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Background

At present, Asynchronous Transfer Mode (ATM) technology is being developed
to provide broadband switching capability. Some ATM systems have used ATM cross-
connects to provide virtual connections. Cross-connect devices do not have the capacity
to process signaling. Signaling refers to messages that are used by telecommunications
networks to set-up and tear down calls. Thus, ATM cross-connects cannot make
connections on a call by call basis. As a result, connections through cross-connect
systems must be pre-provisioned. They provide a relatively rigid switching fabric. Due
to this limitation, ATM cross~-connect systems have been primarily used to provide
dedicated connections, such as permanent virtual circuits (PVCs) and permanent virtual
paths (PVPs). But, they do not to provide ATM switching on a call by call basis as
required to provide switched virtual circuits (SVCs) or switched virtual paths (SVPs).
Those skilled in the art are well aware of the efficiencies created by using SVPs and
SVCs as opposed to PVCs and PVPs. SVCs and SVPs utilize bandwidth more
efficiently.

ATM switches have also been used to provide PVCs and PVPs. Since PVCs and
PVPs are not established on' a call-by-call basis, the ATM switch does need to use its
call processing or signaling capacity. ATM switches require both signaling capability
and call processing capability to provide SVCs and SVPs. In order to achieve virtual
connection switching on a call by call basis, ATM switches are being developed that can
process calls in response to signaling to provide virtual connections for each call.

These systems cause problems because they must be very sophisticated to support
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of anapplication of these muxes is provided by T1 transport over an ATM connection.
Traffic that leaves the switch in T1 format is muxed into ATM cells for transport over
10 ahigh speed connection. Before the cells reach another switch, they are converted back
into the T1 format. Thus, the ATM mux is used for high speed transport. The ATM
mux is not used to select virtual connections on a call-by-call basis. Unfortunately,
there is not a telecommunications System that can provide ATM switching on a call by
call basis without relying on the call processing and signaling capability of an ATM

15 switch.

Summary
The invention includes a method of operating a telecommunications system to

provide a call with a virtual connection. The method is for use when a user places the
20 call by sending signaling for the call to the telecommunications system and by
transmitting user information to the telecommunications system over a particular
connection. The system comprises an ATM interworking multiplexer and a signaling
processor linked to the ATM interworking multiplexer. The method comprises
receiving the signaling for the call into the signaling processor, processing the signaling
25  to select the virtual connection, generating new signaling to identify the particular
connection and the selected virtual connection, and then transmitting the new signaling
to the ATM interworking mukiplexer. The method also includes receiving the user
information for the call from the particular connection into the ATM interworking
multiplexer, converting the user information into ATM cells that identify the selected

30 virtual connection in response to the new signaling, and transmitting the ATM cells over
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connection. The system could also include an ATM cross-connect system connected to
the ATM interworking multiplexer and configured to provide a plurality of virtual
15 connections to the ATM interworking multiplexer.

The invention also includes an ATM interworking multiplexer for providing calls
with virtual connections in response to signaling for each of the calls. The multiplexer
comprises an access interface to receive user information for each call from a particular
connection. It also includes a control interface to receive signaling for each call that

20 identifies the particular connection and a virtual connection for that call. It also includes
an ATM adaption processor to convert user information from the particular connection
for each call into ATM cells that identify the virtual connection for that call. The
multiplexer also includes an ATM interface to transmit the ATM cells for each call over
the virtual connection. The multiplexer could include a digital signal processor to apply

25 digital signal processing to the user information for each call. The processing could
include echo control and encryption.

In various embodiments, the invention accepts calls placed over DSO voice
connections and provides virtual connections for the calls. In this way, broadband
virtua! connections can be provided to narrowband traffic on a call-by-call basis without

30 requiring the call processing and signaling capability of an ATM switch.
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15  Detailed Description
For purposes of clarity, the term “connection” will be used to refer to the
transmission media used to carry user traffic. The term “link” will be used to refer to the
transmission media used to carry signaling. On the Figures, connections are shown by
a single line and signaling links are shown by double lines.
20 Figure 1 depicts a version of the present invention.  Shown is
telecommunications system 100, user 110, and user 120. Telecommunications system
100 includes ATM interworking multiplexer (mux) 130, mux 140, ATM cross-connect
system 150, and signaling processing system 160. User 110 is connected to mux 130
by connection 180. Mux 130 and mux 140 are connected through cross-connect system
25 150 by connection 181. Mux 140 is connected to user 120 by connection 182,
Signaling processing system 160 is linked to user 110 by link 190, to mux 130 by link
191, to mux 140 by link 192, and to user 120 by link 193,
Those skilled in the art are aware that large networks have many more
components than are shown. For example, there would typically be a multitude of

30 virtual connections through ATM cross-connect system 150. The number of these
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circuits. Connections 180 and 182 represent any connection that might be used by user
120 10 accéss system 100 and would also include formats such as E1, E3, and DS2. As
such, these connections are periodically referred to as access connections. Connections
10 180 and 182 would typically be DSO connections embedded within a DS3 connection,
however, the invention fully contemplates other connection being used with a few
examples being a fractional DS, a clear DS3, or even SONET OC-3. Links 190 and
193 are any links capable of transferring signaling messages with an example being
Signaling System #7 (SS7) links. ATM cross-connect system 150 is any system that
15  provides a plurality of virtual connections. Such a system could be comprised of
individual ATM cross-connect devices interconnected by ATM connections using DS3
or SONET for transport. An example of an ATM cross-connect is the NEC Model 10.
Connection 181 could be any virtual connection. Typically, the virtual connection
would use DS3 or SONET for transport. ATM cross-connect system 150 would be
20  pre-provisioned to provide a plurality of virtual connections through the cross-connect
system, and virtual connection 181 represents one of these connections. As virtual
connections are logical paths, many physical paths can be used based on the pre-
provisioning of ATM cross-connect system 150. Links 191 and 192 could be any links
capable of transporting data messages. Examples of such links could be S§7 or UDP/IP.
25  The components described in this paragraph are known in the art.
Signaling processing system 160 is any processing platform that can receive and
process signaling to select virtual connections, and then generate and transmit signaling
to identify the selections. Various forms of signaling are contemplated by the invention,

. including SS7, C7, and user to network interface (UNI) signaling. A preferred
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connection 180 into ATM cells that identify the selected virtual connection. Mux 140
is similar to mux 130. A preferred embodiment of these muxes are also discussed in
10 detail below.
The system would operate as follows for a call from user 110 to user 120. User
110 would send a signaling message over link 190 to system 100 initiating the call.
Signaling processing system 160 would process the message. Such processing could
include validation, screening, translating, route selection, echo control, network
15 management, signaling, and billing. In particular, a virtual connection through ATM
cross-connect system 150 from mux 130 to mux 140 would be selected, and a
connection from mux 140 to user 120 would also be selected. Although many possible
connections would be available, only the selected connections are shown -- connection
181 and connection 182. Generally, the selection is based on the dialed number, but call
20  processing can entail many other factors with a few examples being network loads and
user routing instructions. Signaling processing system 160 would then send signaling
reflecting the selections to mux 130 and mux 140. |
User 110 would also seize a connection to system 100. The connection is
represented by connection 180 to mux 130. Although, only one connection is shown for
25 purposes of clarity, numerous connections would typically be available for seizure. The
seized connection would be identified in the signaling from user 110 to system 100.
Signaling processing system 160 would include the identity of this connection in its
signal to mux 130.
If required, user 120 would receive signaling to facilitate completion of the call.
30 The signaling from signaling processing system 160 would indicate that system 100 was



User 110 and user 120 could be any entity that supplies tel ecomrunications
traffic to network 100. Sone exanples would be a | ocal exchange carrier
(LEC) switch 5 or.custoner prenises equipment (CPE). Typically, the user
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From the above discussion, it can be seen that multiple virtual connections can
be pre-provisioned through an ATM cross-connect system to interconnect ATM
interworking multiplexers. When a user places a call, one of the virtual connections is
selected for the call by the signal processing system and identified to the appropriate

20  muxes. The muxes convert the user information into cells that identify the selected
connection. As such, user information can be switched through an ATM fabric on a call
. by call basis. The system does not require the call processing or signaling capabilities
of an ATM switch (although an ATM switch could be used to provide the virtual
connections without using its call proéessing and signaling functions). The system can

25  also implement enhanced services such as NOO and virtual private network (VPN).

Figure 2 depicts another embodiment of the invention. In this embodiment, the
user information from the access connection is capable of being muxed to the DSO0 level,
but this is not required in other embodiments. Additionally, SS7 signaling is used in this
embodiment, but other signaling protocols, such as C7 or UNI signaling, are also

30  applicable to the invention.



- 6- enbodi nent of the signaling processor is discussed in detai
toward the end of the di scl osure. Mux 130 coul d be any
muxi ng system operable to place user infornmation arriving over
connection 180 on the virtual connection selected by signaling processing

5 system 160. Typically, this involves receiving signaling nessages
fromsignalin processi ng system 160 that identify assignments of’
virtual conn®8tE¥7t o0 an access connection on a cal FCB{PSEI43pasi s.
The mux woul d convert user traffic from agcess connection 180 into
ATM cells that identify the selected virtual connection. Mix 140 S
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i nstructions. Signaling processing system 160 would then send signaling
refl ecti ngl® heuss| Ermatan indd$R fermaidrom PSthisterfeng 210 and convert the inforpgation; 10

woul d al so sei g, ATAR BQEP%U&BL A&kt if %égﬁﬁl ﬁ%rﬁnﬁ%ﬁh@%? is provided

represented by connection 180 to nux 130. ough, y one connection is
shown for by International Telecommunications Union (ITU) document 1.363.1. An AAL for

voice is also described in patent application serial number 08/395,743, filed on February
28, 1995, entitled “Cell Processing for Voice Transmission”, and hereby incorporated
15 by reference into this application. ATM interface 230 is operational to accept ATM
cells and transmit them over connection 283. Connection 283 is a standard DS3 or
SONET connection transporting ATM cells. Connection 281 is operational for the DSO
format and connection 282 is operational to transfer ATM cells.
1t can be seen that a communications path through connections 280-283 could
20  be established to carry us.er information. Although the communications path has been
described from connection 280 to connection 283, the invention contemplates
components that are also operational to perform reciprocal processing in the reverse
direction. If the communications path is bi-directional, user information in ATM cells
artiving on connection 283 would be processed for output on connection 280 in the
25  appropriate format. Those skilled in the art will appreciate that separate connections
could also be set up in each direction, or that only a connection in one direction may be
required. These components and their operation are known in the art.
Signaling links 290 and 291 are SS7 links. Link 292 is a data link with an
example being an ethernet connection transporting UDP/IP. STP 260 is device that
30 routes signaling messages. STPs are well known in the art. CCM 250 would be
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- 7-

connecting to user 120 over cojpinection 182. Typically, user 120
woul d accept and acknow edge the connection in a signaling nmessage

back to systenydfed by its own signalingMpbintk38e WOTP 960 @661 Youts sigmudihg gesiagesn
signaling processing system f60

_ i denti fying co_nnect'éol?‘ %Pgo aé t he
access connectaddressed do thivpriwtcodntol@IMadst. Ha spejecssbedimsnts, 1k 2oRmavdithect i on
t hrough ATM cross- connec t . BA&Idhhali e user
i nf ormation f r%"%ﬂﬁ%—&oﬁ%zg%ggg}h%?) gm})\%ﬁécfé{’? cs:wp?/hgs%o V\D%II angd%%sfgggat e
connect | f)n 181ark Rilsbiteutegitd dmd QGOS.AlhtBX_li_gl\l/tlapGihmd&&mnmb rd ihaote egsential, it
130"t o xS 14cfaciibles the Sransion o B ML TEEB L SSPRATT e a PR EoE el | mg

processi ng syst&in veGpitented BRAER & Yindersion AbRAbEEY Hebiech evel B armibed B of
virtual connection and connecti on 182 as the sel ect ed a%%?es‘gould

connection to tsanessss. transfer pan (YIERD §netior ef YT 269. sTherqonysrsgn

Athough o oyRgHIBE e PRl ol driy &“é%%i‘éﬁ“ﬁ%?‘%@%aﬁﬁiﬁéﬂéﬁfé e

enpl oyed for ceduts fitesibn of MTP 3 would forward the message to CCM 250. Point code

10 conversion could be based on many factors with a few examples being the destination
point code, the origination point code, the signaling link, the circuit identification code,
the message type, and various combinations of these and other factors. For example,
SS7 Integrated Services User Part (ISUP) messages with particular OPC/DPC
combinations could have the DPC converted to fhe point code of CCM 250. These

15 signaling messages would then be routed to CCM 250 by STP 260. One version of
a suitable STP is disclosed in United States patént application entitled
“Telecommunications Apparatus, System, and Method with Enhanced Signal Transfer
Point”, filed simultaneously with this application, assigned to the same entity, and hereby

. incorporated by reference into this application.

