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COORDI NATI NG TELEPHONES OR ADJUNCTS ON THE SAME LOOP Field of Invention The ___
I nvention generally relates to signaling in a subscriber's 5 loop circuit
bet ween CPEs (custoner preni:se equi pments) and a=switch at a CO (central
switching office). In particular, it is directed to a situation where a
plurality AYO&M850are connected to a subscriber's | oop ciRr@VtA96/00620
Background of Invention In addition to custoner's payl oad signals such as
voi ce, data or other fornms of information, a subscriber's loop circuit
carry various control signals which are e}changed between a CPE and a
"switch at a CO These control signals (sinply called | ocal signal or
signaling) are 15 QOURDINATINGTELERHONES ORADIUNCTSORTHEBARME LOGPnal i ng
-protocol and performfunctions such as, ringing, detecting the off-hook,

on- hook or line-busy conditions and so on. Recently nuch nore functions are
added to those Eicldof Igvéeritdon i N order to provi de new types of custoner
services. These new geryices, include call answer, call wajting, call 20

forward, and caller Hvention gengrally ip pighaling jsa t¥Sl ocal area
signaling s Vi%g) ikcui ' ICPES W{ pfnﬂﬁb ' ' ihaccept ed
by the indugry t ﬁ%ﬁ%ﬁﬁs W d(gﬁftgﬁﬁg of ssg?aihf es. miﬂlsdv\?m%ﬂlkge

descri bed in deata COisentrabawitching afficed . ﬁcpammlar,dmsadimtechtoan CLASS i s

serial, binary | ' ' K, using
1200 and 2200 r@%ﬁ@%%ﬂgﬁyﬁ%&%ﬁdﬁﬁwﬁéﬁﬁ S g\?\%dz I el ds of
t he data fornatciodui€L ASS. Each data word consists of an 8-bit byte, each
data word is preceded by a start bit (space) and followed by a stop bit
(mark), a total of 10 bits in a word. Transm ssion of any 8-bit character

is 30 supptlt eBatkgroundwfdgeemtion. The alert signal consists of 180 bits
(in on-hook transm Z]si on). .anngO bits, (in, off-hoqgk transm.ssi a(r;% of
conti nuous mark. Th nc?f@fﬂ@? SPStomer §iR3xiad; si %§‘é"ﬂ'ﬁasdﬁ?‘F‘ﬁdf or

other forms of information, a subscriber's loop circuit carry various

control signals which are exchanged between a CPE and a switch at a

CO. These control signals (simply called local signal or signaling) are

15 generated according to a widely accepted signaling protocol and
perform functions such as, ringing, detecting the off-hook, on-hook or
line-busy conditions and so on. Recently much more functions are
added to those existing ones in order to provide new types of customer
services. These new services include call answer, call waiting, call

20 _forward, and caller identification to name a few.

CLASS (custom local area signaling services) is a signaling
protocol currently being widely accepted by the industry to provide this
wide range of services. This will be described in detail below as an
example. Control data format in CLASS is serial, binary and

.25  asynchronous. The modulation is voiceband FSK, using 1200 and 2200
Hz for logical 1 and 0 respectively. Figure 1 shows fields of the data
' format of CLASS. Each data word consists of an 8-bit byte, each data
word is preceded by a start bit (space) and followed by a stop bit (mark), a
total of 10 bits in 2 word. Transmission of any 8-bit character is

30 supported in a message word. The alert signal consists of 180 bits (in
on-hook transmission) and 80 bits (in off-hook transmission) of
continuous mark. The channel seizure signal is present during on-
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hook transm ssion only. It consists of 300 continuous bits of alternating
space and mark, beginning with space and ending with mark. The transm ssion
rate is 1200 Baud. SCW D ( Spontaneous Call Waiting InDi cation) or Call

Vi ting 5 wedihesse! D or off Hook Caller IDis a techmquq,&{ %,gdgg‘llng to
the subscriber the identity of a call waiting caller while e subscri ber

is off- hook on another call. The subscriber can then choose to talk to the
call waiting caller by perform ng a hook2flash or "Link". This feature is
one of many services which are envi saged and are being inplenented by 10

* using CLASS. l.ca ue t.o | ope r m nol ogy, SCWD
is used througﬁgé}f k%ggﬂ'g [Sgﬁ'f hlg§8“?‘%t5 OS%@Q ‘ffplé‘ f hook
. signaling. Uni aMnShag@aEﬁhmmm bngﬂﬁ&gOﬁﬂhlspawﬁt@éndﬁgQﬁhﬁr 16,1993 to

Chaput et al. des ri.pes the operation n typi cal off-hook signaling
t echnol ogy. 15™ ark. eéf?mglpﬂéa'fﬁ"ét@&%ga ~as follows: \Wen a caller is

wai ting, the offlcesw[g: one and
then a-CAS (custom aleert g I%I:};euo?‘(s)n%eﬁ!l n vm%g%gﬁgha#ﬁg scégscrltg‘é

appar at us te@ﬁﬂeltmomgﬁgﬂb er 11D ig a technigueofisignalingde éhes/i ng f urt her

STgnal 20" (= BYREAPEE e aehtin 6 4 P wallila Gt Wrih fRE pbderbRE K ©10°)
cont ai ni ng thehoak onvaxiotherycatlal Ther subsiribert canythen chogsedbhalk tonthercatlt i on in
Lhe Rk dara pYASHE FHEE bl B SRl d oY A5 ol FLink? riesiiie iSond e 1 o
subscriber so bhatanyrseyvices Whikh areesmvisag e@mlabékbeﬁ(grs hmkfc}& ddpy a 25 g
procedure,” recomends

t t h t . fort
that SOWD Suﬁ%bé%géc 15 B8 applicatinn, 44 fa ek obA Propts smomeBhock | 1
there are any stwmwu@ntaﬁaumtqa ihbeaieoa@séoﬁw@smﬁee Back the ACK

to the switch gfter receptlon If the swtch does not 30 receive

an ACK from t hBogksignalipgy l&bﬁﬂi’r%@tﬁ I\’ﬂt‘tﬂflmoaf’:mléﬁWﬂr@d period of time
(e.9., maxi MuM\velitir 18) 1993 to ¢ hdput At af Heskribe tHébBeration of one

typical off-hook signaling technology.

15 Briefly the protocol is as follows: When a caller is waiting, the
office switch sends a SAS (subscriber alert signal) tone and then a CAS
(custom alert signal) tone in voiceband. The subscriber apparatus
detects the CAS tone and if it is capable of receiving further CLASS or
other information it returns to the switch an ACK (acknowledge) signal

20 (a DTMF tone). The switch then sends the FSK data packet containing
the call waiting caller’s identity or any other information in the data
format described above. During the time from the CAS to the end of
the FSK data packet the subscriber apparatus mutes the RX and TX
paths to subscriber so that they will not hear or possibly corrupt the data

25 transport mechanisms.

