvise b eftelé EhCie it °41 ¢

integrated circ s)enﬁ&l’é @8¢ 6 a PHMBE birddif6dar® Bortsinid ldedoficat e
machi ne which c r?t%?doe%wlﬁz var i ousestat ea'lsp!(ri)f thlé l'i ne includi ffglg on- hook,

of f-hook, 15 suppartihg éregir nmpre tﬁeplweh«t lines, usvally bérmed p mnferﬁablvmye ghadest at e
machine in the case of a__3 ra error stem c .and the
ability to prop€fV 'EhﬁgJVG dd {Eg‘ﬁﬁgﬂﬂnc%]?rpﬁ‘ﬁ?naﬁ “T"g?%é@ By the
circuit on the ] ch
%ﬁa‘f? ﬁe resrt%'erﬁt gﬂﬁ% Fi5dd n on%m\l/l\P%f horflEL Ain GARd8sptd

connects the car telep ring
- 2- deployment of FTTC there will be millions of UVG cards for BNUs, and the

telephone companies will maintain large inventories of these cards for installation
20 and maintenance. '

Faulty operation of a UVG card may take place due to the fact that the
card has an electrical failure, or may occur due to an error in the software,
including hardware pr-ogrammable state machines, contained within the card. In
addition, it is possible that a UVG card may be incompatible with a particular

25  FTTC system due to design flaws or faulty manufacturing. Key aspects in the
operation of the UVG card include the proper functioning of any application
specific integrated circuits (ASICs) on the card, proper functioning of the state
machine which controls the various states of the line including on-hook, off-hook,
and ringing, as well as the ability to modify the state machine in the case of a

30 programming error or system change, and the ability to properly test the
communications channel formed by the circuit on the UVG card and the twisted

pair drop cable which-connects the card to the residential telephone wiring.
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For the foregoing reasons there exists the need for nmethods and apparat us
to identify the type and source of UG cards in the FTTC system properly
test the f W98y of any ASICs on the WG card, verify sP&TASA0MPhe
sof tware and downl oad new versions of state machine software, and test the
subscri ber tel ephon T ggafg}lggﬂ Adphd On of
t he Draw ngs %Ekhi&?grefoﬁh’g&m%ﬁgs?@eerﬁﬁoﬂyﬁe cur t\/\oagfﬁﬂ

Figure 2 shows téllcfenﬁﬁyttheqqie ah&@mkcdoﬁg‘vmms inthe E'm@dyami preperdy testuni t
illustrated in F| ure 1; re 3 shows a function _ bI ock d| gram

of a portion o fthey %%Eﬂf%}ylAﬁnﬁ@nltheWé}Wéam&aﬁéﬂ Sdr| gure
ﬁet wor k uni 'It: | g%ﬁﬂﬁ@?’%ﬁf regﬁlé%%&ét#nﬁladﬁxllé)golﬁv@llg%ﬁ%ﬂhe SH cpigjglaggﬁg(rjl sed

of Figures BA tgBphonelineD, and S5E arranged as illustrated in the Key to
FIG 5, shows the electrical schematic of a portion of one UVG card;
Figure 6 shows a functi onal bl ock di agram of the application specific

i ntegrated circg e 7 shows thHe TDM
i nterface S|gn et vl el o network uni tTm@'@F}E oy .
t he UVG cards; pei. j 5 a format for fhe se ,- 't BEENU S
whi ch couples the L K- unit conmon colttrs A LARBD LVG c
Figure 9A il ustrat cFigired showsaffibef-tosthd@utisietwark; channel for co TITOT
fromthe system broadband network unit to UVG cards; gure 9B .
illustrated0the for Higusf shaws pdimctiansltiepkiisgramgof ﬂaeobrﬁ@dhaeémwrk @il UVG

cards to the br, b %E\Qkunit; Fi gure 9C shows a format for
comon contr ol q{%‘gqgar g’ntrol nmessages; Fi gure 9D

iIlustrates comandsrigeed shbwh A Fufivh&Block diagram offalgditich dfd GV OV&ard
procedure for initialrzing, authenticati n% and testing a UG card;

- 3- . Fi wilized mlthshmndb@dlmmmo $igwre 1di agram for a UVG card such
i agram for a VG cAiEue RS &vagtiop iesk e of e fapdbend newiork i g, o
12A shows tie si@bfod®dHbloNeir&@t rol diagramfor a signalling
Figures 5A, 5B énd 5C show the electrical schematic of a portion of one
UVG card;
Figure 6 shows a functional block diagram of the application specific

integrated circuit utilized in a UVG card;
20 Figure 7 shows the TDM interface signals between the broadband
network unit common control and the UVG cards;
Figure 8 shows a format for the serial data bus which couples the
broadband network unit common control to the UVG cards;
Figure 9A illustrates the format of a downstream channel for
25 communication from iile system broadband network unit to UVG cards;
Figure 9B illustrates the format of an upstream channel for
communicatioﬁ from UVG cards to the broadband network unit;
Figure 9C shows a format for common control to UVG card control
messages; . '
30 Figure 9D illustrates commands used in the system;
Figure 10 shows a procedure for initializing, authenticating and testing a

UVG Card; . e -.....___. .
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preprocessing layer for a state machine according to one enbodi ment of the
present inventian: Figure 13 shows a configuration f Walel
channel~ tegp,”gﬂﬁgsdrop access test relays on a prigor art Uvgé'g}yrs%&%
Figure 14 shows an integrated ringing, channel test, and drop access test
relay in combinati oRigate H shosks@iodpestart state diagrami for a0 dardcucinas thabne
enbodi ment of the present invention; Figure 15 illustrates the
connect ors ut i llussdtedin Kigwredar ds in the system - Figure 16

illustrates the ring. P{ﬁt { kS 4 P 2 TG t " Fi gur e

17 which is conpri sg@g%] |§8‘{S§s‘:ﬂ'q%%%ﬁg§%gog?r angggﬁasge?ﬁ s-h.g t QBT HASD BEEN
Key to FIG 17{histrhted irf Pigafe 3;he microcontroller, an SRAM and fa E gn

t he system Figure 18 which is conprised of Figures 1l8A-and-I3]

arranged assil | ust r Bigue 12A shawsdhg state raachinel@ntro} diggramufos 8 signallingua used in

t he 'system Figure 19 illustrates the .identificati.on Ly, :
i npl emented by P’&Er‘EEﬁsg&ﬂ\hay?fsfgﬁa Ftﬁwﬁﬂ%cilw&c@?ﬁjmgeto one e %a‘éﬁ%e | ustrates
the inputs and pelg&ﬂqﬁ%n%n;t he signalling preprocessing state machi ne

according to oRe émbodi ment of the present invention; and "Figure 21
illustrates a data Figuiel3isleowsor configheation ifor ringing yhireel w5t anddmg accesSUMVARY
OF THE | NVENTI ON I n one_enbodj nent of the present invention, a

met hod is provitestrelaysonapriatartdlYEegtdii t h a voice grade card in a

fiber-to-the-curb teleco ni P . | Radid

synchroni z89i on si g ABUF %éﬁs?%'elggggai%ﬁ}ég%g’ccg ar géégﬁégé’gx,opgaﬁgésgﬁg ane
based downst r egg} i ortbiNAtFonGrithalHidpkesikter it aatorddics vithnselsmistsodiméntare
over head channel,” thirty voice channels and a control channel, is also
provided to th@fﬂwrpresem mventwnbased upstream tine di'vision multiplexed
S\bggg} 3\22'8gh I ncl Ud%slgu%'e flg?lﬂ%ugt\é(sa{h%ec%gngcqg'grﬁ liiie(ﬁ OIP{JW(Iatlbalrégl in%e' \s/)%ke(fx?,

PCT/ US98/ 00990 . pjgGB38 Mifistra@8 thefrifggtinefkorCid i Qled if the syatem;t t €d from
the card to the t el econmuni cati on” system : | n anot her
enmbodi nent 18f t he prRigwntl7iikustmates the, micracontreller al8RAM dnd @ PROM usedvinovi di ng
t el econmuni cations services in a fiber-to-the-curb tel ecommunication 5
systemis provithedysteihe card having neans for receiving a frame

synchroni zati on . SJ sydRa qlgé;ﬁ' 1 a-f.rame based downstream
time division nulti plil‘%(?(ﬂgg%hu S?Sen’gﬁ%\hl C hl\ﬂrl\%%tfgl’gts’ a first franme

over head channel, t IFighry 19dilegracialisidestifivadon memorg dntplementdttlsynat . The card
al so includes neans for transmtting a frane based upstreamtine

di vi si on nul ti JEEBRANS ugedin they®stéiis a frane overhead channel, 10 thirty
voi ce channels and ag.contral, channel . | Jiis i Fcuit
for testing%he I oo?lg'ﬁre;ro\}h\“d%l ?g%xgputs and optputs of %}%éli%gﬂé%ftn?%ﬁll eé%ldrcgﬁllﬁ is

3

provi ded, the Cét&temakh&ea&w&iﬁgt@&nd QRSIAiRBR Jresd pre@indinvention; ag@nnect i ng at
| east one test bus to a pair of resistors which are in parallel circuit

configuration and cofigaetililustiatesragiate/strustuge foriasttasel indthe sysiem diselasedg a tip
wre 15 and a ring wire, and a drop test resistor placed in a shunt
configuration between

SUMMARY OF THE INVENTION

25 In one embodiment of the present invention, a method is provided for

L

communicating with a voice grade card in a fiber-to-the-curb telecommunications
system. Inthe method, a frame synchronization signal is provided to the voice
grade card, and a frame based downstream "cime division multiplexed signal
which includes a frame overhead channel, thirty voice channels and a control

30  channel, is also provided to the card. A frame based upstream time division

multiplexed signal which includes a frame overhead channel, a plurality of voice
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said tip wire and said ring wire. And yet anot her enbodi nent
of the present invention, a nethod for testing a ri ng enerator _
circuit oWQ98R4%e grade card in a tel ecomiuni cations 'g PRAPPI0S

provi ded. The test nethod involves generating a first pulse train signal 20
having a firsthitls a6l 6lcontesl Ehael isith@sihitied fingtirlcatdtotthe ring gener at or
circuit, then measuring the DC vol tage output of the ring generator
circuit. Addi tﬂlemmmWn@atlons}’StEmsecond pul se trai n si gnal having a second

duty cycle is appl to th nera CJ e DC
vol t age out put of k qlﬁﬂ engfﬂl&pF(‘,sg? mw(egx av&‘?é;%;%g%‘?%g%}_r
determ ne whefhgs %felsgo \ﬂﬁéﬁﬁﬂé Qirvicéd 14 fibek-So-2REGRS teldtoRnRmicatica ept abl y,

the first and secon tages are conpared to predeterm ned
level s whigh gystertioprovided the eard bpviapmeeans for receiving a frame syrchfenization

enbodi ment of the present invention, i ener ator .test
i s provided wsiganl, means {98 secsivingmiTame as&éﬁgwgftf‘??ﬁl‘émFW‘@§1°’bm“§t@l?’?ﬂgl n

havi ng a secoMPARF e s Bk L Eal e RRAy RbicE ErarBishod 077

output of the cgakrSiGhamiee" The &ad lsd Sndhides means for trahdiitdigfrgeebastor and
means for nmeasuring an output voltage fromthe ring
- 4- WO 9fipSg@stime division multiplexed signal includes a frame overhead channel,

PCT/ US98/ 00990 ener r circuit sulting fromthe application of
the first18nd WEYI9iFe "r“glarf" frot e haBi“’gnm s. | n anot her

enbodi ment of the &ﬁmlyrwﬁf&ﬁtqgr@ﬂ@mgqb ofaRRAeRiratle | S provi ded

for testing a ring generator in a voi ce rade card in a fiber-to-the-curb
5  tel econmunéleednmnnsicatjost aronit hmpmhzelemhtmdqmanehudmg atilegsttome tgstiteday t r ai n

signal is . applied to the rj gener tor and.the ringi frequency of
the ring genercapmchng atleagppetﬁsgbqéggmagd) Wrém%areglg"é%am tfferent
di gital pul se Lhd and the
ri ngi ng frequencyhﬁ'a eCdrn;ﬁ?lcun é‘?\%mtb%%&eé&s?%l??a\?ggr%@tsﬁee
Finally, tBe rmifagehy ﬁr@@ﬂﬂlaﬁ&'@jteh}teﬁﬁbﬁplatdﬁ ing shiwsttdonfigiratior] Betweéri r st

ringing frequency and the second ringing frequency are within acceptable
oper ati onal | isaidtip wirsend paid ging Wik testl ng a ring generator operating

according to aboye | %e‘;a rating
circuit for generatAﬂ‘gy?tﬁgo ereg?ﬁ lmen ?ﬂyoﬁgseeggngg%?ogl %i}e@h sg train

signals. Meansegfify % <hefhtdrQircaip Bh ¥ ivofte ighile card in at@l%dmﬁluﬁifcaﬁdis pul se
generating- CIrCUIt to e ringer and neans are provided for 15 measuri ng

the frequency syﬁtems@mmm ﬂ%h@mstmmmv@mp:@hngafmimsp#mwke

to the application oL nd ul se trai,n signals

In yet and® he?h 15 ‘fty(??'c pg?é‘ﬁ?lnf Seaslt the méggg%lf’f%od' cllrgmfir%e\:/r} ded
for controllingeddigng a{eqpb%ﬁage' d?l@p\ﬁroﬁtﬁ%ﬂgr‘geﬁexfa‘td?%frcﬁ@ Ab@tiohdly a

t el econmuni catl ons ystem having a voice grade card for providing
voi ce t el ecomatoombpulsentral sxgnslelravmgessecdmd duty sydleistapglied fo)the fimg out put st ate
information is stored, for i) a vari.abl e which

represents a n%ﬁ?ﬁ@lmrﬂmw&?@ﬁ’ééjélwlt%%?é’“&“épgé‘e g gehgratorglrgp §, (iii)

ctatus and 1 rapeg e IRl s HOE Berbr A allts ORsRing 0%, < ctorea

Addi ti onaldsy, &icamablypie fiesand sécohdBWC woltagss &t eomgard do predeteiminedidi ti on

rcuit

levels which are known to be acceptable.

In a further embodiment of the present invention, a ring generator test
circuit is provided which includes a means for generating a first pulse train signal
having a first duty cycle and a second pulse train signal having a second, different

30 duty cycle and a means for applying the output of the pulse generating circuit to

the ring generator and means for measuring an output voltage from the ring



25 information is conpared to determine if the branching conditions have
been net. Finally the step of retrieving subsequent

i nf or mat i oWCHF¥Banch address information is perf'or%gm\ﬁhse/ﬂﬁ%tﬂe
branchi ng conditions are net. . A nmethod is provided for
testing a voi cgemgratoecicaitdesulting for e applicationcefithe first and secend palsertiaicat i ons
system In this nethod, a first seed value is provided to the 3 0 card,
the first seedsigBdlde and a second seed value stored in the card are used to
generate a data str I higenPt hWhd$i afaBig3ar ed
with a predg?égoﬁnﬂ%%g{bélt paﬁglfﬁ%gn%g?g?%hﬁ‘gb%%g@ard ig
functioning pr grRkided for testing M iABEEeRAREr in a voice grade card in a fiber-to-the-curb .

PCT/ US98/ 00990 , o A controllabl e voice _grade card for_a

fi ber-t o-t h&- ctelécommunicationg systamnlncthe msthods p Sirgdigital prise raivsignahis car d

bei ng control |l abl,e by four byte ' [ | r ol -
channel . apphethtlxﬂgg% e %8%&5@@??‘%8‘5%‘%?ﬁ¥g‘%c‘%’%§8%§{5| e voice
grade card in Qircft mehdREl. -TiRrdher, @Weboride HERM IR GRpIIONSais Wighalisi S

provi ded, the net ng I ncl udi ng receiving a tirst nessage with a

downst r eam comappliedctodbe ring genteratorsandithé ringiag frequency dyony thewinggeaesptorh an
upstreamreply code, where the reply code js equal o0 e .. downst ream
conmand code plciFguihisasasuesd; %Hfaﬁga%ﬁé‘.‘e 0d 1s €O pﬁ’tedtby q&ege%n@%ﬁ}%ﬁ}e of

t he present i nyept ik QY B i Wi dcebptaBieSage to
a controll ;BI e\@%@%&gﬁégﬁiﬁe%row glgg,ﬁltgtfﬁ%u%c}%é% bel ng P

perfornmed by digpesitioalilinsitsc Oiercircuitftegimgiaing genptatoraipetaling aecondipgtd i ons;

pl aci ng sai d message subportions into a plurality of franes ﬁf a
frame based ti rthe abovesnethod includesapulse irain ggnespingsircuitdapgengratingthg irst t y of

f f id f ti — | icS] ' A to th
card: and acserBR ARG A RFE reipsignae MBS Mokl SR hil R, 0,
control messageyiit of el gule! deRGrafifEcivitas 1 Afker @ad theans are provided for Furt her

in accordance with the i'nvention, a conputer readable nedium, whi ch
conpri ses aspl unedsuting tie fetquensyddian outputi oo the ring gdneratorieif¢uitanaesponice of

t el ephone equi pnent is, provided. The data,struct.ure for each state includes
one or ﬁﬁ%ﬁﬁf@ﬁ@%ﬁ“@ﬁ&ﬁ%ﬁ@&“%“ﬁ?ﬁjﬁch data structure
defining a state 20 Injef@ﬂb?hér'e%o&ﬂ@éntbf‘ﬁlet ¢ RRNAPENRAUA RIFBI id Brovideliake
upon receiving an input. Each branch data structure includes data

el ements A and Br cortyiking'thd edlephese Line states in a fipersio-thecurh taleadrnuunicationsnput -
nmust have 1s for a state transition tg_otake. pl ace, .B defines bit

d .
posi tions in whiyekm kavingpvQicegade rard KE;’OY’GFD&Y%C% a&?@”ﬁ“&ﬁ%?‘? on to
ke D120 1 kb 5 0B USSR ol 8 SARTER G 10 e

address 2 e ruct e next tel ephone equipnents
state. states, (ii) 4 Vartable Whiok feppesentiainiber of biadchps forethe stareént i on, a
state machine is provided for a voice grade card used in a

fi ber - t o- t he- custbrede(iid-branehriondition Arformation whigh ircludes vighalling daigelitrand
network unit. The sta machi ne .i ncludes .a si.gnakling .. . rocessi ng
| ayer which i nc%‘ﬂégnigﬂeﬁyg?ﬂwog?v hb‘glalﬁg’ﬁg% aﬂ%:.bm '%ﬁ%’l 95 1s§80r &
preprocessi ng | AEHichAGE bYMieh aldres! ihforsaliod RIsteibd i brafdh doaditivnoadband
net wor k unit and provides control information. The state nachi ne
further i ndaidemfarnvaion is comparedctonieteniniredy the branching @ngitionsihaveybegh met.
P gianc hes, the ”"F‘{n@n;? %{g srte(i)I of] rg 'ee{rinrgesﬁgsle\cﬁlgnq output data information and branch

address information is performed when the branching conditions are met.

A method is provided for testing a voice grade card in a fiber-to-the-curb
telecommunications system. In this method, a first seed value is provided to the
30 card, the first seed value and a second seed value stored in the card are used to
generate a data stream comprising bits. The generated bits are compared with a

predetermined bit pattern to determine if the card is functioning propetly.
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PCT/ US98/ 00990 outputs fromthe signalling preprocessi | ayer and
provi di ng woress4dssof a " plurality of branches in the rra?(ﬁgg | ayer
to control the operations of t el ephone equi pnent connected to the

voice grade card. 5 ctrintrolB%feC\Fdl{gérQﬁb %fr%ﬁ{r%fﬁ;&_%iﬂﬁn@ggi ment s

Tabl e of Contents er-to-the-curb systens

A. System over pje@¥mmunications system is provided, %mmmcdmmlkbwﬂmmr vi ew
10 C. Universal Voice G ade card overvi ew

. Uni ver samesgagesaecgivaddn @gentrol channel. A Uni ver sal Voi ce
G ade initialization o

\ \Voi ce
& ade card aut hent i BJR% tﬁ%&/ if;cvgnnnumcatmg with aconﬂallabl@dr?lc\?g?és aletfafﬂn\/m 20 e

card test c  fber-to-the-curb telecommunicatiohs syitéif igsroeided,ahe imetifod including

2. TIUA self-test D. State machi ne description,
operation and ftnmingaujfmsgmessagethhadownstream corEmand codge ddy@qsmgi!lag@ I\/achl ne
20 | exi bl I
Uni ver sal Voi cEeply ‘5.’8%3"‘%%1 @P URHRILERY| C(S’ga w?’ﬁgeteq‘ﬁﬁeply code is equal to the

Fi ber-to-the-c
_ _ é“%& decim Yhig) over vi ew
Figure 1 |Ilys?§‘§?es syéitcg(r1l1e umlhcﬁa Ieg conpri sed of broadband
digital term nal (BEin éMAbodimbitcf thespressmnimvertibryy neethaief conimini¢aing200 to a
br oadband network units (BNU) 110A and 110B Thcf BNUs 1%%&@@3 Epeach
Figo

contai n arL@pt certrol maseagsl@ a gontrallablesieiqegzade; q3rd s gEoVIde B and
Connect o Pt giiihg B8 el pRBReRim SR ity F SRS BRLER,
rlgg ' ?g ”tC ﬁe 1t7 \?VI "Ss{alg éﬁé&Siﬁ,@ @gbpomonsblflw a;;!lﬁﬁh@%ff fraadsl of adrinmelsdsed titne divdsiephone
pair drop cable
-7- WO~ 98/mAdBplexed signal; sending a plurality of frames of said frame based time
PCT/ US98/ 00990 division multiplexed signal to the card; and assembling the control message
15  subportions to create a control message for controlling the voice grade card.

Further in accordance with the invention, a computer readable medium
which comprises a plurality of state data structures used to define a state of
telephone equipment is provided. The data structure for each state includes one
or more branch data structures, each branch data structure defining a state

20  transition thé.t the telephone equipment is to take upon receiving an input. Each
branch data structure includes data elements A and B, where A defines bif
positions in which the input must have 1s for a state transition to take place, and
B defines bit positioné in which the input must have Os for the state transition to
take place. Finally the data structure includes a data element defining the address

25  of the state data structure for the next telephone equipments state. |

In a further embodiment in the present invention, a state machine is )
provided for a voice grade card used in a fiber-to-the-curb telecommunications
system having a broadband network unit. The state machine includes a signalling
preprocessing layer which includes a plurality of branches. The signally

30 preprocessing layer receives signaliirig information from the broadband network

unit and provides control information. The state machine further includes a main

control layer having a plurality of branches, the main control layer receiving

e



BDT 100 is connected to tel ecomunications networks via a publi c

switched tel i cation network (PSTN) switch 10, and net

advanced s&@?@igﬁguch as the asynchronous transfer node (A /Bﬁy'g

The FTTC system can be controlled through the use of ‘an el errent

managenent sysoetpufsiii) thesdgnaltling preprosessingdayer whd providing cantrod ofwr kst ation
or conput er cqQnnected to T 100. 150 rovi d s the
ability to pmﬂi%\ﬂ%gra&ﬁhisé’il %BQH&PHEQHPM%P 6‘??‘?@9 the
ability to rmd he system or provi de new
servi ces. %%pl%o%ﬁe@&x ﬁom%aequgyb a{atg ocal |y by an operator at
t he vvorkstatl on or PC, or rem)tel y via a 10 connection through the PSTN
switch 10 or the ATM netvvork 7 EIVB 150 al so provides the ability to
noni t or andS collese I KIS AMSNEE t he BNU 110. :

Tel econmuni cat i ons systems are based aB sgfd" ds whi ch have evol ved

over many years and insure conpati bil {7 Mprment. from di fferent.
manufacturers as weljl as pgpQMbHhdISBIsaEmY defined and precise
specifications for 15 different types of teleconmnunications services so
that these services can bk Systemoyerdewded across geographic boundaries in a

network with various generatl H 8{ anal og and digital

t el econmuni cati ons equi prieHroa rk L it E?r‘éer‘llﬁ‘é( Bel | core

speci ficatign TA- NWI- 000 Ggﬁ errent s and

oj ect i ves!L or Fiber int oéc%%)dlg ‘?e Q:ééllgﬁoe cenber 1993, provides
a 20 conpr ehensi ve descrl ption of the reqw rerrents for FTTC systens as
wel | as Si gnal | ng and transm ssion requirenments for- WG circui ts, and
i s incorporat ed her‘éﬁlﬁe@%ﬂf@ﬁ%@éﬁ%@ﬁfﬁ its entirety.

B. Br oadband Netvvork Unj t gram of the
BNU 110A shown in Figure ‘t |?{?’i’“’?f§¥yr [qieg CGrage ‘m“ahzﬁi‘i%&&% %V@The BNU 110A

contai ns a broadband netvwrk uphiverSfIWesics GRdde)tard authentiBAdnS) 804 whi ch
receives a voltage froman external source at power supply header

848, and cas power ternirfal ecfdmpemalthbeeGmdcf@@Id@sts made at a 4-drop
header 856. BNU 110A furt her rf%eal ns BNU Conmon Control (BNUCC) 800 30
whi ch receives signals from Op][I 08 EPNCFRIPT 880 at an optical connector 844.

The BNUCC 800 contai ns thegial &ttty to send and recei ve optical
signals, as well as -9- a

m croprocessor and associit ed Stafetnmvhinetdeseription)iopeeationvint lotvintoaBing 100 and
control the WG cards 140. BNU 110A il lustrated in Figure 2 includes
four UVG line cards indi t ed '5‘9’°Tl*§1eé|5@|‘FCMa§1I’f&?act ers 140A-140D. The
transfer o OI nformation between gl}&’qa% gk WG cards 140A-140D are

provi ded by “a serial bus ‘i'ndi cate In |gure 2 as 882A-D. One bus

conmuni cat i ng bet ween BNUCC 800 and associ ated UVG card. Each UVG card

includes three WG circuits 812 as ) )
III.  Universal Voice Grade card circuit and loop testing

25 A, System overview
Figure 1 illustrates FTTC system 1 which is comprised of broadband

digital terminal (BDT) 100, which is connected by an optical fiber 200 to a
broadband network units (BNU) 110A and 110B. The BNUs 110A and B each
contain an optical receiver and transmitter to receive signals from and send

30  signalsto BDT 100, as well one or more UV G cards 140 which connect to
residences 175 via twisted pair drop cable 260. In the residence 175 the in-home
twisted pair cable connects the telephone 185 to the twisted pair drop cable 260.
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illustrated in Figure 2. Each WG circuit 812 provides POTS service to 2

lines. Figure 3 illustrates in block diagramformthe circuits for two of
the POTS | WRE8/BER/i ded by UVG card 140A. “'A detail ed el ect r PEAUSSH Mt i c
of the circuitry for these two lines are illustrated in Figures 5A, 5B, 5C,

i ncl udes a connector 860A-860D respectively for providing POIS service to 6
| i nes. Figure &WitchddislecarhmanicaticheteswbrkdBETH0 switch b0, adddetwdrksiforr at i ng t he

signals for the respective pins gn the connector. Additignally, the pin
connections ar éd%@?ﬁq"}“ﬁ%scﬁuﬁ é%l&eﬁsm%‘%sm%%m"& (tA’l%r%"rt%(Pﬂ‘g ‘to Figure
4, a functional blo : bSp ol _ SOnAY '*c\?gu ich is part
of broadband netmr?ﬁﬁnit 1%51#9@%%1 glré apprugic}%gg roﬁqf%?fg erence to
Figures 2 agd 4nanBbéként3Pderd (BVISYES0 wWhich b seftware eviideH @€ 6n b worksitionadr

out put from broadband digital term nal 100 and the UVG cards. As indicated
above, the i npwompyter Wi enneeted fsBDT 100e BN 50 pravidestheahilitydpexed (TDM

i | f s f ' i i Gh. f ' | bl ock
Ui agr am of | BUBEYgR seGerSraobe i B s Sphvy e Bl e fBen,” Tou
signals to el e“ehﬁi?gﬁht i ﬁgmbﬁ%mdeae@rserﬁé&pbm15%%&@1@&

140A- 140D. This 'starts wth BDT 100 and the fiber connectiOonh vi‘a optical

fiber 200, a siopgtatediptadly bycmopetatarat tterworkstgti@yonc?C,aroemotelygviaal Hi er ar chy
("SDH') ATM data. This SDH I |k ta.s . interc d in the 00 by the
bi di recti o8l &ﬁW%O{‘ﬁFﬁFshthei’S | itchds o nﬂ‘(@%ﬂt?‘%ﬁ 53-‘?%1

recei ved over f] i J i i I hertz
(which is SDHI Ir%ﬁiﬁt&ggigp %’to q%t’)ﬁoflﬁl&debw ge%{ﬁséﬁgﬂrsgﬂgr@\#e e to%t he BNUA
402. Initially, the Tdécdmniniekohdgistehiscarsbided blistaAddvis Wliivhllavaewlpgdcessed

by is the SDH|i ke framer 403, which igs scanning the . WO 98/ 34388
PCT/ US98/ 00990 over many peasninsingme compatihility of snuipment Gemdifferentani ng

information so that. i.t can synehroni ze det,er . ne_where. the data is
and whor et he VAPIGHOrEE R arl g gFovAdine SRty g R R P Sp iy o o
Once t hat gecu rcﬁffeﬂeﬁﬁtybé@dﬁ&e@fnﬁnﬁ’:ﬁbétﬂﬁ@%&@ices so that thBsd RHRESicah Bet he

| ocati on of the nessaging bytes and all of the data. Framer 5 403

organi zes the dutvidedadrossigeographjc hoendaties)in awmetwork: with $Bidusigenerationsan) t o
provi de comuni cation,to.and. from UV/G.cards. 140-140 € Cross connect
Pl e in TIU gsaiosagg cReiflielesOmumGn ahuietoF PETTO D Fa T opr | at ol y
di rect i i i { L : s to

B D1 opti s 400 S0 SR A NE o) S el SRS R P o

frane. The TI UlObjettives darcFiberiin thedbopBystermsclsste?, Decembarsl 398 nprevides abl e
whi ch is progranmed by m ¢roprqocessor 405 to [rect the ropriate
DSOs from 2Re StompRreheasive descrption olbe rrusirements forcky i systerpsasuel o 5

corresponds to thes. s Zei : nggr' i Is nd
the frame form Qﬁnﬁ%gﬁgge eltgs\}\(}er{e]ltr?aﬁk%@%gﬁ an °{fﬁ‘§%§}&‘§argéﬁ_ rhed

M croprocessor Kd&npyeektente inligedtifstyyss connects from nessages that it
receives 1 5 fromthe BDT100 over the same SDHIlike link in a different