20 CCM 250 is a signaling processor that operates as discussed above. A preferred
embodiment of CCM 250 is provided later. In this embodiment CCM 250 would be
operable to receive and process SS7 signaling to select connections, and to generate and
transmit signaling identifying the selections.

Assignment 240 is a control interface that accepts messages from CCM 250.

25  In particular, assignment 240 identifies DSO/virtual connection assignments in the
messages from link 292. These assignments are provided to AAL 220 for
implementation. As such, AAL 220 obtains the virtual path identifier (VPI) and virtual
channel identifier (VCI) for each call from assignment 240. AAL 220 also obtains the
identity of the DSO for each call (or the DSOs for an Nx64 call). AAL 220 then converts

30  user information between the identified DSO and the identified ATM virtual connection.



enter and exit system 100 through the same nux. In this case, the ATM
system woul d 15 sinply provide a virtual connection back to the sane nux.
From t he above di scussion, it can be seen that nmultiple virtual connections

can be pre-provisioned through an ATM cross-connect systemto
I nt erconnect ATM I nterworking nmultiplexers. Wen a user places a .
call, one of the virtual connections is sel ected for ghe;epidizdy the

si gnal proce‘é’gigwﬁs‘sﬂ/stem and identified to the appropriate 2 nmuxes. The
nmuxes convert the user information into-¢glls that identify the sel ected
connection. As such, user information can be sw tched through an ATM fabric

on a call Ackawicakiela tHas the Thpnieats davel bes mptlemaptpdimay betsentdath to
processing or signaling capabilities of an ATM switch (although an
ATM swi t ch couf@MitS0utdssireds provi de the virtual. connections wi t hout

using its call procméggg% angls é—ég{&@éshéagasf&lfl&ﬁ Hignaling M6 sERES £ Eultsdirivid
al so i npl enent enhanc Servi ces such as NOO and vi rt ual private network
( VPN) . on link 290 Eidyne souPedchy N TPt 26040 6O 5@ nersbsroprecaenstar tYPIFght i on.

In this enbodi nen t he uset i.nf or pat,i f O ction
i s capabl g? of ﬁ@%@%ﬂ%’s{y%ﬁﬁgﬁs‘%@%, Al BF el %ﬁ&ﬁ%@gﬁ?i&%ﬁ%@ﬂ%qw r ed
in ot her embodiy@mkctiorshdi DS0nmbtre 2 BSWosld goveit g trafia memnnectiom 280 into

enbodi nent, but other signalin rotocol s, as C7 or. U signaling, are
al so 30 appl 1h9§}§0é’owt1%% pﬂﬁg@r‘?ﬂl? d}80s to AAiLgQIa over connection 251. 9 9

220 ATM i nterf acem%{é%gg %le(l&??gg%g?&@mﬁ%ggﬁamﬁ?mg%L)
cal | / connect i othe oalls §iggethe pGC)lar T¥0s emcbnnection 280), and contain call information, such

10 as a dialed number. CCM 250 would process the signaling and select connections for -
the call. Since multiple virtual connections are pre-provisioned from ATM interface 230
to the other destinations in the network, CCM 250 can select a virtual connection to the
destination. The selection process can be accomplished through table look-ups. For
example, a table could be used to translate a portion of the dialed number into a VPL

15 The VCI would be selected based on the available VCIs in the selected VPL. The
VPI/VCI combination would correspond to a unique virtual connection pre-provisioned
from ATM interface 230 to the appropriate network destination. The selections
represent the DSO — virtual connection assignments that are provided to assignment 240
over link 292.

20 Assignment 240 accepts the DSO0 -- virtual connection assignments and provides
them to AAL 220. When AAL 220 receives a particular assignment, it converts user
information from the designated DSO into cells that identify the designated VPI/VCL
The cells are provided to ATM interface 230 over connection 282. ATM interface 230
accepts the cells and places them within the transport format for connection 283. The

25  cells are then transported over the selected virtual connection to the appropriate
destination.

Calls also exit the network thfough connection 280. In this case, CCMs at the

origination points select the virtual connections to ATM interface 230. The originating

CCMs also send signaling messages to CCM 250. The signaling messages identify the

30  destinations for the calls and the selected virtual connections. CCM 250 will have a list



signal transfer point (STP) 260. Al so shown are connections 280-283 and

I i nks 290- 292. 5 Connection 280 could by any connection
or group of connections that contain i nformati on that can be
converted to DSO format. Exanples of these connections are OoC- 3,
VT1.5, DS3, and DS1. DSO interface 210 is operable to convert user

I nformation in these formats into the DSO format. AAL 220 conprises
both a conveV@aH8ILubl ayer and a segnentation and r &I SAR)
| ayer. AAL 220 is operational to accept t1t11e 10 user information in DSO
format from DSO interface 210 and convert the information into ATM
cells. AALs ar t u ﬁﬁ%ﬁ) ed
by Internati on%l al'f(g:)1 83%%%%%%3%’%’?%%@ ‘BLI%'I %@R%%ggn&e% S‘gg %E&\{thAL
for ~ VOI Cgcéss catineionsto glid destithation frha’i 'sha list aPqrlekartle, ale senéeion rseladaaf

08/ 395, 745, file Febr 995 ntitle oce ng for
Voi ce Transni s <g¢|M 2| k"h’@?%%?ﬁ ?rﬁl@ﬂéi%‘l‘”él{’%ﬁ])fg °°mff§tegé gﬁghcef h| s
appl i cati on. %écﬂ&x%%%&e%ﬁ& 183 A YEIBdtbd4REss OGRS bn AdiMection 280@& I's and
transmt them over connection 283. Connection 283 is a_ standard DS3 or
SONET connéct i pavidedtn spsipnment@40Twar ik 292 Assignoenti24f prryides thesppaspigimetial f or
t he DSO fowrzz‘?nd connection 282 is operational to transfer ATM
cells. 't can be seen that a conmunications path through
connecti ons 280- 283ATHuinter®e 230 avilk slembxk itiehertls toivirgr ftgm wsswectiord 883rand on.

Al t hough the conmmy nj,cat i been i .bed f.rom connection
280 to connectPG% ?@Sm ?%@Zﬁéem%ﬂ‘f&éﬁme&{s&fs’“@m‘mnd% SnfésrfP@qFTﬁat are
al so operati onpkotfermper fAKIILE &laRé GeAdonPESIEE $6 it chlls frdif af RAVIRJuRe virtual
direction. If the comuni cations path is bi-directional, user infor rrat i on

in ATM cellPs  connectionars; iprgyidsd te sharassienedP Sean seunectiop s hr BE@ imterérce 3vill out put
on connecti on ek helBosdiom oBRIREAR! 381 iftol e BfropriiORfindikiich 8dDsH, fohe art
will appreciate t hat separ at e connecti ons also be set up in
each directi ongorpectiona28®riThosa skilledimahe a:naneramree:faﬂnertequms fonyulsing and
required. Thesr co ongg%@ .and their operation are known in the art.
Signaling |ink 3R 8% SS7 links. Link 292 is a data link with an
exanpl e being an et Fomthd aboosdienision)it tando s¢artiat tgr ifdnhhton ford &z 64h flew devi ce

t hat 30 rout s SI nal i messages. STPs e, well kpown in the art.. CCM
250 woul d 1l§e ectxon 0 to conn&ction 283, and in the reverse direction from connection

283 to connection 280. DSO interface 210 and ATM interface 230 provide user

information in their respective formats to AAL 220. AAL 220 converts the user
information between DS0 and ATM formats based on the assignments from assignment
240. CCM 250 can select the DSO -- virtual connection assignments that drive the

20 process.

The ATM Interworking Multiplexer

Figure 3 shows one embodiment of the mux that is suitable for the present

invention, but muxes that Support the requirements of the invention are also applicable.

25 Shown are control interface 300, OC-3 interface 305, DS3 interface 310, DS1 interface

315, DSO interface 320, digital signal processing(DSP) 325, AAL 330, and OC-12
interface 335.

OC-3 interface 305 accepts the OC-3 format and makes the conversion to DS3.

DS3 interface 310 accepts the DS3 format and. makes the conversion to DS1. DS3

30  interface 310 can accept DS3s from OC-3 interface 305 or from an external connection.



-9- identified by its own signaling point code. STP 260 woul d route
si gnal i ng nessages addressed to this point code to CCM 250. In sone
enbodi ments, STP 260 nay al so convert other point codes to the point
code for CCM 250 so these signaling nessages are also routed to CCM
250. Al t hough point code conversion is not essential, it 5 facilitates
the transition of a network to the systemof the invention ﬁingmﬁﬁgﬁersion
coul d be i nPPEMIOEd t hr ough a conversion table | ocated befRen 1 evel 2 and
| evel 3 of t he nessage transfer pat (MIP) function of STP 260. The
conversion table would convert the destination point code of the

message to thpkiGhtehdd A0 accepis DSt Remat and makewtie donvetibmto DSO.MDB13 woul d
forward the nessage to CCM 250. Point_ code 10 . copversion coul d he based

on -many fact oterigFa H 5 g2n asrert DN rem IS INGripdre’ 188 romen griemal connggipmt ¢ ode,
the originati ﬁgo%ﬁéﬂﬁce@?g%ccetpﬂethébgﬂ?édnggaddgﬂ} ridds' R fatetGiM to ﬁigﬁzﬂrs?ghélcat lon

code, t nessage type, and various c I nati ons of theSe and ot her
factors. For proaessing (DSP)325.SS7 I ntegrated Services User Part (1 SUP)

nessages with partjicul ar_ OPC/ DPC inag.d .coul,d have .t he. DPC
con've?_t ed\gnto tE\e pbgﬁlm"é'@&]@ 18 W@é@pggggée%%%%ﬁ "gaﬁﬁtﬁf ﬂﬁ"‘?ﬁé& 458s woul d
then be rout egheluSeriffdinadeP tdMhpihe trifiénissidnequdBlys IDEP ;%cessir(]jg pridarBylbdtaill € STP

is disclosed in United States patent application entitled
"Tel econmuni céghoopancalatianabyscoulsl inchide ol fraukeas\Wallh AsHakaewn.sedRal

Transter - coiRln cal bd BRI LABRQNS $SBi30 oL BLSNANNAGh P ecrBSS! ONed
to the same eRti y, an er By | ncor por at eg y reference Tnto this
appl i cation. @fhcelers. These echGChacREds mpstcbesiighiatl forgealls thebds ot requitte egher at es

o5, S SOV, ST, B g SRR i SR AR B 7
process SS7 siegbgdirddhtd Calls ehat ¢dquite B eshbicam@llerad Ge URatJeN ETIRIGCMRMI send
Lransm b St g rmae thiongh coror tectaca S0 to DSP 325 indicating the particular
echo canceller that is to be disabled. The CCM selects the echo canceller based on the
CIC in the signaling it receives from the user. After the data call, the CCM sends a
15  message that causes the particular echo canceller to be enabled again for subsequent
voice calls. The above technique of applying echo control is pfeferred, but other means
of implementing echo control instructions from the CCM are also applicable.