BellCore, who set forth a CLASS procedure, recommends that
SCWID equipped subscriber apparatus (telephone set) should check if
there are any off-hook extensions on the loop before sending back the
ACK to the switch after reception of a CAS. If the switch does not

30 receive an ACK from the subscriber apparatus within a predetermined
period of time (e.g., maximum of 100 ms), it will not send FSK data
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PCT/ CA96/ 00620 3 containing the call walling caller 1D |In e kHWCED

arrangenent, "~ SCW D equi pped subscri ber apparatus and adj uncts moni t or_t he

- DC conditions on the loop and if an extension is detected then they do not
send an ACK to the switch. This neans that call waiting caller IDor 5
of f - hook ca¥PeFI¥$9 or ot her of f- hook signaling does not vRFRCA96/08630
extension is off-hook. It should be noted that while the description which
will follow deals primarily SCWD (off-haopk caller ID), FSK signals which
~are exchanged between the termnal and office switch after the ACK signal
"10 can be used to transmt different information in addition to the caller
ID for a vari etgomainmgldte eaélrwiaﬂing callef &0t dndhe tknewinnareangenneritt i s

e e o AR nlied BSILbE whrRi sk B B S0
there are off- mmtmm?um&mﬂmms ddtedted shdntliegedo abt ect of
the invention to provi of _and appayatug far ass ghing one of the
CPES to responc® qu it s Fasaint st alwafting saller D or  { o
still an 0bJ§Cto%obﬁ%dl@B’mbk%ﬁ\é%fﬂhMMto O?‘?fwﬁg%g i appparatus for

assigning dynanm cal |y one of the CPE tor gnaling from

the switch. Surgsiension is pffhaglen 25 Briefly stated, the invention
relates to a tel eph t ([%f?{& e sets at
one end and a tel epﬁgﬁgé’@w tc bat t e ot glr‘@gnﬁpﬁr?ho%%ﬁas@c A

invention is dideas primarily SCBVHD doffthoak icaller IENgFSK sigralsswhinlvarel ert si gnal

sent by the tel y I se of ssSi gpi ng one
of the pluralit $R§7€%&Pe%5$ﬂ%$ ,‘Qg&‘g% r@gta?r%?zh qg I ni ng
sets as sl ailes chwbergsal to transmit different information in addition to the caller

ID for a variety of other services. "

'Objects of the Invention
It is therefore an object of the invention to provide a method
15 and apparatus for coordinating activities so that off-hook signaling can
work even if there are off-hook extensions on the same loop.

It is a further object of the invention to provide a method of and
apparatus for assigning one of the CPEs to respond to off-hook
signaling from the switch.

20 It is still an object of the invention to provide a method of and
apparatus for assigning dynamically one of the CPE to respond to off-
hook signaling from the switch.

Summary of Invention

25 Briefly stated, the invention relates to a telephone loop which
contains a plurality of telephone sets at one end and a telephone switch
at the other end. In one aspect the invention is directed to a method of
acknowledging a customer alert signal sent by the telephone switch.
The method comprises steps of: assigning one of the plurality of the

30 telephone sets as a master and the remaining sets as slaves during a

telephone call and detecting the customer alert signal. The method
o

eet Has Been Reﬁaced

i



tel ephone call and detecting the customer alert signal. T énﬂﬁt THAWEN
97/ 11550 PCT/ CA96/

‘includes a step of appropriately responding to the custoner alert signal
dependi ng upon the state in which one or nore remaining tel ephone sets are.

Accor di ng w@epHieégher aspect, the invention is directed t&.ﬁﬁ@a&ﬁ%ephone
set to be connected to a tel ephone swtch by way of a teleéephone "oop. The

t el ephone set of the invention includes a circuit for nonitoring the DC
condition of the tel ephone |oop and a dénod circuit for detecting a
custoner alert signal sent by the switch connected to the tel ephone | oop.

- The tel ephone s further incluges a line 10 opgration circuit for sending
an acknow edgt‘gﬁi‘e’_'sfné:_ esi%&FB &?géq?réa_We’eﬁﬂgrp‘gﬁﬁrt°éﬂ'éF't‘St§F\§ﬁal, and a
_controller forlassighal dependingfuporother sthietin Wwhich IrRAOMBré eémaihigg Master if
" nmore than one tel ephone set are connected to the tel ephone | oop and :

enabl i ng the [telgBhoRRsetB@® circuit if the set is assigned as master. 15
Brief Description ﬁcc&diﬁ?@@lﬁngwraﬁgéctzsﬂh@’iﬁvéﬁtﬁindﬁ cﬁi‘ec}%ﬁdjé‘t a format of
ca

CLASS; Figure 2 shows typ DC conditions of a subscriber's |ine when one
or nore tePeptielephone setdo beiconnecsrd 4 adelephoneswitdinby waymof a Figure 3

Fioure 4 111 uteordie WREPTRTHphol (RS vl SR d BB Tes T
whi ch |'i ne volfongenitozingethedd€ qondition ohthestelephonedocrahd a démode 5 shows
operati on o et of ERERRe § UL Wl B By s Lo
Fi gure 7 showdotthe télephon®ldopg cThé talepiivre deb firthercineides tal ke
10 operation circuit for sending an acknowledgment signal in response to

the customer alert signal, and a controller for assigning one of a

plurality of telephone set as a master if more than one telephone set are

connected to the telephone loop and enabling the line operation circuit

if the set is assigned as master.

15
Brief Description of Drawings
Figure 1 shows fields of the data format of CLASS;
Figure 2 shows typical DC conditions of a subscriber’s line when
one or more telephone sets go off-hook at different times;
20 Figure 3 is a functional block diagram of the invention according

to one embodiment;
Figure 4 illustrates graphically DC conditions for some typical
cases in which line voltage changes are put in the same time scale;
Figure 5 shows graphically gradual changes of the voltage over
25 time;
Figure 6 shows the operation of the coordination of flashes
according to one embodiment;
Figure 7 shows the line voltage when more than one extention
is off-hook and they coordinate flashes according to another
30 embodiment; I —
Thi\s Sheet Has Been Reﬁaced g
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Is of f-hook and they coordinate flashes according to another 30 enbodi nent;
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Figure 8 is an on-hook Parallel Set Detect (PSD) state nachine; and Figure
9 is an off-hook Parallel Set Detect (PSD) state nachine. 5 Detailed
Descri pti or\yﬁéﬂg{ﬂerred Enbodi ments of Invention As described earlier, in
the known a nt, a subscriber set nonitors the DC cBREFAYIREO0n t he
|l oop and if an extension-in-use is detected, when they receive a SCWD
signal (e.g. CAS), they do not send an AGK to the switch, even though the
both sets are equipped 10 wth the capability of SCWD or simlar off-hook
“signaling. This nmeans that call waiting caller 1D or off-hook caller ID or
such features do notFigure8iis anenshaak BargHel; Set Bateqt {BRDEsigte maghinkpws
;typical DC condiﬁaons of a subscriber's line when one or nore tel ephone
sets go off-hook at different tines. Nornmally 15 the line voltage is
somewher e above 20V Figul¢ 9dsean\pff-hénlnParalelSet Detert (BED} statd miackhine( i dl e
line), depending on the battery (usually either 24V or 48V, in the latter
case, voltage A is about 35V). Wien a single set goes off-hook, the voltage
fall s signif5 caDetailediDesdriptipn &f Pief@rradbEmmpodihnents bf Ineésitign | f anot her set
goes off-hook (1 EIU tegsion-j.n-use),, 20 the voltage falls further,
however not nearly d%s(éxfﬁ?ﬂ?egaﬂr Ty in ?mammngas%ﬂ?sb%ﬁﬁt hook