5D, and SE whi ch w IHnPeosiRTehhdet t@%léﬁ&rllmunicaﬁongﬁétbvomiﬁﬁ bH40A- 140D

section of the frane. The power supply interface (PSI) 406 is
coupled to the mcr ORr oc L 4 ti Qpni.tor t he power supply ‘both as
to how nuch power i s bei atus in controlling the

LEDs and relsays 410 AmbckMlagrah of tHeBNUI1Q0ASBBRA in Figure 1 is illustrated in
Figure 2. The BNU 110A contains a broadband network unit power supply
(BNUPS) 804 which receives a voltage from an external source at power supply
header 848, and can power terminal eqﬁipment by connections made at a 4-drop
header 856. BNU 110A further contains BNU Common Control (BNUCC) 800
30  which receives signals from optical fiber 200 at an optical connector 844. The
BNUCC 800 contains the circuitry to send and receive optical signals, as well as



i nterface which all ows communi cati on

20 power 04.
m cr opr oces‘éﬁ% . Also included in

LEDs 408 which are controlled by the m croprocessor. 405 or the BNUA
402. a micraprocessonandiassogiategtsoftwvareterommannicate with thaBlTpl09aad

connector 860 (Figu 1 st pair 409 to all of the WG cards to
al I ow single t 08 Biﬁ’fﬁﬁﬁfa’?% 1%‘@-5'[ any of the line cards |ines.
Wth six l'ines per UYQu i1A ARsEatedFidide!? heMbed lé@ UVTline cards indithdd i n a
BNU, this allows a single set of test Circuitry in the BNUCC800 to test

any of those tvignteferbmoerchhsabtetselt0pal40D.vThe trimsfered infomnatioa(@tween

M 18E ocontr 3\8 S&gﬁg& 800 and %lV'SGOcag sni[JO(X-f4(§ g;[e Srg\?iziecf L}E glsjérgaﬁ bis indicated

PCT/'US98/ 00990 . .. ' : | - erview -
WG cards 140A—Bﬁlg‘lni§s%arsa8i8%é'l?h |é’3§gs %?il% g‘litg’\g/?% Sggg?\%/ce-

to a nunber of ;L84iARATEG cade Bath WVG bardindludbseivee WG cirafisrdidee character
175, 5 served by BNU 110, and can provide this service through a Loop

Start or G oundillustrated ircFighre 3. i EashiFYGieircwit 812 provides PRTSgeryice © Zhimescr i ber
circuits (POTs Ljnes).are served, .. rom each. WG .card. .1 .
Referring to Fi ij{ﬁuée ilysaater A @8?1%‘1‘1&‘6%‘ fohd T CIEGHS 29T 1Y OtOﬁpéegp@EgFmﬁ ne WG

circuits 812 su tb%‘UV ' r i | i £ not
shown, UVG]]'(?:O ar dgltbi’g‘% g al g}gcaifdn{:ﬁbu%de‘qidﬁ%gg&&i\é}%mgim%g%r?asm801f2@ ° A&%‘ﬁw

The UVG card 14fhest swo linss\arcidimstratediin Figutes §A, 8B @ed §C; whivhdwillibe described
comuni cations channel formed by the WG circuit and toward the tw sted

pai r dr opele®bl e 260. The functions of |oop sense, ringing, and ring
trip are provided, = pacp (138cfh 14040 46BRRCIGAAY donlBotod gPopuBgis L art | dl €
condition), and ring ground detéction. AT1ngling generator
i's included on eqpbctiddly foRpebvidRPPOTSWBIVdE tb$ linkh. Figurkbillastedtesinaletaii ng 40
Vrms into a5 ringing equivalent (REN) load. Ring , . generator
circuit 890L%s ioh¢ aenneators§6& diustating thelsignals fpr thgrespedtiveping enthe| ustrated in

bl ock diagram formin Fi,gure eferring t.0 Figuye.l6 i I

ci rui Sotpeelbr ARiERL S O icpDfkelOut P iof i Srale TR A .
generator chip Tﬁﬁﬁgrmwgﬁfézt,laqucﬁ?:ﬁ&oolomaingaﬁﬁ@m@tr@@dar&@tri-cal_
conponents as indicated. The 20 output of ring generator 890 is provided

over |ine 896. BNUCC 800 which isparttofidroadbanst netwerk unitd 1§d: AASWillG card 140A

is shown in block diagr for | n, Fi gur on G.circuit

812 is ill ustra@BPreFig d?%r‘?fefﬁ?ﬁﬁm Figures 2 mﬁmﬁﬂd%wn@e% gt g by

reference tg,Fi : ] circuits
U?& %E@?eeg t{x@uﬁggﬁf;&%ﬁd\fﬁ& gfdldband_ dtlgltdl Rk 308 Ba® e WG

812. Each cara i nc Clrcul
cards. As indicated above, the input to the UVG cards is in the time division

3ET INSWBERN | he BNUCC 800 and the

Ory WSO CntrOli 00990
- ce-800 are m scel ['aneous

multiplexed (TDM )signal format.
Referring to Figure 4 which is a functional block diagram of BNUCC
800, BNUCC 800 includes circuitry to convert optical TDM signals to electrical
25 TDM signals which are supplied to UVG cards 140A-140D. This starts with
BDT 100 and the fiber connection via optical fiber 200, a single fiber connection
carrying Synchronous Digital Hierarchy ("SDH") ATM data. This SDH-like data
is intercepted in the BNUCC 800 by the bidirectional optics (BIDI) 401. BIDI
404 converts the optiéal- signél received over fiber 200 into an electrical signal
30  whichis 155 megahertz (which is SDH-like ATM data). SDH-like ATM signals
are provided to the BNUA 402. Initially, the first block that the SDH-like ATM
- signals are processed by is the SDH-like framer 403, which is scanning the

-9~
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25 which provides interface between the BNUCC800 conmon control and the

WG circuits 812. In Figure 3, the TIUA is indicate ence
char act er 'WD98/34388 A better appreciation of the %:@X{S%(&g
had by referenceto Fi gure 6. Referring to Figure 6, TIUA 880 |s

conprised of @% QQéFDI\/CL gxxalformeﬁmﬁginﬁﬁrnhﬁmBNMGﬁOO TDM dat a
down (TDVDD), TDM clock and the TDM f.ranme sync (TDVFS). TDM

demux 601 put ss;mnhronizeanddefgnmnewhereﬂxed@ﬁmw herg theavagigus ¢OMRONENtSC| udi ng

the parity, splj nalllng tion
(the nessagi ng®f ‘iiﬁ§%gf“’e'§?“3f’ %8?%? nﬁ?%légc%rgfl Flgéch{eqa
98/ 34388 1 t1 fth agin es and all of the data. Framer
PCT/ US98/ 00990W1thresl)ecttoﬁﬁa T é) dgtrgesslgnkg b?rtock 602 and the signalling

bl ock 603. sThe4@X digdnizes the databdm/mcdmmgsandoutgpmgdgghﬁ SBH-liks stigamI9) AC err ]
circuits. The signalling informatip ne basis,. thus -
there are six PI C@M‘FWPPF‘P]@#&B%%G ci{lﬂil&ﬁt éﬂ}’ﬁzﬁr 0sS conneck; 4 o

machi ne 604 an Al 8t link 5
i nformation .al m“&bﬁs‘% %%ﬁ@hﬁ%ﬁg&gﬁﬁévg err]|P interface
605. The rﬁ@ﬁﬁaﬂoh%x&ﬁis%ohﬁgdp@ﬂééxﬂ Qmafumcaaamcmm@pdes 404 to

descri bed below in section describing the data |Iink information.

The data |ink phke damum the cogrect DSO mdbw’éDHsbleﬁ fame.oLhe Ewle@terﬁa%“@i)‘mf‘and

two bytes of addre d dat a Fi
00 Tuo 11 MU BB PoRRECt HUEPY L e 9 sl Toce oS b U 3T 2
LNk message | YikAdfl #i fopriate DSOs from the 8DPRLkd fftaf toltheUVE MOA-D4ODESSage

is provided in each receiving four of them a
conpl ete rressaga—dssThss:errbdpeddsamodhcénmgebmrtztmtd:rﬁaqc wodescribed in Figwre8 aed st at e

hi 604 d h Fi 8
doscri bes. ari_ et FeEmt farmat HHTGH BoR e hBNUGL SHOARGHOVEREHS 1 s a 15
control nunmber ﬁ}bggog&%@#orﬁasj %Pﬁnﬁé)ﬂho & copndcts frfid)mesEiles B¢ it rédeARES

frame 1 throug e sup re 1s assocl ated a piece of the

data link 15 ﬁm&&wmmemecsmmmmi-haehmgm adiffepes sedtiow ofi thrfemss. or
data. TDM denux 601 keeps track of rame . it _is.n, and builds

the data |link ness ag’;lé‘xemqwebwppbmtqsface (PSI) 4%1@5"8“3]66 Fﬁa’g’géﬂé@péff?ﬁssﬁ’f esents

e . o A PRt g f g

associ at ed Wths%'f&u&xﬁ%@ﬁ@élﬁn?ﬂﬁll@@&tﬁﬂeﬁygﬂoand411 ThlsxsalﬁvliﬁeaBO is
configured such that the UWGTine card may be controll ed ei t her by

internal state inecfacarwhisballows comuunieationstopseurdietweasy the BNUCGEST BEQ ambihe; n
conjunction with TI UA g The control pin determ nes which of the two 25
controls tR& ré??é(‘feﬁ? H q"t at line card circuit. Mcrocontroller 884
interfaces to S smﬁs %Ju%ﬁ@d?_?ﬁn%grdcéfsopm NERBintluddldn can read
and wite registers II’ISI f the control pinis set to
al l ow i nt er nal BNUIOE 80(chre niscelldnebos bEDs 408 whichcaretomstolledibytexont rol | er 884
w Il not have any effect an thfh % data i nk 606 or the DSLAC,
SLIC, ringer arBicEumpRessardn Alég) having both the 30 [err]P
interface 605 and t %% Vd¥d MUX2,
then the choi ce of es'tﬁﬁ ??gﬁ%g:ég% %%enl?%glp?ﬂ(ﬁ%g?ﬁéaa.contr(% gr& n.

-12- 25  15) test pair 409 to all of the UVG cards to allow single test circuitry to test any

of the line cards lines. With six lines per UVG line card, and with four UVG line

cards in a BNU, this allows a single set of test circuitry in the BNUCC800 to test
any of those twenty-four twisted pairs via the test pair 409. Microcontroller 405

also controls that test circuitry.
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WO 98/ 34388

PCT/ US98/ 0%98, 34388 Upstream data |ink 606 contai nspdyngsdg/ssndi at e .
four bytes received from either mcrocontroller 884 or internal state
machi ne 604 and feeds those into TX TDM ‘MUX 608. TX TDM MJUX 608
creates the up data. PCM data and data | i nk messaging all pass .

t hrough TX TDM MUX 608 aRe.:g 1! 3 ﬂg@w BNUCC 800. There is also
control of the data TfromTt I'TC t he SLICs and the
ringers being based WG c&!d'sh%ACD 1lld3&atedﬁli Figlutedrisand 2 provide POTS sefvicd DM MUX
608 takes in the PCM data fromthe DSLAC[err] circuits and uts It

i nto channel 1o amumber ofzemémes; leas AEWhE c;smtdm@tqsiplmrp&mcc characterriys

TDM MUX 608 | d nk.and to.ch |
310 An TROTERPRERN SR s Bt thisshvichrobeh ‘ieogbaqrf‘?‘)gr%u%?“e
i nformation f r e/trubi BitérRL, r?hleﬂg’n @fsuﬂaéiﬁbé’r c}&qﬁ? Qﬁ@?éhﬁéw&re sen;eae

correct channels, h%anne
Thus TX TDM NU)&cﬁ@SadhaSVGruanielat(lﬂ-Ee Rhfemngmpﬁiglreth&te BVE anhl40dl e to

it, and substitutes that infornation in at the correct tine slots to create
the 15  upst r cantamsdhgse ﬂmld@@ &Y %&lrpwtﬁl&ﬁueh gs the one illustrated in Figyzg 3.

ringer PWM 609 sev\q E@ﬁl y‘ﬂ*‘@ an

(i naudible) i nﬁ(lg}gh%%gﬁ?l?ﬁsgeg)ghera %Irrﬁ% iPa&le ou?fﬁgg LngnaI ?rom r| nger PVW
i's - @180 hert z HiedIWG caid 4D desprovides metadlicRszebsts aswarf @adds into the
ring generator 890 whi ch creates a high voltage signal representing

that pul se wi dtcompitasionsicimonel formneghbyt the UVG circuit and towarﬁ e twistasipairei ng

ded to TI 82A,
P eh e 50 udruniahis 26T TR0 of RopeRase. ingiph il rng tiB o prdiiteds 1
Figure 7 whith Jald tih6p éi’xec%ﬁ&itﬂaﬁd(‘gﬁﬁina‘ytart idle condition), andhﬂ g 3felinkdi dRfeclign t he
TI UA 880, each UVG card al so i ncl'udes a m crocontrol [ er and SRAM For

WG card 140A, theseAamgmgr@ncramlats included mreeaohdiVGeeh:;d BWA-Bf ehichde
characters 884 an 8% [CUth di ag?ams for, the (@I&)roc ntroll er 884
and SRAM 8B7 arc@paule pkproxiding 4%, to a ¥ ringing squivalest Rpgs may be

I npl enment ed usi | RoTellY a
Mot orol a 68HC1T e%&gr%gg%%ﬁ@ﬁé%ﬁﬁ%ﬁ sﬁﬁ ch@y g‘fe‘g}%ﬂqﬁgfrg{%&% hn Fi gure
30 17. Al so iBlocksdiagramdiorm ifFFigurees. me&mrﬁ%lﬂx@ﬁi 18/irgdgenBratdticircaivbodi ment

s a 32K x 8 SRAM A suitable SRAM for this_purpose |s an I ntegrated
Devi ce 890 is implemented utilizing an Lucent Technology ring generator chip

- 14-

’ designated the L 7590, with associated electrical components as indicated. The
20  output of ring generator 890 is provided over line 896.

Further reference to Figure 3, UVG card 140A is shown in block diagram
form. In Figure 3, only one UVG circuit 812 is illustrated for simplicity,
however it will be appreciated by reference to Figure 2 that each UVG card
includes three UVG circuits 812. Each UVG card includes a TIU ASIC circuit

25  which provides interface between the BNUCC800 common control and the UVG
circuits 812. In Figure 3, the TIUA is indicated by reference character 880.

A better appreciation of the TTUA 880 will be had by referegce to Figure
6. Refetring to Figure 6, TIUA 880 ié comprised of TDM demux 601 which
receives from BNUCC 800 TDM data down (TDMDD), TDM clock (TDMCLK)

30  and the TDM frame sync (TDMFS). TDM demux 601 puts out the various
components of each frame, including the parity, splits out the signalling and data

link information (the messaging) and the error bits. That information is carried

. -11-



Technol ogy SRAM denoted | DT 712565A. O course ot her manufacturer's devices
havi ng t he ed source capacity may also be used ds a ' :
The TIUA 8 %ﬁ?e inplement éd using for exanple a 10K gat g%@&%% as
that illustrated in Figure 18. The device illustrated in Figure 18 nay be

purchased fr onboth kd the datarlink blodket02emnd ke sighailing bibeld 60h 'Phaﬂﬁhiwbei ng a XC

5210 devi ce. The EEPROM utilized._in he | ne_card for, exarrpl e
a 93C46 devi cedmﬂp‘asg\aﬁsmgh%%% § DSLAG] W“Wﬁﬁ%ﬁﬁ‘ ‘ngl

Sem duct G

o o ol kbl 6 Bt Rl B
subscriber [i nﬁatelmhcaniareoqaﬁ@mat&theenibiopﬁsms@emtumwes £eThdyath ¢hRr ence

character 900A/B, is coupled to TIUA 880. Device 900A/B converts the PCM
signal s recei vmﬂomanmﬂsmﬂossdnmantannl stgtesmaachmeéomnd nPanterfaesfi)S. ddhet o

subscriber lin r.face c uits di cat ed 06B, ,which w |-
be descri bed b‘gar &f‘ﬁ%%‘%‘@% Iﬁ’érqsﬁ‘iﬂ ﬁﬁ% eé"&n%{ai% oW fithsny
comercially oSt dnC Anssh iV cro Devices
denoted the A%%J&gaééﬁgi\? ﬁ%ge%{%%gﬁmwﬁggs hgggé&?ﬁﬂe(%r m DSLI%\AC[ err] as a
tradenmark for tdmprikediof Saupdgtes,the command,udiodytesof eddressgared snelbyte cidatces .

For conveni ence, _the term DSLA&[err] Is used when referring tQ circuit
900A/ B. The Adesiugimted ivkiguse Il v alimoeinma supetirame, peery dae resier frameset aj |

on pages 73 a book Publication No. 09875, Rev. G
Amendnent %ﬂ) &Héﬁgg a@%‘%@zg%ge}&i%g whi ch is incorporated herein by

reference inits enw;so@moﬁaeaatamms%essgavm@aamchcrfm dubfigtudi 0 | i ne
subscri ber audio circuit is the Sienens devi ce DSLAC err]

devi ce 900A/ B mccxlvmefguwfsthmi acomplpteangseageiinasembled ahd is presenited tabdtha

d 4- f SLIC
igﬁ??m /s}tMa'[ 538 %&‘%%%186 ‘{oﬁoﬁﬁ? ﬂ"g‘:rr%f"%ﬁ?f 1@8?#?% Fnterface signals

with the control angigutag HéschBé%%hr@ﬁaﬁ@hﬁ@sﬁb%‘thﬁ% ehélﬁemmefquhst ers.
As illustrated in Figure 5, the PCMinterface consists of the two PCM

hi ghway sixpal sontrodinombendl eGTIE#IIyIaRi eontrdPGivialier 21 (@TIOEN MAar edch dtamendi cat ed

as PCMCLKBUF, and a fra c indicateq as, PCMFS. The fr ynQ si gnal
's a Start of Femed Mét% e YREFTBTICAICE s PSPt 1) Ae/afelep yhdes a Tinme

Sl ot 8
BT/ US98/ 00900 e b0 et comments el addrs pw addtes o e TOM SIS0, oy o

for full progr kespsiwatk bf/what frameTllnB 1D$dn€C51ﬁlrds lhedhwlﬁlﬁcxﬁ%égdhalofﬁnﬁlolfom for
up to 7 clock delays in either the ransmt or receive P used in
conj unction wi these fbmsssagesamdopreseatsthatdo bf’ﬂ’i the internal§tate,fpgchipe 694 and to

progr arrmabi & b?l; rafc cﬁa%ceg .orgxﬂgrff 9\905” T*ﬁgts%nglgﬁng ée ﬁ}{%ﬁ%ﬂ eéﬁ'l ﬁ%]:hev. Gnd fha the

SOF mar ker” unctions are ac fou e Serl a? dat a

| i nk Vi ajgdsSecdaedivith thedhalifds amsithidugh s880. A control
interface is used for a conbi nati on of real-tlrre and non real - time

information. At stadlUp,880tis ¢enfigyred such BwhtheddY e lingsamishapeeanirotledi ce

circuit

either by internal state machine 604 or through the use of microcontroller 884 in
conjunction with TIUA 880. The control pin determines which of the two

25  controls the remaining part at line card circuit. Microcontroller 884 interfaces to
uP interface 605 and its own memory, and can read and write registers inside the
TIUA 880. If the control pin is set to allow internal state machine 604 to have
control, microcontroller 884 will not have any effect on the upstream data link .
606 or the DSLAC, SLIC, ringer and EEPROM control 607. By having both the

30 pPinterface 605 and the internal state machine 604 going to MUX1 and MUX2,

-then the choice of which one is passed is controlled by a control pin.

-12-



900A/B internal DSP. During service, it is used to power up and down the

10 appr oglg ﬁ{:ﬁss‘éectIOHS‘Of the DSLAC[err] device. During gghs !6059 s
used to contr control bits to SLIC'A and SLI C B. % v

SO A WARAD U Lk R G R %?g#qmé'eﬁfie
channel s &%P&o@g%ﬁ&%%q PO gtat #}ﬁgg%bmar&asmaexﬁ{m&s | eads

si mul t aneousl f |'eads are by m crocont er 884 via

a register w tmmmmbcmmrxmmm&mmreabs/meup dafaamdawwdme
DSLAC[ err] device channel may be read at a

commands wri t tlink messagiog Bbpass|throngh T&/TIoM Mﬁﬂélﬁos e@filg‘P upmmm| :
bytes to be i e.th se byte en Any
command 205 m&@% ags@é"’ﬂ'é?laosf&%i &eﬁﬁ‘&mﬁ&%*ﬁ'fh eV| ce
mist see thos ﬂ&%ﬁdmemgers%%lﬁg@asé@aﬁemhayaﬁﬁeeahutonersl nterface. '
further input commnd bytes w | accepted by the DSLAC errJ

device until all N DY{TRMMUXK Mk&suﬁﬂtﬁP@M ddmafromtheDSME:[cucm}s devi ce.
See the AVD data sheet for a descrl ption of the valid DSLA err]

devi ce commanchnd puét i intp ghangel 1, ghanneh 2yand ¢oamnel  of e YnsBRAM fgiee

associated wt nd

val ues T G5 508 858 i e g GHTRAR R 1 G R ET EC

DSLAC] er r h odeVARETX TDM MUX 608 Hs@ﬂﬁléé {3 the upstream mgnallm%]ﬂiftﬁnﬁﬁbﬁ%ﬁf r]

devi ce provides 5 general purpose I/O pins to control SLIC
functi ons. Theﬂ;tecpnm@@tefrauxastséalaptﬁr alin théreorsast channelaichennald, Al five
30 pi ns can rovi si,one 25 either inputs (default at reset) or

out puts. The °ha‘m ‘f) the C bits fromDSLAC[ err] device 900A/B to
the input pins on St-'in%.ﬁ(TDMMU&%%1@9%&&&&&&9%utsﬁh§m»@vdn@bﬁabl e 2.

Al five pins are us as outputs

Al

- 15- it, and substitutes that information in at the correct timekbots to create the

Table 1 - DSLAC[ err] Device Control Interface
DSLAC] er r |- Sevipstreap fiagpe illustrated in Figure 8.© g | ¢ control Bits

%A/ B )ng&}l% tinger PWM 609 creates gpulse width modulated sig:%l’%lﬁch is
CAA/ B an (inaudible) input to ring generator 8&H\Whe output signal from rifdeAPWM is
El

a 20 hertz signal which describes a trapezoid and feeds into the ring generator 890
which creates a high voltage signal representing that pulse width modulated
20  signal.

Information being provided to TIUA 880 from the BNUCC 800 is
provided over bus 882A, which is a four conductor bus and carries the signals
indicated in Figure 7 which will be described below.

In addition to the TIUA 880, each UVG card also includes a

25  microcontroller and SRAM. For UVG card 140A, these are indicated
respectively by reference characters 884 and 887. Circuit diagrams for the
microcontroller 884 and SRAM 887 are illustrated in Figure 17 microcontroller
884 may be implemented using generally available products such as lfor example
a Motorola 68HC11D3 microcontroller which is the device illustrated in Figure

30 17. Alsoillustrated in Figure 17 is SRAM 887 which in this embodiment is a
32K x 8 SRAM. A suitable SRAM for this purpose is an Integrated Device

-13-



The outputs from DSLAC device 900A/B in the i nputs to subscri ber 1ine

I nterface ¢l | 906A and 906B ar ¢ 4] gures F
Subscri ber%‘#%@#ﬁ% erface circuits Jgké ﬁ%%g e i nprenen?ﬁ@gm‘s
utilizi ng commer cially avail abl e de t he dvanced M cro

B Thévadds QT aoussen

Devi ces' pr odufechnelvgy SRAMiBnoted DT

subscri ber line interface ci rcw is descrJibed i e 1-141
Chrough 1. 156 Srvics Beving dhe aaied e GRerisn Ty Hbos s ﬁ%ﬁ%m 10,
i ssue dat e: Decenber inits
entirety. CGrcuits 3%%%‘1” :?@906 bgrdggféﬁ?d&gdra%fﬁgdﬁhiﬁﬁﬁ?ggﬁ %@@A

respectively, sghtasfthasdiiustateddn Rigute Eh 'Hmsdwuauﬁuistﬂatadenﬁgmie h%:nmyé)esvm tch

i ndi cated at 910A and 910B. respective]y to provide POTS service to lines
260A and 260B. purchase frome Ki gaqu@ra«aﬁxﬁc{ewealh@gﬁ@d%ﬁw 1&bringa %31 ced to
t he subscri ber ‘?0 whi ch shall be programmed to provide 22 mA out to a -
TER of 450[errf1 (g ven the tol erances of the SLIC current feed, this wll

guarant ee 20mA of Im@EEpRmnhhhzdaaﬁlme%&aedﬁﬁyme%ﬁxaﬁplmwse and
ring trip detection, tip and ring polarity reversals, provides ring relay

drivers and pr devicefom domipplierysuchvas Atme on §GSHhomson) NatwonalSemiconductnt
battery vol tage use ch G card 140A- 140D uses two different
sbichgndlstried i

battery vol t ag®dy fate y (ldle) state, and one for the Active
state; thisyresults Jm“(}ﬂ“?@é?féﬁft@'lﬁ IRRNEd SR i oy cuit
than if only one batter?/g tage were tlee eTheP (ol a SO pel}(%t%’retr}r%i -4 wire

VF coupl i ng. Tﬂﬁalrsabm‘ber Jrie-abifliosprgeesbing mrcmpd&wcteouﬂhaataﬂrlgn‘bfesmm ng node

{RSN, current gal along with a DC feedback voltage fromthe Ii ne '
drivers. The ¢ araq}s@ ,A@gggoupledto TIUA 880. Device 900A/B converts the PCM

PCT] US98/ 00990 signals rede /A 3T TROA B8 oV iadgb BPh R d Sg ot 0 £ D

DSLACl err]'s dé ransm ernal to each
SLIC, there issgbscAbét lﬁiéfiﬁteﬂﬁcedﬁ*cﬁﬁ:ii@lﬁlcaﬁd%QOGAaK@S’OGB whidleviitber and a
conparator for ring trip detection. The output of t hese detectors is 5

combi ned i 1% er-descriped belpwr Revice H0HAB magrballmpfpﬁ@n@émﬁhéma@nﬁctor i s

sel ected via ontt ead ese | eads
2 o det et m ne PREEIARCRsAble of8fy Sjon 154 S GoAape f M BT T2 o
001}, polarity déﬁ'dté'd #R| Am79¢03P HivaRbedNIRr& Devices uses tHeltEkth PREA P hehi T ed.
See Tabl e 1. Table 2: SLIC Control States

| DET OUTPUT trademarkffor mleal subGtriber line a@lib GrasEssiitg circuit devices. Hforl

E1=0 0 T Ri Tr Ri
Trip 0 conveglence the term DS%E(ﬁl&lwe when referring tﬁé:?r%xi{c éb(?A/B Ther; ngng
Trip 20  Advanced Micro Devices AM79C031 device is described in detail on pages 2-73

through 2-116 of its data book Publication No. 09875, Rev. G: Amendment 10,
issue date December 1994, which is incorporated herein by reference in its . -
entirety. An alternate-design choice for a dual audio line subscriber audio circuit
is the Siemens SiCoFi device.

25 DSLAC™ device 900A/B utilizes a simple 4-wire PCM interface for
audio and a second 4-wire serial command interface for programming, and SLIC
control/status. TIUA 880 provides all the PCM and Control interface signals
with the control and status information being available through registers.

As illustrated in Figure 5C, the PCM interface consists of the two PCM

'30  highway signals indicated as PCMUP and PCMDN, a 4.096MHz clock indicated
as PCMCLKBUF, and a frame sync indicated as PCMFS. The frame sync signal
is a Start of Frame indicator, and DSLAC™ device 500A/B pro v1des a T1me Slot

-14-
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0 1 0 ACTI VE ~Loop Det. G ound Key 0

A1 0 9§i3kIPCK Loop Det. Ground Key PCT/US98/00990 -
TRANS. [OHT] 1 0 0 TI P OPEN Loop Det .
G ound Ke 1 ; 1. . STANDBY L Det .

G ound Ke)}i Assignment Circucl)tlwnh proUiLsmnal reg&rfg/@[)ga_w for full prograypmapty-
Ground Key ™ devi lows oY BPFR-7 clock delays inleither the 1
OHT POL The DLS(%})C Dedte?'lce 900A/gr %llsj?] gl cl)< 5 B clock delays in‘eithe

REVERSE transmit or retéive BCM;aged fetonfirztibe withethe byte @pient®d (RSAQ this

(measures sumof current in 15 Tip and Ring | eads) and a G qund Key
Det ect or ( nmeas aHews furansegrammable bit-pfget of the &Mﬂgbp jyections, relativeto " T

batteries are proyided for LI ne for -hoo i1 .

(appr oxi mat 2l y%%%gwkﬁn@?%eéﬁeﬁé?&oﬁ a%faf"?%(%{)&% ne S*l éoénegﬂfdata link
(appr oxi mat el y yis microconfr¥lér 884 Ha8 TRUIA'®EYY reason for having the hi gher
battery voltage 1 n the on-hook 20 condition is for-conpatibility to the

Mechani zed Loop TestA paptfol itdEfice is used ferpicqmbinatiorhefireal+ime and nomteaBe| |

ti Co [ oo t he BN . . .
?ﬁ?t ating rrpi%i?rl1t:ei%:t'tgjnsnea’fion.nA‘c staelrtup,lft is used to configure the D_SEé_CT” dgwﬁef eirelit o as

illustrated in g5 hSp I ' o] VAR TY L g bet ween
the Two bat tery A s Sutrmkl DSe: PRHLERERIL RRTRR A b andtobg bl Fih s
| ogi ¢ hi gh; gnabipbrgriateaestions 0fthe DSLACH devivk. Drkriry callk,dhisenedtd segtrohe

of f-hook battery. . M crocontroller 884 controls A, C2, C3, and BSW
si gnal s t hr ougteontrel Witsp SEIGA BRI NJCeBr | device 900 A/B. The | DET out put

fromthe SLIC 906A B will read via. tus _regi NP 8

Ther_e are three rela %WHE%B*@F%CRWE?ﬁégH %ﬁ%éﬁg‘%@égﬂlg %ikog@ppﬁg&are
provi ded by a Ligqab chipdRetsQ0¥ns Rl esehsdhahfel! MdtipleMBICAC®tevitelchaiiehs SA
and 5C by Lucent Techndl ogy part nunber 7583, which aré discussed in the

description of dahéelaildmessedationtine by sofivating snyltiplas)S Radysimnlargooddly. Each
SLIC has two built-in relay drjvers avail ab] e. e is contrgl.led the Cl
- C3 contr oft5bi tfgl}esﬁ}‘?édﬁ e goptroll RFEeFon lglﬁsgbﬂj%af‘?gl ‘F‘Té""&}l @q\ﬁ ate
(CSC2CL = 001) . ggfng: ;agaggse RaSor, Gty 8h&DBLAH 4Blict Bdthel fla} Bereal hanyB0t h

drivers are essenftia
time.