In addition to echo control, the CCM and the mux can work to provide other
dipital signal processing features on a call by call basis. Compression algorithms can

20  be applied, either universally, or on a per call basis. The decibel level could be adjusted
for calls form a particular origin or to a particular destination, i.e. where a hearing
impaired person may reside. Encryption could be applied on a call-by-call basis based
on various criteria like the origination number or the destination number. Various DSP
features could be associated with various call parameters and implemented by the CCM

25 through DSP 325.

DSP 325is comnnected to AAL 330, AAL 330 operates as described above for
an AAL. DSO - virtual connection assignments from control interface 300 are
implemented by AAL 330 when converting between the DS0 and ATM formats.

Calls with a bit ra;re greater than 64 kbit/sec. are known as Nx64 calls. If

30  desired, AAL 330 can be capable of accepting control messages through control



Assignnment 240 is a control interface that accepts nessages from CCM 250.

25 In particular, assignnent 240 identifies DSO/virtual connection
assignnments in the messages fromlink 292. These assignnents are
provi ded to AAL 220 for I npl ementation. As such, AAL 220 obtains the
virtual path identifier (VPl) and virtual channel identifier (VQ)

for each cal}, fr ssignnent 240. AAL 220 al so obtains th ldentity
of the DSO f‘%W@@%}ﬂ?can (or the DSOs for an Nx64 call). A%F%G’W%
converts 30 user information between the identified DSO and the
Identified ATM virtual connection.

- 10- AGKIMELII B SN Shd B8l HP Rx85 SIRNRR ICEM ARG KR SfRNLed may
be sent back to CCM 250 i f desired. I'n operation, calls
are.processed greur beDHAs forgheerdll i ng messages for calls arrive on link

290.and are routed by STP 260 to CCM 250. Access connections are typically
5 sei zed cont enporaneously with the signaling. Al of these connections
ar e -repr esent €the ATM Croys-comnepeSpstemm 280. DSO i nterface 210 woul d convert
the-traffig on con cti‘m 280,ir;£o ) theeg)go format and provide the
DSCs to AAL 220 overBHhARTS Wiabeppnections provided by the AR crosy) ReneRiFYFERei ved

by CCM 250 wouh d virdeibf thy Mﬁloﬁ%ﬁ%g) i io%técfﬁ{i%ugf For.pr Pﬁlﬁﬂ%@hhé (i.e.

the particular DSCs on connection contain information, such
10 as a di al<®anestighewill beMappeined by preogkilied tineghsi griahid gheaimengimnect

comeet 1 | Gnerpines b S5 PN Syl 0 9ITBS SERELS |,
the network, @G@M42890 Tlese sizfuelctonaectibnst arelshovaninettonaseting mulkes A, B, and C
10 through cross-connects Y and Z. Virtual connections are provisioned in between each
mux. Each mux would have a virtual path to the cross-connect system that is designated
for each possible destination mux. Virtual path AB contains virtual connection 412
from mux A to mux B. For calls that originate and terminate at the same mux, virtual
connections 410, 416, and 420 are provisioned for that purpose. Virtual connections
15 414 and 418 connect muxes A/C and B/C respectively. Alternate routes for different
virtual connections can be provisioned between the same two muxes.

Within each virtual path are thousands of virtual channels (not shown). Virtual
connections are provisioned by cross-connecting VPI/VCI combinations at cross-
connects Y and Z. If a call enters mux A and needs to terminate at mux B, the CCM

20 will select virtual path AB. The selection could be based on a translation of the dialed
number. Within virtual path AB, the CCM would select the particular virtual channel.
This selection could be based on available VCIs within the VPL In this way, pre-
provisioned virtual connections can be selected on a call by call basis.

Typically, calls will require a bi-directional voice connection. For this purpose,

25  a virtual connection must transport user information in both directions. The virtual
connections can be provisioned so that the mux at the terminating end may use the same
VPUVCI for cells transported in the opposite direction. The terminating CCM could
also translate the originating VPI/VCI into another VPI/VCI provisioned in the opposite
direction and provide this VPI/VCI to the terfninating mux..



destination. The sel ection process can be acconplished through table

| ook-ups. For exanple, a table could be used to translate a portion
of the dialed nunber into a VPI. 15 The VCI woul d be sel ected based on
the available VCls in the selected VPI. The VPI / VCI conbi nati on woul d
correspond to a unique virtual connection pre-provisioned from ATM
interface 230 to the appropriate network destination. The 3&%ﬁ&&bgﬂ§3
represent tH¥OBBEP8O7 virtual connection assignnents that ar ovided to
assi gnnment 240 over link 292. 20 _j4. Assi gnnent 240 accepts
the DSO -- virtual connection assignnments and provides themto AAL
220." When AAL 220 rgegpi Bitiek GitheVe v @RAERAGHs i Betw@AVEBEsScoRB&Its

i nformat.i on fromthe gﬁ?gﬁ%%ﬁ%ﬂ%go |nfo cells that identify the designated
VPI /-VCl . canHearacked. sVistuel pattoVZ getnerts crosriconneets fYatnd 23 hegapacipphect i on

: [ f. h ) 1.t hi h
Cranspor {1 or R BOCTAREE b5 Reah aesse b s g el O R R IF LA [ )"

over the sel ecgRelorded] hal CCMP BB Poerbmmedit> sfepr anuitemite virtual pathdest i nat i on.
Calls also exit the network through connection 280. In this case, CCMs at

the - , Sori gi nation points select the virtual connections to ATM
interface 230.olh&:0 4@k atNdidor CCvs al so send signaling nessages to
CCM 250. The sTgna I Ng nessages | dent_i fy the 30 ~ destinations for the
calls and the sel ecfigere\4 dms am@nbmhmerpmglhmgmmﬁh! reshesy 4o & spegfic
of avai lable ALeRsSnlRiRREs neRRrt Sochfif, Afeh LiRIndlRb] RHot Afred eSO

specific scenario. Figure 5 shows telecommunications system 500. Shown are user

10 510, user 512, user 514, user 516, STP 518, STP 520, STP 522, STP 524, mux 526,
mux 528, mux 530, mux 532, call/connection manager (CCM) 534, CCM 536, CCM

538, CCM 540, ATM cross-connect 542, ATM cross-connect 544, and ATM cross-

connect 546. For clarity, the connections and signaling links are not numbered. All of
these components are described, and the CCMs are also discussed below.

15 In operation, user 510 may forward an 800 call to system 500. User 510 could
be connected to mux 526 with 2 DS3 connection. The 800 call would occupy a DSO
embedded in the DS3 connected to mux 526. User 510 would send an SS7 Initial
Address Message (IAM) through STP 518 to system 500. STP 520 would be
configured to route the IAM to CCM 534. An IAM contains information such as the

20  dialed number, the caller’s number, and the circuit identification code (CIC). The CIC
identifies the DSO used by user 510 for the call.

CCM 534 would process the IAM and identify that the call was an 800 call.
Either through its own database or by accessing a service control point (SCP) (not
shown), the CCM would translate the dialed number based on the 800 subscriber’s

25  routing plan. For example, 800 calls from user 510 may be routed to user 512 during
business hours, to user 514 at night, and to user 516 on weekends. If the call is placed
from user 512 on a weekend, the call would be routed to user 516. As such, CCM 534
would select a pre-provisioned virtual connection from mux 526 through ATM cross-
connect 542 and ATM cross-connect 544 to mux 530. CCM 534 would send an IAM

30 message to CCM 538 through STP 520 and STP 522. The IAM would indicate that a



access connections to the destination fromthe list. For exanple, the
connection sel ected by CCM 250 could be a DSO enbedded within a DS3
connected to a LEC. The virtual connecti ons on connection 283 and

sel ect ed access connections on connection 280 are 5 provi ded to

assi gnment 240 over |ink 292. Assignment 240 provides these assignnents

to AAL 220. ATM interface 230 will demux the cells arriving
from connecHOH8¥3 and provide themto AAL 220. AAL P80 ts the
user information in the cells into the ;5 DSO format. AAL 220 neke the
conversion so that cells froma particular virtual 10 connection are

provided to t g& @?ﬁ bQH o 2P cOef aty&fd ﬁfeéﬁtl (R0 séldhed ik c¥fektion

convert the rom onnectlon 8l intot appropriate format, such as
DS3; for bemgus&ddblrmhﬁﬁﬁsmhose skilled |n the art are aware of the
t echni ques for From

t he above di scu35| P{gcfalpy’ o1 588 vgoélg‘ﬂb‘{)ortlﬁngde Sﬁ?%ﬁn&tﬁ89§ ?onggchog can

flow 15  fromCME38Gidulnselda DSOC‘eﬁibBcﬁIéﬂlnoﬂiem ardngouldisént @n TAMEfOS Ber
direction from caonnection to connection 28 DSO i nterface 210

S ATM T i oy PAE ek SIP 72 aed SIES24. The CIG Afbe Hith vomld indlomte that A 63088 vo
formats to AAh; %Qaut%%%n tﬁ]&%}’ﬂ{e séleétQ@Dgﬁe'User 51.6wdﬂ@%9&§km§%5ﬂ@en DSO

and- ATM f or mat' s base e assignnents from assi gnnen CCM 250
can sel ect t hgodgkte thevgallt Mhercthaalt is answaredi yyendmé svouldatrangmitvan arsee20

process. r | ltiple Figure 3
shows one enbSdiHe ﬁf‘*ﬁwth %ﬁﬁ%’?ﬁa}cgq%%ﬂs?%%@'for t he present

||nvent|o|n_, bg]{ nuxex:Ml”%tﬁ woulf alsb séﬁtfammtﬁm?agétdgggi bes in%tteﬁ%ngd?to’:lr e305
al so app abl e own are contr nterfa i nt.er e :
DS3 inter# ce W%?%i tﬁsm@gr'a%t@n in the Bg%f@m ‘Efgbgf(ﬁ Ag& é?d"‘ﬂbl? al

si gnal proces %ﬁwr@&%ﬁ?rﬁéﬁhe%bct@@ﬁnuﬂ%n%n&@ CCM 538 waaﬁrséﬁ&stﬁﬁﬂm

OC-3 interface 305 accepts the OC-3 format and nakes the conversion to DS3.