gi . €. ;%l)Chaggetﬁ?nitbfﬁ;th@l?ﬁﬁ;diﬁgi;l\éﬁﬁ‘d@ﬁdb)p aﬂ@ﬁfsa;n/teﬁ&?\ﬁeniiﬁq@fe?@ﬂ ii

ypi cal |y abou volts, Ea urt her extension se goes of f-hook on
the sanme |ine pgetected,whenthey gecelyea %@%ﬁﬁgﬁé@ﬂd@% : itﬂ]@)’ g9 n%nt i nual | y
smal | er amunt Sgerldlart AICK #6 T SWitteveh ﬁ\eiﬁ\seist&a%a?{?ﬁaﬁn two or

nmore sets are off-hook) are collectively called EITU. It Is er noted

that all tht0 of withdde caprbility iof SCWID prsimilarraff-hook signelingeThiss of f - hook
ext ensi on sets ﬁufeaﬁé g@t%ﬁﬁ%aﬁpgtcaﬁtﬂﬂ r BteSHboRallef AY of Rakn EAguRROVE
S W the vo an

description dea ge C es but
do not work if an extension is off-hook

Figure 2 shows typical DC conditions of a subscriber's line when
one or more telephone sets go off-hook at different times. Normally
15 the line voltage is somewhere above 20V (voltage A), when there are
no sets off-hook (idle line), depending on the battery (usually either
24V or 48V, in the latter case, voltage A is about 35V). When a single
set goes off-hook, the voltage falls significantly to voltage B (typically
about 10 volts). If another set goes off-hook (1 EIU, extension-in-use),
20 the voltage falls further, however not nearly as drastically as when the
initial set went off-hook (i.e. % change in line voltage is much less).
This voltage is C and is typically about 7 volts. Each further extension
set that goes off-hook on the same line pulls the line voltage down yet
further, but by continually smaller amounts. In this description, these
25 DC voltages (when two or more sets are off-hook) are collectively called
EIU. Itis further noted that all the off-hook compatible equipment are
described here as off-hook extension sets or simply sets. It should also
be noted that the above description deals with the voltage changes but
the current in the loop exhibits changes similar to those of the voltage.
30 In certain implementations, the current is monitored instead of
voltage.



the current in the |oop exhibits changes simlar to those of the voltage.
30 In certain inplenentations, the current is nonitored instead of
vol t age. WO 97/ 11550

PCT/ CA96/ 00620 6 The invention detects the presence of two or nore sets in

use and enggbfsiskdat all the sets coordinate their respop&fichésdotrsvOi ceband
signals fromthe office swtch so that various custoner services can be

performed. 5 Figure 3 is a functional block diagramof the invention
according to one embodinent. It should e noted here that the bl ock diagram
i ncludes only functions which are related to the invention. These functions

can be built into adj unct t,0, b ttached t n existi n host set or can
be nmade as part of ﬁeé&%w dgteﬁéetﬁegge%edﬁeﬁﬁm or q\ozleos EHOWSY al so be
_ noted that el eienérsurbd ﬂhtraﬂr&z@rsetstd‘m@m‘atmﬂieimsmmsettbaneboa@baﬁdt herefore

may be i ndependen | ement s, | n an adj unct or, ramred, host el enents. In
t he Figure, tﬁéSTBE‘? Shp.offjce swit EV'P‘i‘ﬂ%s g‘@tﬁg@eﬁﬁﬁ’!‘ﬁéﬁ“ aline
vol tage nonit gydrigmi@flul € 12. The nodul e neasures the DC 15 voltage by
conparing it with a reference vol tage and uses an _anal og-to- digital
converter BADC) t o Higered MFPM@@?U ofrthedaventien according

extension-in n@%e L ook etc.

The ADC is regé 5{?2@‘%%% Ogg In §h| S e?%ESQH%‘ﬁ?ﬂ‘J@ cérgg\ontrol I er 14

runs the par alihelhxdsstordlgefmuw\(rhichtmrmhtedm)thmmhemﬁbntﬂ'he&a ne vol t age

r eadi ng. The tu d ne.ower, 16 cal.l the tiner

ncerropt. e Teneaped SCHE Rl P Sn il G RERLBNEL s faghode 10 read

the ADC. The Setlbf can bl imiade\as ad@e»fdmram& ramiket :héherlt gm%g nmodul e
ain A message

and 1t o S ARSI Readthot thal SIERGRES FIUL BEVOrT fhesSXURCHARE Fnen e
denod nodul e ripecdidgfant Hferdfdra may be mdependent elements in an adjunct or
reprogrammed host elements.
In the Figure, the DC voltage of a telephone line 10 is monitored
by a line voltage monitoring module 12. The module measures the DC
15 voltage by 'comparing' it with a reference voltage and uses an analog-to-
digital converter (ADC) to produces digital signals to indicate no-
extension-in-use (NEIU), extension-in-use (EIU), on-hook, off-hook
etc.. The ADC is read once every 20ms in this embodiment and a
microcontroller 14 runs the parallel set detect SM (state machine) with
20 the line voltage reading. The actual reading of the ADC is done over 16
calls of the timer interrupt. It interrupts every 0.25ms and therefore
takes about 4ms to read the ADC. The state machine will be described
in detail later.
Demod module 16 includes a demodulator which demodulates
25 FSK data in CLASS message and it also includes a CAS detector which
detects the CAS tone. When the demod module receives FSK data, it
asyncronously sends it to a microcontroller 14. When the set is on-
hook and no extensions are in use, the demodulator is always enabled
and the microcontroller 14 is ready to decode a CLASS message. The
30 demodulator is disabled during ringing bursts and whenever an
extension comes into use. When an extension is in use, the CAS tone



asyncronously sends it to a mcrocontroller 14. When the set is on- hook
and no extensions are in use, the dempodulator is always enabled and the

m crocontroller 14 is ready to decode a CLASS nessage. The 30 denodul at or

i s disabled during ringing bursts and whenever an extension comes into use.
When an extension is in use, the CAS tone WD 97/ 11550

PCT/ CA96/ 00WSP7 118t ect or is enabl ed because ‘a CAS tone i BCHEAHI06 t o
indicate that SCWD data is forthcom ng. After detection of a CAS tone,
e.g., 150nms later, the mcrocontroller eigher enables the denodul ator to
decode the SCWD FSK data or instructs a line operation nodule 18 to
‘generate an 5 ACK signal, dependi ng upon whether or not an extension is in
use. In additiodeﬁeetoydmemmé@@eméac.&smxs téd feindpakathapn nodul e 18