All commands written to the DSLAC™ device which require additional
bytes to be input must have those bytes sent as the next N bytes. Any command
20  which expects to see data output from the DSLAC™ device must see those bytes
as the next N bytes on the interface. No further input command bytes will be
accepted by the DSLAC™ device until all N bytes have been output by the
DSLAC™ device. See the AMD data sheet for a description of the valid
DSLAC™ device commands. Note that not all commands have additional bytes
25  associated with them. In general, write commands are at even command values,
and read commands are at odd command value within the DSLAC™ device
circuit 900A/B.
The DSLAC™ device provides 5 general purpose I/O pins to control the
- SLIC functions. These pins are accessed through the serial interface. All five
30 pins can be provisioned as either inputs (default at reset) or outputs. The
mapping of the C bits from DSLAC™ device 900A/B to the input pins on SLIC A
906A and SLIC B 906B is shown in Table 2. All five pins are used as outputs.
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collector.NPN transistors, with a 7.2V zener diode snubber to ground for
protection_agai back EI\/FfromEI\/R coils. Duetoapolarl

the Ring RYY (g ’:Hs#s(/er ‘out put, the Ring Rel ay in the LCAS |si‘§}ﬂi§gﬂ&éﬁqectly
from TI UA 880. The ring trip circuit is conposed of a conparator in
the associated SLIC which senses the current through a 100[err] ringing
feed resistor. It uses a pair of RC netwo S across the i
conparator which filter out the AC portlé € the ri ngi ng fs SHEETHMAS BEEN
conparator input (DA) on the nore positive side of the ri |ng BERLrA@gDvm

be nore positive than the i npuDSLAB™ Devich€ontroElnterfazei ve si de or—the —J
ri ngi ng souwsce for an on-hook lIine. Wen the line goes of f - hook, the

vol t age at rer s TeatiTvety-Tonstant jand-tThe Vot rage at DA drops |so
that the diffefence BPLAGE Payce dignalges rjver ses poiihr %rgtromaﬁt he

conpar at or out | rfng 4 s
required to prptect agai nsel&Kort “transients on I DET V\#I n swtching .

ringing on or bff; this neé§24&quire a routfine in the so€2ware to
conpletely ignpre the | DETC3AMnal |ead for{ as mich as 508sec foll owing the
renoval of rinfing, in ord@4A/tB) al l ow t he lenergy stored8SWwh the |ine and

ringer s to WO 98/ 34 ' E1l

PCT/ US98/ 00990 di-sc ﬁ”m The +ingltrip—conrparator—-s aut-orati-dal | y
switched in and out of the circuit by the SLIC, based upon the status
of the control |eads. Ext ernal conponents are used in

connection with each,SLI é}gﬁ) vel ,of e
constant current so m&%ﬁ%@ﬁ?@@mgqxﬁ%% tﬁ%&’?&% PS“bscg{)er val ue of
the I oop curr e%ﬂﬂ&ﬁ%&hﬂ&%s&%ﬁ@@h aﬁé'ﬂrl.@ﬂﬁteé WiaAres 5AYEBUnd!sevel s
deternmined by two resistors, RDCL and RDC2. These resistor$ are connected

bet ween t heo RSIS&bRHBephmmtmfacmanﬁi[tb 806A'Iaad B%B may Heamgplemientadi wtilzingduces a
vol tage of 2.5V at RDC

2.5V for nor 0 d +2. 5V for reverse
pol arity}. The cemﬁﬁlh;%‘(ﬁélﬁblséﬁiaffs% e f‘é{é’ ded Wisre BF‘éwﬁPeP@deed by
(2.5 * 200) ( ROCHO% ARBYOP THE Nvanced Micgo Devices 4op1540 sybsgilsr i %2l 1
11. 3 Kohns wi | linteffavs deeuit is descn@ﬁn duﬂaﬂ&hqiagesZQm ﬂ:frotig(hdpliﬂﬂiﬂ' their data
A capacitor (CDC) connected tao point of the two RDC resistors 15

control s the s;b@@lﬁpﬁbh%ﬁpéﬁ 118%7 ﬁmﬁewméwnbm desue dateddacember 1994, changes

in the No) or
when sui t chPng T Bebrboratel By ptEnechiE iR i biudl. Rl DA BUE DO ™ |
ring trip, whenrd iRis@ated BfFlFﬁﬁ§§|Ala§d 5B res ecﬁvely,reacﬁ AmsHbhisH witham an open
| oop condition to a closed l'oop feed con |t|on Accor di ng to AMD,

this capacitor assnsidted line Qard)@éﬂssssmﬂqhumatttdﬁ ﬁlﬂmnd&h%amectmyto produced

by CDC and RDCl/ R c. This equates to a
0.27[err]F capé’é?‘f[)gzpb%s WeRice o Thes éh@e“f%@%et ector trip threshold is set
by resistor Rd. The f3h&INC BAsvides a constant current battery feed to the subscriber loop,

20  which shall be programmed to provide 22 mA out to a TER of 450Q2 (given the

tolerances of the SLIC current feed, this will guarantee 20mA of loop current).
Each SLIC also performs loop sense and ring trip detection, tip and ring polarity
reversals, provides ring relay drivers and provides a battery switch function to
allow two different ba'ttery voltages to be used. Each UVG card 140A-140D uses
25  two different battery voltages, one for the Standby (Idle) state, and one for the
Active state; this results in a lower overall power consumption for the circuit than
_if only one battery voltage were used. The SLIC also performs 2-4 wire VF
coupling. The receive (D-A) signal is input to a current summing node {RSN,
current gain = 00}, along with a DC feedback voltage from the line drivers. The
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current output which is equal to the |oop current divided by 292; the
I nt er nal %98!34@@ ector has a threshold set to 1.25V by_ anm[ggmadggg

r ef er ence. e voltage at the 25 RD pin is therefore equal to the
current tines Rd: err]/292)*Rd =
1. 25 transmit signal Vtx is coupled directly into the DSLAC“"@rdeglch u'anlm.tz )

Rd 365/I[err%ﬁ " A capacitor Cd may be added to pI’OVI de sone
delayln on-h lf%eoff- 30 hook tinme in order to partially filter

swi tching transi entmteraﬂdobﬁcﬁsmb;&ie!rens@hespmnemdetectbnrag@oﬁums@c of del ay.
However, no capacitor is used on the TIU RD | ead_ si nce | DET
filtering i s bdétegjomand\a epeapatsterfanring trip detection. The output of these detectors is

-19-

appr eci at ed bycombinpdintemally te;faum thedDET signal, The a‘gﬁ’eé&eﬂoﬁ & %ee&?cﬁsvé%ne
(LCAS) circuitge Qﬁb ébl 0B dnASRER 1043! hRSeleatisfisd Rttt B Hateof 506
and SLIC B 906B t0 -subscriber 1ines 260A and 260B respectively. LCAS 910A
and 910B may btheiritig relugritioer {IRimging'ostate, 101 $ypdlarity aeeirdal iipeopeiny entipt and .such
as that from AT&T and |nd| cat ed tf) {)art nunber ATTL7583 (which is shown.in
schematics of HHQQP@ECIB‘Nﬂ 2 See Table L. There are three functions in the WG
circuit 812 that require relay operations: one is ringing, and the other
two are to provide Test-In and T, he CIRCU T and the DROP.
The LCAS c3r‘fcw ts provides all ﬁglélggdisﬁﬁgg"é’%ﬁolggf Sf unct i ons, pl us
built-in SLIC protection, current limting The
ring relay portion of the LCAS al so prowde ch
mechanismon r O = need—for externa f‘ll"f‘Lllfl"\Lfo
performthis fuggi TlnlrrEzlellrrpuIse ndi]s-@vmthnn
the system - dﬁ ' . and
renoved at a zpro ¢ur® ent Orossi)PEMQIRCAETsatlsngél'riWe zeroRdngTriplt

turn-of f requi t—dge—to towtevei of—the gl g valjue used,_ . t1he
zer o-vol t age tJrﬂ-gpn 0s [nol ab crRNGWGas {he BWEtHUr rqnt RiBGIHPT .
In the talk stptg, [the OQCAS pyovl roxi mat.el [ err maei ghed
| npedance intojthe tig andgran Igggg%%?'hi S 'Iﬁo%elﬁ '[to Ll’g%ﬂ)] &lg
current limt|ng florythe $LIC &' Volit agrEeNEREY! I Nt
condition on the |ljine. |By COMTRA&I\L ?Oﬁgﬁ order and timjng of operatipn of
the control leads fio th | CAS, €l hef ore- break lor

br eak- bef or e- m;lf@ gpegatfi op chn bep ERENNP! i Sheggo Tﬁ)& 0¥/ cq}rdumdsKeper at ed
f

i n t he br eak_ b or4 nale mdo: Tk\n [l f"I\C nv- o doo ooy ar nr ot n“t I on

TTEXIN O TTOoOC TG L' |JI UVIT UCLO SO VOl (AI I AW 2 Wl vy
functions. Thejswi tjches il dylSéi‘mIéEBNy currehmoplDent tio eﬂroundﬂe}BA for a

fast |ightni ngfsurge—and—tirerat
11 1] 0 | ACTIVEPOL Loop Det. Ground Key
REVERSE
1 1 1 OHT POL Loop Det. Ground Key
REVERSE

The E1 lead selects between a Loop Detector (measures sum of current in
15 Tip and Ring leads) and a Ground Key Detector (measures current only in the
Ring lead).

Two batteries are provided for the SLIC, one for on-hook conditions
(approximately -50Vdc), and the other for off-hook conditions (approximately
-24Vdc). The primary reason for having the higher batter3; voltage in the on-hook

20 condition is for compatibility to the Mechanized Loop Testing ("MLT")
equipment that the regional Bell Operating Companies use. In the BNU

-17-



250mA during a slower power cross condition. During an extended power
cross, th | es W Il open conpletely and enter thernal A de.
In additioﬁf’&%‘g&ode bridge offers tertiary protection by Bra?)glélgﬁ%xggs(;nrgll
overvoltage conditions to ground and battery and high-current overvoltage
condi tions to gpphivatibn as illustrated ih Figuent thipreguementadoeOAs apply. dbvitching ed vi a

the Testin, Testout, and , Ringi control Jeads. e.si gnal 111, be
driven from a abwesnsthe fug qutqg? VPIREEH I controhq@%gﬁ;e%& in'on the SLIC, with

PCT/ US98/ 00990 oy ; ﬁﬂ’gﬁg : [oX1ihd e TIU
card; each LCA %g:shlgﬁ Eﬁ%lﬁg{ﬂ% aﬁgg%%l%tﬁg atc a%%‘ﬁ°5‘f %asg}ﬁ%ﬂ]t%%fgﬁwcgtqch S

control l ed by sdteryR YLNSEL si gnal s fromthe TIUA. The follow ng table
shows the relationship of the control inputs to the switch states. 5
Whsignals thro C

Table 3 5 Li nMigoeentroller 884 contrals CIpG3rC3, anddBS

st Mo >t G of BRLACM device 900 A/B. The'HEY Sutpolfim ¢S11C 06am wint S L
ch ch i SWhth6 Reoister in TIUA®gOTal k0 O 0 5V/

n Gp b yiad Wbl istr i T

Fl oat Test There are(three rélay functidng in th&UMG circudl, these functi@ifsfare O f

n Of f . t . Test 0
5V 0 provided by adpycent Techpglogy solid,state relay i@?i?cated ipFigures SA am{ 3B

O f

0 SVIF1 6¥ the line carduccess switkHes (LCAS) 910A afd 910B. Each SLIC has two
oat Alll of 5V 0 . 5V _5VIFL O f of  Of
O f O f built-in relay drivers available. One is controlled by ghg C1-C3 control bisgand 5V

oat Tes : f Ne: ey
10 C{H hﬂéent Teamolort\// part mithber 7@4/, géxtlch argdfscus&?%'xl tlrllca descg&on 0

5V 0 . 5V/E1 f g _ Ri ngi ng
Vo Tbssqctﬁvatfa%v%n the SLICH in the BINGING stff foacal= oy, The™ 291
On O second Rag'Wieparate control input to the SLIC. Both@@#vers are esserfiially @bep
Al Of X X X ov O f O f O f O f O f

15 collector NPN transistors, with a 7.2V zener diode snubber to ground for
protection against b'acic EMF from EMR coils. Due to a polarity mismatch in the
Ring Relay driver output, the Ring Relay in the LCAS is driven directly from
TIUA 880.
The ring trip circuit is composed of a comparétor in the associated SLIC
20  which senses the current through a 100Q ringing feed resistor. It uses a pair of
RC networks across the inputs to the comparator which filter out the AC portion
of the ringing signal. The comparator input (DA) on the more positive side of the
ringing source will be more positive than the input (DB) on the more negative
side of the ringing source for an on-hook line. When the line goes off-hook, the
25  voltage at DB remains relatively constant and the voltage at DA drops so that the
difference of the two vo-ltages reverses polarity and the comparator output
changes from high to low. |
Additional filtering is required to protect against short transients on IDET
when switching ringing on or off; this may require a routine in the software to
30 completely ignore the IDET signal lead for as much as 50msec following the

removal of ringing, in order to allow the energy stored in the line and ringer s to
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10 A transi ent over-voltage protector 918A is used to protect the-
LCAS 910A w(?98/343§8r om excessive vol tages. Simlarly, over-vetirameseuoss ect or.
918B is used to protect LCAS 910B. A suitable design choice for the

transient over-voltage = . . protectors 918A . .a B.i he Teccor ,P2103 200
V Sidactor.  discharge. The ring t5psomparaterds §‘t‘t8F1a§9”3ﬂ( %@F‘iwm‘g\ﬂtthe .
resistors, one in.serje it | ' A and one in series
with the ring fﬁ)"ulfﬁ%@e§é§§’ %%‘ﬁp#ﬂo@gﬁé’é}s off(%}-}lgn?dnwﬁeg&s?he tw sted pair
drop cabl e 260A. Thexldri chapehenesirs igddsin eonneetibe with@ace SLIC® program  UVG

circuit fromovervoltages, in particular overvoltages due to |ightning
strikes. Thi cktte dutpusrievel ofthe gorbtany clusens spurge ard alsp ta-ge8 thercyrrgntdedeciipni cal | y

gzgf on 9208 ﬁg&&%&%ﬁ{gﬁp?ﬁ Surfihe S5 TR costan! SirteR Sub@R il 14V ' e ! eed
WD 98/ 34388 i istors, RDC1 and RDC2. These resistors are connected '
PCT/ US98/ 00990determmedtbﬁitv(\:’ﬂr?sllIonr15’r esli stagr on a cgrs?im-c substrate. As- :
di scl osed in Fipgtieen the REN& RBEins on the SEECt Tha bakaP féadivirchit psodutesdie same

construction as 920A) is used for |ine 260B. ) A gas tube or
carbon bl ock dewltage ¢fi2.3Yiat RPEM-38Y foynormal pelagity gpd +2.5V f%'b‘ﬁ?‘ifﬁ%t ion with

pr ovi de. over - v BPERRY-pr B EepEl Elofipyt bY 8 ed (REX EIRRBERARI IS o

resi st anceq guchofif\dingirflafidithipyent of a lightning strike the voltage at the
prem ses wll remain sufficiently high to activate the gas tube or

carbon bl ock in addition Tieep a€2-F VROOHRPEANRBRR) over - vol t age
protector 918. . NG opnect or | | ow. connection of the
UG card to backpl arMﬂ?BgRq(#ym{kz’f’ @b‘éf) ilgﬁﬁﬁﬁtf}?/?”\éyépﬁogh ectivity to
t he BNUCC 800. £l LWRESr connects 808 provide connections to
a nunber of si g%gf‘oé‘ﬂ?ﬁ%ﬁu |ngodz§togc buses which contain

t el ecomuni cati ons datapacitor DG onhestad athewid-pant obihe twb RDC resistors

information fromthe BDT 100 or, t he BNUCC. 800, and powe d groupd for the
WG card i L5el fecontpols the speed at whigh thebattery feed girqudt rﬁa‘{%ﬁﬂ a%ggs Be for a

3x32 European DI N %1 %%megéap i{ssudé Pé\@ﬁﬁ& ﬁcﬂ@:lit?‘areirb?fa‘j’s;fo%vhk gw%%ﬁgﬂl

connect or 860. CBhector 'ustrated schemati c y in
Figure 15. the Ringing state to the Active state after a ring trip, when the current feed is

trying to switch from an open loop condition to a closed loop feed cdndition.}
According to AMD, this capacitor should be chosen such that the time constant
20 produced by CDC and RDC1/RDC?2 is approximately 1.5 msec. This equates to
a 0.27pF capacitor. |
The loop detector trip threshold is set by resistor Rd. The RD pin has a
current output which is equal to the loop current divided by 292; the internal
detector has a threshold set to 1.25V by an internal reference. The voltage at the
25 RD pin is therefore equal to the current times Rd:
 prea/292)*Rd = 125
or
Rd =365/ resn
A capacitor Cd may be added to provide some delay in on-hook to off-
30  hook time in order to partially filter switching transients, and is typically chosen
for 0.5 msec of delay. However, no capacitor is used on the TIU RD lead since

IDET filtering is being provided elsewhere.

-19-



Pg’ Uso8/ 0&383? ?;i: > N S}EEEJAHAS BEEN bl € 4 permuses
Pi n Connecti onsB? or WG card connect or. 868 E CED &‘8%&
ROW B ROW C.

VCC Pre[err]
G\D

4

G\D

10

15

20

25

30

Asyaill be appreciated lzy reference to Flnggp\@)and Figures S5A and 5B;ND[ err]

TCL]-}@" card accessYBBAS) &_}(Btﬂg r9r1PA an}@?ﬁ J:p?Béely are used to cguple

SLIC AbsA and SLIC B 906B tbWhbscriber lines 260A and 260B respectively.
LCAS 910A and 910B may be implemented using conventionally available
circuitry such as that from AT&T and indicated by part number ATTL7583
(which is shown in schematics of Figures 5A and 5B.)

There are three functions in the UVG circuit 812 that require relay |
operations: one is ringing, and the other two are to provide Test-In and Test-Out
access to the CIRCUIT and the DROP. The LCAS circuits provides all three of
these relay functions, plus built-in SLIC protection, current limiting and thermal
shutdown.

The riﬁg relay portion of the LCAS also provides a zero-cutrent cross
switch mechanism on release. This eliminates the need for external circuitry to
perform this function, and shouid serve to minimize impulse noise within the
system. Ideally, ringing should be applied at a zero-voltage cross, and removed
at a zero current cross. The LCAS satisfies the zero-current turn-off requirement;
due to low level of the ringing value used, the zero-voltage turn-on is not as
critical as the zero-current turn-off.

In the talk state, the LCAS provides approximately 20Q of matched
impedance into the tip and ring leads. This will tend to provide some current
limiting for the SLIC in the event of an overvoltage/overcurrent condition on the
line. By controlling the order and timing of operation of the control leads to the
LCAS, either make-before-break or break-before-make operation can be
accomplished. The UVG card is operated in the break-before-make mode.

The LCAS provides sevefal protection functions. The switches will
dynamically current limit to about 2.5A for a fast lightning surge and thermally to
250mA during a slower power cross condition. During an extended power cross,
the switches will open completely and enter thermal shutdown mo&e. In addition,
a diode bridge offers tertiary protection bﬁr bridging small overvoltage conditions
to ground and battery and high-current overvoltage conditions to ground.

The functions of the LCAS are controlled via the Testin, Testout, and

Ringing control leads. These signals will be driven from a control register in the

~20-
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6 BpRst * G\D 7 G\D 8
VAA WO 98/3438\A_Pre[err] VAA - 9 PCT/USSHID0990 -
G\D U END 10 VEE " VEE Preferr]
VEE 12 \[B ' .VBE1 err
VBB1 %@A ASIC and aggeoynmon to all six I?’i}le%gx_eﬂ céﬂllrcp,]eac I:ErApé *{7@@12 |
14 BRAD: . e s . . .
QNRhsparent latch built-in, Bi&N@i€Tatdh is controlled BN RLYLNSEL sibnals
. 16 cparent D ontrolled ¥ ol
17 RGHom the TTUA. The following table shows the relatigaisigp of the control @iputs
19 TIT . TIR 20
TOT to the switch states. TR 21 _ 2
.- 22 TIP A RING A
23 > 24 TI PB Table 3 RING B
25 26 TP C RING-C
27 28 LineState | RING |TIEPD| TEST- | TSD | BREAK Isling | Test-In | TestiQuNG Ring
_ _ Input | TIN ouT Swit wit Swit Swit Test
Pé—:lg-/ uUsos/ 00\9/\19:)0 8/ 34383 Input Input BOMA ch ch ch ch Switch
ROW C ek | 0 0 ®0| sww | on |Tom E off off | off | --
RI NG E 31 - Float '

Test Out 0 0 5V 5V/FL off Off Off On Off
oat .

TestIn 0 5V. 0 SV/Fl Off Off On Off Off
oat '
Test In/ 0 5V 5V 5V/F] Off Off On On Off
Out : oat .
Ringing 5V 0 0 5V/F] Off On Off Ooff off

oat

All Off 5v 0 5v 5V/Fl Off Off Ooff | Off Off
oat

Test 5v 5V 0 SV/F1 Off Off Off Off On

Ringing _ oat '

Test 5V 5v 5V SV/FI Off Off Off On On
Ringing oat
& drop )

All Off X X X ov Off Off Off Off Off

10 A transient over-voltage protector 918A is used to protect the LCAS 910A
from excessive voltages. Similarly, over-voltage protector 918B is used to
protect LCAS 910B. A suitable design choice for the transient over-voltage
protectors 918A and B is the Teccor P2103 200 V Sidactor.

Protector resistor 920A consists of two resistors, one in series with the tip

15 (T) line 266A and one in series with the ring (R) line 268A which together form
the twisted pair drop cable 260A. The line feed resistors serve to protect the
UVG circuit from overvoltages, in particular overvoltages due to lightning
strikes. Thick film or wirewound fusible protection resistors are typically used.

A suitable design choice for a line feed resistor in line feed section 920A is a 50Q
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32 . TIP F --- RI NG F

Superscrip. D’l!!?g&rsr]) above indicates a First Level- Contact M-e pin.
Pin Rem)veg’ ' TI UA 880 may be i npl-enented utll' rz%br?gl; afield

programmabl e gate array (FPGA). In the system described herein, TIUA

880 is i npl endhickflmuediston ona eeramic substoats. | AscdiselogrsriaFigne AR fsed 0TQL44

chip which is illusinated.i,n Figure 18. [t .10 .1 of .cqur e
recogni zed th&f f((f"g‘fﬁh&? ﬂg M ?té%asr%?\xgés used for %ﬁoﬁmd in
practicing the pr 90 Pis tubY 614k blddldevice a’?ﬁle%éﬁ%%ﬂ‘fﬂsh?e&ﬁe si gnal
nanme in, nunber of prns, and explanatory notes in a description of the

signal s conjeheticxdwith thehtmngient over-¥8itage protector 918 and line feed sectionto
Table 5 Si gnal Pi n# I ns Not e
Ke) 5 proviéfeg\zﬁrTv%?tpgﬁprotecﬁon. Lipg?gr% section 920 presents suﬁicﬁant 1 BB

(()l nd.iU\F/) ;s Ej L : ?;n I@@@fé’e'.ls%%a{ f th'Svent of a lightning strjke the voltage,at the prenises

cl ock @ 4. 096 Mifl remain sufficiently high to activate the gas tube or carbon block in addition

TDM bus

( Conmon) TDMDD 1 BB | Downstream
TDM seri al datte agtizating transient over-voltage protector 918.
(I ndi vi dual ) TDM bus

control (Comon) U'Jal\égrg]‘ﬁgﬂgctors 860 allow connectilm of the U\ﬁg cétrdBtg bacl:kplanel TDM

Conposi t €1 §Y NGniefedAREE 808 which BIF\{/)S?}&P cbnnectivity to the BNUCC 800. The backéﬁﬁie /0
TDM Spare 1 ( Conmon) TDVBP2 1 B /O

TDM Spare 2 ( Goteroonhects 808 providk vomsi@Etions to a number of signals ificluding dafaY @)
Sel ect for six relays, sharji

1.6
conmon dat a b ses which contﬂg?p%pc?@mmunicaﬁogms dal]a for subscribers as wellag control
Test in relay iﬁﬂ)ﬁ?xﬁ’%n fbAnAL BDT 100 or the BNUCC 800, and power and ground for the
(Common to relays -
UVG card itself.
15 Table 4 illustrates a typical pin usage for a 3x32 European DIN connector
which can be used for the UVG card connector 860. Connector 860 is also

illustrated schematically in Figure 15.
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- 24- WO 98/ 34388
PCT/ US98/ OQ%C) Si gnal Nane Pi n pfrruse ins
Mot 0| QB Descri pt i on RLYTOUT siodsed " S
RY O Test Qut relay. control signal
(Common to rel ays) RLYRNG 1 RY O
Ring relay control signal
(Comon to rel ays) PCIVDU Table 4 1 CD I
Data Up from DSLAC[ err] devices .
( Conmon) PCVDD Pin Connections for UVG gard connectqr§60 O Data
Down to DSBAC[ err] devices :
( Conmon) PCVFS CD Frlame
Sync for PCM Qug, po koW A - ROW B ! RO(‘Y)@ o)
A ock for PCMjbus., CApE VCC Pre! 1 veccD /O
Codec Data | n/pQut CO-CS — - Cb- - @)
Chip Select fqr Cotlec GHD6] * GND GND
programm ng: ActTvetow FOET™ 1 0 :
I | Detect |signils flromth¥PBL| cs VPP_Be R\EDPD
1 PWM si for Ring Gepgylator - TDD
20 Hz Trapezoild P RNGEN 1 o]
An active |low|contsol 9gignal GND TFs TUD
poweri ng down fthe—rmger L,iILL!i'L;k EED
EE | EEPROM Ddt a_i nBpRst EEDO G .
EE O EP Datla out EE CLK __ — 1
EE O BER conmuni cafi ons. clagk EE
1 EE g0 EEPROVAghi p sellect yaat Pt hi gh) VAA
9 GND GND GND
10 _VEE VEE_Pre' VEE
11
12 VBB1 VBBI1_Pre' VBBI
13 VBB2 VBB2_Pre' VBB2
14 BGND BGND' BGND
15 —
16 FGND FGND FGND
17 RGND - VRNG
18
19 TIT - TIR
20 - TOT TOR
21
22 TIP A - RING A
23
24 TIPB -— RING B
25 - -
26 TIPC - RING C
27
28 TIP D RING D
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RST* 1 /0O Reset for TI UA.

RST - 1 o | nverte

P_ADDH WO 98/34388 8 P 'I Processor a@g‘% e5959°| n _
[ 7: 0] PDATA 8 P 1/0_ _Processor
‘data i'n/ out [ 7: q] ROWAPCLK ROW B wac P

I Processori_clock 2-AD0) 2 - O
Processor Low |or dew address byte [7:0] - ' -

for use by ot her—exterrat—devieces- PR ' I

P I Prod®ssor| Read/ Wik e si gpal —~—  P_A9 RINGE

1 P 37! Processor Address Strobe si gnaal P

1 P Q lnterrupt to PF acessar { Aclive

Low) M_O=2 TIPF I M RING Fvenor y

Qut put Enabl e ¥-Aett+ve .
Low) ' - 25- WD 98/ 34388
PCT/ US98/ 00990 Najre # Pins Not e | O

Descri ption Suparscript 1 () above mdlcates aFll'St Level Contagyjearly makepin. Menory
Wite (Active Low) --: PinRdnRived 1 M @]
Menory Chips sel ect/ (Active '

Low) VCC 12 4 core + 0 [err]

4 G\D re err] 4
L EDR . TIUA 880 flay be mpi]e%:ented utlhamg a %pto&xﬁ?xgﬂe%ate agrg when
l'i ght shoul d b@P@A). In the systeﬁﬂﬁscnbed herein, TTUA 880 is implemented utilizing a O
GREEN LED Driver - Low whe
Xilinx Corporauon FPGA 5210TQ144 chip which is illustrated in Flgure 18. It
10  will of course be recognized that FPGAs from other manufacturers may be
utilized in practicing the present invention. Table 5 below sets forth the signal

name in, number of pins, and explanatory notes in a description of the signals

related to the pin.
15 Table 5
Signal
Name Pin# # Pins Note 10 Description
TDMDU | | 1 | BB | 0 | Upstream TDM serial data bus.
(Individual)
TDMCLK 1 BB 1 TDM bus clock @ 4.096MHz
(Common)
TDMDD 1 BB I Downstream TDM serial data bus.
' {Individual)
~TDMCTL - 1 BB 1 TDM bus control (Common)
TDMFS 1 BB I TDM Composite Sync (Commen)
TDMSPI 1 BB /O | TDM Spare 1 (Common)
TDMSP2 1 BB /G | TDM Spare 2 (Common)
RLYLNSEL 6 RY 0] Select for six relays sharing a
{1:6} common data bus.
RLYTIN 1 RY O | Test in relay control signal
(Common to relays)
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LED shoul d be on. DSCKWN 1 I
CN_GND_  wo 98/34388 1 - Coi n | i ne GNPERUSHBI00990
DET - CN VLT _ O Coi n Vol tage
Sel ect T CNROLAR % Sul
Coin ti TY Signal Pol ari ty
CNVLT Name Pin # # Pins Note @ 10 (pin VO| Dg3EPtRpp|
AP TESM & yToUT 1 Ry | O (?ut relay Cofirol s
SAFE 1 I} ~apeX ror e 525
CLOCK MODE 1 z’\de__s_g_l_g_g_]
pi Nn. Processor | RUYRIG 1 RY (0] Ring relay control signal
i nternal st ate|nachine. Tot al (Common tol€lays)
In Table 5, themotatTon BBTMiIcares packpirgne s S ales | 5
DSLAC[ err] dev| BeMBgnalls, P i hdichtes pr’écess r 3@@?%‘,’@%&%??&5 '
- EEPROM 5i gnal s, _dnd M i ndi cates| nenorl si ghat’gmen _1h
addition to Tl Upcg®® a|serial |[PROM whi b nphy obe| BatXDbides DSLAC™ devices
Corporation paft nunber |XC1725¢, is ut}lized|in cbmeonon wth the
programm ng. Ths—sertat—PREVMHs—THustratedr e t7—amdTdrTatey by
10 ~ reference| 8AMFact er] 880- Al CD Ch agﬂi“ﬁﬁlﬁlﬁfqg CMib8s si gnal and
power pins set|hefipgabdve in Table 5, | Teplel o Clog(}gpﬁmﬁsndl cates the
pins required f{ ' Fong—w-h—hRersgrp—Raie:
- 20- CO_DIO 1 CD /0 } Codec Data In/Out
CO_CS 6 CD 0] Chip Select for Codec
[1:6]* programming: Active Low
IDET 6 1 I Detect signals from the SLICs
[1:6] '
RNG 1 (o] PWM signal for Ring Generator -
20 Hz Trapezoid
RNG_EN 1 o An active low control signal for
powering down the ringer circuit.
EE_DI 1 EE 1 EEPROM Data in
EE_DO 1 EE 8] EEPROM Data out
EE_CLK 1 EE | O | EEPROM communications clock.
EE CS 1 EE 0] EEPROM chip select (active high)
RST* 1 /O | Reset for TIUA.
RST_ 1 o Inverted Reset
P_ADDH 8 P I Processor address in
[7:0]
P DATA 8 P I/0 | Processor data in/out
[7:0]
PCLK 1 P 1 Processor clock
P_ADDL 8 P 0] Processor Low order address byte
[7:0] for use by other external devices.
P RW 1 P I Processor Read/Write signal
P_AS 1 P 1 Processor Address Strobe signal
P_INT* 1 P 0 Interrupt to Processor {Active
Low)
M _OE* 1 M o) Memory Output Enable (Active
Low)
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WD 98/ 34388 .
- PCT/ US98/ 08&? The table also includes a descriptionggins Eﬁ
progranmm n 'on bei ng performed as well ‘as whet fger e pinis
an i nput/output or_ both.