DS3 i nt er f ace MEsMEatcEpk §3¢ strwyag ftde distassemblendkibcell o ¢hesslested virtual DS1.
DS3 30 interfag e%n{?&%n&%Htpﬁ?&%%exj?ﬁ%ﬂnit{oﬂ%% M BLRE s 1 0" AlThp™M an

external connecti
cross-connect 542 would route ATM cells from mux 526 to ATM cross-connect 544

15 based on the cell header. Likewise, ATM cross-connect 544 would route these cells to
mux 530 based on the cell header. As such, user information for the call would flow
from user 510 to user 516 over the DSO from user 5190, the virtual connection selected
by CCM 534, and the DSO to user 516 selected by cCcM 538. The muxes would
implement the selections of the CCMs. ' :

20 The call would require that a voice channel be available in both directions. As
such, the DSOs and virtual connection would be bi-directional. Cut-through on the
receive channel (from the user 516 to the user 510) would occur after the address
complete message (ACM) had been received by system 500. Cut-through on the
transmit channel (from the user 510 to the user 516) would occur after the answer

25  message (ANM) had been received by system 500. This could be accomplished by not
allowing mux 530 to release any cells for the call until the ANM has been received by
system 500,

If user 510 were to place the call at night, CCM 534 would determine that user

514 was the destination. Accordingly a pre-provisioned virtual connection from mux



-12- DS1 interface 315 accepts the DS1 format and nmakes the
conversion to DSO. DS1 I nterface 315 can accept DSls from DS3
interface 310 or from an external connection. DSO interface 320
accepts the DSO format and provides an interface to digital signal
processing (DSP) 325. 5 DSO interface 320 is coupled to DSP 325.
DSP 325 is capabl e of manipul ating the user information_to iInprove
transmi ssi on VRIEVI%E7. DSP processing primarily entails PCAtyge14133
cancel | ati on, but coul d include other feqf ires as well. As is known, echo
cancel |l ation can be required for voice calls. DSP 325 passes the DSGCs

through echo  saq i SARCRIAN Soss THRRS: S6/10 S BldsEE Sl Sus Romilk sEbWedaf of

calls that do not require ec Data calls do not require echo
cancel | ati on, aeseléedied foCMetall. COd 536 Wouly select the DSO toasesfrifze data calls

that require an echg.canceller tp be disabled. Th W | nd. a
control nessage thr &f&ﬁnsggﬁ‘fef%tf’ pﬁ‘ﬁ? @F f@c@%’ge F*B' ggg%%@” qu#gﬁegm%dh?the
particul ar userSAAROV&ARE Béstifdtiohh Alccdrinkly aife-Gtovtnedivirtbileofiddticefrent s t he
echo cancel |l er based on the CICinthe signaling it receives fromthe

user. AfterS t hawa42a thrangh ATMecrossigparastiit2zand hack tguaiaud ol besalgsted fathe
parti cul ar ech%ec%nc@dﬁrﬂggwgﬁ abl.63h283h t {Qf spubsequent voi ce
e

calls. The above chnique of applying echo control is preferred, but other
means of inplenmenting echo control instructions fromthe CCM are al so

appl i cabl e. W t.I n,addi ti o echo control, the CCM and the nux
can work to pr&%&qw%m si gnal processing features on a
call by call basis. FigQmess e ta!aqs?éfe&rémanmnna@ofthbeigamFg%&es@r,tamr

e

uni ver sal I%/Cb or on a per_call basis. The deci bel |evel cou adj ust ed
r

for calls mkgowa s the TG butiagy progesserovichuppores the requiEapentsAtateshfor thee

where a heariNgpyention would suffice. Figure 6 depicts a signaling processor suitable for the
invention. Signaling processor 610 would typically be separate from the mux, but those
skilled in the art appreciate that they could be housed together. Also, signaling
processor may support a single mux or support multiple muxes.

15 Signaling processor 610 includes Message Transfer Part (MTP) level 1 612,
MTP level 2 615, and MTP level 3 620. MTP level 1 612 defines the physical and
electrical requirements for a signaling link. MTP level 2 615 sits on top of level 1 and
maintains reliable transport over a signaling link by monitoring status and performing
error checks. Together, MTP levels 1-2 provide reliable transport over an individual

20  link. A device would need MTP level 1-2 functionality for each link it uses. MTP level
3 620 sits on top of level 2 and provides a routing and management functioh for the
signaling system at large. MTP level 3 620 directs messages to the proper signaling link
(actually to the MTP level 2 for that link). MTP level 3 620 directs messages to
applications using the MTP levels for access the signaling system. MTP level 3 620 also

25 has a management function which monitors the status of the signaling system and can
take appropriate measures to restore service through the system. MTP levels 1-3
correspond to layers 1-3 of the open systems interconnection basic reference model
(OSIBRF). Both the MTP 1-3 and the OSIBRF are well known in the art

~ Also shown for signaling processor 610 are ethernet interface 635, platform

30  handler 640, message handler 645, and data handler 650. Ethernet interface 635 is a



| npai red person may reside. Encryption could be applied on a call-by-cal
basi s based on various criteria like the origination nunber or the
destination nunber. Various DSP features could be associated with
various call paraneters and inplenmented by the CCM 25 t hrough DSP 325.
DSP 325 is connected to AAL 330. AAL 330 operates as descri bed above for

an AAL. DSO - virEuaI connection assignnents fromcontrol interface 300 are
i mpl ement ed B’)Qg’ 80330 when converti ng between the DSO and YTPY61 s
Calls with a bit rate greater than 64 kbifs.sec. are known as Nx64 calls. If
30 . desired, AAL 330 can be capabl e of accepting control nessages through

contr ol standard ethernet bus supporting TCP/IP which transfers signaling messages from VPP
interface 300 fromthe CCMfor Nx64 calls. The CCMwould i nstruct AAL 330

to gr oupevehd toglagfonmp handies 648 |Also, if UDP/IP istysed ATRPIOMURISAte ovithetbe
System 5 : L gt | | L. Qn ovided t he
ATM cross conn 3}? f( esé gﬂg%ﬂqﬁt&fa@e %B’{F\O%gdsa\%é P g?l(g) ?nﬁ&[} ﬁg&l Jrile(\%‘e ﬁth ?%ens\,{ung?f%tg% gh
numerous ot her attedlhrecapnizs ofharinterfaes ahdgrosoicols waich could suppoanthae fiimetisnswh| | be
appr eci at ecg by one %ﬁhl led ip the art, and the invention .
cont enpl at &5 af§FE WM RedPeRliongoun are virtual connections 410, 412, 414,

416, 418, anth 4c20rd WIleHR iventioiR khelBEiB OF thie Q1pBalMp Tt &R indicated by
i nt er-connecting muxes A, B, and C
reference numerals 612, 615, 620, and 635) would be operational to route select ISUP
messages to platform handler 640. Technique for doing this have been discussed above.
Preferably, an SS7 interface to platform handler 640 could be constructed using
10 commercially available SS7 software interface tools. An example of such tools would
be SS7 interface sofiware provided by Trillium, Inc.

Platform handler 640 is a system which accepts ISUP and B-ISUP messages
from ethernet interface 635 and routes them to message handler 645. Preferably,
platform handler 640 is configured to route messages to a particular message handler

I3 processor based on the signaling link selection (SLS) code in the message. Message
handler 645 .is a system which exchanges signaling with platform handler 640 and
controls the connection and switching requirements for the calls. It can select and
implement services and initiate echo control. It also converts signaling between ISUP
and B-ISUP. Data handler 650 is a set of logic coupled to message handler 645 which

20  processes service requests and provides data to message hanciler 645. Data handler 650
also controls echo cancelers and generates billing records for the call.

In the discussions that follow, the term ISUP will include B-ISUP as well. In
operation, ISUP messages that meet the proper criteria are routed by MTP and/or ATM
interface 615, MTP level 3 620, and ethernet interface 635 to platform handler 640.

25  Platform handler 640 would route the ISUP messages to message handler 645. Message
handler 645 would process the ISUP information. This might include validation,
screening, and de{ermining if additional data is needed for call processing. If so, data
handler 650 would be invoked and would provide message handler 645 with the relevant

data so message handler 645 could complete call processing. Message handler 645
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SCF. Taken together, message handler 645 is able to at least control connections and
recognize triggers. In some embodiments, message handler 645 can also identify
services, obtain data for the services, and generate the signaling required to implement
the services. Message handler 645 can provide signaling interworking (i.e. ISUP to B-
ISUP), connection control, service selection and service implementation in a logically
integrated package that interfaces with the network through conventional means.

Data handler 650 includes at least the SCF and the SDF. In some embodiments,
message handler 645 and data handler 650 both include the SCF and the SDF and
services are partitioned among the functional entities. Two other functions are shown
in data handler that are not standardized functional entities. Accounting generates a
billing record and echo handles the echo cancelers. Typically, an echo canceller is
disabled for a data call and enabled after the data call for use on subsequent voice calls,
however, other techniques are applicable.

In operation, the CCF would perform basic call processing until the SSF
recognized a trigger and invoked the SCF. The SCF would identify the service
associated with the trigger. The SCF would access data from the SDF in order to
implement the service. The SCF would process the data from the SDF and provide the
data to the CCF through the SSF. The CCF would then set-up the connections through
conventional signaling to service switching points (SSPs). The SSPs are connected to

the communications path and make the connections. Typically, an SSP is a switch.



Addi tionally, the nunmber of active virtual connections in between

Cross-connects can be tracked. Virtual path YZ connects
cross-connects-Y and Z. The capacity of - virtual path YZ would be

si zed based on network requirenents, but should it becone over | oaded,
the CCMs can be programed to select an alternate virtual path. 5 .
Oper at i on w%&ﬂb% , Net wor k Figure 5 depicts arcarndsostiaaent of
the inventi ? respect to a specific t el econmuni cati ons network
scenario, although the invention is not-I9-mted to this specific

scenario. Figure 5 shows tel ecommuni cations system 500. Shown are user 10
510, user 512Alsysethobdshcelers afiayoid coritrblled I3, thS TR, 220 a t6lliRg 5&2rd 8GHd B24, nux
526, mux 528, >§1 530, nmux 532, call/connection manager (CCM 534,
coM 536, CCI\/Ige"er"‘“’déngt e 540, ATM cross-connect 542, ATM cross-connect

544, and ATM cr 0SSthose skme&ﬁartfi@ﬁ& aé‘la@farf@ﬂ‘va@lbauérawarb bempeRARGHi@NGNaNd
signaling links are not numbered. All t hese conponents are

descri bed, anshpporéthempirementsofsbe mvention. sB@r gxamplg; the glatform handler, megsage

oper at i on s USEE, 0. T, aFNEY chy 00 GBLE s haNELEIMEQiohbS 510 coul d

be connec connecti on woul d occupy a
DSO enbedded in the DS3 connected to nmux 526. User 510 would send an

SS7-Initial he PI %ddr s, Message (1AM through STP 518 to system 500. STP
520 woul d be The Plaffor HAIEEC 1 (0 route the | AM to OOM 534. An I AM cont ains
information such apighiae sﬁ&nsalshsﬁﬁiederglm&%e thﬂm@ﬁhdl@r 'Hatfinmiahdlecnd t he

circuit identification code dentifies the DSO used by

user 510 for isBown Platform handler 7)10 m"@éﬂﬂ %&hwal%ﬁm&& Hé, s EeMy
i denti fy jphat hiag: 696 PMASMARARD 7?@{rlmmntf and re'géi{r%QQU? fi’ﬁé?»ék%@s {oVPorfd M

dat abase or by accessing a service contr poi nt h wn)
t he CCM woul ds1gm¢n§ilnmfecet(téermcahwderds:3ﬂﬁaBlﬂaaé%dndﬁ%b h%’I'Bbﬁldimlﬁé%mob@r s 25

512 duri hg | Powds e BB dlP s, MR R 1 P oRA Y il 25

weekends. |f Hikeasssmitic ti indontingl packets tofthé)mo}&,es:ndaiﬁeomﬂaswﬁtbdemﬂtgoiﬂge cal l

woul d be routed, to 6, As |d select, a
pr e- provi si onB@kWrg’ﬁéMﬁﬁgcﬂ“@rﬁsP%%@%%fﬂ?%@ 2WE\ARY rehnique
connect 542 ap wabivef 0P SEnAMBNBEsa 4ot tfoH% Haddler OOMsodtenipldtel Beme an LAM

30 message to CCM 538 through S and STP 522. The LAM woul d i ndicate
that a mventlon

Supervisor 714 is responsible for managing and monitoring CCM activities.
Among these are CCM start-up and shut-down, log-in and log-off of various CCM
modules, handling administrative messages (i.e. error, warning, status, etc.) from the
20  CCM modules, and handling messages from network operations such as queries,
configuration instructions, and data updates. The connection to network operations is
the man machine interface which allows the CCM to be controlled and-monitored by
either a2 remote or a local operator. Supervisor 714 has a process which retrieves
configuration data from internal tables to initialize and configure the CCM. The CCM
25  modules also have internal tables which are used in conjunction with this procedure.
Supervisor 714 also communicates internally with STP handler 712 and CCM handler
716.
CCM handler 716 exchanges ISUP information with STP handler 712. CCM
handler 716 also exchanges ISUP messages and CCM supervisory messages with the
30 message handler. The connection between CCM handler 716 and the message handler



call was being routed to user 516 and would identify the selected virtual
connecti on bei ng used to reach nmux 530. Typi cal ly, nux
530 woul d be connected to user 516 with a DS3 connecti on. CCM 538
woul d sel ect a DSO enbedded in the DS3 and would send an |AMto user 5
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call was oob&ishg routed to user 516 over the sel ected DRO/USISE413516
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10 CCM handler 716 carries ISUP message information.