.performs DC bre in oi cg re al so udes
further nodul esgﬁ’v% gt‘%ﬁ%’s %F@W% SOREAL- B ig‘f%
functions and kejtéfithe nei¢rocefiolle# biter’ehabled the demodmé?@f @ Hﬁcddé fhee

enbodi ment of t by foll OWI a se; rogra rul es,
SCI-WD equi pped Mg% ‘is)aé? or instehets, @ ner%teﬁ!\n ties
so that cal '5%,4@1@91 lI&r ehaidrﬁgﬁeg nMﬂﬁ&%r'ﬁtaP@xﬁ%lﬂﬁﬁh gr\thces can

wor kK and mmai nt al n BeI Core’reco dati ons even i ere are o hook

ext ensi ons of cédgitionlogerprating an AGKsignal, the linglopsrationmeduldl8 there is
one set which g ,ﬂ.@é C 84S e r}fg 8bfa h may
not property de?g’?g’%gb@%%gf(gﬁg rrfo‘?(g R%ﬁ g%e Set Sp%s%ﬁ.n?\lyd\%gth an
ACK si gnal . Ve furthert inpldalesaif ERRROM 20 whidh, steres lallrthe netessarysi gned as
master, slave or_back u ster. D_signal. g. CAS) is 20
recei ved from t RECGRPE Ed' amelvy?ﬁlg g‘\»ﬁ*‘?“?@mm edge, by
generating ag ACK siaaedrdnsg weﬁe\en{tiodmmrofgmaamém@o Qéll&Wigﬂb. The
master is definedafsthe set that fggg hoqgk sets nonitor DC
5

f
| oop conditionsS® EPrRSAMMEH ee‘BE?E%Eﬁi?RW e %% ome typi cal
cases in which hﬂjﬁ@\ct&%a&@&ﬁrﬁﬁ@wﬂﬁiﬁﬁ@ivmﬂs so'that\@liSwaRing caller ID (off-

hook caller ID) or other services can work and maintain BellCore

recommendations even if there are off-hook extensions of compatible
15 types. The set of rules ensures that there is one set which generates an
ACK signal tone because the office switch may not property detect it if
there are more than one set responding with an ACK signal.
When multiple sets are off hook, each must be assigned as
master, slave or back_up_masfer. When a SCWID signal (e.g. CAS) is
20 received from the office switch, only the master will acknowledge, by
generating an ACK signal. Slaves will never generate an ACK signal.
The master is defined as the set that went off hook first. All sets
monitor DC loop conditions. Figure 4 illustrates these DC conditions
for some typical cases in which line voltage changes are put in the same
25 time scale. If there is no other extensions off-hook when a set goes off-
hook, then this set is the master. Otherwise the set is a slave. The
master clears its master status when it goes on-hook. The master and
slave statuses are assigned dynamically on a per-call basis.



25 tinme scale. If there is no other extensions off-hook when a set goes
of f- hook, then this set is the master. O herwise the set is a slave. The
master clears its master status when it goes on-hook. The master and sl ave
statuses are assigned dynam cally on a per-call basis. WO 97/ 11550

PCT/ CA96/ Rules for Slaves i) If a set goes off hook and extension
I n use |SQ‘%3€7?1\’%% hen that set is a slave. Slave status (%’ g %

dynami cally on a per call basis. Any set can be a slave set. 5 ||) When

sl aves detect a CAS, they nust renove t@eir DC term nations and nute voice
paths within approximately 20 ns. They nust not respond with an ACK iii)

- They must nonitor the |loop AC conditions and receive and display the FSK
dat a cont ai niB&Eﬁ@.—SﬂE_MV\/aiti ng callers identity or other 10 i nf or mati on.

I v) Upon succgsyd r t Q{liéu am |l
" reestablish t ﬁ&j%é erm natlons an vo?é@hsgmdcwﬁu ﬁgster 15 i)

Wien a mast er sldve.cSlaye statnsis assxgmdtdyrmmcalb'son/e peecaihbmandnmtsur e the DC

conditions on there are no extensions present (except the
master itsel fférbﬁﬁé%%&gtggrt will respond with an ACK. The naster

acknowl edg®s l:hWﬁsh\dsEﬁl@oﬂﬁtGASxﬁi&gﬂg&sttenio&eph&t@CThl s is shown by
line Ain Figure In this case.the r._det ect.s El.l) because the
line vol tage Fﬂg“ﬁ%‘? Ipitg vaic ecﬁ&*g&d? B APRrR My 13)'?22& ‘i“ssf#}qyarl y

equi pped of f - hﬁ@g,ﬁ,@&gspu“ldlw&ﬁﬁgm and w |l have renoved their

term nations and nuted"their voice paths. The master detects El U because of
changes in |iH® Jblerag@tamomormleopéﬁcpmaséadeycmvmne Yeplay gure 4.

25 iii) Al ?%cﬂfﬁ&%é&mi&h ?)B;omg;k sets w |l not
have renoved t e| r term nat ons. The maSter senses this
10 information.
iv) Upon successful reception of FSK data or a time-out, slaves will

reestablish their DC terminations and voice paths.

Rules for Master

15 i) When a master detects a CAS, it must mute its voice path and
measure the DC conditions on the loop. If there are no extensions
present (except the master itself), the master will respond with an ACK.
The master acknowledges the CAS and FSK data exchanges take place.
This is shown by line A in Figure 4. In this case the master detects no

20  EIU because the line voltage has not changed when CAS was detected.
ii) All similarly equipped off-hook sets will be slaves and will have
removed their DC terminations and muted their voice paths. The
master detects EIU because of changes in line voltage at 30. This is
illustrated by line B of Figure 4.

25 iii) All non-equipped off-hook or non compatible off-hook sets will
not have removed their DC terminations. The master senses this
condition and will not respond with an ACK.



condition and will not respond with an ACK WD 97/ 11550

RCT/ CA06/00620 9 Rules for Back Ung Master (BUM ) If paster drops out of a __
call while there are two or nore slaves left, a back up nmaster (BUM nust
respond with an ACK. The BUMis dynam cally assi gned to the | ast successful
ACKer. A BUM can be on- 5 or off-hook. The BUMw Il only ACK if there is
no master. WAIYISEH be determined since the nmaster never PEFEAH0620s DC
term nation the duration of the call. ii) ABUMis defined as the last unit
to have successfully responded with an A After a successful SCWD call,
call units update their 10 BUM status. The unit which responded with an ACK
becones the BUM AIl units which received SCWD data, but did not respond
with an ACK, clRalestfoeiBacBUlpsMaktes (BUM) BUM can be on- or off-hook. For