Table 6 Signal 9NAI Nar Pin # | O

Descri ption Name PﬂOGpm# # Pins Note 74 10 | / O Descriptidd i Ng thils | ow
starts a progr :

i nternal pull i s{ not needed fol p¥wej p | Memory Write (Active Low)
configuration, ema XiTTax wiIT autgmafr call

| oad on power - Mg—é‘%; m ght ber‘useflul Eio @on hect i % SgryChlpsselew(Amve

the HC1l1l, ho not necessarhs N K 107 @)
This is the cl ovzdz'cfor dpwnl oaoﬁ ngiz It {shoul d e |4core+0+4

connected to tjrePROW DN ﬁq)5 | er i al
data in from thENPROV DONE | 1 J4copF0+4 1LO__ High
state indicat gs;dggi shefl progriammyng. JAs an| o | REDLED Driver - Low when

input it is capable of ¢elaying the pf ogr anﬁn Ng | light should be on.
process. This prHa—shottf—be—eonrectetito—the—t+ow
II

asserting chip B®ct of the HROM! Nf T | GREEN LED Driver - Low syhjen
/0O An extefrnal pulljup resfstor ig reco nddd-EPsRouldhe en.

pi n(5k). This pgimakNn! oy i ndi clat eg an({error [ocgurred

during | oad. |t—eahr—be—tonrnrected—to—-tHe—res¢t—pri—of

the PROM in ordéx CtND_st hrt t hel addresd countlerl ov&omlmeGNDDetect MO, ML, M2

36, 34, | | DEThese are node pins which get tHe Xilinx chip for

48 I.ch type of{ download 1s o be I rial -

mast er node .thegff ﬁsh)uld be grmnded. | f th?lj)s ‘{ﬁ;ﬂ@ohfé%s&&

node is used f L-al—dolwlgad tthentHese—gan

be hardw red. | CN_POLARI | HDC 1 4D | Cointi O Hi gh Durijng
Configuration.| This pinjcan bef used a _

regular 1/0 duf i ng normial operhtion, qr canjbe ugdglarity

for the HDC sippal,only] or nof at, all]. Thi g signal .

m ght be usefu eggpv&ofpre ﬂprocesspr flor Know ecgeéaticli‘ftmvouageApply

the current st b ASLC. LDC 44 O

H gh During CopfTEsjurati ¢n. Thip piln cgn be Ysel gsTestMode
regular 1/0 du ‘éfenor OperptTon, gr can |be ugg

for the LDC si nly] or nof at’ all|l. Thig s|grar ok Prtestmode.

m'ght be usefu he processpr for Know edge-alout

t he current stpamMoODEf t hé ASIC. 1 I Mode select pin. Processor run or
. internal state machine.

Total _ 107

In Table 5, the notation BB indicates backplane signals, CD indicates
5 DSLAC™ device signals, P indicates processor signals, EE indicates EEPROM

signals, and M indicat.es' memory signals.

In addition to TIUA 880, a serial PROM, which may be a Xilinx
Corporation part number XC17256, is utilized in connection with tﬁe '
programming. This serial PROM is illustrated in Figure 17 and indicated by

10 reference character 880-A.
In addition to the signal and power pins set forth above in Table 5, Table

6 below indicates the pins required for programming along with the signal name.
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High During Configuration. This pin can be used as
regular I/O during normal operation, or can be used
for the LDC signal only, or not at all. This signal
might be useful to the processor for knowledge about
the current state of the ASIC.

Total

10

The communications between BNUCC 800 and its associated UVG card

140A is provided over bus 882A as illustrated in the Figures 2 and 3. Referring

to Figure 3, the communication channel includes on a first lead downstream TDM

information indicated by TDMDD, providing data for the six subscriber lines.
The second channel, the upstream TDM serial bus, is indicated by TDMDU,
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corresponding to an integer nunber of clock cycles, providing in essence a
fine 30 woow3agsscontrol which can be used in conjunction mtr)usstms’hyte
timng control found in comrercially avail able DSLACs. - :
-28 - WO 98/ 343 .

PG/ US98/ 0006(FORARS Caty SR e 85 TEheSTIoFS ing Grgpits in control and queryipse 800

i s connected wht BNTICESEROTHY bR liristated Wheh TTON #86Sis not actzvelxmrﬁmigl’c&t

designed to support a maxi mum of six POTS interfaces. The seri al
TDM bus consi samo&felalscdhnaﬂowmﬁ'@rmtzlstddmkeqmahusded over 5 TDMCLK, a

comon 125-us fra nc row d over S, Lodi vi dual upstream
TDM dat a provi dedm;k)‘@’%/ : I%PFOWEW W%@%&ﬁ@?ﬁ Hs ifdigated dat a

i ded M2
Tar ks the P r oY DNELIG tis eing the mef st LR ich i SO9BNIETE VI

frame consi st sFiphlly34 spRO sign4lds plovided to THJAB80 vidthe bys indivated TDMEFS?2 channel s
(2 DSO's per channel). The first DSO in a channel is the- PCM TDM dat a

and the second DSO Thisisignalkprevidestyaghnonization betweeny TEIA880forg. The

first channel é#ook JS. rese‘é%gg811;&)50%1%uéegaﬁsas?ﬁgé?%qéﬁs%#%gnﬂg d(#31)
IS reser ed to
moni tor the peg{o] et 8ddetibesupkHamelfiacl Flg%?&'f’ﬂﬁ da%s&édngﬁla%@)syhé used

for the bus parity checking. It contains the result of a curul ative
XOR for eawh bigtindicated hyrdfcrame chitactef P3Gt Thslmqaerﬁammwd} oczuir ewery kights

Ther e are two SEREoR TFHEd SpethRine 0 ITGREIeAZY & gng;"hﬁe"t%@s
SBa”“ﬁLrﬁiérSa’f%f?@%'BZ%“%%?%‘ﬁﬁﬁﬁe A SRR TR O80T Tor

the top : frm\nekﬁmcodme(sml)w}ﬁamaueeloﬁo aid tp Stpeefiampasdd iy (JCCpr has
occurred. It is a an error occurred | ast frane. The second Msb

i ndi cat es an AwBichds MOQ/\h’%?lused herein, Sgndisrenhepdecimel. t Whenja kesedt fameat es an

ocal pr oodssofodeds FAsYRARRTHx it Wierthe It ot e Sa oot ihobibdpetin o '

upstream dat a pRbf ttRhekt!Simd. hﬁlﬂm{fgmﬁ Fige 7 iheuiteirth Wn&db@hstRiain words
The CTLI channel uses the 1-ns superfrane dinmension to create two 4-

byte messages merillematadiasbeingfinsyne, tiempsecam and dowistieemsiatascanhesuboeb

{rane, | ndi cat SOy PBapEAt e o aerameiagn b SUA, Hebasabithten’s " °
il lustrated isptRBerHPMLR k%ﬁé@@@x@iﬁe‘&g%ﬂm 1RMDD indicated by

reference character 932, e 'sync channel TDWS denoted 934 and t he
clock (TDMAK) at 97hBe aMlltymorhafze atimi®Baffset ndthebit solntidonbsrodecratherent i oned
-20-

upstream and downstream frames offers several advantages in both minimizing
transmission delay of voice signals as well as reducing the amount of memory
needed to store frames of information. By being able to provide a bit-wide offset,
it is possible to access information as soon as it arrives without buffering an
25  entire frame.
The ability to create bit resolution to decrease delays in other portions of
the system including the DSLAC.TM devices can be accomplished by placing a
byte wide register in TITUA 880 which can be programmed for a delay
corresponding to an integer number of clock cycles, providing in essence a fine
30 timing control which can be used in conjunction with the byte timing control

found in commercially available DSLACs.
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PCT/ US98/ 0 above, channel 31 which includes two cGigipgdes o
sl ot s, CTL%??QSE‘?%CTL #2 indicated in Figure 8 by reference characters
960 and 962. Frane 931 includes channels 0 to 31, in Figure 8 channel
0 bei ng i ndi cat-QUIRRN ALK ANEEMAEhar act er s 950 and 952. Simlarly,

channel 1 is inaicé - : f : : erring
to Figure 9A channgﬁgggu%gvsﬁg re%&#@%%ﬁéﬁﬁb&%ﬁis?%@M%g. be
appreci at ed t hahishegisldesined b sippokt b Aiaxémiml dfisix POTS interfaege ThOBNY ovi di ng
control signals to TIUA 880. Simlarly, referring to Figure 9B, channel 31

is also seréd TIDOM bas eersists dfranemmens4 896 Mz elnek provided averdi r ect i on.

The format for -Sstream c rol. message is,i, | us in Figqure 9C.

10" ' hsused nalMHLRE pESBRpR I falie PRASV e PV, TRV 81 AT of or 1 o
to as a %p&f‘eraﬁfmdﬁﬂm!oeﬁnmma%%&wammestream
and downstream nessagihg 1s illustrated in Figure 9D. - An
advant age of t datapeovideoveaTDMIDD: esses for upstream and downst ream

messaging is that they can be inplenented in a software, based |line 15
card in which a m c&?%?@%%ﬁ%&d%@@%ﬂcmwemmme@ﬁ are

desi gned such i e ' ' can be
used. This is %Rﬁpﬁs@ﬁ%ﬂl}g%ﬁs ort&(rzlo eg?%gsﬂ%‘ﬁqagi[#gﬁg%?%d Fi gure
9D. - Bbi Mghalpe@ it B2 thendisqR 8 Sleinnal)d The 5ias DS0af athamiey iswhe| d
have obvi ous cost advantages. 20 In a preferred enbodi nent,
downst r eam res $EH4 IV datsi and shassrondh@S0 is its aspgaiated bit{orignting signalingadbeon to
be taken, and ypstrea ies ar eper.at e Si : th stream
conmand byte pfE¥ ﬂ@%@@@ggﬁmﬂfﬁ{ @gﬁ%@%m@%&lﬁ%&n@mﬁﬂq Ssages

whi ch do not- r egudiveR feaha cérdle transmtted fromthe card repeat the

data sent in the downstreamto all ow BNUCC 800 to confirmthat the nessages

25 were properly rThedHN ebhnnel is used to monitor the performance of the link. The
- 30-

15 second DSO (sig DSO) is used for the bus parity checking. It contains the result of
a cumulative XOR for each byte in the frame. The first byte is inverted which is
equivalent to starting with all ones instead of all zeroes.

There are two control timeslots: CTL #1 and CTL #2. CTL #1 DS0 (@
channel #31 data DS0) is used to perform slow access protocol to the TTUA

20 hardware. CTL #2 DSO (@ channel #31 sig DSO0) is reserved except for the top
two MSbs. The MSb indicates if an upstream parity error has occurred. Itisa

. one if an error occurréd last frame. The second MSb indicates an AIS error when
high(on-one). The third MSb indicates an Power error when high(on-one). This
will be put in a register for the local processor to read along with the upstream

25  parity error. The upstream data carries just the message and the Parity Error bit.

The CTL1 channel uses the 1-ms superframe dimension to create two 4-
byte messages per superframe for a simple control / response protocol between
BNUCC 800 & TIU. o

Referring to Figure 8, a single frame, indicated by reference character

30 931, isillustrated. Also illustrated is the downstream data channel TDMDD
indicated by reference character 932, the sync channel TDMFS denoted 934 and
the clock (TDMCLX) at 940. Within frame 931, there is included, as mentioned
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PCT/ US98/ 0QkP6B134388 [ Uni versal Voi ce G ade card i ni tACAVUS28/0099%
A. ~ Universal Voice Gade initialization overview The basic

operation of the WG carg, 140,¢ I r FQure 10, whi ch
illustrates t °§€E’§M? Ewﬁ&c&dﬁ%iggﬁrt%n\%%g%ééﬂ%@éslg%pgﬁ% al(ig etiled s
in BNU 110A.  p@Batkd §f Ploli!§ ByrefdesidealirabRfs 960 dndi962. Feane 991 ingludes f or med
on si gha ‘?e%%m nggfrom&?ﬁe UVG card 140. A pari té byte test A4 is

performed by channel80tsCK1, 30Biguee 8 channel being indicateskhy shatgeterscor r ect .
The parity byte is .cal cul ated, fhr,ough cunul ati ve xor each byte
in the frame. 9PQand9%3 Sspﬁl@fx,gﬁamel i lﬁlﬁ&g?tf’@m\ﬂ;#{?ﬁc? %ha&fg‘ir§§$‘£?ﬂft 0
starting w.th | " ﬁgg @lhﬁn whStrehth is BBl it it s 1s i f
in a gi ve\rllmsfra 6‘a ?&f'ﬁgl?%§ es %l’t ee??gir)rgoare zerlglexcepkl’ orltwm t he
parity for thepeippydciited thaeiDS0-1trhey taised Yorf omulti:frame nressageifod prbeidinge pari ty
of the previous frane inverted. This neans that if thee?i ven parity

was (10011001 )cantrel signals tonBi A 880.t Similsglygrefripg o Bigure1 98, chanpef 3} {salso

describe this process a list of the. I parity versus data in
a frame is sho’gﬁﬁgﬁglao%gh’( -eggﬁﬁgglrhﬁlxgqpﬁ&e%ﬁ% tél;%gdeci mal and the frame
I's assumed to starttrd formet foi‘ﬁ&%p—g@één ¥@}:&éﬂirzﬂé:_ssaff is iéléxstxated in®igare 9C.

:01: 10: FF: AA Parity ) ) | f
correct, qard AsesddiHerainitheeighBfrimesiliugtaiedin Figured§iars réferged toaasl@vG car d

140 type and revi sjon \}%iéch ig typically stored in_EEP 886, In the event
20 that the PETIe AR xRl ahtqrampnds b adfisers foF YRSFEAT A of | check
parity bytes i Lpe6p.t may be the case that the
UVG card 140 ﬁg%%ﬁea%’e%ﬁsa&ﬁggq{l%rtgﬂp?%ﬂt ge BNU 110 yet, or has not

been powered up. An advantage of tH¥ ¢onimamdscind ddddesdes datupstreahBamh
aut hentication step nmay occur, whereby a_ | crypt.ographi c key. or
function is utdownsgamgnessaging isdhat theyrratbgimplesentqddnaspfwars basgghling,

identifies the card as,an authentic pkg t I j et the
required i aﬁrﬁinf Vg’afhc? Laﬁéqgrggys%qrgﬁ%%?tglg}al %@%g’ﬁﬁg g%}g}g%&%ﬁg% occurs
| ocal t 0ddsighed¥rirMbth diftfple hardware based machlit(elge TIAS]0S cdntie
authentication AS are transmtted to the BNUCC 800 .and maa/ al so be
transmtted tousede ThisTis sc@mplishedibhusing shasteades,as dllysrgted dn Bigure 9Ber f or med
to determ ne in%.the results of the authgntica i,on A8 are(ﬁ rre%ti whi ch
effectively anmbUmiRatog of the PICERIPGESsOLAn ﬁgogliageﬁé{lm%ryd@l{l AE 0% he BNUCC
800 or the BDT termne in the authentic card test Al16 that the
card oddt davEtages _31- VO 98/ 34388
- PCT/ US98/ (P90 In a peeferfedi doatsbdimerntpdavinseammessages oontaih atdommeandd i s
determned to be authentic the systemw | | ve to card self-test
A0, byte fo éngiate,be R0 besekeRegnd VRAGPTE TERES A AORRISY o
sel f-test seed,fr : I 0 which
begins a self- gs@%&sggaéla ﬁgéﬂl%@%l&%e ﬂéxﬁpamjaijgalhé’off@.hﬁﬁe%
messages which do not require data to be transmitted from the card repeat the

data sent in the downstream to allow BNUCC 800 to confirm that the messages

25  were properly received.
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5 to insure the integrity of the gircuitry, the connections to the
printed ci of “the WG card 140, and the f 'W@' y of
some or al W?&'?‘ﬁe circuitry and ~conponents on UG cg?‘gm d
Subsequent to the self- test A20, a self test pass test A24 is performed in
X heIBFITANR @2, iligation may be as sinple as
conparing 10 hort t.est | ) w.bytes with an expected test
result which is st ed i < GEARUAREISR SISO T 100, or conpari son

of a long sequence Pfie BRK gatauonofthettvc%ﬂﬁlm/éﬁ%e%a&@@bs%mmigh&

self-test with a long stor sequence. In any nbodi ment, the end
result will bel® whitleillustraits the stepswhich eat buc swhen 3766 casd H@txs mstalled
wor ki ng proper]ly. ln the _event that th cardl not rIy|t i's
15 consisder BBYY H%e Ynon k patity y{estsppg ‘é&;

determned to | ta 0 59‘81‘[95@ :
sof tware A28. anals comn%ﬂﬁ%fﬁggg{ u%aol r‘tA poté’\g?{k or %ese % card
140 wi Il have BNUGC 860io determine if tHeqiatieybytes arebeﬁaftetrhé perith Gytedini Ng

dat al i nk messages: Read Menory, Wite Menory, Start, Set Upstream

O fset, Unl ocksalemetedtiseugh ameumuativs %oc fongaeiebyte nzthe framey (e firstbydisal i nk
function codes, bl e 6A

T
Datal i nk Funct Frtehich is equivalent tp stacting il oris fnstead of all zeros. :
[* Nl fungfiOByaniple of thls is A8 highRnHdnTd IF MR8 dtes in the frame ake zero except for/ . /*

Read nenory */ fine cD FuncWite
Wite menory *thepantyforﬂxﬁqﬁemmscﬁiﬁe;mmforthlsﬁameﬁﬂbethepantyofthe /* Set
upstream of fset */ #def i ne, cD Fu

/*
Run | oaded codBrevious figme inysgted, Iﬂ‘?ﬂaﬁg‘%éftﬂlﬁ)wen pantym;@OOllOOl) the /*

Test | oopback UG ki

Unl ock nessage énpzérrl?’gg:%ﬁ@/sé tdﬁogﬁlozd § I ne ggﬁjﬂlb gﬁ%&?ﬁ%ééahsmgthi%4

[* Address val gdcflated pafityokrsis data in a fratdds shoavrchdlddn) QA Ralues are in 0x77
/* Data value for unlock */

-32- 15  hexadecimal and the frame is assumed to start at the first data value.)
Data :01:10:FF:AA.
Parity :FE:EE:11:BB.-

If correct, card identification A8 takes place, by requesting the UVG card
140 type and revision which is typically stored in EEPROM 886. In the event
20 that the parity byte test A4 is fé,iled another iteration of check parity bytes A0 will
be performed, since it niay be the case that the UVG card 140 has not been
inserted in the BNU 110 yet, or has not been powered up.
After card identification A8 an authentication step may occur, whereby a
crypto graphic key or function is utilized to generate a signature for the card
25  which identifies the card as an authentic product which is known to meet the
required reliability and t;uality standards. The authentication A8 occurs local
to the UVG card 140.
The results of the authentication A8 are transmitted to the BNUCC 800
and may also be transmitted to the BDT 100, An authentic card test A16 is
30 performed to determine if the results of the authentication A8 are correct, which
effectively amounts to the checking of the signature of the card. The BNUCC
800 or the BDT 100 may determine in the authentic card test A16 that the card
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PCT/ US98/ O 8s343ss .  #define cD FuncReset - " 0x69 pcm;sgs,mg;o
Command for reset */ : #defi ne cD Reset Addr . . Ox5ab3

e Vel S Shion 13 S v e
[* Attach thi ?y péfﬁ%rdo(}g#@rgsélf er§t ﬁl f O #defi ne cTi uLoadAddr

0x1600 ed code goes */ #el se
#define cTi uLoadAdgard self-teamﬁmvbwemmdmﬂbum@mmﬂed seedifrogpes™/
#endi f 10 m crocontrol | er/software nechani zation as

descri bed herﬁlerBNUﬁK?ssOO 01' BDTﬂ%tﬂﬁléﬁ'mé §80vhick hegins pielktost Maseluroaded at

L e R e e RS R SR |

(fixed Iogic efthewewaaﬁoeaﬁmmmwﬂamyef@bﬁ@&auat&hecu&ﬁﬁywe menoryy.

I n a hardware nmechani zation, this would be provided by fixed logic,
or by progranmbpmdnt@mUVGadedil«#O om an on-board non-vol ati I e rrermry
After plug-in, power-on, or reset ?@ dat ink to th 4‘1\/ j sabl es
al | funct i onubskaRent e theselEtest A, %’Fe TRass Irat AT Bde! °’PH? Mgyuar ds

agai nst fal se r Pléﬁn

transi ent conaﬁ elr(glﬁ%B carﬁégﬁgbw T@%Eﬁsﬁ%ﬁgbg%n%ﬁgﬁgeo at'l g

i denti ficpd i 0B shEMBsyresilifof feasiytéd Witly b expegteditest sesult which Mﬂﬂaﬂmlthé o the
address space accessible via the datalink to the UG card. The

current rrechaﬁMé@C&QOrmﬁy BRE I%.rqra;pnmé@wfmlﬁsg seercediseveral seri al

cl ock, seri al ut oLy devi ce Ul19
directly i nt olppdred P?‘nte%g r%%cggy €'se 't?sg @t l%gg St?f%ﬁefl‘é St B EY addr ess
range $8xxx)- @fn%oéﬁ&%%%h@érﬁiféblﬁt%ﬂﬁbé&/&taﬂﬁnat?&mattH@WGBA&dE‘?&quBﬂDFy and
Wite Menory functions. UCC 800 provides a WG card
activity det emtorking properlydén thctegentthatthe Qatdusmm wonking prapedy ihist r eam TDM bus

(T { Sf E ar %E)r?sllgereé) {o }?a%g ?aﬂug sel%-test A20. Ifthe card has been determined to be

working properly it will advance to download software A28.

After plug-in, power-on, or reset, UVG card 140 will have sufficient
function to interpret the following datalink messages: Read Memory, Write
Memory, Start, Set Upstream Offset, Unlock, and Reset. Table 6A below sets

20 forth the datalink function codes.

Table 6A
Datalink Function Codes
25 #define cD1FuncNil 0 /* Nil function */
#define cD1FuncRead 1 /* Read memory */
#define cD1FuncWrite ) 2 /* Write memory */
#define cD1FuncOffset ' 3 /* Set upstream offset */
#define cD1FuncGo 4 . /* Run loaded code */
30 #define cDiFuncTestLpbk 0x22 /* Test loopback */
#define cD1FuncUnlock 0x55 /* Unlock message interface */
#define cD1UnlockAddr 0x1234 /* Address value for unlock */
#define cD1UnlockData - 0x77 /* Data value for unlock */
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slot in the BNU. _ Whien BNUCC 800 software observes a

suf f1 ci ent gRebddsPf activity on a 3 WG card upstream Begusbdingdss UMES .
a U/G card I1s present, and begins supervi sion of the car 3

BNUCC 800 software _sends an Unl ock %ess'age on, the dat atl,% nk. This

provi des a di sPFREPITESattern (1 PF 2232 pr SBABITIY <0t fal se indication

assum ng #define cD1ResctAddr 0x5ab3 /* Address value for reset %3 - WO

98/ 34388 . Y

PCT/ US98/ 00990t IR m cont enf® n al | mELEAFE P& ds) which instructs
the UVG card tQemmdcbmegydi | subaeguent datrednicndis peddieder ON t ypes.

BNUCC software sends a Set Upstream O fset nessage on the datalink. .

This all ows t %UVG card to set its upstream PCM bus of fset, which is
necessary 5 ddadcriiRshdeam UG capgeoslat al i nks wise R0 ghil@ded ddekdd¥et | ON
properly. BNUCC 800 software reads the identification of the-
UG card, via fhe . above described datalink access to the serial
identificati OngERRdPRbachil - 0x2000 7+ WERNEC aARBhecd Rfidiey € MRy ei t her
interpret the UWG card identification and authentication directly, or
may forward th¥&a# responsibilities to the BDT 100, 10 or the effort may
be duplicatged or conbi ned between BNUCC 800 and BDT 100. - BNUCC
800 or BDT software selects an appropriate i mage of software, or of
progr ammabl e st at e hesmicrecontroileroftwiace methmnizption &s destryiped heredn rthigi si on of
UVG card hardware i ndi.cated a retrieves in the aboye step in which the
UG car diyngHeR isAmplamegie MW@@W%@C Egmanufacmres intsAUCC 800

obtains this i i I 1S %ﬂmﬁ j

pi ecewi se fr omﬂ?xggdggir%%gu%% t(?g‘nérfe?tgg%d; g[l,%gfh%g a?ly ogterﬂl g cpﬁ; S

I mage byt e- by- B34, endl by hariwéFfixed tbgicior progidhiniabldBomran ondhoapdssn-on t he
WG card datalink. Integrity of receipt of the image by UG
card may B verolptilsanemoryd In a hasdwareimeghatizatian; this wewld by pravid

gd es
el DY e G D@ g RAREE AR e R
sequence of a - _ _ )
i ndi cation of QFOSSNﬂ%t*:MFfiﬁ, povet-df, é\Vesct ahél dAhERIORANE UG 84rd Aisables all -
har dwar e. ntegrity of receipt of the inmage by the UG card

may be furt her funetiphs with the®xceptipn o€ Resat ahd Ynlocke Jhisrgrardsfagaiastfalse nor y
messages to the card, observing the returped respons an npari ng
Them to the vafeeniicrBas firpsieston pnd sirnip bansiepheqpntiont, OV &4 4R
provi de an,4 ndi 1 vhBk T : ; ‘ ticularly
addr essi ngb(% ai fr&&?}edsegﬁnﬁﬁ vﬁﬁhiﬁﬂﬁﬂc%%%egggﬁgg?%e}{%blg%a segle? tart nmessage

to the UVG car thapped intdthe 2ddress spacer aecessiblovibdhie dataiinkrto thet U¥G cheds cThebed

herein, the address field of the Start, . . . .
current mechanization maps the serial access pins (chip select, serial clock, serial

input, and serial output) of the memory device U19 directly into bits in TIUA 880
registers; TIUA registers (address range $8xxx) are accessible via the UVG and
25  datalink Read Memory and Write Memory functions.

BNUCC 800 provides a UVG card activity detector, which detects
transitions on the upstream TDM bus (TDMDU) separately for each UVG card
slot in the BNU.

‘When BNUCC 800 software observes a sufficient period of é,ctivity ona

30 UVG card upstream bus, it assumes a UVG card is present, and begins
supervision of the card.

BNUCC 800 software sends an Unlock message on the dat;alink. This
provides a distinctive pattern (1 in 232 probability of false indication assuming
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message contains an address.- for the U/G card mcrocontroller to junp to, to

start wd daB4siswWn| oaded software. For a state nachine i nptEmsSss/eo09oN,
this m ght ' - 34- WO
98/ 34388

PCT/ US98/ 0099 @andom contexy in all message flds) which instrogts 0 MY G o plloial s s.