Platform handler 710 accepts, disassembles, and buffers ISUP messages received
from the network. It can perfofm basic checks on the messages before transferring them
to the message handler. Should more than one message handler be connected to
platform handler 710, the ISUP messages could be allocated to the'message handlers

15  based on the SLS of the particular ISUP message. CCM handler 716 accepts routing
instructions from the message handler for routing certain ISUP messages to select
processes of the message handler. Platform handler 710 also provides supervision and
a man/machine interface for the CCM.

20  The Message Handler.
Figure 8 depicts a version of the message handler. Message handler 820 is

shown and includes call center 821, origination manager 822, termination manager 823,
detection point manager 828, feature manager 824, auxiliary manager 825, switching
manager 826, and local resource 827. A primary function of message handler 820 is to
25  process ISUP messages.

Call center 821 is the process which receives call set-up messages from the
platform handler. ISUP call set-up is initiated with the IAM. When call center 821
receives an IAM, it creates an instance of an origination manager process with data
defined by the information in the IAM. Origination manager 822 represents any of the

30  origination manager processes spawned by call center 821. The CCM handler is



such, the DSGs and virtual connection would be bidirectional. Cut-through

on the recei ve channel (fromthe user 516 to the user 510) would
occur after the address conpl ete nmessage (ACM had been received by
system 500. Cut-through on the transmt channel (fromthe user 510 to

t he user 516) would occur after the answer 25 message (ANM had been

recei ved by sys 00. This could be acconplished by not Ll,pM1 Ng
mux 530 to ré?‘?/%%\’zdgb" ny cells for the call until the ANM hasP enejﬁg%lr ecei ved

by syst em 500. I f user;210 were to place the call at

ni ght, CCM 534 woul d deternine that user ~ 514 was the destination.
Accordingly a jisBufédofitld ietasbtanbd douitk stbRHIERIEOD rﬁe@ﬁ%?s%’%ted to that call can

-16- 526 through ATM cross-connect 542 and ATM cross-connect 546 to

mux 528 woul d be transfpygedsdirestly tadthe eppropréate imstanceciivirgzationonidgercs28chy thhe DSO
to user 514.  niatform handler, | f user 510 were to place the call during the
day, CCM 534 woul d determ ne that user 512 was the destination.

Accor di ngly a pre- pCoiginstiomadnager 82Pakets omremérhay blackroalled an ofigindiag dabir ough

T T L N X L RO
Cal | / Connect i on chihred3ekarfiéMe originating call controlftl@it'cB8Id RtedRey R BlloWiRg 3the
preferred enbodi pent of the signaling processor, also

call control block, the origination manager, the message handler, the originating LEC,

the LEC trunk circuit (CIC), the ATM virtual circuit, the ATM virtual path, the caller’s

number, the dialed number, the translated dialed number, the originating line

10 information, the ANI service class, the selected route, the number of the selected route,
the SLS, the OPC, the DPC, the service indicator (SI0), echo cancellation status, reason
of release, call status, and pointers to adjacent call control blocks. In addition, the call
control block would also contain the various times that signaling messages are received,
such the address complete message (ACM), the answer message (ANM), the suspend

15 message (SUS), the resume message (RES), and the release message (REL). Those
skilled in the art would be aware of other pertinent data to include.

Origination manager 822 executes call processing in accordance with the Basic
Call State Model (BCSM) recommended by the International Telecommunications
Union (ITU), but with some notable exceptions. Origination manager 822 processes the

20 IAM through each point in call (PIC) until a detection point (DP) is encountered. When
a detection point is encountered, 2 message is sent to detection point manager 828 and
processing is suspended at origination manager 822 until detection point manager 828
responds. An example of a detection point for origination manager 822 would be to
authorize an origination attempt.

25 Detection point manager 828 accepts messages from originating manager 822
caused by a detection point encountered during call processing. Detection point
manager 828 will identify whether or not the detection point is armed. An armed
detection point has specific criteria which can affect call processing if met. If the
detection point is not armed, detection point manager 828 will send a continue signal

30 back to origination manager 822. A continue message instructs origination manager 822



10 known as the CCM but any processor which supports the requirenents

stated for the I nvention would suffice. Figure 6 depicts a signaling
processor suitable for the i nvention. Signaling processor 610 woul d
typically be separate fromthe nmux, but those skilled in the art

appreci ate that they could be housed together. Al so, signaling

processor may support a single nux or support nultiple nux

Signaling p g@@%ﬂ 610 i ncl udes Message Transfer Part (ngﬁnievg?ﬂ13612,
MIP | evel 2 615, and MIP | evel 3 620. MIBslevel 1 612 defines the physical
and electrical requirenents for a signaling link. MIP | evel 2 615
sits on top oftolcBMBhie daliftbcessing to tHBhé}: dbtB&tion§oindPifehd dAELHBR bbinOi @Ffmed,
signaling link by nonitoring status and performn . .error_checks.
Toget her, MTP detsgtiorspointnagagey B2fewill sake agtios 1@ seq Hdhrstetechomepointieriteiigiare metal 20

uses. el ovel abibn R0 EEe e S el LRS! e hlc SRR R

and .managenentit Hilhghd @amessage tdRature manag&i&Aal i ng system at | arge. MIP | evel
3 620 directs nessgl?es to the proper signaling link . .(actual lSXStO t he

MIP Tevel 2 for thafeBRFGRINASREA WEYIE ROCSPIgDRsSages %emée%%@a@é‘g mpagager
appl i cati ons Ugidlghdr fswiflifthnd @M@Qs&eftgﬁuﬁﬁﬁqﬁﬁaéé?@2§6ﬂ3%bﬁt@lﬂn$iﬁ§ﬁfg@? 84T P

|l evel 3 620 also 25 has a management functfon which nonitors the status
of the signal i Pagtiayas feataremebsagesiwould be routed ¢o apilinnyspanagee 82fewkigh will procesest or e

service throu P_|ev. - nrespond to,l 1-3
of the open s?@?‘%g@l fi%%t? %ae‘ri'glg}ﬁér\]%gf% t&ﬁ‘g{% d 8§P]ef?a§'ﬁrgﬁ§g°h S oconttrol or?@%RF).
Bot h the MIP IbilingnOtherfeatGiS|niiibagas would bk rdunaive siMtchilemandger 826. These are

Al so sho for si in rQcessor 0.are ethernet,interface 635, platform
800 Shomaper " waibth T RSERper ofHeatizan o J08 PTARRI HEPAIEaD: o AL,

interface 635 m8bifty number translation. Feature manager 824 will pass information back to

detection point manager 828 (then to origination manager 822) when it is received back
from auxiliary manager 825 or switching manager 826.
Switching manager 826 which will determine if the request will be handled by
15  local resource 827 or by the data handler. Local resource 827 will be structured to
provide data more efficiently stored at message handler 820. Examples of such data
include: an automatic number identification (ANI) validation table which checks the
caller’s number, a dialed number translation table to translate POTS numbers into a
routing instructions, or NOO translation tables to translate select 800 numbers into
20 routing instructions. E:éarn'pies of a routing instruction yielded by the tables would be
a particular access connection or a virtual connection. An example of data in the data
handler would be virtual private network (VPN) routing tables or complex 800 routing
plans. _
Typically, originating manager 822 will execute through the pertinent points in
25 call to 2 point indicating that set up is authorized. At this point, origination manager 822
will instruct call center 821 to create an instance of a termination manager. Termination
manager 823 represents any of these termination managers. Origination manager 822
will also transfer IAM information to termination manager 823. Termination manager

823 sets up a memory block called a terminating call control block. The call control



-17- standard et hernet bus supporting TCP/IP which transfers

signal i ng nessages from MIP | evel 3 to platform handl er 640. Al so,
if UDP/IP is used to conmunicate with the nmuxes, ethernet interface
335 woul d accept the links to the nuxes. Those skilled in the art
will recognize other interfaces and protocols which coul d support these.
functions in 5 ccord with the invention. d.with
this invent M&??"Pﬁ@ |l ogic of the signaling interface (i ndi cﬂadt}éﬁaﬁgl{l

reference nunerals 612, 615, 620, and 633p.would be operational to route
sel ect | SUP messages to platform handl er 640. Techni que for doing
this have beenplgiksroaead r Ry for informatidtf spbcicablaall 8 isSHhildri esrhpd@Rioh 0

pl at f orm handl er 640 coul d be constructed using 10 comercially avail abl e
SS7. sof t war e i i9ttBe paginatingsrl contypl blegkpl e of such tools woul d be SS7
interface software ' bhd ] : : :
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et her net i nt erfuebo 6235 semelexceptions. Therindtion massgeg 82 heontihass pbeksssigrief taeabl vy,

pl atform handl er. 640 is configured to rQute messages to a parti ar
message hafdl efaly roug?}r‘g’c‘é‘g% Bgmﬁa@@&ﬁb‘f’lﬁt‘#éecg?ﬁ Hgﬁfsnade Iep?ﬂ?g?éqd_ec ?Bh2(SLS)
code in the neg&adRn g¥eit $9&Rountered, a MaBaeqs s ddbection yYSihOumBLICsR8aNEanges
signaling with platform handl er 640 and controls the connection and
sw t chi ng r equPPESHERg 1§ sespended &t tepmingtion manager 824 ustk dejgetion point manages|83&ent
services and i gitd eﬁgpg@mg ; SR j i t n | SUP
and B-1 SUP. Da{ygﬁdﬁg%\'dl er 65 !%irﬁsffda&escg{)ﬁ g?hf%f;?c co&%‘?g%hi%gﬁg%ggggg b\ggﬁdl er
645 which 20 authenescteripatimrwhidewodd gntsil suthoniking the calbas sdtavmby origiestionge
handl er 643. D '?%Qr Iﬁes%?sff te .aln%gmcaggée¥9£§t0e etge%ﬁcgncetl ers and,
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| SUP nessages t hat .magt t he gro er c&it;eri a are, rolrte by MIP.and/ or ATM

i nterface 615, PIOfESSIPRDiermingion manager 8438 cofapletenit it proguegassignaling mespagem

handl er 640, 26 tranBhtik QU phameh Bindi4Q1DRUIHE apoHdbact RldpRbES BASAAGHN! ©
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nmessage handl er 645. Message handl er woul d process the | SU
information. TH®eHsgght i ncl ude validation, screeni ng, and
determning if addi Meggagé ' :Eﬁ.ﬁgg . Sing Elgs,f dat a
handl er 650 woul d be I'n olfgeig&g%%ps%\ou %Fefé\%tggﬂérrg%gggg% an aegét%t W th the
rel evant pudéical. Foamples mgladd DIVIP, o6ls Intelligasit Detwrirke AeplatibnsRrooedsi ng.

Message hand| e[l’l\% which is contained within the component sublayer of Transaction Capabilities

Application Part (TCAP).