.this reason the,BUUM statys is se set when a set goes pff- or on-
hook. | 6. 1 1) Pritmsset e sibOr asal vk e ai i, or Bore B388u At Ao on
the loop. If thbidk@pma&rqmmﬁnmsr@paﬁcmhhamclwmmmger will seize
the line by rea in t he .DC atlon a&l ﬁgonds th an ACK. If an

of f- hook BUM de asgign &SHS‘F?G?’ Sn A B |CﬂBbe|qnthere are
no extensi ons eyLethdokSThe mmtonlytA eklif Fﬁkéﬂi h& RPitet. t'l"lﬁsf1
he of en set its

termnation and responds wth an ACK ook BUM w |
master flag. Lidetexninedrsinoe dmmalsteusteivat tamovessiss Betexminatioro theBUM and

sl aves. A large 3 ates the renoval of DC term nations by BUM and
all the sl aves. d\?@%ﬁnt%eﬂ%%pr eseizes the line by applying its DC

t erm nati on whiithAdBGNEist defirledras the lastgmitigdiave sﬁEcesbfu)lyAlebpmide’dl ar | y
Cerm nati ons anAVALACHHARE 8BS BEVD il BB TR WY 1 Li nes
A, B, and Qo®©f BUMstatds. Thehlhitwhichgespornzied with aR4ACK Bkcdfhed the Shown
before ACK to | ﬂﬂjwf.ak glluftg th(ia Cx('aeclelr\]regcgcoWlD data, but did not respond with
an ACK, clear their BUM status. The BUM can be on- or off-hook. For
this reason the BUM status is not set or reset when a set goes off- or on-
hook. )
15 iii) If an on-hook BUM detects CAS, it checks DC conditions on the

loop. K there are no extensions present, the back up master will seize

the line by reapplying the DC termination and responds with an ACK.
If an off-hook BUM detects CAS, it checks DC conditions on the line, if
there are no extensions except itself present, it will also reapply the DC
20 termination and responds with an ACK. The off-hook BUM will then
set its master flag. Line C in Figure 4 illustrates these operations of
BUM and slaves. A large rise 38 indicates the removal of DC
terminations by BUM and all the slaves. When the BUM reseizes the
line by applying its DC termination which drops the line voltage again.
25 iv) All similarly equipped off-hook sets will be slaves and will have
removed their DC terminations and muted their voice paths. It should
be noted that in Lines A, B, and C of Figure 4, small voltage rises 32, 34,
and 36 are shown before ACK to indicate difference in DC
characteristics of DC termination circuit when one is connected. This is
30 because, when muting or other functions are to be performed, it is



characteristics of DC term nation circuit when one is connected. This is 30
because, when nmuting or other functions are to be perforned, it is WO
97/ 11550 PCT/ CA96/ 00620 10
possi ble that a separate DC termnation circuit may be inserted in place of

the existi If there are sets on the | oop which ui pped
wth SCW Dwg'é'ggg”?lty and are presently off-hook, they w ﬁ:ﬁg&mﬁ%e

renoved their 5 DCtermnations. In this case the back up master will not
respond with an ACK vi) This arrangenentlOwi || al so arbitrate the case where
the first unit off-hook is a non-conpatible SCWD set, two or nore slaves

go of f- hook and t n tibl e .SCW s oqut .of . the call
I A 5o 17t habessitls tuay < seitarae I Herming i Gy shayt b feiq 1% plackes ured
t he master by offheoéﬁgﬁngohs even though it cannot generate an ACK tone.

" Figure 4 illusty this by line D. O her conplications arise if"there are
non- conpat i bl eV)S(éAﬁBrgé%s?‘ﬁ\P&%@%%“ﬁ“@}ﬁVe“ tequippad withiiCWIR: er  nust

detect this angh lénd BRI presemiy esiddk, ate mﬁbgng* % gt ed

ACK/ FSK from bl dst i ntg user). Th| s1s resof ve es rermve their
DC t er mi nat¥ onPGrtezminations. i In this ease dbe barkup masternwill netrmespond widCW D set s
w |l not renovg,t DC term nation, the master can |l ook for EIU after CAS
is detected. | is true than the master will not 20 responds with an
ACK. 1f ElU i svi)oThis areangemeritheillalso arbitvate thecmape nchere the first Ailit Wien a set

does O NOOK_SfkhictlSndRA AL SCbIRE Ao Mpre Mboasiad G T4 o2
and down by a hodaahdcthah thmntwmpnﬁm@scwnms& d2bps biieofihe dalllk eshol d
Si oni 11 cant0 or 8369 1 thh ek et Sohaok 3 8on SOPET efcit oYL BEBAGIBA | n use.
Wien this dr opnfigetitys all behétaetiCeventtholigh ¥08i1R@t igbnérite an ACK tone.
Figure 4 illustrates this by line D.
Other complications arise if there are non-compatible SCWID
sets involved as a slave in a call. The master must detect this and must
15 not respond with an ACK signal (to keep unmuted ACK/FSK from
blasting user). This is resolved since all slaves remove their DC
terminations when a CAS is detected. Since the non-compatible
SCWID sets will not remove the DC termination, the master can look
for EIU after CAS is detected. If EIU is true than the master will not
20 responds with an ACK. If EIU is not true then the master will respond
with an ACK
~ When a set goes off-hook and starts monitoring the line voltage,
it is not guaranteed to remain at a steady level. As seen in Figure 5, it
may in fact drift up and down by a significant amount, in other words
25 the EIU threshold floats. This gradual change must be monitored and -
compensated. A significant drop in the line voltagé is indicative of an
extension in use. When this drop occurs, the value that triggered it is
saved. The line voltage must rise above this value before the set
triggers no extension in use. The microcontroller and EEPROM can be
30 properly programmed to adjust such drift so that the threshold values
would vary appropriately.



saved. The lin
no_extensj i

e voltage nust rise above this value before the set triggers

n use. The mcr | er can 0 [0
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programmed to adjust such drift so that the threshold val ues would vary

appropriately.

WD 97/ 11550

PCT/ CA96/ 00620 11 As described earlier, if there are two or nore sets are
in use on OTM®, hook flash (1ine break) by any one ofPGIHRA9/88630 | n use

i s not possi bl

e because the renmaining sets in use naintain the DC

connection. According to another enbodi mgnt, the invention detects the 5

presence of two or

" performthe ho
nonitoring the
.extension-in-u
sets in use co
circuit shown

Figure 6 shows
preset rul es,

made fl ash nas

wai ting option
shoul d be note

which is to be
t he adj unct se

flash master p
duration, foll

15

20

30

nore sets in use and enabl es any one of the sets to

ok flash. In short, extension sets in use are detected by

dr opdsatedcribacheaslier, if there ajertwovort inanesdts ard incudel dn a

f e r t. h | ash, all the
Bi0ip, A bo X kOt Hredi byl ot o B TBinaB s 8080, 0 0 T 10
abl e to det ect pesgiblefisscatsethef fetrsiningrsetsin wseomainteint thetDE dohféctuper at i on
In Figure i ncl udes the f nctLoRaI.it of hook f|]ash or |ink.
t hi sPEpRding &3 anethsr smbpdiment, dhe imvahtion detetindbs 2 set of
efite b Ewé BF oBisER inhiBB and!enaBRE AT B8 of the BB f 1 ash i's
er, all other sets are made fl ash slaves. The flash naster

is the set on Perfermzghgdpokflashq Irshexh extonsion sefs imuse are detected pyor cal |

glﬁﬁ.x ' egﬁ??g r IWAGH | ok flash. It
. eirpgr%g{et S #ﬁvﬁ?%ﬁ”eag un?ee&gg{# b(gmeexgg?’ed as part of
a SCW D equi ppextensionrinatse) and wherpone of thé)setsrperforms shabuwpbflaghualtt set

#1205 b S BiRufile HhaP RoBR Raplien FAPLE ke Pfe oy 1

pressed onl@heablesto detectar prdper hook flask. htkine embolitnknty thelipeessed. The

oL SO Y B e A ol or B 407

flash or link.