BNUCC 800 sof SR 4981k operation tyPesOCk nessage. This unl ock the datalink
for the runni tﬁgﬁgseg?tmre or Iétate tyﬁé machi ne. BNUCC 800 software sends a

Set Upstream O f setBNEECpfiwatdseads2 8at Upstreamt QOffset pressage on dlief datalirkor t he

runni ng software or state machine. BNUCC 800 sof t war.e .sends per-board
and per-1line proyalg ﬁwcﬁFﬁF‘ﬁ%Ntéﬁ,upﬁmaﬁbP@P‘éw set, Whigh isngcessary| i nk

commands tQ t Seut i 0 L ks XXX. BNUCC
500 20 tvese. ot SARERUTE AR IRk el rabBidpifed L
i nformati on by the BROCE gipssoftwarireaditiia ideatificitonofthe VG ¢drdlevisthet at e )

machi ne running in the appropriate initial state. Upon receiving
provi si oni ng mbovedescibedidntalinkageass ththagerial fidentifiasiommemonNUt?: 800 sof t war e

may fromtine to ti t he per-li.ne farces te,cont..ol,s to force
line states to newmsqossf’g?‘@? @ﬁf F'ﬁlfﬁré&erpr&tﬁ? r fﬁ“—lb‘?e-n&lgf:?ﬂ"@e, or
I n-service congith,ffafkcation direct! forw dth!éshiﬁ;g&ﬁib'ﬁ{%’ 46 t{d BOT 190! d
aut henticatiorr%ﬁa%lh tication g:arydogﬁlta e(r,lt iaf:ation Al6 ofl tﬁe UG card 140 may

be based ap onw the effort may dedaplidatedformampined betwkeraBNEEGEr 800tand BDE O ques.
In utilizing these technj ques, a secret key,_ i tored in

the WG card 140, Mé@@%ﬁwwe@ Cts an apprppiipte apage Qﬁﬁ?%“%&que.st i ng
ULt 21tk ey BB e BRER, 008 i OB IR 6

used to corrputc’er Sl y usi'ng a one- way
functi on whoseyyGvidRardvatdti ihdicgted ind ftrédy in the abyvetépig whithnthel BV Gzat i on
key generated by the BDT 100 or .BNUCC 800. The signature nmay be cal cul at ed

Wi thin the Tl WwardRientifieationimemnry hildvasgeadds4. or a conbi nation of these

devi ces. The g .S the result..whi.ch .is sent tao p.he BDT 100 or
BNUC 800 Hor ¢ he. BNECR HiGohigint s e, SR ihCo i BonV SlabléGpentyy oo ¢
techni ques havg h&RWideSPAR its Batmxicansh Nt Witk BDT W), hnd sends thider st ood
by those skilled in the art. The article by Janmes L. l\/éssey entitled

"An | nt r oduct i image bytEehy-bytp tr the JJ 5 wptdo hsigg Write dMemponyl doginaands on thee

Pr oceedi ngs of .t.he | EEE, vol. 76, no. 5 May 1988, describes a nunber
of crypt ographWGcarddaf?Jé‘%lﬁni ques, as does Federal Information Processing
St andards Publicati ﬁ}ﬁ}ﬁ £ releint ofithink OV WUk Emsl BR Y% S). The

foll ow ng US patentfsme soodl:eésecl?tl%e. a'gebv?rypt ogra%lh%c tecﬁ# ues: US

Pat ent 5, 231, 66ehngdhaWiite Merhotyl reply th¥sgagea returned by Shegd¥Gucaed, Andor i t hni';

US Patent 4,200,770 by Hellnman et. al. entitled ) )
- 35- comparing these with the expected sequence of addresses. This step provides an

al
na

early and rapid indication of gross failures in the UVG card microcontroller or
hardware. '
Integrity of receipt of the image by the UVG card may be further verified
25 by performing a sequence of Read Memory messages to the card, observing the
returned responses, and 'comparing them to the values at each address in the
image. This step can provide an indication of failures in UVG card memory -
particularly addressing failures.
BNUCC 800 software sends a Start message to the UVG card. For the
30 microcontroller mechan_ization described herein, the address field of the Start
message contains an address for the UVG card microcontroller to jump to, to start

the downloaded software. For a state machine implementation, this might .
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PCT/ US98/ 08@ 83438 Cryptographi c Apparatus and Method, " pEfu§ssoasbe P il
29, 1980; at ent 4,218,582 by Hellman et al. entitled "Public Key
Cr ypt ogr aphi ¢ Appar at us and _Method, " issued on August 19, 1980; US
Pat ent 4, 405, 8eentain argtarting state machine code or addressy BNUCE 3B softwgygisends an

Commruni cati ons st em and t hod. '3 4 Ssue 983; and
US Patent 4, 429?’%& "B%f’s%r F@éﬂ"ﬁ?"ka‘?‘? &%gﬁql?ﬁréliemm%ﬁ@%&@%%ﬁgn I'at i on
Crypt ogr aphi ¢ ARRRhA! BNATG 8b6 sétesare sérfisaBét Upstléiitl OffdetInessage. Thidsek The

aforenentioned article and US patents are all incorporated herein by

ref erence. the upstream oﬁlsqtrfwgmmmgwﬁmmmc machive; BAYUCGR00 nay be a
stored secret key or 10 a,secret k sent..thr%(l;gp a ﬁecur.e r{?a{%s., t he key
may actual |13 b& (SeRds per-ppard and per-line provisioning jpitormation, using Wiy,

contai ned wit hi S88k cdfimahé ay. laQocated in rife/ Y042k, MRY be
used to cal cul g\{lbéﬂ-%rﬁﬁlat r'angm t a@"%ﬁﬁ’?e %ﬁ%ﬁ%%u‘gg 801(r)lror BDT 100,

but ori gi nate BNUWPECB00softWwareGetspeshihé foresstaté20ntrols in the provisioninghe
authentication is not limted to one particul ar enbodi nent, but can be 15

a conbi nati on dtformationdiyrthe abqvesgsrribed machanism,iniset qagk Kng'ystate nychinear | v,

h d el f - | . ' . . .d J '
AL> when the SRS apttbord it SO ORGP nR BrORGRMBR b EVEE L " |
this alterpgt e sREMhpERTom BIFT 100, BNIOEB00 sbRiwhictRay fom ik oafrie sl f - t est

A20 steps shown in Figure 10 are conbi ned, as are the authentic card
test Al6 and t Ilthe metlinetferse-statescontrelstto £20e lifastaigs to naw palues (M@tes suitdbiher one
of these conbined test results in.a state which is the conbination of.

failed aut hent fAYGESoYIFeFINPEVIcEFORENII st AD1. C.
Uni versal Voice G ade card test 1. Ri ng gener at or
test 2 5 Because the ring generator 890 is a critical conponent of
the WG card Bl40 3 ;| : intigationne that it is

operating properly can, be perrre ne embodi nent of the ri ng

. LY
generator +8st a cof¥éAvthenticption, ?@oﬁﬁp@@pg%l%gxaybebaseg%pp%gr as the

digital pul se | ' I i ! ' -5 .
dc-vol tage out t&% aso?{nﬂ%@weﬁlél&%w Vé&@p?ggngeﬁgﬁxgkegghrﬁg}l%ngﬁkﬁé %mo%nt at
| east 30 t WRedhhigues, anvecreritutia Bored ih YheYVIGecapd 1| $6; ahd &ypicallygsidtn 8eed by
circuitry in the TIUA 880 are applied to the ring %enerator 890,

wi th the resul (TTH& $89. tWpondeguastieg aytientication by, theBI)E 4 0G\pr tha BAJFE€808s t he

ringing vol t a0, SLanRl . B2%ed B ontiohs ¥ibhatule sl by using a mathematica

PCT/ US98/ 09890 one-way fuffddaGditile iRl if Af&lIEDopyir By uibbdgRialiatRhs. This
test can thus be uséd to verify that the ring generator is

y
functi oni ng corkeygensrated by theBDT U100 oy BNIJCC 800. Thesiguatiregndybecalewated | evel s
s well understaoqd S illed in the art. . Al ter.natively,
the test ed var MBTE rliLEs Si0hdha miichroRty et 3 somimsionst ik SPUGR. of ¢ he
vol tage anpl i t 4R sighhfe FRhORAuIPGRicHAY St to AL \BINT 366 5 BINEREC 800 for the
authentic card test A16.

(=]

25 Cryptographic techniques have been researched extensively and are well
understood by those skilled in the art. The article by James L. Massey entitled
" An Introduction to Contemporary Cryptology,” and published in the Proceedings
of the IEEE, vol. 76, no. 5, May 1988, describes a number of cryptoéraphic
techniqﬁes, as does Federal Information Processing Standards Publication 186,

30 Digital Signature Standard (DSS). The following US patents also describe
cryptographic techniques: US Patent 5,231,668 by Kravitz entitled "Digital
Signature Algorithm”; US Patent 4,200,770 by Hellman et. al. entitled
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hardware for this test type is kept to the current circuit which is sinple

and fits omwoo9s343sg he common control card al ready. The changetrgsoblenogd! UA _.

is sinpler than the changi ng anplitude rethod.” To support this type
of testing the,JI L{Q Wi {ultcd@ave {:#1” ..frg% n% 'P%Qﬂr ?Hrﬁg jty. The
generator wil | ¥PQBTERhic SARRarays and M ﬂgﬁf 0 APHT St HPUr VR EAEAL | es. The
Common Cont r ol 4 Sp§, 58P HEllbn 8l ifled GPlﬂﬂié.fKé’y”'Eﬁylljblﬁfgraphic Appdiftus and

0

predet er mi ned sequence of frequencies is being f owed, or that the TIUA
responds cor r edfethpd)"dssued on Angyst d8n1880 YIS Patent 4i405,838 by Rivest etall,l be tested

for correctly generating various freguencie d potentially

di fferent pul s@%&t%@)"‘qg@h‘c Commpypicatipns %@F@&?‘gpﬁg}ngdﬁ“e#émf uncti oni ng
correctly it w I 0 K | : ads f requenci es.
2. TI UAsseﬁé-attee@?a%B’ P98t3’ att U3 Paifﬁteg’f‘;g?’la?)%\nﬁgé{ e#%r{%ﬁggélgfe%éﬁ es in-system
testing for valExgonédiatior Cayptegiaphic Apparatid@nd Method, Tiveuddasi Jénﬁ@‘%@?pt for

this scheme is for BDT 100 to send a datalink nmessage to BNUCC. 800
whi ch i ncl udes1984s ddw aferementioned agticlscmddd® patents appall incerporated hereindyd t o,
for exanple, line card 140A. The seed is used along with a Cbuilt in

seed as the st™TTIG point of a linear feedback shift register (LFSR). The
output of the LFSR Mﬁ&uéh'lﬁ@kéﬁ“thﬁtlﬁélmcaﬁa lhbﬁrlaplﬂé%s‘i&@&sé\é?&'&yo}-he

subset is chosen to avoid conflicts with the BNUCC800 conmuhi cati ons
and |ine s@r viasecret key sént tirbuginasdctize. mdzns, thi key mayabtuelly be theuksuli of acl ocked

Ntimes to generate a next_ 25 state of, th ircuit. This next state is
then sent upst m%smrst@ﬁmwmdmeﬂm58%839@§me§§3%
portion of the ' ' f . .. In,.t urn
sends this datxggglps re %EPQ%%E%B%%%%@&E%#% H’Sle‘tnég dg&é
the TIUA 880 gBDY HIO¢but diighiaiods paerdf thé edrd selbassed20n the LFSR can be

repeated a nunber of times to generate a sufficiently |long data
stream from TI UA 880he @uth@ncanqnwpﬂlgm&e@@pwmaéhm@n@b@ément, but can be,

The met ho sed b T 1 check th tream genetahed in this
fhenion 29 o8 o atitlon 0Eknt Slf RS Edhd L uiBRAORL ERIIET SR, kit dald b, |
streamor a self-test A20 can be considered to be card authentication AI2 whes fhe self-test\V\O

98/ 34388
PCT/ US98/ 00990includes a functiomwhichaserves asa key. ninghistalterndtet esntagitnends the | ookup

table held in nepory. .. Thi ' th allo for {.he rification table
Lo be Updat ed BHEETEalgbATA g grd ssiiest AZ0 Sept SRR gge AT SRRPIBRD ho

product since hdah thdWRliknkib AL PA1S and Mk deiEteltipale %&Aitf:‘ Failure to padd UA -
along with the logic I1s entirely determnistic. D.

State nmaclame elitiser ohgof these cnpebisddi tost resuilts doavstateawhiolyis the combination of

St at e nmachi ne %sgri@t I on .and gper.atj qon : The state machi ne
on each UVG | i Fleg anidentication 8d7 and failed selftest Addal ity for each of
the subscriber circuits 812 on UVG card 140. As pointed out above, 10
the state machine for a line card nmay be inplenented using internal state .
machi ne 60¢. i n Uni¥rsaBUoiceGride ¢dngtegonbi nation of [err]p interface
605 and mcrocontroller - .. 884 (Figure 3). The state machine on a

gi ven WG card 140 can céntroRinggeneratortest subscriber circuits, as

lized igthree dyual |ine NG circuichs: 812 The stat. hi
[ mter pret 4% gnal | nbetsiit B e rrGr sebiy A Giicel Cortp it e PG ofRe

140 an individual test to determine that it is operating properly can be performed.

-In one embodiment of the ring generator test a constant duty-cycle pulse train is
applied as the digital pulse train signal 892, with the result being a constant
dc-voltage output as tﬁe‘ ringing voltage signal 896. In this embodiment at least
30 two different constant duty-cycle pulse trains, generated by circuitry in the TIUA
880 are applied to the ring generator 890, with the result being two distinct DC
voltages which appear as the ringing voltage signal 896. Test circuitry in the
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15 subscriber circuit to provide for ringing, and nonitors the subscriber

line viat tip lead 266 and ring | ead 268 to detfé’ﬂh Mn t he
t el ephone ?@gstlsgsagn_ hook and of f-hook. The state nac |§r)1b§’ uses '

information fromthe PSTN swi tch 10 along wth the tel ephone 185
status to conBNJUICE80Mhwoks forthdseBvo BICrvaklage levels. This taygan s ke apsd tor “each

state and to trapsition.fromone state to another. 20 . Figure 11
illustrates t Pfﬁng'atb?t(}ﬁ%ngg g?@%%ﬁ“ﬁ?%tcﬂrf“g@d Test %{Iﬁ“b%f% tart

WG circuit, iR WHfDEIvoRtad 18¢kld & wellindRistsbdby thbe SRR thelirt. t he

subscri ber Iocll)x% Fﬁérdough t he forrratiotr?yof a closed circuit between,
for exanple, tip | edtenifivélyathd tested variabletnimy bei the filegumhcp 68the ringirg) gures 11

d 12, the text i | ital letters int t at i ndi cat
Fecei ved o5 gnastead gt iR g AR, e meshad Yasgriestadvanagess Thes whi ch
o5 il : ) : i . :
appl i Z(r:letg 't'hl‘%ﬁ 'pmgfoqtﬁg%pﬁgggf%gﬁ or rl‘zgr%b %%gaggﬁgh\&%g&}i s?gﬁgf)}ll?\g

met hod. In Fi gk éomirdon therdl dsdetteady. The chahgeiaghe TIUA $esiinplet tiandhst art node
i nformati on. Referring to Figure 12, the power down state

BO i s the initchanging amplityiemethod. To supposbthis type of tsstingcthe TV A willhayeen set

I n power down o0 by the mcrocontraller 30.,, .. 884.. Thi. t at y be
the result of qngg{?ega rﬂfﬁ%"rl‘“&aﬁﬁﬁh ﬂﬁ%ge%?rn‘ﬁlnb@e%f? to switch Neli ZQ/?% oned
o Bfﬂct ' Vai% g@gﬁgggeu&eﬁu TR CORWRE Conid] YofRiRE Walbl Bblk BS cBirmih S

PCT/ US98/ 0099@he predetermined sequéiive ofj frequenhciss iv heingifodionedtar tiB tic TIFA onl y
when t he subscribeé circyit s a - g&guaﬁ-siart circm and .is the
def aul t st at e TGHRERAS $RETeEHY §Q rqUERCYAMIBENAS A1¢ FiRg generator P‘é_t%‘?drf%"

activity on-t " g Welg ¥ I Ll t he
handset Y of te {&ggﬁ%{ﬁéﬁﬁ%ﬁ% }"%‘3&3 r%oh%%l é&%éﬁ ‘i‘)ﬁ&‘ﬁﬂﬁy &@f?':n&gﬂ i"?‘l%k’ghﬁ%ﬁn state
B6 occurs onl yheHes gédeatstditeaitidfinctioningitdrrectly & will be ably toyReratealllofCi r cui t
and corresponds to the ring | ead 268 bei ng grounded. This state

refl ects ihe ftheexpepigd fregeensieBscriber is requesting dial tone to place a
cal l. The tanpdn%%sseh?{et B4 is the nomnal state for

| oop-start circuits wherthe ™ 3fephone 185 i s on-hook and not

ringing. 10 ThETBL&N M&&%@vﬂeﬁﬁ%ﬁ@m&mﬁmﬂvﬂmﬁﬁ&%@f t he

tel ephone 185 is in t he of f-hook position, due to the fact that the

subscri ber i s UYiGtcardsi Ade dasieconcepifor this scheme dnfor BRT HIQ tolsend adatalisld as

e for war o’ aiRCHtde ERLDoE 308 MR peiEks € R0 atue B AARACC A Ser * par ¢
15 1N a60Miunidifissat 3for utnldNicaR] MUAITRERARSE bIGRE Willed Party’s

t el ephone on- hook. The_ f d di sconnect signal is particularly
useful for andmitimsped as the staptiry podst, of mdtheasfeedbadk Skift registar AFSRYi Ahe it

The. on- hook oMt BB s L RR wilh B Flle bt of S Outran ebn B FHBetAndset 20
of “the tel eDhaged o LB YRRk PR ICCRY oHELARabR SURRELLMRE C1 FCUit

is pl ac In's py 'S € on- e may al so occur as
part of pul se functionalifyalTheghodei subsettirduitds dloakedN tia®s tapenetaré avextby on- hook
signals fromthe _telephone 185 dial circuit. Simlarly, a_ flash-hook
si gnal i s2BonmBtate efithe girgwit.t Hais next state is then sent upstream in its entirety to BNUCC

800 via the message portion of the BNUCC800-line card interface. The BNUCC

800 in turn sends this data upstream to BDT 100 via the datalink. The step where

the TIUA 880 generates internal next states based on the LFSR can be repeated a
number of times to generate a sufficiently long data stream from TIUA 880 to
30 provide acceptable coverage.
The method used by BDT 100 to check the data stream generated in this

fashion is flexible. It can consist of actually checking the entire bit stream or a
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PSTN switch 10 via the on-hook state. 2 5 o In the ringi ng state B20

the ringinoyepakba@se 896 is being applied to the |ine PCPUSIRMOSO! | d
state relay 910, causing the tel ephone 185 to ring. The ring

rel ease state occurs_.whe ne ha ee nain
B20, ansl s bepﬂé“?%muﬁt%@imt‘gtﬁ%%ég% ﬁ?‘ﬁ‘d‘ipﬁﬁblv é‘% s may be
because a ri ”ga{eiﬂoa]aﬁﬁ?vs é%&@h&ahaﬂtéwéto%ddaatedtaheopetﬂahaéumhyy has

answered the 3 I ne) ere Is an of f period in the ringing seqguence
correspondi ng hmddmngdmhﬂe oftheprodtmdmuc:ﬁdsheldgt saftware, 2adshesLESR fimthiet  has
occurred which _has caused the systemto Jntervene to renove ringing
to avoi d bei ng TIHARlengwith the logif &t endirely deternpnistic; g

- 39- 98/ 34388

PCT/ US98/ 00990 rel ease state 824 al so prow des a 25 nms period (1/2 of

a ring cycle) during,whi Geate machih SHation ¥
renoved by the solid state reI ay 910. SLIC 906 can be reconnect ed
to the subscriber circui Stdfgmapking descripdemans onexatipn subsequent to this

Coare Bob vant osent The Rl SpdRicorneath VG fine chrd pravides eqnubl uchibibuty ' o™
Typically the gng.g eﬁﬁx@%ﬁbécﬁb& c‘fx%ﬁﬁé‘ﬁ'ﬁz &E‘UWcél'dQﬂéom%oﬁftéd odtfabwae

subscri ber circult 1siIn ring silent state for nore
seconds it10S alssstarethdchime fm’mehne card mag bk nmglepmnteyl using ihtermpd sqatmml:hmoat for

| oop-start circuits the subscriber UJt ho tyrn to the
st and- by st at e 684 in FH/A ﬁ@mtd%beﬁ@mbm?w? rga); gggpqrgmlcrgﬁqqtroigt urn to
the ground-star r vari abl es
and the signal |8§6 (ﬁﬁg?s%r ovr ?‘e Cia e ?nnaééwenUJ@%ﬂﬁtM%%?éﬁ@lom this

table it can- bgubRfABerd difthitsiad Bs’t'lllzélﬂmltﬁregﬂﬁﬂrlﬁieﬁdVGrblﬁcbﬂs 81kt Tieodtate
direction (to the PSTN swi tch 10) and control ﬁals to control the solid

state r elnsgehineriplernrets sigraling qomriag fopothe RS ThhewitehAd @d(C@BUB‘P &ing

890, 1 DSLA dev, 900 A and
J005, Tanl 18 7 siBoriber it dh bipyiipE nge, ped mfforshne Softefifl i e °"
variabl e, condigy s 26%1"81&/&{% ad 248 @aeterRine when thé t&epmbﬁé @sslerdnatmok for

each of the states shown in gures 11 and 12. Table gi ves the
state transiti cmdsiffmmk ri@lecwmaclnnsummfomuqmnthﬂﬁmwmﬂ&ke pl ace.
The state mehige | & C QL eell (199ho0ablfo [L A BICE 8O0, 20

definitions rpgrogrmteg fot Whdh Sﬁt@hlg% %?Edé@ﬁiloﬁ ﬂ:&fl bfd §thf@Ro another, ~ UPSI G

Upstream ABCD s message t
| i ne circukb shoul d Higusdndiluxyrates the variouSktates Biltich are utilized in a loop-start
tS L ?ts est 2? 2\ the I?\I7|Gccusctr;3 an%th?ﬁlmggahsnztm }n%lga?erd by the closing of the subscriber loop
through the formation of a closed circuit between, for example, tip lead 266A and
the ring lead 268A. In Figures 11 and 12, the text in all capital letters in the states
indicates received signalling information. Figure 12 illustrates the states which
25  are utilized in a ground-start UVG circuit, in which a ground is applied to the tip
lead 266A or ring lead 268A as a signaling method. In Figure 12, the dashed
lines represent ground start mode information.
Referring to Figtlre 12, the power down state B0 is the initial. state when
the subscriber circuit has been set in power down mode by the microcontroller
30 884. This state may be the result of the subscriber circuit not having been

provisioned or activated yet, or a fault or power supply problem in the BNU 110.
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Batt Sel ect i . State of the battery (i.e. On-hook or Of-

hook batter LCAS Bi ts ) te that the
LCAS contrdﬁ)m‘?”%hohl d be ' ) ¥& CHrsom0090 o
set to for this state. . RING_EN " State
of the Ring Generat Qhegradetardld state Bl occurs only when the subscriber circuit is a

(Il ow true enabl e) - 40-

WO 98/ 34388 ground-start circuit, and is the default state when the circuit is operational but

PC.T/ US98/ 00990 ﬂ?ﬁS? isno acg%¥y OE Bxe subscriber line, which correspond?lioaﬁdg?xl?%%% ngde ﬁySY LED

(high/low true

DSLAC[ err] deV'hSﬁ‘dsetoftele hone 185b€ﬁ§%&1 HdokDown: Conmand sent over .
serial bus {)/ Val i d downst ream ABCD
signaling 5 The nng ground state B6 occurs only whenithe sihgeriber pigeuitisa | i ne

f |mrjlcg 13% i gﬁ yo:]e%dr%qu%gn% corresponds to the ring lead 268 being ground%ﬁ tI’1351s8|_| C

[e.g. On-Hook/ e o i le 8
ke 1dRQh gmestj[acéctﬂéat éhe subscriber is rgquestmg drél.l tone to r | a%gﬁib

Power Down or Unequi ppe escription t at e
Condi tion - The staddibyastate B4 is theGinfhal state for loop-start circuitk ehpn @Geen
[ ABCD = 0101] SLICBits OPEN CIRCUI T [ C3C2C1
= 000] B4eleptoae d8$ is on-hook and not ringiyg. [ B2EN = 1]
_II__CE:é_Sralith > bo The of% Hoo?c state B12 occurs when the hailc-{sE 1S It e telgphone 1851 1SF31 NG =
0, ] RI'NGht off-hook posmon due to §aEfact that the subscriber is initiatid EbF = 1]
BUSY LED DSLAC err] device ower ~ Down
[ Serial Data L|hekause acall has arrived as indicated by ringing, and the subscriber has
comand] . Vaail d) Dont Care
_ answere the call .

The forward disconnect state B16 typically indicates that the other party
15 inacommunication has hung-up by placing the handset of that party's telephone
on-hook. The forward disconnect signal is particularly useful for answering
machines, modems, and fax machines since it indicates to that equipment that the
communication has finished.
The on-hook state B8 occurs when the subscriber has returned the handset
20  of the telephone to the on-hook position, but before the subscriber circuit is
placed in stand-by state B4. The on-hook state may also occur as part of pulse
dialing, in which the dial pulses are formed by on-hook signals from the
telephone 185 dial circuit. Similarly, a flash-hook signal is communicated to the
PSTN switch 10 via the on-hook state. |
25 In the ringing state B20 the ringing voltage 896 is being applied to the line
via the solid state relay 910, causing the telephone 185 to ring.
The ring release state B24 occurs when the line has been in a ringing state
B20, and is being signaled to remove the ringing voltage 896. This may be |
because a ring trip has occurred (indicating that the calling party has answered the
30 line), there is an off period in the ringing sequence corresponding to the normal
cadenced ringing, or a system fault has occurred which has caused the system to

intervene to remove ringing to avoid being in a constant ringing mode. The ring
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PCT/ US98/ 00990 Table 9 5

GS Idle state descriptj

Vval ue umelease state B%] also provide%ta%e ;/ %’Iéqaﬁj é172 of aring cyc%n RIE&IB%Y}{L 01]
SLIC BI TS . . T : d stz Bat t
time the WE WItZPEE96 remains rem[owéeZdE?\?{ #RG4hd stat : 9%0. The

Sel ect = 1] Bits

Idl e SLIC 906 can bé Esbhiteted, to the subscriber circuit by the solid state relay
TESTOUT= 0, RING= o ' 0]

RI NGEN subsequent to gg25 ms period in the ring releasiemtq@; BRé— 1] BUSY LED

g;;mn d] DgLAC[Dﬁlr-SIr %gcﬁsent state EQWE}E%%& ttxagi’lénéﬁgiod bdtwebd ﬁﬁg Qgﬁzﬂs.l-i nk
Typically the ring cadence is 2 seconds on and 4 seconds off. If the subscriber '
circuit is in the ring siient state for more than 5 seconds it is assumed that the ]
calling party has hung-up and that for loop-start circuits the subscriber
circuit should return to the stand-by state B4. For ground-start circuits the system
10  will return to the ground-start idle state B1.
The circuit state variables and the signaling they provide are defined in
Table 7. From this _taBle it can be seen that signaling is generated in the upstream
direction (to the PSTN switch 10) and control signals to control the solid state
relays implemented by LCAS A (910A) and LCAS B (910B), ring generator 890,
15 DSLAC™ device 900A/B, and SLIC circuits 906A and 906B. Tables 7-17
provide detailed descriptions of the state variable, condition, and value for each of
the state variable for each of the states shown in Figures 11 and 12. Table 18
gives the state transition signaling conditions and the transitions which take place.
The state machine is completely downloadable from BNUCC 800.
20 Table 7

" Circuit state variables and definitions

Circuit State Variable Definition

UPSIG Upstream ABCD signaling message that the

line circuit should be sending

SLIC Bits - State that the SLIC should/may be set to for
this state.

Batt Select State of the battery (i.e. On-hook or Off-
hook battery)

LCAS Bits State that the LCAS control bits should be
set to for this state.

RING_EN ' - State of the Ring Generator enable lead
(low true enable)
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No Ring G ound

VWO 98/ 34388

PCT/ US98/ 0@ 88/34388

Ring Ground state description

Val ue

SLIC BITS

Sel ect

Tabl e rfgmsgsmowo

State Vari abl e Condi ti on

UPShSy . Rin 000]
LEDTi p Open %t%é;iiﬁéﬁgf‘ ED % n&Bat t
- 48V
DSLAC™ device Power Up/Down : Command sent over
serial bus
DNSIG (Valid) Valid downstream ABCD signaling -
messages that the line circuit may receive
IDET Expected indication on IDET lead from _
SLIC. '
{e.g. On-Hook/Off-Hook]
Table 8
Power Down or Unequipped state description
State Variable Condition Value
UPSIG Loop Open [ABCD = 0101]
SLIC Bits OPEN CIRCUIT {C3C2C1 = 000}
Batt Select -48V [B2EN = 1}
LCAS Bits Idle [TESTIN =0,
TESTOUT =0,
RING=0,]
RING_EN OFF _ [RNG_EN* = 1]
BUSY LED OFF
DSLAC™ device Power Down [Serial Data Link
command]
DNSIG (Valid) Don't Care
IDET Ignore
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LCAS Bits I dl e _ [ TESTIN = 0, -
_TESTOUT = Gyo 98/34388 : . PCT/USY8Ieb9ve= O]

RI NGEN ) _ CFF [ RNG EN* = 1] BUSY LED
ON DSLAC err] device . Power Down [ Serial Data Link
command] DNSI G (Vvalid) - LCFO, LCF | DET
Ri ng G ound 10 Table 11
St and- By State Vari abl e Jablti Qi on Val ue
UPSI G Loop Open [ABCD = 0101] SLIC
BITS 5 St andBy GS Idle m[g(&@@ ion 101] Batt Sel ect
- 48V [ B2EN = 1] its ldle -
[ TESTIN = O, H=GFOUT =
0, RING = “State Variable , Condition Value 0]
RI NG EN — e R Cofihwans BesY LED
OFF DSLACU®BIG devi ce FEmmprO;Eanvm[err] [ABCI!BeOMl] Dat a- Li nk
comand] A3 WO—987-34388
PCT/ US98/ 00990 SLICBITS gt at e Vari akipOpen Condi {€332C1 = 100]
Val ue val 1 d) CCFO LCF, NG — S {LCFO only for
- DNRLPstiet 48V [B2EN 5 11,05) |

LCAS Bits Idle [TESTIN=0,

: TESTOUT =0, RING =
0}

RING_EN OFF [RNG_EN* =1]

BUSY LED OFF _

DSLAC™ device Power Down [Serial Data Link

_ command]
DNSIG (Valid) ' LCFO, LCF, RNG
IDET | No Ring Ground
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| DET - On- Hook

for full-ti -hpok transmission, then the_DSLAC err]
‘g&g&gﬁggm)dé in the Stand-By state.

Of f - Hook [ Conversation] state description

be in the p
Table 12

[err]If the line is provisioned

PCTb/ided'S!