20 The Data Handler

Figure 9 shows a version of the data handler. Data handler 930 is shown. Data

handler 930 includes service control center 931, service selection 932, service logic

center 933, feature process 934, service data center 935, service data manager 936, echo

contro] 937, and accounting 938. Datz handler 930 receives service request messages

25  from the message handler. These messages result ﬁoﬁ an armed detection points
triggering the message handler to invoke data handler 930. The messages also result

from features implemented through the auxiliary manager. Service control center 931,

service logic center 933, and service data center 935 are static processes created at start-

up. Service control center 931 creates instances of service selection managers on a call

30 by call basis. Service control center 931 notifies the Switching manager to route



- 18- woul d generate the appropriate | SUP nessage to inplenent the
call and pass the signals to platform handl er 640 for subsequent
transm ssion t-o the designated network el enents. The

di stribution of functional entities anong nmessage handl er 645 and data
handl er 650 are shown. These functional entities are well known in the art.
Message 5 pﬁdagd,?er 645 includes at |east the call contrebriesgisian ( CCF)

and the ser W& Sw 't chi ng function (SSF). The CCF establishes and
rel eases call connections, and the SSF -24- recogni zes triggers during
call processing by the CCF and provides an interface between ‘the CCF

and the servi cebsequent sdrviteireguesd megsggesfor thidecab@F-theckppropfiste seryise vélewionand
obt ai ns data fQr the ger vice. In @oma em%odi mag%sd nessa ect{%andl er
645 can i ncl uMENAEE SPEVIER SelCCHOR PBBYePiA FERTHETS NS ?o??rflg‘bﬁél? He SDF
provi des ser Ving@aghtd eredtBd b srvitd ¢MRtrbcehidfo3 1. SCF. Taken together,
nmessage handler 645 is able to at |east control connections and

recogni ze tri gger s Servicessalestientimatpgasn??, exasuigd ghe Harire eporéas of athe allo
i dentif [ . ' . i : -2 th
i gal i ng & eqBrcEing, SEice MelTindbild o3 ek SEAEAFADEBARRI I 12

can provi de siegthahdssage amt iapiomehts thy s¢rivicethrdugblhesaag & to k&rvice ldgidR)entec 88thect i on

control, servigce.se|ection service inplenentation i.n oqgi,cal |
Tt eqr at ed- pacRRUE R SPHY A8 AEGPA PRSREh SoHL FIGP S8R J32 AU FeriFonal
means. instances of¥hk Fedhdre PréesseP Rqlind fF @% @bntlie@Sdrvicele Btdmpidaoft he
SDF. In sone enbodi nents, message handl er 645 and data handl er 650
bot h i ncl ude tfersursaroeasees erreNEhmessaging, personalfenminal awbilitve aphyirtpelipsiveld anong
t he functjonal | LA BRe t t] . EFMF < handl er
that are inéc))t S e%%ﬁ(glﬁ?%d];%lﬁ%ﬁg%%{ey%%ts%r&‘%siséig% un i‘%gchguédﬁ% P%g {eglea
required services for a call. Feature process 934 represents any of the feature processes

created by service logic center 933. Feature process 934 accesses the network resources

and data required to implement the service. This would entail executing service

independent blocks (SIBs). A SIB is a set of functions. An example of a function would

15  betoretrieve the called number from a signaling message. SIBs are combined to build

a service. An example of a SIB is transiating a called number. '

Those skilled in the art are familiar with the above services, although they have

never been implemented by a system such as the present invention. NOO services are
services such as 800, 900, or 500 calling in which the dialed number is used to access

30 call processing and billing Iogié defined by-t}lxxe- subscriber to the service. Messaging

entails connecting the caller to a voice messaging service. For example, the receipt of

a release message (REL) with a cause of busy could be a trigger recognized by the

message handler. In response, the data handler would create an instance of the

messaging feature process and determined if a call placed to a particular dialed number

25  would require the voice messaging platform. If so, the CCM would instruct an SSP to

connect the caller to the voice message platform. Personal/Terminal mobility includes

recognizing that the dialed number has mobility that requires a database look-up to

determine the current number. The database is updated when the called party changes

locations. VPN is a private dialing plan. It is used for calls from particular dedicated



billing record and echo handl es the echo cancelers. Typically, an echo

canceller is di sabled for a data call and enabled after the data
call for use on subsequent voice calls, however, other techni ques
are applicable. In operation, the CCF woul d perform basic
call processing until the SSF 25 recogni zed a trigger and invoked the.
SCF. The SCF would identify the service associ ated rigger.
The SCF woul™P ¥¥8Ys data fromthe SDF in order to }%rr{r)/{ag#e&%#st he

service. The SCF would process the data _$4omthe SDF and provide the
data to the CCF through the SSF. The CCF woul d then set-up the connections
t hrough in&0 ONE caffih LRYANG) SEY barficE diddd MenbeAl alls 6r2SPS) .
The SSPs are (lzlg%hgéé?ggﬁlto SC(a) t ebbcgrmur)ﬁ cat Fong pat h and nake the
connections. Tywedad definedifor §RMarticular plant ch.
- 19- Al so, 0 I 0 3 4val| a

T SARERhSE Bl D RIQlNES, b Bocebh B 8

bill] ng record coul erate
skild ed in théemike sarviceadwd eenddr 938rtb arcathar thelmnee cfosepineadata matdgeh 98an

support the requirements of the invention. For ex le,.the platfarm
handl er, messayeios datamamaesE P 0 RS MM aéarba%eéﬂggprgglgﬁn}eéﬁpdgqlgﬁeda
separate SPARQQ:EtF‘)@EéIﬂEE. Zcess could be faclited byt E OF Aedsiaiitt6n SCP. Service data Fi gure

7 shows a possible version of the platformhandl er. Pl atform handl er 710
manager 936 represents any of the service managers created by service data center 935.

Once the data is retrieved, it is transferred back down to feature process 934 for further
service implementation. When the feature processes for a call finish execution, service
10  information is passed back down to the message handler and ultimately to the origination
or termination manager for the call.
After a release message on a call, billing requests will be forwarded to accounting
938. Accounting 938 will use the call control block to create ébi]ling record. The call
control block would contain information from the ISUP messages for the call and from
15  CCM processing. From the address complete message (ACM), the call control block
would include the routing label, CIC, message type, and cause indicators. From the
answer message (ANM), the call control biock would include the routing label, CIC,
message type, and backward call indicators. From the initial address message (IAM),
the call control block would _includ_e thg ‘rqut_ir}gi_lgbe_l, CIC,_ message type, forward call
20 -iﬁd.ild'a..tg)rs-, uéef servicé inf;é;xr;éﬁon, célle& party number, calling party number, carrier
identification, carrier selection information, charge number, generic address, origination
line information, original called number, and redirecting number. From the release
message (REL), the call control block would include the routing label, CIC, message
type, and cause indicators. From the suspend message (SUS) or the pass along message
25  (PAM), the call control block would include the routing label, CIC, and message type.
Those skilled in the art are familiar with other pertinent information for a billing record
and appreciate that some of this information could be deleted.
For POTS calls, the billing request will come from the origination and
termination managers through the auxiliary manager. For IN calls, the request will come

30  from service selection 932. Accounting 938 will generate a billing record from the call



I's shown. Pl atform handler 710 includes STP handler 712, supervisor 714,
and CCM 10 handl er 716. Platform handler 710 transmts and receives | SUP
nmessages to/fromthe signaling interface (reference nunerals 312,
315, 320, and 335). STP handler 712 woul d provi de the .
ethernet--TCP/IP interface. STP handler 712 has a process to buffer and .
di s-assenbl e lncom ng packets to the CCM and buffer an

out goi ng Wt(ﬂgg%:@zts. STP handl er 712 could al so check thgcqbngjs%ggg!el% for
basic flaws. Any technique 15 for transfer of signaling nessages to

pl at form handl er 710 is contenplated by the I nventi on.

Super vi sor 714caémral bkpbnsTi @llihg recominsijibe doraraddedaniatbdlingsyst©@\vac & billintg es.

o e o <L B, e S, L g Ll
status, etc.) from Ab@meQoint disincallReidbefie oABHat HAna P&, FRABACKSmAd080

network operations such as queries, ~configuration instructions, and
dat a updat es. Fhevengheidetettion paintrpeecses Willogheekathie aaser sewvice informatioa datenandachi ne

el thor o ot S e bt LosSs G koL EhoTioaT B A2 Rhwa .,

r et ][i eves ) amemgﬂ';] Buseattito dmadﬁﬁ(ﬂerg%?)msbét?ﬁfamﬁ,lthé Mbse i§ ﬂ)luitdali tmo@ghm aﬂd
configure the The CCM 2 nodul es al sQ_have internal tables iC
are used in cpf‘%}‘%ﬁﬁﬁ“ﬁ?ﬁg\ﬁft"ﬁg? RFRo cARiseldpRyAger 937 In at%ﬂaﬁ’éh?%rlsﬁ 05\(2@0
communi cat es_i Oteaa ddbuil 3L Wity QEMIRARIH 1960 crouit neld

CCM handl er 716 exchanges | SUP i-nformation with STP handler 71
handl er 716 al tobegdisableded messpeeredsbesencratell ©OMRs effst eid tansmigesapes wi t h

the 30 %S Sage RN Bk tc;r Exg p%RﬂQn %Eliaé) Qanggflte}lvgre Qchggé/rlltpoef g)gslte%. Zst ges%x%iedt he

message handl er
above, echo control can be implemented by the multiplexer. Once a release (REL)

message is received for the call, the echo canceller is re-enabled. On a typical call, this
procedure will occur twice. Once for an echo canceller on the access side, and again for
an echo canceller on the terminating side. The CCM that handles the IAM for 2

15 particular call segment will control the particular echo cancelers for the segment.

IAM Call Processing

Prior to a description of IAM processing, a brief description of SS7 message is
given. SS7 messaging is well known in the art. SS7 ISUP messages contain numerous
207" " fields of information. Each mé'ssag'e. will ‘iuhév‘e a routing Iabél containing a déstination
point code (DPC), an origination point code (OPC), and a signaling link selection (SLS)
which are used primarily for routing the message. Each message contains a circuit
identification code (CIC) which identifies the circuit to which the message relates. Each
message contains the message type which is used to recognize the message. ISUP
25  messages also contain mandatory parts filled with fixed length data and variable length
data, in addition to a part available for optional data. These parts vary from message

type to message type depending on the information needed.
The initial address message (IAM) initiates the call and contains call set-up
information, such as the dialed number. IAMs are transferred in the calling direction to

30 setupthecall During this process, TCAP messages may be sent to access remote data



- 20- could be an ethernet LAN transporting these nmessages

encapsul ated in TCP/I P packets, but other nethods are known. CCM
handl er 716 woul d provide the ethernet--TCP/IP i nterface. CCM handl er
716 has a process to buffer and dis-assenble the incom ng packet s

fromthe nessage handl er, and buffer and assenbl e outgoi ng packets to the
S  nessage yhabidossr CCM handl er 716 coul d al so check the REFRIE P16 PT

basic fl aws. Internally, platformhandler 710 is equi pped
wi th bidirectional channels which -2exchange i nformati on anong STP
handl er 712, supervisor 714, and CCM handl er 716. The channel s

bet ween STP handlpescegsify. Blikh HeddMshavd feached dhesfirpenativerkr elétdedt, aaradgress

%ge;\r/]hs%y and adni ms%tgg%%l\\lﬁgis?t{tggtgagjgwﬁ@ig&gﬁ Hfﬁl%&t}%{ﬁg&g&%@andl er