Figure 6 shows this operation according to one embodiment.
Under a set of preset rules, one of the sets which wishes to perform a
hook flash is made flash master, all other sets are made flash slaves.
The flash master is the set on which a key called FLASH key (also called
link key or call waiting option key) is pressed for performing a
coordinated hook flash. It should be noted here that this inventive
feature can be embodied as part of a SCWID equipped telephone set or
can be made as a SCWID adjunct set which is to be attached to an
existing host set. Therefore in the case of the adjunct set, it could
become the flash master if FLASH or LINK key is pressed on the host
set or if its own FLASH or LINK key is pressed.

The flash master performs a synchronizing pulse or prelink of
about 140ms duration, followed by an interlink pause of about 300ms
duration and then a line break of 300-1500ms. At 50, the EIU disappears
for the duration of a prelink approximately 140ms, then it reappears for
about 440ms at 52. If this happens, when the EIU disappears the second
time at 54, all the sets in use then at 56 link too, generating a true line
break. The first flash, which can be called a link subsignal or prelink,
signals to the slaves sets that they should flash. The second flash the



duration and then a |ine break of 300-1500nms. At 50, the EIU di sappears for
the duration of a prelink approximtely 140ns, then it reappears for about
440ms at 52. |If this happens, when the ElU di sappears the second tine at
54, all the sets in use then at 56 |ink too, generating a true |ine 30

break. The | ash, which can be called a |ink subsi el i nk,
signal s tothhe sﬁsgves sets that they should flash. The sgrég)ﬁdgw 1 t he
WD 97/ 11550 PCT/ CA96/ 00620 12

master generates is timed to coincide wikh a flash generated in all the
sl aves. The flash slaves nonitor the DC conditions on the |oop. If they see

» a predeterm ned increase in | opop, voltage t rox, 140ms foll owed
by appr ox. 440RBSIST SSREIGIes IS WB%L %Fdﬂg“(’lfﬁlsé g’%} in alf the, e by a
rising edge ofslhpap mnaaeslabb@mombf eﬁmﬂdlm ént aﬁhlowgl lcl?tﬁéy nci des

"with the second flash perforned by the naster. his wa ext’ensi ons
perform a si mSeeshpirdetermingd inereasedndopp amltage tha&&qstmmmr,e&moo ns

interval of z k,&(@) there is nore
t hen one El U. effglo %fgi)k%%éu Ea)rfgg vvhe ever an e@en&g)n is in use,
there is a 5eniuibWed1kyah'Ismg|edgb oﬁloop\tclhge,lthejtpéﬁormrthelﬂmwn flash pr esent
off- hook |line yolta The re sh two .t hreshold val ues h are

1/ 16 above the S‘P 'é‘ﬁfmgﬁfl &h %B@?ﬁ%@gﬁﬁg?/ ﬁﬁ Iy e, and

foll ows the tiwapglb&aensibas pstfbm asﬁimﬂuheabs)ﬂﬁh ad teeswittoilt hat a 15

| i nk needs to be rfor %ﬂ and do n t hensel ves on the second rise in
vol tage. Fol | OW'HS’ y seq S é?%mt%tl" ZETRHGRR CYIFERM) st ate nachi ne (SM

. Which perforns a varhiiprogédurddiso works WwheR IRGL8SS l&l&eftﬁén gréqpi ning if
there are any extensions_in use (ElIU) and generating trip appropriate 20

El U event s10] ¢ Refesring 49 Rigiare/, yelgnever an S"t}&ﬁ‘@ﬂa‘?&n B ithenedsdes even when
by synching. | | MEROKTR HresHAA TGS Batis 1/ Y ol BT AR b ot | o
time they geneheok lmentsﬂ;tagm e figureshowsttwontheeshold valueawhddh are
1/16 above the present EIU. When the voltage rises above this value,
and follows the timing characteristics set out above, all sets know that a
15 link needs to be performed, and do one themselves on the second rise
in voltage.

Following is the Parallel Set Detect (PSD) state machine (SM)
which performs a variety of tasks. It is responsible for determining if
there are any extensions in use (EIU) and generating trip appropriate

20 EIU events. It also has the capability to generate hook flashes even
when extensions are in use (if the extensions have the capability). It
does this by synching links with the extensions in use, and by linking at
the same time they generate a hook flash. This state machine is called
every 20ms at interrupt time from the 4ms interrupt. This state

25 machine contains two sets of states that do not interact with each other.
Only one set of states is active at a time, depending whether the set is in
an on-hook or off-hook state. The code that dispatches control to the
correct state, determines if the correct states are active, and if not
activates the other set. The dispatching code also maintains a counter

30 used by the various states.



every 20ns at interrupt tinme fromthe 4nms interrupt. This state 25 nachine
cont aj ts of states that t i ract with each other. Only one
set of states is active at a tinme, depending whether the set is in an

on- hook or off-hook state. The code that dispatches control to the correct
state, determnes if the correct states are active, and if not activates

t he ot her SWP971180 dj spat chi ng code al so nmintai ns a counPEr/Ca%0Eded by

t he various states. WD 97/ 11550 '

PCT/ CA96/ 00620 13 Referring to Figure 8, .the on-hook PSD is extrenely
‘sinple and is handle by 5 states. There iS a sinple threshold val ue (30V
“for a 48V battery, 15V for a 24V battery, both in the EEPROM which the

gi nehvol tﬁge ihsI conm'emeraiﬂgyto_cmgnwe.cthagmm%dk P$D i$ bRtrémely ségipl%ag%i S bglO O\C/iv
. this threshq , exrensi on_JS Rresyune 0 De n use. ec one r
is also in thids gﬁf‘g _ EFQS,CS'iTi‘?rﬁéS GGEPHJQE‘S‘F‘??P‘P@ @JF?Z?RM@’I%Q@V bel ow 2
or 3 volts, El WatiaryWhchipth 34V Ssm GO the FEEPROM) Whithtthe WieX as

follows: State O becones active ehever the set gi;)‘:s on-hook. 1t sinply 10

det-er m nes whetvediageis continiallycompared agsinsh Ifdbe ding voltegeis beJowrol to

either state 1 LI 3 | e 0 i t he current
path thr oug% tf%g{sa%\f%%?g&’% %ﬁ%@&gPﬁyﬁg@?&g Ta\'ks%aygk?%fEt% €until the
| i ne vol tage f &Tdrel iseilsonint this SM. cWhhenEIU, if thieivoltage falsi exteawdp dowpnt rol to

state 3. 15 L LV hal L | J voltage rises
above the thres%+‘§,i%rn§mméW%%?ségg%%$%}f?rg' rs]ﬁ}ﬁsgatf.s State 3
simply makes suwerk #cfdlioms: vol t age stays bel ow the threshold for a certain
period of time and E#en enerates..an El U evengt and passes copntrol to state

2, otherwise it ret COmES active yheneyer fgossronrhork.; BAmphe | i ne
vol tage i s 1gebqietéranined wheth&Ost fict dreektbision i freuddarid padselBoMroSicat € 4

sinply makes sure the line voltage stays above the
, either state 1 or 2 the cuirent state. This state also sets up the current

path through the adjunct for on-hook idle.

State 1 stays active until the line voltage falls below the
threshold, in which case it passes control to state 3.