State Variabl e Condi ti on UPSI G
Loop O osed [ ABCD = 1111] "SLIC BITS '
ACTI VE/ REVERSE [ C3C2Cl = 010/ 110] Table 1Batt Sel ect - 24V
[ B2EN = 0] LCAS Bits Idl e [ TESTIN =
0, TESTQUT = . s 0, RING =
0] 1 NGEN ngcgr'gund state description [RNGEN* = 1]
BUSY LED N DSI AClerr]l device Power Up
Serial Data Li : i
E‘,Omm‘amd] mﬂ' oy Condition | S =
O f - Hook UPSIG Ring Ground [ABCD = 0000] - 44-.
SLIC BITS Tip Open [C3C2C1=100]
Batt Select -48V [B2EN = 1]
LCAS Bits Idle [TESTIN =0,
TESTOUT =0,
RING =0]
RING_EN OFF [RNG_EN* =1]
BUSY LED ON
DSLAC™ device Power Down [Serial Data Link
. command]
DNSIG (Valid) LCFO, LCF
IDET Ring Ground -
10 Table 11
Stand-By
State Variable Condition Value
UPSIG Loop Open [ABCD =0101]
SLIC BITS StandBy [C3C2C1 =101]
Batt Select -48V [B2EN = 1]
LCAS Bits Idle [TESTIN =0,
TESTOUT =0, RING =
0]
RING_EN OFF [RNG_EN* =1]
BUSY LED OFF
DSLAC™ device Power Down' [Serial Data Link
command]
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WO 98/ 34388

PCT/ US98/ 00990 N ) Table 13
On- Hook st WRIEEF i ption - State Variabl e cOnJWBWW”O
Val ue UPSI G Loop Open [ ABCD = 0101]
SLIC BITS ACL] ve’7'Rev=er€= [C3C2C1= =QAPrT 101 Bat t
Sel ect Sta;ezﬁq,nab - UGNROEN = 0] LCAS Bits :
I dl e e A RESTIN = 0, Ty
o B ne= 0 : 0.L.dF6] &‘:fft@gs (LCFO only for Gy e —
1] BUSY LED OFF DSLAQ err ] &‘Bﬁ}ce Power Up
[Serial Data Li R
command] =E@¥(Val id) OnHooke | v e | DET
On- Hook 10 Table 14
Forward Di sconnect state description State Variabl e Condi tion .
val ue URf3 lie is provisioned for H@oPmEloRHSEk transmission,[(hE{He DSIIAGM
SLIC BI TS © T . L = 100] Batf Sel ect
48V device mus l}%@ ?wer up modeua&ﬁ%é%y statd) Ldl e
[TESTIN = 0° TESTOUT O, .
RING = 0] RI NG _EN OFF © [RNGEN = 1]
Table 12
10 Off-Hook [Conversation] state description

State Variable . Condition Value

UPSIG ~ Loop Closed [ABCD = 1111]

SLIC BITS ACTIVE/REVERSE [C3C2C1=010/110]

Batt Select =24V [B2EN = 0]

LCAS Bits Idle [TESTIN = 0, TESTOUT =

_ 0, RING = 0]

RING_EN | OFF [RNG_EN* = 1]

BUSY LED ' ON

DSLAC™ device Power Up [Serial Data Link

command]
DNSIG (Valid) LCFO, LCF, RLCF

IDET ~ Off-Hook

-44-



BUSY LED _ OFF DSLAC[ err] device Power Up
[ Serial Data Link comrand] DNSI G (Val i d) LCFO LCF
| DET WO 98/34388  ON- Hook The UPSI G bi ts nuPCTIUSS/OM9E
- 45- WO 98/ 34388
PCT/ US98/ 00990 State Variabl e Condi ti on Val ue
| oop cl osed, even though the :
| ine shall be indicating an on-
hook condition Table 13 Table 15 5
Ri ngi ng state description State Vari able Condi ti on
Val ue 5 UPSIG On-Hoakstatp description [ ABCD=0101]
SLIC BI TS Ri ngi ng [ C3C2C1=001] Bat t
Sel ect =43V - [BZEN — ¥ LCAS Bits
Ri ngi ng State Variablg TEST| N Landition alue
TESTOUT = 0, RMGC = _ .
1] RI NGENPSIG Lgqp Open [ABCD=PHL e =
BUSY LED OFF ] devic ! I wn
[Serial Data LiSKICBITS AdSVRNdEE fcac2ciSYARN 0P
conmand] BEWSLfacf Val i d) 24V LCFO, LCF, RBEEN=0] | DET
On- Hook
LCAS Bits Idle [TESTIN =0, TESTOUT =
0, RING=0]
RING_EN - OFF [RNG_EN* =1]
BUSY LED OFF
DSLAC™ device Power Up [Serial Data Link
command]
DNSIG (Valid) LCFO, LCF,RLCF
IDET On-Hook
10 Table 14
Forward Disconnect state description
State Variable Condition Value
UPSIG Loop Closed [ABCD = 1111]
SLIC BITS TIP OPEN [C3C2C1 = 100]
Batt Select -48V [B2EN =1]
LCAS Bits  Idle [TESTIN = 0, TESTOUT =0,
RING = 0]
RING_EN OFF [RNG_EN*=1]
BUSY LED OFF
DSLAC™ device Power Up [Serial Data Link command]
DNSIG (Valid) LCFO, LCF
ON-Hook The UPSIG bits must indicate

IDET
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10 Tabl e 16

Ri ngi ng Rel ease state description State Variabl e Condi tion -
Value = WO@GR3Es Loop Open PGHERB009990 1]
SLIC BITS ACTI VE Elr\I[C3C2C1=010[ Bat t
ey State Yariable 7  Conglition TE7EN e oS ETS
TESTOQUT= 1, ~ loop closed, even though tht NG= 1]
- 46- WO 98/ 34388 PCT/ US98/ §f283Rall be indicatik ah 6n-
Vari abl e Condi ti on Val ue : EN
ON [BNG EN* = 0] g0k gpnditiol-
O\ OFF On or Of, depending
upon UPSI G condition DSLAC[ err] device Power Down
-[ Serial Data Link )
conmand] DNSI G (Val i d) : Tabfe@s5 LCF, RNG - RNG woul d
be receivedﬁ only
during a rifg trip | DET .. . .. On-Hook/ I gnore
Table 17 5 Ringing $tJesfgiPiPRent state description
State Variable Condition Value
UPSIG " Loop Open [ABCD=0101]
SLIC BITS ' Ringing [C3C2C1=001]
Batt Select -48V [B2EN = 1]
LCAS Bits Ringing ' [TESTIN = 0,
TESTOUT =0, RING =
1]
RING_EN ON [RNG_EN* = 0]
BUSY LED OFF
DSLAC™ device - Power Down [Serial Data Link
command]
DNSIG (Valid) LCFO, LCF, RNG
IDET On-Hook
10
Table 16

Ringing Release state description

‘State Variable Condition Value

UPSIG ' Loop Open [ABCD =0101]

SLIC BITS ACTIVE [C3C2C1=010]

Batt Select 24V [B2EN =0]

LCAS Bits All Off [TESTIN =0,
TESTOUT =1,
RING =1]
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State Variabl e Condi ti on Val ue UPSI G

Loop QOpen [ ABCD = 0101] SLIC BITS

ACTI VE WO 98/34388 [ C3C2C1=010] - Batt Sel ect PCT/US98/009901\/

[ B2ZEN = 0] LCAS Bits I dl e [ TESTIN =
0, - FESTOOT = 0, RING
= State Variable Condition Value ] RI NG EN
ON [RNG BN = U] BUSY L OFF
DSLAC[ err] devi RING_EN Power Domr@NJp[ err] [Sehgélp—gglt*ef 1 nk

comand] CFO, LCF,

On- Hook|[ err] Bﬁ&[’gﬁa] If the | |(%N/QFSPLprOV| Si oned 3ot Off,géehgﬂn

transni ssion, then the DSLAC err] device nmust bgptprha‘?ﬁ ﬁB%BPo’hp node
in the Ring Sil %Tatdg 2By en idowe | i ne 'ef(15 -i% g state
because of a ring trip, & conditiohs | nposed [ egﬁerUIt during
the Ring Rel ease state mav result in the IDET lead 18°™™ iding an

on-hook i ndi cat i @@g] enters Qeo nt st
of aring trip, EI S Ication shfé Filﬁanglgutbg Of- %g?b&nﬂ %%m@h peri od
38

of tine. -47-
PCT/ US98/ 00990 1pET On-Hook/]gnore Table 18 5
State transiti ao—signall Lng caond, Ltiqgns. g and -t rangitiong
Transition Si gnal i ng State Condi ti on
Transition power dowmn  DNSIG = LCF Next State = Idle
Table 17

Ringing Silent state description

State Variable _ Condition Value

UPSIG ~ Loop Open [ABCD = 0101]

SLIC BITS ACTIVE [C3C2C1=010]

Batt Select 24V [B2EN = 0]

LCAS Bits Idle ' [TESTIN =0,
TESTOUT = 0, RING =
0]

RING_EN - ON [RNG_EN* = (]

BUSY LED OFF

DSLAC™ device Power Down/Up" ~[Serial Data Link
command]

DNSIG (Valid) LCFO, LCF, RNG

IDET On-Hook®

10 'Ifthelineis provisioned for on-hook transmission, then the DSLAC™ device
must be in the power up mode in the Ring Silent state. ' '

2 Even if the line left the Ringing state because of a ring trip, the conditions

imposed by the circuit during the Ring Release state may result in the IDET lead
15 providing an on-hook indication when it enters the Ring Silent state. In the case

of a ring trip, this indication shall change to Off-Hook in a short period of time.
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or unequi pped DNSI G = LCFO Next State = GS Idle GSidle
IDET = Rin Next State = Ring G ound - mﬁg@und
DNSI G = LC&S’”’“R%S ¢change; Remain in GS Idle P?T,Usgsl

Next State = Ringing DNSI G = RNG Next State =
Stand-By (This usually DNSI G = LCF wll be
foll owed by a ringing code) ring ground | DET - Ring '
Renmain in R ng G ound . G ound

| DET = No Ring Return to GS ldle. Asgugeggan abort

Gnd 5 of the call in progress

Next State = O f - Hook e . SI G 3, LCE. stand-b

| DET = Off-Hook  Next Stﬁia'@@I‘é“f’!’%ﬁlmgwnd%manamsmm DNSI G = LCF
DNSI G = RNG Remain_in_Stand-By DNSIG = RICF
Next State - :

Next State -=

ngi ng Transition DNSI G = LCFQO. | gnore
Y;
| gnore for LS %ok

ldle [GS |i é?a%lﬂ )
gne z -Tl T = O f-Hook Renain ijn
current state | Stat convdrCOti | DET —Im’%%-%ok
Next State -

DNSI G = RNG i’QWng‘lﬂW’Su ¢ DNSIET LEF rmde;Ne?‘E%Eenj{%e

DNSIG = RLCF |9 urrent stgte

| gnor e unequipped DNSIG=LCFO Next State PGS Idlel C i n REVERSE
ACTI VE . . -46- . WD ,96/ 34388
PCT/ US98/ 00990/ GS idle IDET =Ring 1 4 Next Stgfe = Ring Ground

Si gnal i ng State Groundondi t i on Transition

DNSIG =LCFO No change; Remain in GS Idle

Next State = Ringing

DNSIG =RNG- Next State = Stand-By (This usually
DNSIG =LCF will be followed by a ringing code)

ring ground IDET - Ring Remain in Ring Ground
Ground
IDET=NoRing | Returnto GS Idle. Assumes an abort
Gnd of the call in progress
Next State = Off-Hook
DNSIG=LCF
stand-by IDET = Off-Hook | Next State = Off-Hook
DNSIG =LCF

DNSIG =RNG Remain in Stand-By

DNSIG = RLCF Next State - Ringing
DNSIG=LCFO. | Ignore

‘ Next State = GS Idle [GS lines only;
Ignore for LS line]

off-hook IDET = Off-Hook | Remain in current state
[conver-sation] | IDET = On-Hook

Next State - On-Hook
DNSIG=LCF

DNSIG =RNG Put SLIC in ACTIVE mode; remain in
DNSIG =RLCF current state

Ignore

Put SLIC in REVERSE ACTIVE
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DNSI G = LCFO

node;

remain in current state.

Next Sate = Forward Di sconnect on- hook I DET = (On- Hook
Rermai n i n WOr988AI88st at e : | DET = - HORfKT/US98/00990
DNSI G = LCF Next State = O f - Hook DNSI G = RNG
Put SLICin A mode TENe M. N DNST'G = RCLF]
current stat ei Transition Next State = R'ngi ng
Put SLIC i'n REVERSE ACTI VH Signaling DNSI G = LCFO node
remain in curi thest ate. Condition Transition Nekt
State = GS | dlFe=FES=tFrres
| gnore this for LLS | i nes] Dﬁ%ﬁG:LCFO mode; remaénm % Nekt
State = Stand{By f of war d [MxéSaxechorwar zsc%r}(etc St atel =
St and- B | nnect PN, G5 RNG
DNSI .G :yRLCF oqll %"g’gr e iggT O?éaoﬁ Remale{lga%&h?SL%‘EO Remain {n
Current State B%s nd Ti me _%ﬁ. Xt State =
Stand-By [LS I|i ne] DNSIG=LCF xtState Hoo Next Stale =
GS Idle [GS Lijne] r|{ ngi ng DNSI G = RNG. Remain in
current state DNSIG = RNG DET Put ShICiwACTIREmé¢de; remain i ent
state DNSDE = RCLFf - ITkarent state DNSI G =
LCF Next |State = Ring|Rel ease Next State = Ringing DNSI G = RLCF
PNS| G = LCFO Next State|l= R ng Rel easHd Put SLICI SE ACTIVE Rl .
nore - ng Rel gase
rigng rel ease | DET DNSIG:LFSRore r‘flﬂ é&% e?' tﬁte 0
DNSI G Ignore PNSIGin this gt tate— dle ines only;
Ti meQut Next Sthte = Ring Sil eﬂgnorﬂhls for [ lines] | ent | DET =
On-Hook  Remdi n in currenf 2sternd TimeOut | Next State = Stand-By | DET = Of f - Hpok
DNSI G = LCF [—Next—Statt =0 f-Hook _ DNSI'G ={LCFO
DNSI G = RNG | forv@rdai n i n| DINSIG7t L6 at e | Next State = Stand-By 5 Second .
Ti meQut Next StdiseennedtS | d| ®NSIG =RNG Ignore Next
State = Ri nging DNSIG =RLCF Ignore Next State F
St and- By DNSIG = LCFO Remain in Curréfk-State
2 second TimeOut | Next State = Stand-By [LS line]
Next State = GS Idle [GS Line]
ringing DNSIG =RNG Remain in current state
IDET = On-Hook | Remain in current state
IDET = Off-Hook
DNSIG=LCF Next State = Ring Release
DNSIG =RLCF
DNSIG = LCFO Next State = Ring Release
Ignore
Next State = Ring Release
ring release IDET Ignore IDET in this state
DNSIG Ignore DNSIG in this state
TimeOut Next State = Ring Silent
ring silent IDET = On-Hook | Remain in current state
IDET = Off-Hook
DNSIG=LCF Next State = Off-Hook
DNSIG =LCFO
DNSIG = RNG Remain in current state
5 Second TimeOut | Next State = GS Idle
Next State = Ringing
Next State = Stand-By
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WD 98/ 34388 _ -

PCT/ US98/ 00990 E. Two-layer State Mchi ne N I n

one” enbodi MENPSRHPEE he present invention, the state machine iPsCTgfs\??lgoegao )

into two | ayers: a signalling preprocessing |ayer, and a nain control

| ayer. The 5 two | ayers are effectively independent state machi nes,

coupl ed by m ni nal I nformation;, the signalling preprocessing | ayer

accepts TR-303 si gnﬁl%@%ﬁiﬂm&%e digital transmission facility at a

3ns interval, and s lhd ‘ : - 5 303

; . 1 t tioR YHEBRHe GihchiR: vidY

signalling code to ?ﬂgﬁ?raglpgt?@giﬁ&rﬁlﬁgg}g% qyﬁg © augrré:nt aelt}gl\gln of the

TR- NWI- 000303 shtgharb llayess: aciimalling preieocessing thyet, iand aimair Controt tayer.sThe e t o

i ndi cate the onset of trunk conditioning (response to transni Ssion

facility fasl utep layers are effectively indepenent state machinespe@indedhyyginimat e nachi ne

2001 (Figure 2Q).condi ti.ons . I ncom ng .t el epho | | | ] tates, -

furni shes this? HB?‘E%#?Q&%&%WFHG“?SB‘“@H era&epﬁ@h%?ig{@ﬂﬁg%ﬁﬁqe’ and

mai ntains a se : RS t:dml ; I3 iti id i ons ma
! tedrisAEssRnFE ISR i3 rval d3kAIS R dorditiohed dhd y

be retrieved a;thés)%lgg?emnt arsy out 6@?‘{3 fromstate machi ne 2001 to

super vi si ng equinpnented IRINWE000303 simatling ende to thenvlaialcemtrol payece$bé ng of t he

signalling follow the requirenents i’ﬁé}&?m I n Bel] core TR- -.00Q303 in

" conbi nati on wi tavementationabihe IR-HWE signalling eodsincludes ap ns
TR- NWI'- 00 ~ - - o : ' are

moor por at B 2008 SeieSP e R e 3R el s ltecitg Rench o antlision

Each line's assggiigifaflugd.gnal ling arrives, per TR-NW-000303 standards,

at an interval of 3ns. The incomi ng signalling for a géiven | i ne may be
referred to asThsi signallingre-prorgssing gatgmachine 200t dEignie20h genditivnsi pl e

l'ines per unit .may be i mpl gent ed kn_.har dwar e appl. yvi I ngl e
shared state ?f%/’w@gé‘f}ﬁ?l}ogp' s{%a@gg.sﬁ?ﬁpﬁ:mgﬁeaqgﬁtcgﬁﬁﬁgqe@[sﬁaﬂ?gﬁﬂgﬁ on,
whi ch are conngpligQid®mbiing AR hidlinthifs 8 set of per-lifé Alair dosdiGGRS STHRAlRM ti Me
intervals. The inplenmentation disclosed heréinis in sof t war e whi ch,

for execut ien tdomditioh§ maydecstriceaisassupplemsntant ouipes fivisstate otachind@001 to f or
each line, via a macro expansi on, which ﬁ@ra{eteri ze alcom"ron sour(‘f code
with the |ine rﬁ?ﬁﬁ‘éfislf(é’e‘?‘ggpf{)%aa%ﬁé%e% QpaItigs PEbPIISPEME 0L, ). A

30 hard ! : | : ey .
ar gwar e I%mgé%%&%%%}‘%?é& d&?@llg%hw% TRSWT0oF0FHC CesSi on

of six 500 , Ing a service interval of 3ns
per |ine. combination with additional information from Bellcore specificatiGhs TR-NWO
98/ 34388

PCT/ US98/ 00990 00057, TR-TSY-000008 and TA-N'WT-000909, all of which are incorporated
20  herein by reference, each in its entirety.

Each line's associated signalling arrives, per TR-NWT-000303 standards,
at an interval of 3ms. The incéming signalling for a given line may be referred to
as Sigln. Note that signalling processing for multiple lines per unit may be
implemented in hardware by applying a single shared state machine control to

25 input and output state information, which are connected to the control in a
rotating succession of time intervals. The implementation disclosed herein is in
software which, for execution time efficiency reasons, instantiates distinct code
for each line, via a macro expansion which parameterizes common source code
with the line number (e.g. variables named L1P.DSIG, L2P.DSIG et seq.). A

30  hardware implementation could share the contro! logic at a succession of six 500

microsecond intervals, yielding a service interval of 3ms per line.
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I ncom ng signalling is mapped through the programmabl e function table
Siglnvap [Sigln] disclosed in Table 19 below to transform signalling codes
invalid fo'WOR3BBRcific type of service, into other signal PCEFOYMR sych -
as an alarmi ndi cation signal (AIS). This mapped signal is referred

to herein as DSIG rﬁ.ﬁ%‘éﬁﬁbﬂﬁ@@ééhﬂﬁ&'ﬂﬂdﬁghthd frofiamniabld fnttich BRI e
e

for normal POTS servic output code nonenclature foll ows the

deci mal equi val SiginMdp [Sigin] qhmlosedcmié‘able 19 bemmfoymaﬂlmgmgrmd@ﬁ di nat e of

Tabl e 19. In Tabl S wWe as i.n of her tion

di scl osure, thdnvai %ng % ﬁ}?fme’tlﬂ@‘?thﬁl &%{ﬂ@@gﬂa‘?ﬁ% as an RLCF

denotes reverseylaon el 15&%#%@%@3 %xﬂ %ﬁfsréﬁﬁféﬁiﬁerﬁb%@&@m 10
enotes

denotes carrier group a t S| gna l eve

denot es 5 | Duwmtiedng Signblting). lanke fdllé@m@emnqﬂe for@prmal RATS sdreiee thepen.
Table 19 SignlnMap[err] =
[ * 00owitputRode pemenglatyre follows the declmal equivalent of the input codgc * 0001:

*/ OWCW@M%JEE m;dmate 31’ Table 19. In ’fable fblgs v@ﬁ%sﬁl&hell /% 0 100.

0,
undefi ned
2

RLCF */ yortions of the dlsclosuré the following adsdiins Hﬂ@E’{b{e indicated meamné

2, /+ 0110 undefined */ 111: DSO
Yel | ow */ RLCF denotes reverse loop 2urrent feed; ,OFAm@mtesrcem faibialaym; CGA

2, * 1 * * 101
undefin ed/ A0 00 eno{egigxrn\és gro/up alarm; DSg ,denotes dlgxtallsxgnfbiélvel O Tfe¥ /fiﬁ%q}g&?

2, /* 1 aaHedqn tes | t feed 2 /* 1101:
reserved */ ﬂ)ggc ?ééd,&:ﬂfﬂCFO dfl,lo s oopcurrfn ?L?Llo enundefl ned */ :
15 /[* 1111: LCFO*/ WD 98/ 34388

PCT/ US98/ 00990 Pre-proces at e machi ne 2001 mai ntai ns
within each line's state mformas;sﬁl? hi story buffer of the nmapped
signalling described above. This is 18 Bt3i ned as a 5- st age

shift-register, shiftedo per 3 Lntervarl. State
machi ne 2001 has i ndi vi dudl ’accessnﬁoﬁd@gc% %ni%g 6f this bufifer. These 5
signals are referred to hgrein as _I?EJ\@O gam Signallifpg Mnus 1),
DS\, DSVM3, DSM4, ar ’DSMB s gi gha g hi stor VA used to

€,r equi r efredUl9: Dso AsIlsgmal
and 4-interval s-valid and i i i on descri bed
bel ow. The mgpbed si gn& 0Qligundefimed 8/ mapped a $econd ti ne,
t hrough two 10 progr ammygb] € tabl e NS ch represent singl e-val ued
Bool ean functions. 'Iﬂh‘tzse funcf*i dj\ﬂ)é) aélE%'I’Rawabl e [Siglp] (Table 20
bel ow) and Si gThavalfl W t hYel hoyydiSpegnd (Tabl e 21 beflow)) are

i npl enent the st or ag fre_e2| ng, unfreezing,

furni shed as inputs to :
2, /* 0110: undefined */
17, /* 0111: DSO Yellow */

2, /* 1000: reserved */
2, /* 1001: reserved */
2, /* 1010: undefined */
2, /* 1011: undefined */
2, /* 1100: undefined */
2, /* 1101: reserved */
2, /* 1110: undefined */
15 /*1111: LCFO */
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pre-processing state machine 2001 to control unfreezing of signalling. In

‘Tabl es d 21, which |IIustrate signal ling for nor
operat  on, wo S8 15 "Troe Perrbditosso

Tabl e -20 Si gThawabl eEerr] = '
1, /* 0000: - Preipngpessing state machine 2001 maintains within each line's state / * 0001:
undefl ned */ 01 0 Al

0, /* 00 Mfor@ﬁ’@y{, adisiory buffer of the mapped s1gna1{mg scgbecﬁ) ove. '?hls 1% 0100
RLCF*/ Q&Q

0. [+ 01 1dnaJ | ne -gt?ge sthiL-reglster, shlﬁed ]per 546 sfggallmg interv: L 0111
DSO Yel low */  State machme 2001 has individual accBss to each stage dﬂlﬁiﬁ ‘buffes éThﬂsel *

0, /* 1001: reserved*/ 1010:

undefined *b  signals are referred to-herein as DSMJ (Downstream S;gpg.ﬂmgLMg@p ,la,élaSMZ

(r) es e'r v e{j* / 1100: é&Uﬂef)bW’ ané DSMS. This signalling history is used to gaglementt{l 1101:
gg{r f’ f’J g gg/ 00990 storage requirements for signal freezing, unfreezing, and 4-1nt§rrggl|s-eva1218 and 2-

Si gThawabl e[ er rihtervals-valid confirmation described belaw. /* 1110: undefi ned*/
1

f* 1111: LCF’I%Z mapped signalling is also mapped a second time, through two
10 pro grammabie tables which each represent single-valued Boolean functions.
These functions (SigThawable [SigIn] (Table 20 below) and
SigThawableWithYellow [SigIn] (Table 21 below)) are furnished as inputs to
pre-processing state machine 2001 to control unfreezing of signalling. In Tables
20 and 21, which illustrate signalling for normal POTS operation, 1 denotes
15 TRUE. '

Table 20
SigThawable[]=

1, /* 0000: -R ringing */
| 0, /* 0001: undefined */
0, /* 0010: DSO AIS */
0, /* 001_1: undefined */
1, /* 0100: RLCF */
11, /*0101: LCF */

/* 0110: undefined */
/* 0111: DSO Yellow */
/* 1000: reserved */

/* 1001: reserved */

/* 1010: undefined */
/* 1011: undefined */
/* 1100: undefined */
/* 1101; reserved */

L

o

o

-

cleleleie

-
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Tabl e 21 : Si gThawabI eWthYellowerr] =

1, /* 0000: -R.ringing */ 0, [* 0001:

undef i ned *WO 98/34388 0, /* 0010: DSO Al S*/FCT/US98/00990

0, /* 0011: undefined */ 1, /* 0101: LCF*/
0, /* 0110: undefined */ | Tab 1, /* 0111: DSO

Yel | owr/ 0, reserved */

0, /* 1001: reserved */ SlgTha wab GD‘ 0, [* 1010: undefi ned
*/ I . f l.ped*/

0, /* 1100: undefined * 0, / Pﬁjo'“}ﬁleqﬁ’ea F 0 * 1101: reserved
1/ /* 1111: LCFO*/ | R 2 . A bssing state
machi ne 2001 naintains in each line's 5 state information, a state
regi ster denoted PPState. The enbodi nent descri bed herein requires 7
states. Signalling pre-processing state nachi-ne 2001 al so mai nt ai ns

in each line's state information a tiner, a&yfener) whi ch can be set by
the state nmachi ne output function, whi cﬁr rrﬁ%wﬁh_ nce every 3ns
(st oppi ng after it decrerrerﬁlgTbﬁ”%‘FW} Yg] Al ch can be tested for

zero/ non-zero value b -53-.
WO 98/ 34388 Y 1, /* 0000: -R ringing */ E

PCT/ US98/ 00990 t he ptate 40l functionp A single
signal, InFacRed, applies r& toss pbfl%.naeﬁx? ne/': and indidates that the
Incom ng transm ssion faci loty |q*|@0y@qp$@AﬁswfaC| lity red alarm.

A conpl ete set of transiti pr—affeetirg—Rputs—to—sigrat+Rg pre- processing
0, /* 0011 undefined */

1, /* 0100: RLCF */
1, /* 0101: LCF */

0, /* 0110: undefined */
1, /* 0111: DSO Yellow */
0, /* 1000: reserved */

0, * 1001: reserved */

0, /* 1010: undefined */
0, /* 1011: undefined */
0, /* 1100: undefined */
0, /* 1101: reserved */

0, /* 1110: undefined */

1 /*1111: LCFO */

Signalling pre-processing state machine 2001 maintains in each line's
5 state information, a state register denoted PPState. The embodiment described
herein requires 7 states. Signalling pre-processing state machine 2001 also
maintains in each line's state information a timer (PPTimer) which can be set by
the state machine output function, which decrements once every 3ms (stoppiﬁg

after it decrements to zero), and which can be tested for zero/non-zero value by
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5 state machine 2001, with respect to a given line, is: PPState, PPTi ner,

DSl G ' SWMe, DSM3, DSM4, DSMb, the two progranma o
function Wgﬂy%ﬁ% e resul ts SigThawabl e [Sigln] and Si gTha\?\J}a eWthvel | ow
[Sigln], and the i gnal InFacRed, which applies equally to all |ines.

Ref erence char dbe¢ s!ntem&hmeés control fupetinn. t4 singlecignal InFacRed iepacrogsialh may
b | ted .bed a e 20
Che Tt out pd?nsea,ra@ca#vaftﬁ it incpriohe. repepmjssion, PR 5 Bl G B8 T

with respect taq, gn line is the processed signalling, called

Cur Dsi g (current ownStream signalling). This signalling consists of the
ABCD si gnal | i ng compietesset of ransitioneaffdoying Ryphitifto GlgRANR g pre-ptdeessingyen
type of service, pl.us. an additional, state to_indicate trun

condi ti oni n§. wﬂmaebweﬂp%rwﬁgremecwaglm Iine. is; %E@Pﬁ?sﬂ’/@n%ﬁf’tlﬂgﬁe ot her

| | d t T , With
Cespect 1o a o DN, BRMZ TSNS BECHIRE, o owo pro eéwé?%fe-ﬁ@&%{‘ﬁn i ng
being frozen), gfletdsultsisi (glﬂ%bneqmgw)andmmﬁwmaw ¥in], and thewhl le

in trunk conditioning), Carrier Fail Al arm rrier G oup
Alarm Al'S caussignal h@hvkbd,(wlach amlxeeequqﬁyﬁbaﬂrhnes(emfamgadwgcter@mm 20
(Carrier Goup Al

state machi ne _(:‘Eﬁ?aF‘E)iie‘ioggangP{‘}g?? i li’l"tf{h{qaz}léél glrl‘g‘gfeausﬁdaﬁldﬁﬁﬁn@ei?wvﬁheme
nodes of thg di agramgsfidAne: yétﬁgzbythéﬁ?st%ﬁ%?o faEEting e CeSsiAf sthlde

di agram ar é a transition condi ow
expl ai ns t he nemachige 2001 dth respect to targivedi lineds theqrodeissedrsigniatlinig, galled 12A. 25

Table 22 - . . . Transition Conditions

T2sec ExprRHg (hent dovymsireas signallipg)s ebis agn%umg gensistepfithg ABCD

T3. 25sec f t

Tiseee . expRphitibdOodd'set idBicd Bb TN L2005 P H S pf it
FacRed | npias Beddcﬁn&mlstambl&dmtetmnkcmm&ﬁ@g Trunk baifcﬁﬁﬁiﬁdgss gnal
FALSE - 54- WO 98/ 34388

PCT/ US98/ 00$00 mutually exclgsiye )Mltb the other m@md@meswﬂm seqqmdloutwt o0 Al'S
(SIS?S'\I{ﬁ!awabl e[ D§ G%D%& res éj toa glvlgx??me is a S of alarm blts é@égl -
(signalling being frozen), TC (Trunk Conditioning), TCNY (suppress yellow
while in trunk conditioning), CFA (Carrier Fail Alarm), CGAAIS (Carrier Group
Alarm: AIS cause), CGAYEL (Carrier Group Alarm: Yellow cause), CGARED
20  (Carrier Group Alarm, iﬁcoming facility failure cause).

The state machine control is illustrated in the diagram of Figure 12A. The
nodes of the diagram are labelled by the state names. The arcs of the diagram are
labelled by a transition condition. Table 22 below explains the meaning of the
transition conditions in Figure 12A.

25
Table 22
Transition Conditions
T2sec Expiration of timer set to 2 seconds at state entry
T3.25sec Expiration of timer set to 3.25 seconds at state entry
T15sec ' Expiration of timer setto 15 seconds at state entry
FacRed InFacRed signal TRUE
~FacRed InFacRed signal FALSE
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( DSI G=DSML- DSM2=DSMB) Si g4val Y (Si gThawabl eWt hYel | oW DSI G
TRUE) and ( DSI G=DSM =DSM2=DSMB) case
two or morWORASB#MS above transition conditions shall be TRLECT’US”’“"?PQO

eval uation, the transition for the | owest-nunmbered TRUE condition |n Tabl e

23 bel ow wi | | € one t

Tabl e 23 ig2Ais '~ DSICand DSMI both equal (40 AKS g

2 3 ggVAI?‘!SY Sig2Yel DSIG and DSMI both egial tS DSV PIfow

6. Tinmer expi rf‘Sigﬂﬂal—5 (Slg'I'hawable[DSII@’Iﬂthmef the pre- processing |state
machi ne 2001 af e ‘assi gned @%IG=DSMNPSM2Is8MBE! ow in Tabl e 24.