Pl at-f orm hand I iormation BGOARBIS andlihe 3815d PRt R 6an tRNkriYf IRAScAIGUPariEHEREsS
recei ved fromthe network. It can perfor m basi ¢ checks on the

nmessages bef ord@ MSHEE MessagndANMNs sent in %f@ haglewsrd sdirggtiom indiwptdng thehdkfl d nore
t han one SS t he

| S0P mossages AmeHAREGL b IRANPIE TR pury hend B\ UGRORRRLE L) 7
SLS of the parsenictioliadicatSitk cmme:mgms x@@btxhglnsﬂdand caitbeatomequiven. rif thel datied

i nstructions fram.the ness er ti ain | SUP nessages to
sel ect AP el 3 otrn PSR S URL Pl AR B SR P s o so
provi des superr¢ssheOfRES)dnessage keepd tnaruera@em ibeifitieira h@ éLcdméctiones fefddbe 20
The Message Handl er. gure 8 depicts a versi.gn of the

message handl éPessWEs@%é i 86781 é”heﬂébe P@“ecm’ns aredFrswFeleapRicqmpiets aressages |
center 823p orgr@ic)ald @nt {FBRAGRL tHilthe chielfidddah BB rdlRRAYS anBthar call. Those

detection poi nt manager 828, fteature manager 824, auxiliary nmanager 825,
swi t chi ng n@ﬂ'fral@%are afathérdSEp msmﬁn‘e'ewmhemamthnanmmw»ms i on of

handl 20 Cal |
Center 821 ﬁr %cgres‘ it Aiienihe Bt IV T RSREE P sts R o om ¢ ne
pl at f orm handl er. It p?éfér’redsbﬁibodﬁmehﬁ callprbdeasingidemates fionetht Bhdic sdllamoden| |

center 821 reC|vesa I Al eates an instance of .an Qrigination
manager proc o JECQRIIgD gialfy e a%mugth strEct aéherence to the mo (icould be ach?eve

15 other embodiments. Figures 10-12 depicts the preferred call processing. Referring first

to Figure 10, When the IAM for a call is received at 1005, the call center creates an
instance of an origination manager at 1010. '

The origination manager begins call processing by sending an authorize message

to the detection point manager. Detection pomt manager checks IAM information,

" 30 " including the dialed number, the CIC, ‘and the ongmatmg line mformatlon to perform

service discrimination at 1015. This is done to determine if the service requested

requires validation at 1020. Current call processing systems and the BCSM of the ITU

both validate the call before performing service discrimination. In a significant advance

over the prior art, the preferred embodiment deviates from known call processing

25  methods by looking at the IAM information prior to validation to determine if validation

is even required. For example, the calling party may not pay the bill for a call. The

called party pays the bill on 800 calis and validation can be unnecessary. If validation

is not required at 1020, call processing proceeds directly to B. Advantageously, this

avoids unnecessary look-ups in validation tables for a significant percentage of calls.



defined by the information in the AM Oigination manager 822 represents

any of the 30 ori gi nati on manager processes spawned by call center 821.
The CCM handler is -

-21- i nstructed of the new instance so that subsequent | SUP
nmessages related to that call can be transferred directly to the.
approprl ate %B%m{éﬁ'? of origination manager 822 by the peridodh 195 M
handl e Origi nati on manager 822 sets up a nenory bl ock

cal | ed an originating call 5 control-2Bf ock. The call control bl ock
provides a repository for information specific to a call. For
exanpl e, the origi nﬁmhdgnunai ﬂeqmmdiarmzo lal vaiidaticrotablel isicliesked a‘t)loﬂhevalcdatlgw ng:

t he call, control, t he or ti on _mana .I he

handl er, the oF'}eﬁlfsﬁaﬁ‘?edﬁa {agémuld be ﬂloweld%.gg'ﬁ)g@e% pwergxrai@l&pg PO eg)s ?&etﬂ% ATM
virtual circuitsy tFBxeex%WthdllE ‘ﬂ%ln mislihat TaféQieﬁﬁcideﬁtr orSpayments pos@\piidtidéms fohe

di al ed nunber, the translated dial ed he originating |ine 10

i nfoor mati on, t biing\and wnnt bevaliflated | Vﬂidetloslev@d&i entail wesseging fiem mhadsiaction the
selected rqute ¢ [
(SIO, ech caR%lgf fnﬁ?agg ?%ﬁh? e?‘amégsagﬁnagtepgnwgfsv&gﬁ e%g,;a},{z{ ca Hlgthgtt us, and
pointers to adj‘e@@ﬁé’&to@@dehs he fdbtes) Tbéfabllemaylhﬁt achbirieANIst treuthekized ANIs,

conttol bl ock V\Dtl ﬂ al.so contain Lds times fhat signal |n rressages
are received, ot gaﬁ"ﬁaﬁﬁé‘%aﬁ W} elreAtent {1 ok 08 REwer
message (ANM b\ g)q§é]eapmjt§ecanrge§@gge (SUS), the resune rressage (RES),

and the rel ease rressa a(l ) hose skilled in the art woul d be
aware of other pertlfitbae ldamth@r@eﬁntm@et.he services identified at 1§15 grecherked afmnager

822 executgs cahly BRESIRI Flle b BRELTHIRRC o bk RBicBRPdGur for POTS calls.

If no additional services are required at 1040, the dialed number is translated into a route
instruction at 1045, The route instruction could be a particular virtual connection and/or
access connections. The processing then proceeds to A. If additional services are
required at 1040, processing proceeds to B.

15 Figure 11 picks up processing at B after a route has been selected. A termination
manager is created at 1105. | The termination manager is responsible for processing in
accordance with the terminating BCSM of the ITU. However, in some embodiments,
the processing can exhibit some deviation. For example, detection points such as select
facility and validate call may be skipped. _

207" The bearer capability is analyzed at 1110 to determine if the call is a data call at
1115, This analysis could occur elsewhere in the call processing (i.e by the origination
menager after the route is selected.) If a data call is found at 1115, an echo control
message is sent to the data handler at 1120. Echo control instructions are created at
1125. The echo control instructions identify the connection for the call which requires

25  echo control. The message could be sent to the echo contro! system over a
conventional data link from the CCM to the echo control system. If, the echo control
is implemented in the multiplexers, the echo control message could be included with the
route instruction message.

If the call is not a data call at 1115 or after echo control processing at 1125, 2

30  signaling message is created at 1135. The new signaling message identifies the access



Call State Model (BCSM recommended by the International Tel ecommunications
Union (I TU), but wth sone notable exceptions. Oigination manager 822

processes the 20 ~ IAMthrough each point in call (PIC) until a detection
point (DP) is encountered. Wen a detection point is encountered, a
nmessage is sent to detection point nanager 828 and processing is-

suspended afyPsighpat i on manager 822 until detection point rAN@EYEN41828
responds. An exanple of a detection point for origination manager 822 woul d
be to aut hori ze an origination atfenpt. 25 Det ecti on

poi nt manager 828 accepts messages from origi nati ng nmanager 822

caused by a debemciions andivirtuabeanpestionfescthe gall. nEhecnew signabrecmesspRe capelet i on
poi nt manager .828 wil.l identi . Qr. nat. .t t.ecii oi nt
i's armed. An &PP@Y echo contigiipsinetions. ;réf\r%kstﬁ Eghsn%et%élg'%%ggq%r%flﬁgrtﬁiﬁ\%\g% can
affect call pmas®eskngsdf net. If the detection point is not arned,
detecti on point manager 828 will send. a cont‘Ln e signal 30,. back to

ori gi nati on managefi 12 picks B theieceringsal gb ﬁfg‘{srpﬁ SEHTE é?ﬁ%ﬁ?ﬁﬁn%ager
822 . put the call concerning authﬁrization and service requirements. The call infofdmtion
to cont.i nue ca processing to the next detection point. If the detection
poi nt i s ar meds then analyzetbatd@05 enreguirett torpplagenvicey® tug ¢all. dithe datathprdiertiv see
i f the detectio ai nt teria.ar.e. i | | ager
828 requires é‘?gTeg% (?’te?%lg’%??)eé‘élgesls rﬁ@é%?nﬁ%daanget#éercotq?edﬁg%%l nta?%fg' ﬁalglt Wil
send a messageaniyofcalifia @emize age be &itéetly implemented by the fesiginatien mamsggepr 824

woul d accept SS s fromdetection i nt papa 828 . . d either
f or war d thg ar{ﬁ@é‘gigg'@l? Eﬁiﬁ‘frf"?-aé%f &&aﬁﬁg‘rg&?ﬁm Bsctidigje ger 826.

10  service profiles (i.e call forwarding) can be stored in the local resource. In this case,

route selection would be performed by the local resource after the information is
analyzed to identify the correct entry to a local resource database. When the local
resource is used, the messages must be routed from the detection point processor
through the feature manager and switching manager to the local resource.

15 If the data handler is required for the call at 1210, 2 message is sent to the data
handier at 1220. The messaging typically flows from the detection point processor to
the feature manager and switching manager to the data handler. Upon receipt of the
message at the data handler, the service control center creatés an instance of the service
selection process at 1225. The service selection process analyzes the message from the

" 20  defection point processor and selects the feature proceés'es for the call at 1230. For
example, a call may be placed from a caller in a virtual private network (VPN) to a PCS
number. In this case, both a VPN feature pfocess and a PCS feature process would be
created.

Each feature process would determine if data was required at 1240. For

25  example, a personal mobility feature process would need to access a database to locate
the called party’s current telephone number. If data is required at 1240, the service data
center creates a service data manager at 1245. The data manager manages the data
session and accesses fhe appropriate database at 1250. After the data is collected (or
none is needed), the service is implemented by the feature process at 1255. For some

30  features, ie. 80O service, this may include route selection. The results of the feature



Particul ar feature nmessages woul d be routed to auxiliary nmanager 825 which
w || process these call features. These are typically non-IN
features, such-as echo control or POTS billing. Other feature
messages woul d be routed to switching manager 826. These are 10 typically
IN features. Exanples of IN features are 800 nunber translation or a

t erm nal woondRei | ity nunber translation. Feature managercifidemitkd pass

i nformation back to detection point nanager 828 (then to origination
manager 822) when it is received back -30- fromauxiliary manager 825 or
swi t chi ng manager 826. Swi t chi ng manager, 8§26 whi cr} Wi | |

determine if PHSepCRASS aff feturped to-theipaginasipn THmagef &R assinilateo Jf the &% Cor by
the data hand%:?t{cess 'dpé’sal-lot ﬁ%@y{ﬁ%?omﬁg,zth%ﬁé}i]natﬁgv ﬁﬁﬁégf' Mi§LelkQ the route usRoVi de
red a andl er 0. Ex

data nore effrcrently st nessage anpl es of such data
i nclude: an athedoed resomgebeandtitke fidatifre pebessn (ANl ) val i dation table which

checks the | Ler:s nunber, a dial nu r_translati.on.ta to
transl ate POTS nun%gF %ﬁMF&e‘fﬁmmm numerpLE S%Bs ?ﬁb@mm‘o Ff%li%’%g{’ﬁ
translation taRi@ded thel dl@nai @b ar BARCHitS AhariHBE SnforhistioR Gontehtoatidi dal
instructions. Exanples of a routing instruction yielded by the tables would

be a p&redessnigar access connection or a virtual connection. An
exanple of data in the data handl er woul d be virtual private network
(VPN) routing tables or conplex 800 routing pl ans.

Typical ly, originating manager 822 will execute through the pertinent
points in 25 call to a point indicating that set up is authorized. At
this point, origination nmanager 822 will instruct call center 821 to
create an instance of a term nation nmanager. Term nation manager 823
represents any of these term nation nmanagers. Oiginati on nanager 822

will also transfer IAMinformation to term nati on manager 823. Term nati on
manager 823 sets up a nenory block called a termnating call contro

bl ock. The call control



- 23- bl ock provides a repository for information specific to a call
and is simlar in conposition to the originating call control block.
Term nati on nmanager 823 al so operates in accord with the BCSM of the ITU,
but al so with sone exceptions. Term nation nmanager 823 conti nues processing
for the 5 call through its own points in call until detection points are

encount er ed ywbredis@ detection point is encountered, ACTESHAGE3I S sent
to detection point nanager 828 and processing is suspended at
term nati on manager 823 until detection3point manager 828 responds.