15 * State 2 stays active until the line voltage rises above the
threshold, in which case it passes control to. state 4.

State 3 simply makes sure the line voltage stays below the
threshold for a certain period of time and then generates an EIU event
and passes control to state 2, otherwise it returns to state 1. The

20 amount of time that the line voltage is debounced for is controlled by a
byte in the EEPROM.

State 4 simply makes sure the line voltage stays above the
threshold for a certain period of time and then generates a NEIU event
and passes control to state 1, otherwise It returns to state 2. The

25 amount of time that the line voltage is debounced for Is controlled by a
byte In the EEPROM.

Referring to Figure 9, the off-hook PSD is a lot more difficult.
Extensions must be detected by observing small relative drops in the
line voltage. To further complicate things, remote links must be

30 detected in this state. Remote links are basically the disappearance of
EIU for a brief period of time. The off-hook PSD SM also performs



threshold for a certain period of time and then generates a NEIU event and
passes control to state 1, otherwise It returns to state 2. The 25 anount
of tinme that the line voltage is debounced for Is controlled by a byte In
the EEPROM Referring to Figure 9, the off-hook PSDis a |ot nore
difficult. glgd ons nust be detected by observing small_relative drops in
the line voltage. To further conplicate things, renote | PEEEANRWE2%,. 30
detected in this state. Renote |links are basically the disappearance of EIU
for a brief period of tinme. The off-hool4PSD SM al so perforns WO

97/ 11550 PCT/ CA96/ 00620 14

- l'inks, both S|Ppge and nultiple links intended to give extensions the

chance to |inkligks.Roth simple %’!‘&P&‘!}mﬂlﬁ%“ﬁﬁl‘l@@ givpaxtenyignscdges t he
current state ¥WoRie\slinkd welk. g-g@gtaqgg Qgﬁgas f&llo%’s' ays further PSD acti vi ty

“for 100ms to give the VOO tine t stabilize. Using all avail able
information, it thebtateakbecomes mun;ﬂIéﬂatamthethmt goes en-haokensi on i s

in use, and p :If Fltgr ets up the

current path tﬁ?{ﬁijd&%&%?@n rfog?mg&gvgl%eV§§t %‘fs active when '
there i s no5exstabilizen Usingall. avhilablb infiomationgit then takes its best agh vol tage
drop, it passes ﬂ{\trol to st te.8. .State 7 i,s _active \A,Ben there are one or

more ext ensi on¥NeFREI AT natean ?" ehsion fsin yse. and pagses coBirol ta.gither S84 [ ecor ded

no ElU threshobdr 7 tIt alkdssets GP the Glrrét Path ithrdughCthi \adjurict forl offlbloBkt S 2
slight rise in, yoltage that could be a renote set d0|ng a link (this would
happen if ther flas 15 nore than 1 EIU), it makes state 12 active. State 8

simply makes sure t@a&eéhseaéamu&kmlsrmmﬁmbﬁ%mé ﬁ@ﬁ@t&ﬁ&f tine

bef ore gener at| . an EIU event and then naking state 7 active the Iine
vol t age dod® temsbwglte%dm,lﬂpasseqcm@lcboﬁms to state 6. The

debounce ti ”? ' S | Eﬁl Wc@& when there'afé 5né oF nibHe YextBsfons SH'dse! B ' 1 N€

vol t age renai ns hi
it detects the voltage rising above the recorded no EIU threshold, it

passes control to state 9 active. If it detects a slight rise in voltage that
could be 2 remote set doing a link (this would happen if there was -

15 more than 1 EIU), it makes state 12 active.

State 8 simply makes sure that the line voltage remains low for a
period of time before generating an EIU event and then making state 7
active. If the line voltage doesn't stay low long enough, it returns
control to state 6. The debounce time is in EEPROM.

20 State 9 simply makes sure the line voltage remains high for a
period of time. If It does remain high it makes state 6 active and
generates a NEIU event. If it falls low it returns to state, 7 unless it falls
within a link time event window, in which control passes to state 10.
The debounce time, and link window time are all in the EEPROM.

25 State 10 is waiting for another link after one has already been
detected. It times out after a period of time (controlled in EEPROM),
and jumps to the entry state 5. If a link is detected, control is passed to
state 11, where a link is performed.

State 11 performs a timed link, and then jumps to the entry state

30 5. The duration of the link is in the EEPROM.



period of tinme. If It does remain high it nakes state 6 active and
generates a NElU event. If it falls lowit returns to state, 7 unless it
falls wwthin a link tine event window, in which control passes to state 10.
The debounce tine, and link window tine are all in the EEPROM 25

State 10 is waiting for another |link after one has already been detected.
It tinmes ouWVONABBO 3 period of tine (controlled i n EEPROVPCT/EAS/0628ps t o
the entry state 5. If a link is detected, control is passed to state 11,
where a link is perforned. State 11 perf ! timed |ink, and then junps
to the entry state 30 5. The duration of The link is in the EEPROM WO
© 97/ 11550 PCT/ CA96/ 00620 15
State 12 times the dState 1Dtineb the dghdtionodf slight voltage rise. SThisuwouldebecaused

when there is nore th one ELU, and one t doges a.link. The,state tines
the voltage ri s%a,usﬁ_ad”aﬂ‘fn 1eT¢ & fore @Pﬂ%gﬁg]ni“ %Imﬁmiléf’efﬁ&'a% contr ol
to state 103 ot 'k'ﬁé‘étai@ﬁkﬂesltbl@}%lthge ki3e, i )t fa!llﬁtiﬁtoﬁheﬁink window,3t ate 13.
becones active when this set is to performa |link. The state determ nes if

one or two |i nkBasspeoonfroldostate 10-etherwisadt jumps to the entry stafa §. whet her super
links are engbl ed). & e{8 He sl.dcggeivﬂmﬁke&%z?? to ﬁ%ﬁﬁ"a Bl . PP O state

11, otherwise this state perfornms one en’ passes control to state
14. 10 statet determinestif one or fwo dinks showld be dend)tdependingwn ElWks. |t

then passes co nétraﬁls, LRd %ﬁétﬁerls]uper linwlaxc"e %Jdﬂ?o&%% ! CED WO

97/ 11550 0620 16 WHAT
| S CLAI MED | S: necessary, control slips to state 11, otherwise this state performs one

link and then passes control to state 14.
10 State 14 controls the amount of time between two links. It then
passes control to state 11.