Tabl e 24 Stat-e—bef+ht+ens CO
X - Sipavaly! si giSigThawgbleWithYellow[DSIGHTRUEpanedA - freezsg
signalling duejto A s condipsigaDSMI=DSMZ=D$Me¥zeR - freeze
signal i ng duelig=facitity—Rod_ocondition S ALl

CGA- YEL(l ow) state 4 AS - CGA-AlS state C5 Red

- OGA-RED state In casemo Retors of the above-transition sonditiensshell he WRUR: c| eari ng

Tabi o 25 bel owiBgn evahiaton; g i B o ope uaree RO coa e RSl

i s asserted.
PCT/ US98/ 00990 23 beld¥ Y81 Fé383ne taken.

Table 23
1. FacRed/~FacRed
2. Sig4valY
3. Sigdval=
4, Sig2Ais
5. Sig2Yel
6. Timer expiration
5
The states of the pre-processing state machine 2001 are assigned as
described below in Table 24.
Table 24
State Definitions
CO0OK - normal signalling state
C1 FreezeA - freeze signalling due to Ais condition
C2 FreezeR - freeze signalling due to facility Red condition
C3 Yellow -'CGA-YEL(low) state
C4 AIS - CGA-AIS state
C5Red - CGA-RED state
Cé6 RedClr - 15 second stretch while clearing CGA-RRD
10 The alarm outputs of state machine 2001 are defined in Table 25 below by

the function of the state. A "1" means the alarm is asserted.
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State

Tabl e 25 ) Al arm CQut put s _

Freeze T, CFA _CGAAIS CCGAYEL CGARED

0o -~ 0 wo 9’%’% 0 0 0 "0 g%s%"e’%i“

1 -0 0 0 -0 0 0 C2 Freezer 1
0 0 0 0 -0 0 C3 Yel | ow 1

1 1 1 0 1 0 4 AIS 1
1 0 1 1 0 AlTab 25 C5 Red .

1 0 1 0o 0 am Puiputs o5 pogq v 1
0 1 ; 1 IT, I S

Tabl e 25 indic 1 e nsT—ca-F-eT%?:(s dCF*.AN Agﬂtk“ UEQK% .fﬁe—a-pnd
signalling is paesEd thr ugho f r gmOprie- ®r oclesd ng st%lte machli ne 2002 to

the main state RGIL SIgparfiTRg [Pr e pPripcessijng st atle chrne 240T §s in
control of the <|nnn sent _flo tHe nmin Ige he

| east-recently C2Freezen’ ecal vetl entwy |of o he] signdl litg histary shift

regi ster buffem’—gggg, S mappe ThTpugh progr amjanl Tqule
Si gFreezeTo[er 163 le 216 b Ipnw\ tlo drea pgl]i) g gndl ling code FSIG
(frozen signal lficag)s which is lentclneﬁthnthelper-lim ost afe

I nformati on. The-SrygFreezeTolern—mgpuf—TRbI 26 deternmmnes t1

signal l'ing val &SR8 be usled Yuriind d si%nal freeze Pntdrval® A kpedifi
exanpl e of cslkaddhonalp for tihijs [functipn is to gap {ring.ng Bi gnal | fng
(COde 0) t O | O A" L | bllt f bbb: € \VA VAV L wy \J) DU p=) LLAYAY {. \vJ 1 I Ily UI UIJIIUIIeS
during a signalling freeze. Table 26 15 belowis illustrative for normal

POTS servi ce.
t he tabl e:
Si gFr eezeTo[Ser

3,
*/

10

15

r

The out put code nonencl ature

/* 0001: ugpd ﬁ{aﬁﬂ‘&gt’é/machineé 1Signa}1;ng(%e-

?'OCCSSIH

und

foll ows the deci nal

equi val ent of tHe ali-zexess statpof Tahbel25 indinatasithatynozalayms armnsed for the givéhnat e of
ac ?(?(Hgtf’ng x|

l}ne__and signalling is passed through from pre-%rocessyng s

&t

i ned*/

state n?achme/Z’bOp%]iﬁ DSO Al S

WD 98/ 34388
PCT/ US98/ 00990 control of the signalling sent to the main state machine. ThEdbdst-ré@ntly

received entry of the signalling history shift register buffer, DSMS5, is mapped

through programmable function table SigFreezeTo[] (Table 26 below), to create

signalling code FSIG (frozen signalling), which is maintained within the per-line

state information. The SigFreezeTo[] map of Table 26 determines the frozen

signalling value to be used during a signal freeze interval. A specific example of

rationale for this function is to map ringing signalling (code 0) to loop current

feed (code 5) so as.not to ring telephones during a signalling freeze. Table 26

below is illustrative for normal POTS service. The output code nomenclature

follows the decimal equivalent of the binary input code commentary along the

ordinate of the table:

Table 26
SigFreezeTo[} =

-

/* 0000: -R ringing */

/* 0001: undefined */

-

/* 0010: DSO AIS */

b | ]

-

/* 0011: undefined */
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Si gFreezeTo[err] = : 4, /* 0100: RLCF*/

5 /* 0101: LCF */ - 5, /* 0110: undefined */ .
5, /* .0MWOsP&SBYel | ow */ S 5, -/ * PP 0EN8r ved -
*l : _ 5, /* 1001: reserved*/
5, /* 1010: undefined */ Table 26 5, /* 1011: undefi ned*/
5, /* 1100: undefined */ . able 5 /* 1101: reserved */
5, /* 1110: undefined */ SigFreezeTo[]= 5 /+ 1111: LCFO */
In Table 27 bel ow, the professé¢ ) out put of t signalling pre-
processing state machi ne 2p01 iz* g’e@]ﬂ‘éﬁgs’ the foll ow function of the
state. .DSI G denot es DBkG cl$* gg@j! neg +#mn 1 above, FSI§G denotes mapped
frozen 5 Si gna| | i ng as ascui -A—Fabl-e—25—-above; d TC denotes the
special trunk condi ti (8| nd lsogrmluhdeﬁpedd‘de
Tabl.e 27 Signal ling
CO K DSI G| 5, |/*0111:DSO Yellow */ Cl| FreezeA
PSI G reezer | G
C3 Yel | ow TCc 15 |7* %Od_ reserved */ ca a's
TC * Td
C6 Redd r TC 5, & 1668 reserved */ ,
' 5, | /* 1010: undefined */
15, | /*1011: undefined */
5, /* 1100: undefined */
15 | /*1101: reserved */
S; /* 1110: undefined */
5 /* 1111: LCFO */

In Table 27 below, the processed signalling output of the signalling pre-
processing state machine 2001 is defined by the following function of the state.
DSIG denotes DSIG as defined in 1 above, FSIG denotes mapped frozen

5  signalling as described in Table 25 above, and TC denotes the special trunk

conditioning signalling code.

Table 27

State Signalling
C0 OK DSIG
C1 FreezeA PSIG
C2 Freezer FSIG

1 C3 Yellow TC
-C4 AIS TC
C5 Red TC
C6 RedClr TC
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-57- WD 98/ 34388 : : .

PCT/ US98/ 0 _ F. Fl exi bl e State Machine pcrusesiogese The .
state machigﬁzgs(ﬁ %e UVG card allows control of the tel ephone Tine

based on the signalling and_|line condition (e.g. off-hook or on-hook), and
can be real i zZBd i nElexiblg $ate Maching of t war e based state machine in

whi ch a m croprocessgr xanmene [ ' i m ng
and determ nes the iﬁ%?%%ﬁ%f‘g‘e of'ﬁmesllggf%agﬁafé&ﬁ%énwﬁéfg%\?%ﬁfhgggﬁg{e t he
sof twar e basedpsbabf thPdighahg mdiliRicohditien 'ﬂe.g._eoﬁ'-hook oBdr-Boak), 41 cahdsgi ng
the code which forns the state machine. The di sadvant age of t he

sof t war e basedrealiztdeinithe formefiasoftwate based stapaimashing iniwhichs wicseproeesserd RAM

to be present on the WG card. The, space,and power required by the 10
mi cr opr oceskor SXaY VEIROYSHRPYE stages gﬁ“‘ﬂgﬁ'é”% a"éeﬁ‘?‘:ﬁﬁ%%?%%%%?embased WG
| ess than opti Hﬁép%l%stat'ﬁ.a;fge advantatgé‘af felsBhiateD %ﬁﬂa!ﬁdﬂﬁrﬁris fHadticdd BY 2

state machine IS e ware state machine, in which logic gates are

hardwi red in aakéed bgukdigingthebodewhioh fiernisithe state machimet dhewlisaidventagtiod
advant age of such a state nmachine_ is that it avoids the use of a 15 -
mi cr opr ocessor thema8warg basedrstate anashingdn thatyit reguizes a rigroprosessondrdRAM 15 ¢ hat

once fabricated, t te hi ne cannot I.fj.ed. Since there
are smal | but be P’°’*”3i°§ﬁﬁmﬂ_§%ﬁﬁ%%ﬁ8&@P%W?%gq‘g?egngﬁ t1ﬁigng formats of
di fferent g epfioRBroskisht ARMg with the cost, SFYMAR tHEAE&GEPokedsor BREEUMTRNgES T O
I nsure proper tel ephone |I'i ne operadtion. An enbodi nent whi ch

avoi ds the di siasythanaptmabf t he software and 20 har dwar e state nachi nes
is the flexible state nachine, .in which a nunber of .. , _variables can be
programed into regﬂ%%&?*‘&?@?‘l’b@nlﬁv&%é ?W%ﬂem?csamlsthe%ﬁﬁdmwa

enbodi Tent ar € ik a ifith %g;bggagels[faggiéapmd GPAL Ao WL Rims the  Whi ch

I n conbi nati on"w t-h one or ogl c oper ons, torma state

machi ne. By chatag macHiie Tierddehitege ofisieh patatmhchite Bfthdt eaveidsitke useaifiane can
be 2 5 vari ed. The programm ng of these registers can be acconplished by
BNUCC 15 gwcroprocessor. The principgl disadvantage of senhastats maching 139akoNCEst  of

state structur | AR | LN | £ state and
all branch inf g%ma {leg’rrllt.h(‘;E ?{r%{etqhgmfl%ﬁ ﬁag\l}mb{l%%gahg&s?'g}ggﬁn‘%% %ek&gfr@ﬁb repr esent

two bit sets whignificanedifeientds it A siPiaalivig formhie lof afffedéht telephone swiithies, ieed t o
be set and which need to be not set, respectively. This is depi cted

bel ow. may be necesgany4p make changes toqigsyge propsa telephonk ineepeargianows :

;:,g-?-; US98/ 00\9/\19)098/ 34388 mbodiment which avoids the disadvantages of the software and

20  hardware state machines is the flexible state machine, in which a number of
variables can be programmed into registers on the UVG card, which in a
preferred embodiment are in TIUA 880. These registers contain information
which in combination with one or more simple logic operations, form a state
machine. By changing the variables, the parameters of the state machine can be

25  varied. The programming of these registers can be accomplished by BNUCC
800. ' .

This method involves setting up a list of state structures which contain
information specific to the state and all branch information. In the following
statement, A and B represent two bit sets which specify in each branch which of

30 the inputs need to be set and which need to be not set, respectively. This is

depicted below.

Logically, the A and B compare works as follows:
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X = input bits If ((X&A) = A) & ((~X&B)=B)) then Branch to
ADDR _ The data structure used in this nethod is defined in
Tabl e 28 be¢@vssiGsso pseudocode 'sim | ar- to programi ngcirarsgs/enys C,
and therefore is clear to persons 5 skilled in the art. As illustrated
in Table 28, the infor | on i ncludes the Timner type, which indicates
the time intervals whic =’I”P“&€'iser-m ne a tinme out condition. The
out put vari able con he st j=l_1.@ iheR Brimth t6 ADMRE, i nging.

The nunber of br anc#re@ki&ﬁ%i cé?)e%r(ﬁg%unbeﬁrﬂ%fﬁlapossitbl e states which may
transition to the pThséata sivhciire uséthia this axetirod isdefinetd indrableci elow using
specific input 10 varjable and tinin arangters which, need to be
conpared to deP&“ﬁﬁ’WéeiSFm@”QngT%’i‘Sﬂaqub‘a&e u gretire isclgar QRGN be

mede, and i% t Z@gu%’%@_%tthé 0% AdSiRESedin Th8e 28, the iftBARAoNGhelhd¥s thé‘%rl%elzr

subsequent e 28
State { type, which indicates the 1ifi@ fintbiwals; wHitH Wilb déterntiné ¥ fineadut out put

Qut put s; Nunber of oBranches; L.
BRANCH, condition. The output veiiieantroly thp statmef] the lins doreaxample; ginging.

$Zg: S gg bel ow,d“l: lmlljx?x éraotf%?antcﬁees i%% Ju?nrbela ofd ggsgibfet diat&d Whith may

A, iti t state. The brarfeh information contains the specific input
ADDR; transition to ﬂ}%gre?eennpsﬁaaet e of Table 20 is also descl? i bed ESi ng a

progr amm ngo | angieteand timing paiamdters which read tabecdpared halsteemb® ifahe A and B

are utilized in the conparison as 20 deacriaelg ab%\ée to éigeter ine if a
branch to a nelrasghteassubsequephyiap shonldbemade agd it so, what the addges ®hits. |f
no mat ches are found. 4 0. | NCHEs, then the state woul d
stay the sane. cons%rugt fop thap&dséqﬁfenpgtatgﬁa‘ _59- VO
98/ 3438 : Table 28 :
PCT/ US98/ 00990
State {
Timer type; //This is a type ot: output
Outputs;
Number of oBranches;
BRANCH;
oBRANCH,; //optional branches
¥
15 Table 29 below illustrates the template for a data structure.
Table 29
BRANCH{
A;
B;
ADDR;
5

The template of Table 29 is also described using a programming language

similar to language C. In Table 29, the A and B are utilized in the coﬁparison as

20  described above to determine if a branch to a new address is appropriate based on
the X input bits. If no matches are found in the list of BRANCHES, then the state

would stay the same.
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A flag would indicate if it was the first tinme into the state and would set
the timer to the specified value when it was. This avoids placing the tiner_ .
val ue WO 98/3d388h of the branches which point to a particﬁprs&m&P@.
The menory would be filled with a list of state constructs. The address in
5 t he nenory woul : RS tigckdlste afd dodid detrer
val ues woul d %gﬁé%@lﬁﬁ%ﬁ@;&ﬁﬁaﬁi ng bmgﬁet he six lines. Only one
copy of the the timettokht spdcified vabuehwinm itvas. dThie aveids placing thetimenwalue :
This method is quick, The only constraint would be the nunmber of
br anches si ncemtemkoﬁbehfﬁéhqsﬂm?#%%@.a@ﬁ%’iﬁtsﬁ?'e are 1800 cl ocks per
line, it is 10 unj.i kel ' nbthic . time
trouble, but it dore]tl'le 8%3W5m3%§llrg§gﬁ@%nl§:ﬁ§¥§an§%ry_ %'%ﬁaf&sgln
order to fignd umchry WOl Rivesasdhs italeQuitivel i Tiee addedss ahdimet valdesscr i be
in this nethod, the following fornula is used: S = nunber of states. B = -
number ofvoidd de simeesl, widn-switghingrbetrecpithesix lipes. Only one copy ofthe
(28*S) +(30*B) ] . s Equation 1
Assune: actual state machine woyd be peeded in this way. 20 bits of output 20
13 bit tinmer - At 1 fik Gl ot N | P ber of 8
programmabl e val ues 0o n%?{rggslkﬁeggégﬁg?h@?. tc\w&ﬂ&%thenmrio bit address
A st ate machi nerafigel sinoethieisdsetial precesndSiney theye Be 1800 dlbcls peetinedt mbout
1800 cl ocks per line. 2 5 Maxi mum of ei ght, tiner t%ﬁe,s.
NVaxi mum ofLo32 wilikebtihat this method could run intorany ser of time-tronble, optit dass e Bas
ei ght states V\PLH d takef644 bits. The full state diagram
woul d take 940WjFROUNLGE MEMOLY. ~ ), possi ble way to save nmenory with this
met hod is to use ONfpyordeStodn@ out how mahyBIS fa stddé inadlkineivoald takithoatescriter each
branch. There woul d need to be additional | ogi ¢ whi ch woul d_search
the menory f or inghistmettiod, thefollowingformulatis nsedt S aumber afistates. B = nugbgg o
nunber desired. . Thi iwma%]{lpd \/\gul (ilbﬁUt alimt on the nunber of states,

S.n _% 0|

whi ch ot her wi s8f HaRf WPRE OIPSwoul d save 5 bits per branch if the
nunber of ;¢ -60- VO
98/ 34388 .
PCT/ US98/ 00990 N=@848ps30#B) | inited to 32. This method woEqhatibud save
105 bits on the full state machi ne.
Assume: :
10 bits of input
20 bits of output
20 : 13 bit timer - At 1 ms per tick this gives up to 8 sec.
8 programmable values of times needed at most.
10 bit address
A state machine decision needs to be made every 3 ms. This leaves about
1800 clocks per line.
25 Maximum of eight timer types.
Maximum of 32 branches.

The LS state machine which has eight states would take 644 bits.
The full state diagram would take 940 bits. |
30 One possible \;vay to save memory with this method is to use only a state
number instead of an address for each branch. There would need to be additional
logic which would search the memory for each additional state until it iccated the
state number desired. This method would put a limit on the number of states,

which otherwise would not exist. It would save 5 bits per branch if the number of
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To illustrate how the above nethod is utilized in connection with one
branch in the system di scl osed herein, Figure 21 illustrates a conpl eted

data 5 Sbuwshsse for the on-hook state description ill ustpesdspeed abl e
13 above. Also a reference to Figure 11 is hel pful in that we can

see fromFigure 11 th e Si bI bra ch omth hook
state B8 are a%ﬁeﬁm H ?%r'g]? Ft?%fq%n ﬁ\l@S fsrPé“i‘ ﬁﬂﬁ‘%a :
of f - hook, and ih ird to st andby. For the pur poses of |IIustration,
we will assune at branch nunber 1°is Ringing, then A would be 10

sel ected to be Oooowemmatedmd/tﬂemﬂednéthod;slmﬁﬂzecﬂinmmnbmohmiﬂmﬁooo. W th
the values for A and B indicated, the branch tg R n |ng WO ddge execut ed.

1f the i hrag q&ﬁt%dwptorpdthréewg@qzﬂlﬂlvﬁr ultin a

branch, a f rt her | fo nch

deci si on, v%ul ambcérng\t’%ﬁtﬂaﬁgﬁg #?t% égscr}prtilgf’ i ‘F“%#%#Elqu%k%ﬁ-ré@s\,\gr e true,
the state woul gbfe@Ad tB Figife 3R ihelgial, mﬂiatwecé.ﬂéeeﬁ'oxﬁJFigiﬁé sBthaMoigee G ade
card circuit and | oop testing the prior art, illustrated

in Figure 13, pbssdﬁebmhdwsﬁm'éle@ndmok@tatmﬁ&emtavaﬂable,tth@ﬁrsttmngg bus 897,
testing bus 91 d, test s 914 bs r,circuit In
the event that f@ﬂé?cﬂ‘efﬁ?? é)'ﬁgok’raﬁ‘éh?ee‘éﬁ&%éﬂ‘fb ?Q%R’ﬂoée%?fen
circuits due dpean nes
t he signal int elbursltr?@ ?Ogﬁnﬁ?lﬁdgéiﬁn%ﬁf u ﬁ‘goe?lia}f'ﬁgigltﬁ P\gggﬁgl, rcuit 906

woul d faili1o selected to be oooom(mop,rmarmamtb:scbelmmﬂ tod th)tmoooo Wigure 14,
the use of a solid state 25 re which is in one location in the

circuit with oﬂ?e)ﬂallqeﬁé"ﬁ‘%éﬂd Bé§‘ih§%t6‘? g;he branch todRipging wowld boeseevted o thesul
in false test ¢ |ne§rf ?%@&e M_Qﬁu&%@g&ﬁ? tmabrah@ﬁtaefqnh@ nce if

one or both the resrstors are open
circuits the tehsbathoRdif thedhputs withireptird to brasdicdiciich, Woald bdeatarde If | ne

which wi |l pass the test, although in reallty the circuit is
def ective. |n mpither ofithose BRANGHE: wergdrue, thestate weuldiremainghe samit. cat e t hat
t he subscrjber line interface circuit 906A and ot her circuitry on

the UG card 140 is functioni ng properly, although the UVG card is
actually not functional due to the open circuit line feed resistor 920A-1

or : -61- WD 98/ 34388
PCT/ US98/ 00990 I1I. Bgal X oi ircuiffdre lpop tasting enbodi nent sol ves
this problem by the use of drop test resrstor 925 which is placed in a

shunt position between the tip | ead 266A and ring |l ead 268A of the
tw sted pair drop c i of Wistd Liqie feed
resi stor (920A-1, 9 é?ﬁptaﬁel tl%/fn{‘hget eg‘qﬁ%‘frr 13?{%;&&{}2%;,:&%{& s g)lc('?g e a very

hi gh i npedaonce thmnmmg busBHT, tesngbusrfie, mfaiteﬁt dusbnh&Mtto thénmbskmhar tieatit.
resi stor 925. An en circuit indicates that one or both of the line
feed resistorsnthe efrsmgat one or hoth of thedine ferdsiesistosn 23 weme open plecuits e t est

resistor is 40Q; K &kdite current, the channel test which examines the signal integtity from the

subscriber line interface circuit 906 would fail.
In a present embodiment, as shown in Figure 14, the use of a solid state
25  relay 910A which is in one location in the circuit with only line feed resistors
920A-1 and 920A-2 can result in false test results when the twisted drop pair is
tested, since if one or both the line feed resistors 920A-1 or 920A-2 are open
circuits the twisted pair drop test will indicate a high impedance line which will
paes the test, although in reality the circuit is defective. In this case the channel
30 testresults may indicate that the subscriber line interface circuit 906A and other
circuitry on the UVG card 140 is functioning properly, although the UVG card is
actually not functional due to the operl circuit line feed resistor 920A-1 or

-61-
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920A-2. _
The present embodiment solves this problem by the use of drop test

resistor 925 which is placed in a shunt position between the tip lead 266A and
ring lead 268A of the twisted pair drop cable 260. In the event of an open circuit

5  line feed resistor (920A-1, 920A-2), the twisted pair drop test will indicate a very
high impedance some minimum resistance which is due to the drop test resistor
925. An open circuit indicates that one or both of the line feed resistors are open.

A suitable design choice for the drop test resistor is 400 KQ.
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W claim 1. In a fiber-to-the-curb tel ecommuni cati ons system
having a fiber-fed termnal wth a voice grade card for providing voice
t el ecomuniyg@bg/sy3ss servi ces, a.meihod of communi cati ng w t hPEATUFIE/NE

grade .card, said nethod conpri|stHiS SHEETSHA%OPE@L ~da) receivinga T

frame based d ream time difvisio p signal wh |
said frame ba%%nst ream t iLi—di RE@#{Q@bm” 1 pl exed si gngﬂmamm!uﬁﬂllj, ,III
PCM

downst ream frame overhead channel, a plurality of
wher ei n each voi ce channel contains_pul se code nodul atign
downst r eam dat a and. dnaditientethedurinteiecommunications systegnbavings brop tion and

wherein sai d downstream,PCM dat a "Pg?fa%l d associ at ed \/I;Qst ream

. | ,

si gnal i ng i nf STk YRILAYith 3 YRick TP l}’é’“‘feé%lﬁ?W%fon said frame
based downgtr ' VAT ' Feggﬁﬂ | griR dafetigdam cont r ol
channel ; 5 %%{f%’?m%m%wgg t?@i sm tﬁggagb rarrg'm?égegd upstreamtine

di vi si on mul t idalpKieihgthesiops ofher ei n said frane based upstreamtine

division multiplexed signal conprises an upstream.frame over head
channel, a plurality of & ceedvigsadiamesyngienigatonsightly oi ce channel contains

ul se code nodul ati on (R r ' i pgnal in
Pnf ormati on and wher ei g} a'eﬁ%aﬁa@%ﬁ%&}n qgg%ﬁqgssoc@emgé%gst rea%
signaling i Whbieflsafd SovEaim dind digistonthukiplened &igadli on wi t hin
said frane based upsireamtinme di vi sion nmultiplexed signal, and an
upst ream gontrol chomprisesvnframe ovérheast channg), thirfyvoice channels angacomseodd
upstreamtinme division g}llti pl exed signal is transmtted in a bit
adj ust abl e 1a0de at i onshi p wth respect to a received franme -
based downstream ti me di Wi Sifhi ' ' : inlexed 2.
The nethod of Caim1l, f r1t§ er %%rﬁ%%%%@%%%%@ﬁﬁmnmﬂhge
receiving a clock ssigmdivherein suid apsheanuinedivisionim0Biplevkt signal comprises 3.
The nethod of Claim1, further conprising.the step o receLvi ng .a frame
synchroni zati on si gﬁmmemh@dmhé@{% thirky o1 fgﬁ?‘%ﬁ;ﬂ‘?c@ﬁo ?ltj’ﬁg?l' contains a
downst ream_ superframe synchroni zati on code which conprises a two-bit
bi nary segl?ence. _ 4, The nmethod of Claiml, further
conpri sing the step2ofThé petiodiof Clamf ¥, ffthe? Yomprising et stepofsi gnal wherein

said franme synchroni zation signal conprises a downstream frane
d) receiving a clock signal having a frequency of 4.096 MHz.

3. The method of Claim 1 wherein said frame synchronization signal
20  contains a downstream superframe synchronization code which comprises a two-~

bit binary sequence.

4. The method of Claim 1 wherein said frame synchronization signal
comprises a downstream frame synchronization code and a downstream
25  superframe synchronization code, wherein said downstream frame
synchronization code is the binary sequence 11101010 and wherein said

downstream superframe synchronization code is 11001100.

5. The method of Claim 1 wherein said overhead channel of said frame
30 based downstream time division multiplexed signal is the first channel in said

frame based downstream time division multiplexed signal.
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synchroni zation code and a downstream f ni zation code,
wher ei n_sai d downstream frane synchronimm cjlﬂﬂj%%mjﬁ Ee bi naw sequence
11101010 aMO MR8 n sai d downstream s c i zatiPBAR% <

11001100. 5. The method of Caim1, wherein said downstream
frame overhead chagnghe @fetisdll of 1o whitfeiils4l@ bostidl @BsRrlel 1s8hellagi ciafiite]

mul tipl exed signal is the first channel in said frane based downstreamtine
di vi si.on mul t ipsadd frdmeibgsed| downstream timeglivision mhdtiplex¢dbtignal. O ai m 1, wherein
sai d downstream control channel is the |ast channel in said frame based
downstreamtine division nultiplexed signal. 7.  The met hod of
Claiml, wherein sai Q?l’i:ﬁf&f" efefiﬁ h&rehhPtiR upstream
time division mul t?bﬁglge Si gna@gﬁéﬁﬁhe agFﬁé%gj;méﬁbﬁl sal deﬁﬁgﬂ based
upstream t& me pliltiplexedsignal is tpaneméttbdsin gn affset relationship with respedtieanet hod of
Caim1, wherein said upstream overhead channel of said frame based

upst r eam t i me resieivedidewnsigam me dbdsien gRifiplexedisignal.i r st channel in said
frame based upstreamtime division nmultiplexed signal. 9. The
method of Caim1l, further conprising the step of: C) receiving 4
byte nessages over gsayd HAHEESS Claith ¢ WHeréith s4il 2BARL channel of said frdfhe | N a
fiber-to-the-curb tel ecomruni cations systemhaving a fiber-fed termnal for
del i veri ng voibasedsupstréane timeativision enujtipldxedcsignal issthe past chagnelgn said drame

t el econmuni cat i ons services,,. .said vqQice grade card conpri sing: a)
means f or 1P ecdBssdipstiesn Hme divisien mgﬁcgﬁm ime division nultiplexed.

si gnal wherein said frame based downstreamtinme division

mul ti pl exed signal conprises a ' - 65- :
downstream frane overieatethbdiofN€laimd whepeialsaidydowinstrednt imeldivisiohs. wherein
each voice . channel contains pul se code modul ati on (PCM) downstream
data and assodn‘dtlébxedSlgnaléﬁmﬁ§§qséglﬁﬁ>’s‘1°§%é4h%1§-nfor-rration and wherein said
downst ream PCM data and sai d downstream signaling information are

| ocated in a contiguous fashion within said frane based downstream

ti(rjre di vi g5on mul t i 19l epRAnetheNat Claind whedeingitiovaihead clianat] offidaid frime
an

based upstream time division muitiplexed signal is the first channel in said frame

based upstream time division multiplexed signal.

11. In a fiber-to-the-curb telecommunications system having.a broadband
20  network unit including a voice grade card for providing voice
telecommunications services, said voice grade card comprising:
‘a) means for receiving a frame synchronizatioh signal;
b) means for receiving a frame based downstream time division
multiplexed signal wherein said downstream time division multiplexed
25 signal comprises a frame overhead channel, thirty voice channels and a
control channel; and
c¢) means for transmitting a frame based upstream time division
multiplexed signal wherein said upstream time division multiplexed

signal comprises a frame overhead channel, thirty voice channels and a

30 control channel. THIS SHEET HAS BEEN
REPLACED
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b) - nmeans for transmtting a frane ba di vi si on
mul ti pl exed signal wherein said f ﬂmmmﬂmn uﬁam time division .

mul ti pl exedws) gamabssconpri ses an upsSt r éant f r'ane over heascrivsssmabso a
plurality of voice channels, TS SHEFCHAS BEER channel contains
pul se code nodul ation (PCM upptreaRegphee@nd agsoci ated upstream
signaling information and wher eam data and said :

associ ated upstream Thevcgl:&’%ghé Mdb?bmtl' %de&gws' oghgin?t cont i guous

fashion within sald rane upstredmti me i pl exed
signal, and an upstream dpnieand for vdreivingna cla¢idsignil having a freqgermyefd094 i s
Insertable in said fiber-fed termnal for delivering voice services and
wherein said voice Wéﬁie card further conprises a connector including a

first row having thirty-two pin positions, a second row havi ng
thirty-two Pin positions. and a third row having thirty-two pin .
posi tions wherein: 13, The voice grade card of Clai@ 1, Whefkh side8 WinseHabInSi gnal
is received on a pin in positron 5 of said second row of said
connector; said broadband network unitaind wfhemmesamdisad fumimsompamstai gopnetitas si on
rrultiplexed signl,is eceivg IP p05|t|on4o .aldthll‘d
row of said coHi %EPW avmgth:rty-twopm os1t10n§511sac R by 5t r eam

time division gyégﬁl%o? olis, Qgﬁudﬁﬁﬁm&fﬂm &mposx}lgﬂs @hBlefh: N POSi tion

5 of said thir connec e vol ce grade card
of ClaimIy said card fdy kildfrafRsphaciabmigation signal 1scrhcexvedrmmlsmfimr receiving
a clock signal having a fre uency of 4.096 MHz. The

i nsertabl e voice ng@F’éﬁ@hﬁﬂ wd sscandmwoomgqmeet%yte rressages in said
ot ot & conan B, s et Bl hd diRH AffictePiedl ),

third row of said connec

nmessages in said Upﬁs&&@éﬁ?@d‘-‘&f&?ﬁ'mﬁbﬁﬁ&ﬁh of§id tHiRINSW dftseid Rfné:tdtt And N PI N

position 5 of said third row of said connector. 13. The

i nsertabl e voi ce grade ca) daiddworediased upstréinitimeidyisighandtiplexed sighaléer t abl e

voi ce grade_card inglude Jeans. r esponsi 0 .l[ec command byte

val ue of heXadeci ma a%sguftg ?’é'é‘@fn’é? axtlloHéqf{sgfht@ ‘gfﬂp%gpﬁlf‘gﬁ@nﬁﬂﬂ ‘wher ei n

said command byte is received on a pin in pin position 4 of said third row

of said connector. -14. The voice grade card of Caim1ll

wher ei n: 14. Thewsoide gtade kardiofjCidim K2 wherein\seidl cand i ipsentable iposi ti on
said franme

4 of d f t
bagedsgl)wns!t gaw@@mﬁ%@n%wkw CO%S@#@%W&@@@W GoRngctor

including a first row having thirty-two pin positions, a second row having thirty-

20 two pin positions, and a third row having thirty-two pin positions, and further
wherein: ‘
a) said frame synchronization signal is received on a pin in
position 5 of said second row of said connector;
b) said clock signal is received on a pin in position 4 of said first
25 row of said connector;
c) said ﬁame synchronization signal is received on a pin in
position 5 of said second row of said connector;
d) said frame based downstream time division multiplexed signal
is received on a pin in position 4 of said third row of said connector; and
30 e) said frame based upstream time division multiplexed signal is

transmitted on a pin in position 5 of said third row of said connector.
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pin in position 4 of sa aid connector; and _

said frane based upstremllmﬂlmllnmmml Jl'tHA%I Si gnal Is transmtted
on a pin WO98/34388 p05|t|on 5" of" sa m@g sai d coRGEES/009%0
15. An insertable voice grade c&u* *m pn a f ber-to-the-curb

t el ecommuni cati ons 1§yxxﬁﬁserﬁsie%idaggrﬁefdahfformeém@ﬁmrrtaltheamr@h in
conjunction with saird insertable volce grade card provid

t el econmmuni cateleummmnvatmﬂssystdmmludnmg a:brmdbmdatet\mtkpmtrwmdnmen sai d

i nsertabl e voice grade card, and id fiber-fed ter, ses a frame
based downst r €BRHPRGHAD With said Msertable Yoice gade cat rFé‘i’V‘H]%fgf"? é’atb%f?ed

e . ™ sv1ceS bl sl iSh B8R berdaln bal A BGAB Bidk Uik QR e C2r

COI’TpI’I SI ng: receiving a ast

di vi si on ngll t iand 6218 Broudbad twekiumittoftfprises a frame sphchpdtingioaRippakh
informati on extracted fromsaid frane based downstreamtime division

nul ti pl exed smmbaml@wnsgeamm@mlqmmalélpl@emﬂj/smaltmdrqi;ramybé@dof pul se
code nodul at ed ta a S ny. as. thir tes of
si gnal i ng dat gp%%%lév% B&hﬁi °§é Sl n%%f’éleé'ﬂif &Sﬁ?y%ﬁ/e of

si gnal i ng dat %oﬂx‘fo ggassom ated wth an individual telephone

channel ; B?i circuitry for transmttlng at least six tine
di vi si on mul ti pl exeitcsityreaheertingtaid downgstream time divédierpinnitiplexed signils to
information inserted into said franme, based upstreamtine division

mul ti pl ex®® si gnal aRAPEsignalsandsenveringAnalag Signys 9 SaldiPFEsANUMSs of pul se

code nodul at ed .and as many as thirty bytes of
signaling data, eac v1%)1€@ﬂuh¥ﬁ5g§] PCa data and each byte of

signaling data bei ngongcoey xﬁélﬁﬁnghtﬂist&awcbﬂMﬂyMgﬁ\ pbsitieshasecond row
channel ; . ) circuitry for converting said frame based downstream

time division nult |0§Iﬂ@;€t¥ﬂW° pin posifions and atthirdiroay of) thgrsghm Bingegitioahver ti ng

alanars: O Sahein R Eadds Sontaiit] §3%eivs wid BB sBHARGR wo pin
posi tionsgsuher ei n gigiaflof afth ihposition S dfeaialsewnaqowor@s&ve@l&ﬁmef rame

based downstreamtime division nultipiexed signal on a pinin
position 4 of said Hasa'ctdowmtnemtlsmdivmmnnnldtlplexechmgnal@nprmnudpommnﬂf rame
based upstrerp ‘gIVIS op, mul ti Iede| o a n|n posi tion
5 of said first roftgpd &IF Tow of said.¢fing topro 1 esi‘é“PStr UMesert abl e

voi ce grade card a%ﬁ%ﬁ}h@ﬂg{l@e{éﬂ ngﬂa}fb af)fﬁr ??ﬁ&lﬁﬁﬂ%hﬁﬂ?ﬂ(ﬂ]wwo safd

circuitry for receiving an ransmtting ane over hea anne -and a
control chanrehnector. -  17. The |nsertable voi ce grade card
according to C aim 16, wherein said overhead channel of said upstreamtine
di vision Bl tiplexed signal is the first channel in said frane based

16. The insertable voice grade card according to Claim 15, wherein said
circuitry converts analog signals to said upstream time division multiplexed
signals which comprise a frame overhead channel, a plurality of voice channels

and a control channel. '

25
17. The insertable voice grade card according to Claim 16, wherein said
overhead channel of said upstream time division multiplexed signal is the first
channel in said frame.
30 18. The insertable voice grade card according to Claim 16, wherein said

control channel is the last channel of the frame in the upstream time division

multiplexed signals. —
' This Sheet Has Been Replaced
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upstreamtime division multiplexed signal. 18. The insertable ..
lDiH wherein said control channel i's the ]

voi ce grade card accor ] j

| ast. channwio ssiz4ssse frﬁmmmmm amtine division nul PCPIUSS0H990

si gnal s. 19. "% il € NEHTCIRASBRER |card according to Caim
15, wherein said comruni cation patjyh betwgppag@) d i ndertabl e voi ce grade
card and said fiber-fed termnal f t frame synchroni zati on

signal and wherein ﬁ}iimeqﬁmsk%ide;yddédﬁﬁd&csﬁﬂyﬁ Claim D5, wheirein gaitvwo
positions, wherein said card is configured to receive said frane

synchr oni zat i csircgitgriatludes meguis for proyiding:saishupstream gimelivisionmepltiplgxediner ei n
said circuitry for transmtti.ng said.fra based styeamt.i p vl sion

nul ti pl exed siﬂﬁ'_ﬁis QOﬁ%Ia_tRi’_ég’W\giﬁgg?%P °6F§§@“&f‘f1 %‘gﬁ&j‘*?@ﬁ%&%{a@eawé

68 Upst eamd R indyAti it dnl VAP e sgidtronibAtiohighalicGeived o4 N
position 5 of sal Irst row of sald connector at a tine other than in i
synchr oni zat i osaidpintin pirf pesitiensSyefshidsecardiiown si gnal received on said pin in
pin position 5 of said second row. 20. In a tel econmuni cations
system having a voice grade card for providing voice tel econmuni cations

services a circuit l e t.} g, i ] {: 0‘5%{].}]' NG aenie cal a)
at | east one test r%@al}hegig‘gﬂgﬁei Jr?b&aﬁrg(?ée%gb%ﬁié&{‘%@t usﬂts’cr}g%erf)lgisﬁldof l'ine
resistors, upstrearfidintk div3Rn BEtipleRESsiPRIlNEompPrise thiefyaloice! chanrels)i t

configuration and connecting said relay to a tw sted drop pair
having a tligp wire and a ring wire; and a drop test resistor

b)
pl aced in a shunt copfjiguration between said,ti.p Wire and sai ring
wire, said drop tesi‘?ﬂrjé_kar@eﬁ?mﬁ%i'ﬂcﬁﬁt_’%s_?@tg%t’?‘(}ggeé{PﬁgggagSﬁaﬁdggf when a
test of said providing olkSteRdoMbRiRicAfbls depvitBARICHR Y 169F REEnd kaidRireRiEN
circuit due to av%au%t In one or nore of said I'ine resistors can be

det erm ned. comprising:21. In a fiber-to-the-curb tel econmuni cations

system having a voi ce grade card for pyoviding voice tel ecomruni cations
services including a rin® @@ﬁ@&?"o‘egﬂe{a&fp{‘?"c &é”tlﬁﬁﬂW%’FeS?Q@%‘ttPﬁd’agai d ring

generator Ggircuit, - 3 bk i S :
generati ngféa first %ungeexgﬁst}g%sé{?ggéke%ﬁg&s hgﬁéﬁi ?P%taﬁ %}lf%r?még%ﬁg’lﬁ'&uon
appl yi ng said first aplitcimesting saidyelapad a twistediddop paighaydmes tip evirecindaui t ;

c) measuring a first DC voltage output of said ring generator circuit;
d) generating a gegm;md se train signal having a second duty cycle;

e) appl ying said seco sg frai I t 1) g
circuit; _ 1) ngggﬁi#‘{)%%“am%%@%ﬁ%%\% agé)gga‘tup L?rg(g)%{%grl; %:Klll ng
generator circuit; #PQvireand saidrﬁ)gwire,%’ﬁi‘d&frﬂ@ festi@sivtoe hindig & edstbtive Malae DC

b)

~voltage and said second DC voltage are within o acceptable
oper ati ona0 | i nits. such that when a test of said twisted drop pair is made the presence of an

open circuit due to a fault in one or more of said line resistors can be

determined.

22. In a fiber-to-the-curb telecommmﬁcationé system having a voice
25  grade card for providing voice telecommunications services including a ring
generator circuit, 2 method for testing said ring generator circuit, said method
comprising the steps of: _
a) generating a first pulse train signal having a first duty cycle;
b) applying said first pulse train signal to said ring generator
30 circuit;
c) measﬁring a first DC voltage output of said ring generator

circuit; e e
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22. The net hod according to C ai m21,—whese—sat+a—+Hrst pul se train signal
and said second pul sﬁlm H H; |L|mrﬁp$hﬂéﬁi' HASIBEEN |si gnal s.

- 69- WO 98/34388 A I i nREPOACER m 22, wher EEFFUSIEA999Q | st
pul se-train signal and sald second pul se—tTarmm signal each have a constant

duty-cycle. - 24,4y genBrafing & sESAAPMNe Gl 4Pl Buving Msbevnduaty Voi ce
grade line card for provi d%ng voi ce tel écomuni cati ons services, a circuit
for testing a ringayelegrator, the circuit conprising: nmeans

f ti first pylse train signal haying.a first. dut | e and
econd pur se {rain st gnd SRDRGRRA sesbenauSEI oG b gl o °1 ©

means for applying cﬁﬁﬁit‘om put of said pulse train generating circuit to the

ring gener ator, means for measuring an output voltage
from sai d gi ng gener at orf) redsoritg ¥ Sedoid DC voltage @ptput ofdaidring ferresdtor fi r st
and -second pul se train_ signals. 25. In a fiber-to-the-curb

t el ecommuni cat i ons axesiteandhavi ng a voice grade card for providing voice

t el econmuni cati ons servige said vai ge ar. d j.ncludi [

generator circuit, a net oaét?lgpmf’gﬂqﬁ%@frgﬁ?%%tmvﬁ rﬂggg?r&gsg%qngﬁ% hod
conprising the Ste%lﬁ%&arewiﬂﬁnac&))table%épitﬁbhﬁlgirﬁiﬁ.i rst digital pulse train

signal to said ring generator; measuring a first ringing
frequency of said ring generator circuit; c) appl yi ng a second

digital pulse train signal to_said_rin enerator;, . . heasurin
a gecondprih'ongi ng fr%ﬁuﬂﬁ‘c@‘e‘i‘%ﬁﬁ"‘é’ﬁ‘i@gﬂgﬁ%“ﬁ ewgfram%ﬂﬁﬁr?‘ﬂgeaﬁﬂn > g)
det erm ni ng whet her i i L Qi ﬁq@p : @hﬂ second ringin
frequency gre W?%ﬁ&g%ggép‘{ogg&)gk%%girn%%%gﬁﬁ |m(%1§]{ms ) 26. ?n g

t el econmuni cati ons system having a voice grade card for providing voice

t el ecommuni cations services, a circuit for testing a ring generator, the
circuit conprising:24. The method according tg)(laim 23; whereiosaid ffst Byse fraiay; t

generating first and.second digjtal.pulse train i s, said
second digital §Bd§?‘§is?1°°§aé’ﬂ§F?r8§-%\%"%F?ﬁ*‘g}%’ﬁfwf’ﬁ%%mg?f”gdéﬂerst di gi tal
pul se 15 Signal; ' means for applying the output of said
pul se train generating circuit to the ringer; nmeans for
measuring a frequen2y. bfa tzlecomnpmicafionysysteichavinga veicegratio line card dort

responsive to appljcatioon of said first and second pulse train signals.
P pI%Es)/idmg voice telecommunications services, a circuit B)r testing a ring 9

generator, the circuit comprising:
means for generating a first pulse train signal having a first duty
20 cycle and a second pulse train signal having a second, different duty-
cycle;
means for applying the output of said pulse train generating circuit
to the ring generator;
means for measuring an output voltage from said ring generator

25 responsive to application of said first and second pulse train signals.

26. In a fiber-to-the-curb telecommunications system having a voice
grade card for providing voice telecommunications services, said voice grade
card including a ring generator circuit, a method for testing said ring generator

30 circuit, said method comprising the steps of:

a) applying a first digital pulse train signal to said ring generator;
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-70- " In a fiber- -curb tel econmmini cati ons system

havi ng a voi ce grade H m“m \Bg\ g SHEFTeHASBEEN MUNi cati ons servi ces,

a net hod fWO98/341!88 0I I e REPLASED sai d {met hoPauARssMegong t he
b .

steps. of : storlng out put ‘on conprising line

st at es; st erRigper of

br anches; c) gi gégﬁlﬁmg{a%gﬁ Mgl tl ongyof%rﬁ?mh?g nﬁcorrg?l si ng
signal ling data, | icpeuigtatus and timer information which indicate
branchi ng condi ti ons; storin 3 branch address i nformation;

e) conparing said brah@pplmacaaecmddlgﬂ puiseitwin signalée eaidTing i f sai d

br anchi ng conditions are net; and f) retrieving subsequent
out put state infor S8R5 0r anch addr ess i nformation when sai d
branchi ng gonditions arg d fERRed® HoRs sd2d rifel: @EfBraAdr
further CO%DI’I sing the s?ep O?.nngasecon ﬁ.?gmg g |ng steg% until the .

time-at which one efrcsigiaddbr anch conditions are net. 29. In a
fiber-to-the-curb tel ecommuni cations system haying a voice grade card for
provi di ng voice tel ecom?iu‘ilie sningng:whethé saickfirstringing Saqupncy apd s31dst j ng sai d
card, the nethod cq ng t -ding a first
seed value to the 3%? %ngglgﬂ']e%ugéc?rpa%e%gtilur?gacggpt%bl?ﬁéer?uos@eg é%'d a second
seed included in said card to generate a data : stream conpri si ng
bits; and c) conparing the bits of said data stream from step b)
with a predeterni ngd. Enatelecommmumlpnesystemhavmg a voicg @rade cagdeforet hod

accordlngto d ai reinin t he dat str mls ener at ed
using a |i nearpr?‘églﬂgéfeweéﬁ?m‘é‘ﬂ?%%g services, & CIfoult fot testng a

-7 1- chopis aim29, wherein the systemincludes a
i .
br oadband di_gi%%éfraor’m@m%t% pisic

a pulse train generating circuit generating first and second digital
pulse train signals, said second digital pulse train signal being different
15 than said first digital pulse train signal;
means for applying the output of said pulse train generating circuit -
to the ringer;
means for measuring a frequency of an output from said ring
generator circuit responsive to application of said first and second pulse

20 train signals.

28. In a fiber-to-the-curb telecommunications system having a voice
grade card for providing voice telecommunications services, a method for
controlling telephone line states, said method comprising the steps of:

25 a) storing output state information comprising line statés;
b) storing a variable which represents the number of branches;
¢) storing branch condition information comprising signalling
data, line status and timer information which indicate branching
conditions; .
30 d) storing branch address information;

e) comparing said branch condition information to determine if

said branchjng conditions are met; and - T
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terminal, the method f -Hae—s—t—ﬁ-s— a) storing the
predet er mi ned bi t attamﬁfﬁu{@ﬂ;‘ H fSHEGRTHAS BEBM4nd_ di gi t al -
term nal ; 3WQ98/343 nsstep GFPLACERErforied in tREI/GY8H0898Nd.

di gi tal terminal . In a fiber-to-the-curb tel ecommuni cati ons
system a controllable ‘é‘ﬂe&i%vﬁfg%‘iiﬁséﬁﬁéﬂdﬁﬁﬁﬁ@ﬂafb1ﬁﬂirﬂ1a_ﬁ&%{aﬁéﬁ§d2ir@ssvm ce
grade card is controlled by 4 byte nessages received in a control channel.
33. The control | aifosmatisincehegrsaidebranohingxonditionse®2netaher ei n sai d 4 byte
nmessages are conprised of a command byte, a high address byte, a | ow

address byte, and a data byt e. . 34 The control |l abl e voi ce grade
card of C aim 33, ethoayFrRth WY, I 69 causes a
reset of said contro] I agple vg ce grade car CUﬁlpﬁng %gbfm

control | abde voice gr adg)qepeiuﬂgstq;e)mtﬂaheﬁdnemewmcho@eﬁﬂmmbbmle val ue of
hexadeci mal 03 in conbination wth a two byte offset value all ows
programm ng of an Gp%dl’ﬁl@@ﬁﬂrﬁmettl m ng of f set. 36. In a
fiber-to-the-curb tel ecomruni cati ons system having a control | abl e vai ce
grade card, a nethod of comrunicating with said controll able voice grade

card, said method 390Tﬁ’5ﬁ%bﬁﬁ-ﬂ19-%uﬁ;t€ﬁ§orﬁfnumcauons syst%?n havif@Govoléd'g @ first

nmessage wth a downstream command code; and b). transmtting a
reply nessage gm&fca:dfoupméngwme@te}ecomntmmvtmpns sereiaesia method afeelk-

i s equal to sai d downstreamc nd code plus the hexadeci mal val ue of 80.
37. In at%i bdeshpgspge ﬁ’ﬁ CATRRTIREYP S17BS 84st em havi ng a control | abl e

voi ce grade card, a ne 5139 ‘ﬁﬁmﬁ e Cﬁélggtoaﬂlgg&rdrol nmessage to said
ar 0

control | abl e voice grade conprising the steps of:

-72- a) di vi &) ngingasaid m@meeahndmsama sedil ificladdd irsaid dayd €f
sub- porti ons; b) placi ng sai d nmessage sub- portions into a
plurality of franegemra@ardawéremmmsm bits; and  dij vi si on nul ti pl exed

si gnal ; c) sendi n p%m?é‘ ,?Df'ﬁ”?gilégﬁa E{g rres of bfaltg frame based

time division nultlplled’
15 predetermined bit pattern.

31. The method according to Claim 30, wherein in step b) the data stream

is generated using a linear feedback shift register.

20 32. The method of Claim 30 wherein the system includes a broadband
digital terminal, the method further comprising the steps:
a) storing the predetermined bit pattern in a memory of said
broadband digital terminal; and
b) wherein step c) is performed in the broadband digital terminal.
25
33.  Ina fiber-to-the-curb telecommunications system, a controllable
voice grade card wherein said controllable voice grade card is controlled by 4

byte messages received in a control channel.

30 34.  The controllable voice grade card of Claim 33, wherein said 4 byte

messages are compnsed of a command byte, a h1gh address byte, a low address
byte, and a data byte.
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d) receiving said plurality of frames and assenbling said control
message sub- portions to create a control nessage for “controlling
sai d voi cewdy swBasssar d. 3BrHis deTBAE @FERdcor di ng POT/OSSEIOWR ,
wherein said control message is cpnpri LR&E@ conmand byte, a high address
byte, a | ow address byte and a da byt 39. A conput er

readabl e medi um conprising a plurality of state data structures each of

whi ch defines a stafse offy@bRIPNRMR WKkH RAB ard bPEIAA!, Fhéldiiair e for each-
state conprising: one or more branch dafa structures, each
branch data stcommtanddbyteefalue oftheraderimal 69 causes atresahaf saidgonthlable Weice el ephone
equi pnent is to fake, upon receiving an input X, each branch dat a
structure co "ﬁ{ﬂ-data el enents A and B, wherein A defines bit positions
in ich the input X nust have 1s for the state transition to take
pl ace, and™B defines bit positions in which the input X nust have Os
for the state trangéli oMHe@ohtdltabld vuics gradelcaid bfi Claim 34, whbrelrent ADDR
defining the state data structure of a next telephone equipnent state.

40.  The nedicommanddyte value of hexadecimah03dn combination with adwe byteroffiet ur e

further conprises data definin out put siagnal of. the tel ephone equi pnent
in said stg}t)e.v ue OWSPIngml‘%r] agd}?ﬁﬁ?aél?g’rtg%f)%’s%di um according to
Claim 39, wherein the data-structure further conprises data defining a -
period of tine that the tel ephone equipnment is to wait in said state before
readi ng the next irgjut. Inafiber-to-thézurb telecomnivnimatiohosystem havirg a :

t el ecommuni cati ons stem hayi ng . a brgagband network upjt wth ol ce
grade card forcanelh%wcw %cqr@ae@s&xﬁ&ﬁ?emawm &ad coneoliablec o grade
card incl udi ng; Sérﬁﬁeecag@%ﬁh%etﬁ&{c shgdghhgg [ bg operation of telephone
equi pnent coupl ed 1o sald voice grade card, 25P4 St at e nmachi ne conpri si ng:

a signalling preprocessid)getéyiaf adsiindssagedvith  dowadtichin cdmmaminedes,
wherein said signal ling preprocessing | ayer receives signalling

i nformation from s&@ broadband network unit and provi des control
i nformatign; and ...a main control .l.ayer conprising,a plurality
of branche&s, said main Cb(;nt{q,rgpuﬁug%glxepriymessagpé@h} WQES%Fﬁ??%C‘?q’eom sai d

si gnal | i ng preprocegkdréid shideply Rodyis @4l 16 S48 detnstteafiPédinmand code%ldér ality
of branches in said main |ayer to control the operation of telephone

equi prrent c dhebetadecimal wadueiof 8. ce gr ade card.

38.  Inafiber-to-the-curb telecommunications system having a
20 controllable voice grade card, a method of communicating a control message to
said controllable voice grade card, said method comprising the steps of:
a) dividing said control message into a plurality of sub-portions;
b) placing said message suB-portions into a plurality of frames of
a frame based time division multiplexed signal; _
25 c) sending a said plurality of frames of said frame based time
division multiplied signal to said card; and
d) receiving said plurality of frames and assembling said control
message sub-portions to create a control message for controlling said
voice grade card : e

. TR
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43. An insertable voice grade card for use | i ber-to-the-curb

t el econmunigrdgAase Ssyst em i ncl udi hgHig SHEET HASBEENr|M nal  whipefrusssioosso
conjunction wth said insertable yoice gppaflgEBard provi des

t el econmuni cati ons services, wher A= 1 7 On a&h bet.ween said

i nsertabl e voi ce grifde ddednethed acsprding fodrlaim Fﬁ“hgq‘ CONHR DSBS fr ane

synchroni zati gn_si gprals, e t4 {d¥dsst didlat 1 pl exed
signal, and aly ?‘gﬂgrq%gsoggcéps{ rg@%?@ﬁ@ﬁéggﬁe,ﬁ%ﬁﬁﬁ%ﬁﬁ gngl , said
i nsertabl e voigafy Wia@de card conpri sing: a) circuitry adapted to

receive at |least six tine division nultiplexed signals cont ai ni ng
t el ephone channel payl oads wherein said tel ephone ‘channel payl oads are

extracted fromsaid fra based, d stre t] LV Sj tiplexed signal
which is 3 c_(ﬂppri s rﬁ%ﬁ%dﬂf%ilt%h "v'm%is\tféég%gﬁeﬁﬂgs of pul se code
modul ated (PCM voi ce dmareceiving4byi‘é‘ﬂxe@sa%ﬁ’d@kbdi&c@ﬁtrd%ﬁﬁkﬁe[.eam bytes of

signaling data, each dowistream byt'e of P voi ce data and each
downstream byte of signaling data being associated with an

i ndi vi dual tel ephone channel; . b i Ltr dapt to transmt

at least six tine di simmﬁﬁr@bbw@%‘é@%‘%‘ﬁéééfa‘m 13w r{lgﬂﬁf?"ng t el ephone
channel payl oads wher.ei i ﬁ!ﬁ@ I : s 4 shi

i nserted into BT aﬁ@dggétgoétcups r%g%%%%&aﬁgg%ﬁ&ﬁ% '?fgfs‘e?deg‘“& gnal
which is 19 row &fQHi¥ donBettért ad pl urality of upstream bytes of pul se code
modul ated (PCM voice data and a plurality of upstream bytes of
signaling data, each upswhereim4ytemsssapenmsaidsontiol channel are trang)

ygfggﬁgg‘ebyt e of sl gnals Bfh SRR o AR50 b il lcihedh! Nl V! dual

-74- ¢©) circuitry adapted to convert said downstream bytes of PCM voice

data to anal og signals and adapted to convert anal og signhals to said
upstream byt es of PREM voTheinsktahle voick/grade Gind a¢aosding ehClainndBcwheretnde car d
of Claim43, further rrpr,isigr&;%d ) @circuitry adapted tpo rﬁ%eivea
downst r earkSf r affid BY HPIEH S ?araﬁé‘ql R MENHTERARSE R IFFEPE 8hR over head
channel is the_ {] ! Lmbl cTollVeks %Jg{ag JVvi sion
mul ti pl exed si%Jna ; da%élg?% OYE?%l t ry@g{ga%ﬁgggo recﬁellé\?gﬁg ovmagétiream
control channewhwefy saidcontrhahdigme trecsivedamd pialin phepusitionidsoft safd thixrdt channel
in said frame based downstreamtinme division nultiplexed signal. 45,
The i nsert abl eroyoplsaidypanpecterird of C ai m 43, further conprising: d)
circuitry adapted to receive a frane synchroni zation signal which contains
a downstream superfrane synchroni zati on code. 46. The insertabl e voice
grade cargf C ai a4, Alohipter udabIE Shedilim Comprisiff b plirklity oXARS &l t O
transmt an upstream franme overhead channel wherein said

structures each of which defines a state of telephone equipment, the data structure

for each state comprising: _
one or more branch data structures, each branch data structure
defining a state transition that the telephone equipment is to take upon
25 receiving an input X, each branch data structure comprising data elements
A and B, wherein A defines bit positions in which the input X must have
1s for the state transition to take place, and B defines bit positions in
which the input X must have Os for the state transition to take place; and
- . data element ADDR defining the state data structure of a next telephone

N

30 equipment state.
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upstream franme overhead channel is the first channel in said franme based

upstreamti ion multiplexed siphgls caeer Rifrcuit to
transm t an%ﬁ’g m cont rol channel mg'ﬁe?ﬁg@ﬁggﬁgt rleam C%WWnnel

is the last channel in saird frane baseg i vi sion mul tiplexed
si gnal . 47. The 44ns eTha phedium s set fortdolin Clairal 48 whdreintheldata Stoudtlaer
conprising: h) a connector including a first row of thirty-two pin

positions, a sd&edhemcomprisss datg defipingm qunut sigaak of shestelgphone sqminment iy of
thirty-two pi n\iﬁgss'#aéeions, wherein said card is configured to receive said
frame based downstredamtime division nmultiplexed signal on a pinin
position 4 of said third row of said connector, and to provide said
upstreamtinme division nultiplexed signal to a pin in position 5 of said
third row 0% said cdfnectlie computer readable medium according to Claim 43, wherein

-75- 48. The ingertabl e voice grade card qf .Cl ai wherein
sai d downst r eathedasR SVCHFE Eﬁ?%ﬂ?%@?@r&egﬁl% Wﬁ‘ﬁﬁi@&méﬁ% ence. of
two-bit binary Lecel . : ) : . ) The

i nsertabl e voi é%l gr aggﬁ@?@ﬁﬁ%}g%éﬁéﬁt%%&%@rﬁg?cﬁ-gg%dgngty%ﬁ%xtén nchroni zati on
signal conprises a downstream frame synchroni zati on code. 50.

The i nsertable voice grade card of C aim45, further conprising: e)

a connector includi ¥§-a fipediber-tonthefcurhiclacommpupicgtipns ystem having 4 second row
f irty-t ' Y d t hi fothinty-t [
gosi tions, E%;rbé‘i’aﬁl\gg%(?%&g’ﬁﬁ%hds% aYoice @ #:craﬁrtégﬁo&df’é%{é‘%% s\giodp:‘ Parre

synchroni zat i oRelgédbatinieftichs Bérvices) tROGdite %’idécﬁii ifcMiding a state madHER ¥dr I OW.

51. The insertabl e voice grade card of O aim 48 wherein said downstream-
super frame synconuolling themperatige of telefhond equipmentaquplnd to ssid ydicdgradecei ved
over two frane The. insertabl e voice grade card of C aim49

S. . 52.
wherei n said d%?%@éﬁ??ﬁ@%ﬁﬂ%ﬂs&ﬁ:zat i on code is the binary sequence
11101010. a signalling preprocessing layer comprising a plurality of

C

15 branches, wherein said signalling preprocessing layer receives signalling
information from said broadband network unit and provides control
information; and

a main control layer comprising a plurality of branches, said main
control layer receivihg outputs from said signalling preprocessing layer

20 providiné control of said plurality of branches in said main layer to
control the operation of telephone equipment connected to said voice

grade card.:
A g
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