1. In a tel ephone | oop which contains a plurality of tel ¢gHéhSHEET HASBEEN
one end and a tel ephone switch at the other end, a method ¢f 5 REPLACED

acknow edi ng a custoner alert signal sent by the tel ephone swtch

conprising steps of: assigning one of the plurality of the tel ephone sets

as a nast esyo¥adshe remaining sets as slaves during a te'P%‘i‘mgﬁwﬁ?d | ; and

detecting the custoner alert signal, and appropriately responding 10 to

the custoner alert signal depending upon the state in which one

remai ni ng tel epone sets are. 2. The mdbhod according to claim1, ;
conprising further steps of: assigning one of the plu m“ mmmum‘\‘

- tel ephone sets L5 master; and detecting [ B t'
signal at the B’g@ﬁlﬁm# and appropriately responding tbo the Scust ofrer

al ert signal depending upon the state in which one or nore remaining

" tel ephone setsqjare r - ' sai d tel ephone
call. 20 3. he rrtg‘?%gec}agg%ﬂg% gwjla%ﬁ_c gg&ﬁgﬁ%ﬁfgﬁﬁ&q%q%% step of
muting the voi aomaend ind atelephdaeswiichad the oilet entl, 4 nvethed oft! | t he

tel ephone sgts_gfter, the detection,of .the custonger. alert signal. 25 4.
 The net hod “cc %"Hﬂe gc?‘ﬁ\‘%?%‘em piEne ng'i’ggﬁﬁfg?é%ﬁrﬂ%tfg‘conpri ses a
step of sendi ncoraprisiignEtepseagnent signal fromthe master to the switch. 5.
The net hod according fo.claim a further step of 30 receiving

cor‘rPri sin
an FSK signal from 45§igning eag of the plurglity ofithe felephone setsaga master WO

97/°11550 and the remaining sets as slaves during a telephon 96/ 00620 17 6.
The met hod according to claim5 conpri si ngga fuerpt he?cg;}plﬁgf di spl ayi ng the

FSK signal at any ofleteefing the-pistomenales sighal,and appropriately sesponding ng t o
claiml copri§j A dustdthbd GerdigRalodepending upon the state in which one or

more remaining telepone sets are.

2. The method according to claim 1, comprising further steps of:
assigning one of the plurality of the telephone sets as a back up
15 master; and
detecting the customer alert signal at the back up master, and
appropriately responding to the customer alert signal depending upon
the state in which one or more remaining telephone sets are when the
master has gone on-hook during said telephone call.
20
3. The method according to claim 1 comprising a further step of
muting the voice path for a predetermined period of time at all the
telephone sets after the detection of the customer alert signal.

25 4. The method according to claim 3 wherein the step of responding
comprises a step of sending an acknowledgment signal from the master
to the switch.

5. The method according to claim 4 comprising a further step of
30 receiving an FSK signal from the switch after the acknowledgment
signal.

This. Sheet Has Been Rerlaced i

[T




renoving a DC termnation circuit at all the tel ephone sets kwlsaSHEET HAS BEEN
] lod of tinme a recept] of the custioger gﬁEMCED

signal. 10 8. The nmet hod according to claim7 conprising a further step
of reapplying the DC term nation circuit at all the tel ephone. 9. A

t el ephone set to be connected to a tel ephone | oop conprising: a circuit for
nmoni t ori ng VYR58 ondi ti on of the tel ephone | oop; 15 PCT/CAY960d

circuit for detecting a custoner alert signal sent bde
to the tel ephone | oop; a line operation (i.}rcuit for s ing an i
acknow edgnent signal in response to the“custoner al erty i ‘mm“m\
‘controller for assigning one of a plurality of tel ephor{é“mr“mu Lol
master if nore than one tel ephone set are connected to the

¢ el'epMond | oop
and enabling the Iing operation circuit_ if the set is assigned as naster.

10. The tel eptfone thadaeegrding & slaimd comprising askwsthesistap of pDC 25
term nati on Ci rggkh i : 1 i ved fromthe
C.ﬁ!#l‘;g : e l@?@m?gal A58 &%hb @ﬂgplzdg%ts{eo N

t el ephone | oop | onse to mrand“from t er. 11. The
t el.ephone set according to claim10 further conprising a voice path nuting

circuit whigh n bew | _ _ fr t el ephone | oop
' T esponse Xt o Zomans el ccBlding 1 faBH" Kiipiing < ANl Sdpior”

PCT/ CA96/ 00620 retoving a DCttefmination circaitiab allathp delephsneofetsfdrype whi ch

i ncl udes a display neans r.displayi callin arty.information. in
response to codgaxg'i‘ nr: f“’é{ ?ﬁré%‘??gb#er%raﬁf& ROEShE Cuptompralest ¢y,
conprising: a rsigdlrk including a direct current path and voice band

signals 5 path; a line status detector for detecting the state of the
t el ephone |ine as being one of ON HOOK and OFF HOOK; neans responsive to an

occurrence 19f .11 r JthelhedRidC4cbRAfg to claim 7 comprising a further step of
reapplying the DC termination circuit at all the telephone.

9. A telephone set to be connected to a telephone loop comprising:
a circuit for monitoring the DC condition of the telephone loop;
15 a demod circuit for detecting a customer alert signal sent by the
switch connected to the telephone loop;
a line operation circuit for sending an acknowledgment signal in
response to the customer alert signal; and
a controller for assigning one of a plurality of telephone set as a
20 master if more than one telephone set are connected to the telephone
loop and enabling the line operation circuit if the set is assigned as
master.

10.  The telephone set according to claim 9 further comprising a DC
25 termination circuit which can be inserted into and removed from the
telephone loop in response to command from the controller.

11.  The telephone set according to claim 10 further comprising a
voice path muting circuit which can be inserted into and remeoved
30 from the telephone loop in response to command from the controller.
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signal fromthe tel ephone swtchi ng—facrtity, and ther.eaft arTH\'ﬁ ?‘HE%T gg\gcﬁEEN

fixed tinme interval an occurrence of rm nefl si qritaPLA
muting the voice band signals path tﬁiﬂﬂgmﬂua(’m\%term ned period of
time, during the OFF HOOK state; nea to a signal fromthe line
status detgct r registering either of two conditions, 15 a) if the

t el ephone g&a@f’b%gapparat us was first to transit to the @F’qﬁéﬂ’g‘ﬂ ate, and
(b) if the tel ephone station apparatus was subsequenct to transit to the
OFF HOOK state, during any one interval 1ghen at | east one tel ephone station
apparatus connected to the tel ephone line is OFF HOXK; 20 means for
- causi ng an acknow edgenent signal to be transmtted to the tel ephone
switchi ng facil3ty Atelephonestatiognapparatns of a type whick inclusies ardispldy

cond Ly onel ueaebl ol BRARLAE AL ARG MRINGAS S LB 0"
facility is ensighald receivedfrom ia lephbne swikeliing fauiity,. comprising:
a network including a direct current path and voice band signals
5 path;
a line status detector for detecting the state of the telephone line
as being one of ON HOOK and OFF HOOK;
means responsive to an occurrence of a first predetermined
signal from the telephone switching facility, and thereafter within a

10 fixed time interval an occurrence of a second predetermined signal, for
muting the voice band signals path throughout a predetermined period
of time, during the OFF HOOK state;

means responsive to a signal from the line status detector for
registering either of two conditions,

15 (a) if the telephone station apparatus was first to transit to the OFF
HOOK state, and
(b) if the telephone station apparatus was subsequenct to transit to the
OFF HOOCK state, during any one interval when at least one telephone -
station apparatus connected to the telephone line is OFF HOOK;

20 means for causing an acknowledgement signal to be transmitted
to the telephone switching facility while the transmit and receive paths
are muted, conditional upon the means for registering having
registered condition a) in the telephone station apparatus;

whereby the telephone switching facility is enabled to transmit
25 the coded signals. '
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