An exanpl e of detect] on p0| nt for term nation manager 822 would be to
aut hori ze ter HRDE LI @Entail authorizing the call as set-up by
origination 10 rranager 822 Messages fromterm nati on nmanager 823 to

det ecti on poi nt_nmanager 828 are handl ed as di scussed ahove faor
nmessages fromjoriginating manager 822. \Wen processi ng by term natijon
manager 823 i conplete, it wll produce a_signaling nessage to
transnit throlgh platform handler 41RQUTIN{ Iopriate multiplexers add
possi bl y t 0 t hepdameter Fidkd Name I\/bssage hand| e]nsesﬁn?iﬁmmm‘runl cat es

wi th the datajifandl USINg a data transter r anpl es

i ncl ude UDP/| E emcegﬂgé &A#H&Ne* work "qu ISDRC et part rrp

(NAP) which i $Pdorilyai ned within the co onerﬁ!oshmsgemd@tmg& §g tion

Cepabl liti esv%Networﬁ‘@Bl ication Part (TCAP).{1p %Pnatxonﬁhﬁwﬁ&k%r g@@ggegron
Figure 9 show$ a version of the data handl er. ta handler 930 is shown.

Dat a hamdl er 930 includes service contip u

sel ection;§32, lﬁ%ﬁéh&?ﬂnﬂgt&de cent er 9BBesrihRRTEAR OCeSS 934, servilce

data center 9%5—/—s®e g TErager 990, g, Ttrof 937, and
accounting 938908 il , ' 1

fromthe rressag@nhmgdhﬁk cofﬁ{eeﬁ@ messages r efsLink ubeddion messagestaimedorel | on
poi nts §riggering the nessage handl er K handl er 930. T

nmessages al sojresult fromfeatures | polPEIMEES AN WSS iah tha ausdidio
manager . Ser Vvi|crcanid Cakdecent er 931, Circuit used for the call between OPC and
DPC in the IAM
15 Message Type 0000 or 0001 for IAM

NATURE OF CONNECTION INDICATORS
Satellite Indicator Increment for each satellite used
Continuity Check Indicator 00 -~ no check

01 -- set up check and start COT timer

10 -- start timer for COT message.

20 Echo Suppresser Indicator Indicates if echo control already

implemented or is set if echo control is

implemented




service logic center 933, and service data center 935 are static processes
created at start- up. Service control center 931 creates instances of
servi ce sel ectiion 'managers on a call 30 by call basis. Service control
center 931 notifies the Switching nanager to route

- 24- subsequent service request nessages for that call to the
appropri at ewpaFbsee sel ection manager. Servi ce sel ecPCOUSAENAIfer 932
represents any of the service selection managers created by service
control center 931. Servi c¥-sel ecti on nanager 932 executes -
the service portion of the call 5 processi ng. Service sel ecti on manager
932 identifies_the various services associated w e d

i npl ements the service through FERERARD CALIFINDICATOREC center 933.
Servi ce | ogi cfGenNter. 933 .ac TESSages | SETVILE Selectiom 932 and
creates ﬁﬂﬁ"ﬁlﬂ&%ﬂa&f’néﬁhi‘@é‘ﬁﬁ% pr ocle ‘EE‘E?"F“& {fired for the

identified services. Exarrpl s of . feat Ui grRie@egi@p are NOO

nessagi ng, SO LTt aar et VVUIJK
(VPN). Fedt uréﬁ i

required serwhmbﬂain@lndﬁitbr Feat ure prroceSBas%:ﬂymﬁmmmmnts any of the
feature proc ] d. Dby service b?&'l‘b’fﬁenter 933 Feature
process 934 aeteSSeS—the—retWor—reSotices

i mpl ement  t hel K& Deer ! dten d 2 MQMW%
i ndependent by mPie&r&&)eIn&ca&er is a set OfPéshlBﬁ}Finﬂﬁﬁmuo‘thﬁ)ﬂ%ﬁﬁit%Oé a

function ul DeTD TElTTeve (e cal | g0 nuner 1T OnTa srgnou 119
n‘essage_ IQ?BSE@ARM}F1 5 huild ; 1 [OImg
i s transl ati ngSGCP Mdtixsll Indiciter .

CALLING PARTIES CATEGORY
15 Calling Party Category 00000000 for unknown

00001010 for ordinary caller
00001101 for test call




Those skilled in the art are famliar with the above services,

t hey have
i nventi on.

NOO-servi ces are
calling in which the dialed nunber is used to access 20
and billing | ogic defined by the subscriber to the service.

never been inpl enented by

servi ces

al t hough
a system such as the present
such as 800, 900, or 500
call
Messagi ng

entails conspobiewgot he caller to a voice nessagi ng servi ce.PCIWS4ADI e,

t he receipt of
a trigger recogni zed by the

handl er woul d

and determ ned if _a cal

a rel ease nessage
nessa
create an instance of the
placed to a partic

handl er. In response,
nmessagi ng feature process
ular dialed nunber 25

processi ng

REL) with a cause of busy could be
t he data

woul d

P

require the veice nessaging pIaqﬁaMUSEkﬁq@EIN@tﬂuﬁﬁmummuld i nstruct an SY
to . con Rr Lo the vorce Sa [T orm

Per sonal / Ter m P%‘BF W fﬁ&?a&&'@é g % %f Eap%\mlisﬁges&n%{clogd
nunber has nobility that requi res a databasé¢ réqqgkgpmmm settings, bl @vRlyEbie
the-current nynber. The database is updatedjwhen the called party chapges
|l ocations. VPN_is a private dialing plan_ |§I$BN upestrigied digital infoimation

parti cul ars de

HiCeain8 $tandard

00

- 25- I

di al ed nunber $=

In the executi
woul d
dat a manager 93
dat abases t hat
coul d be facil

TI’0m pal’[ICUI al

Gaforstation I r@isier R@tepr ovi de the

i pvoke service data center 935 |

Tbmu&r@@xkhe data reQU|red

callrng ¢

Thers (AN S),

B0 —3=-Of—t a4+ F—5=81

 Epssiapy inforaation ewilh be $0309 fog4
eate an |nstance of servi

or [O partic ]

ar

ce

St‘-‘t #t@t) forfud 1@’6&‘9@13 ce. Access

iExehg§dn by TCAP nessaging to a

1SCP. Service data

10

User Layer Protocol Identification

Set based on rate adaption, typically
0100010 for user information layer 1

Extension 1 for normal calls
0 for rate adaption
Rate Nothing for user information layer 1, but

0111 for other rate adaption

Extension

1




manager 936 represents any of the service managers created by service data

center 935.

to feature pro
feature proces
passed back do

or term natiwgon@eseger for the call.

is transferred back down
When t he

Once the data is retrieved, it
cess 934 for further service inplenmentation.
ses for a call finish execution, service 10
wn to the nessage handler and ultimately to the originatioen

information i s

After a raressseilESSage

on a call, billing requests will be forwarded to accounting 938.
Accounting 938 will use the call control3#1ock to create a billing record.
The -cal | control block would contain information fromthe | SUP
messages for the call and from 15 CCM processing. Fromthe address

compl ete nmessgge (ACM, the call qogLreb BARTYX NUMBER woul d include the
rout-i ng | abel ,[[CTC age. _Lype, and cadse dl.catprs. Fromine

answer message *ﬁ”@oma@g%fi\%&%ntrol bl oc II(\?%'.} "Eftﬁ%@%aécaiphe routing

| abel , CI C, message type, and backwatl @ogeoh -1 sHbiRNPASer I5HQRR t he

i nitial addregs nessage (| AM the caljl control bl ock would include

the routing |4
service.inforn
identification
address, origi
redirecting nu
bl ock woul d i

bel, CIC, nmessage type, forwar@0@@4li-2btcalli ndjcators, user
mtion, called party nunber, c '0566‘1%095‘&}&&%%%%&%&1“

, carrier selection informati @n, charge nunber, generic
nation i ne informatiof,110G0§i-neferatad dald nunber, and

nber. Fromthe rel ease age (REL he call contr
clude the routing |abel, ﬁi@gé'épem?’fd#%}’ﬁe and caus

Cl C,

)

1%

i ndi cators. Frjomthe suspend message (SUS) &niidg1Pasterdtiond op@akass) 25
(PAM, the cal]l control block would includefthe routing |abel, C C, and
message type. Those skilled in the arftll}&0raleng fistancs aneraserrealt .
pertinent infdrmation for a billing record an cl.ate that song
of this infornmation could be del eted. 1110101 g’ﬁgpg{}%l%ﬁcal s, the
billing request will cone fromthe originat ifdnl@id -- 950, hotel/motel, bahoroequal
managers through the auxiliary manager. For {I N calls, the request will cope
30 from serfvi ce selection 932. Accountin |1 generate a billing
record fromthe call 1110111 -- test call
5 Odd/Even number of digits in a called number
Numbering Plan 000 -- default
001 -- for ISDN
101 — private
Digits Field number of the called party
" 10 _ ACCESS TRANSPORT

Access Transport Elements pass any information




- 26- control blocks. The billing record will be forwarded to a

billing systemover a billing interface. An exanple of such an
interface is the |.E E. E. 802.3 FTAM protocol . At some poi nt
during call set-up, the origination nanager, term nation manager or

even the detection point process will check the user service information
data and 5 Qi nating Iine information to assess the nR{GHHI418£N0
control . If Xh¥ 3%0'9 is a data call, a nessage is sent to data
handl er 930. Specifically, the nessage i-85+outed through the

auxiliary manager to the echo control manager 937 in data handl er 930.

Based on the CIC, echo control manager 937 can sel ect which echo
cancel I er and[DSOCITTUIT MEEUS ., 71 o tOp PRV RARkGER ~ NEsSage WTT be
gener at ed to that—effect—and-trgateit o ooy o O ot graard oot o Lol & 3

t he .perti nent | daioe obAddreisdndicatorecho contr oI I@wg@e %(96 dEeadling pedy address
above, echo cpntrol can be inplenented by tﬁmrcrllﬁﬁtgﬁ (;g(garnbeus o?bxfh%lge%ﬁe

(REL) ssage is received for the cal 0 BT

r e- enabl ed. OFa typical call, this mlw&ﬂtgemund:hﬂxsossdwérﬁommmuem&e
for an echo canceller on the access side, apd agaln for an echo
cancel ler on the terninating side. The CCM |‘ HHECHANdl es the 1AM for a 15
particular call segnment will control the pafgtgsiodr.. sghewaancel ers for the
segnent . | AM Cal | Processing Prior to a description

of | AM procesging, a brief description of S}9P0PRsayeiquescaller numbenyi ven. SH7

nmessaging is Wel | known in the art. SS7 | SU ge ous 20
fields of infermation. Each nessage w || ha%g.ﬁgéorﬁgut ﬁ%lgl?ﬁr“a‘gib%l "té’éi ni ng )
desti nati on poi nt code (DPC), an ori giooaoiosn- pmqmﬁmmﬁdaon(ﬂ?@)lberand a

signaling link selection (SLS) whi ch {a r? sed rimarily for outlnﬁ,]
the nessage. EFach nmessage contains a circuit 110007 - popsppiays qaliermymber, o

(CIC which identifies the circuit to which jtiigohBss asitukiflera@bnal Bawber

message contaijns the nessage type which is ysed to recogni ze the nessage.
| SUP 25 megsages al so contain mandatory pfait 819G+ periugigesinterngtienal engt h
data and varigble |l ength data, in addifi@p-to a part available for
optional data.| These parts vary from nessage
1110111 - test call

5 Odd/Even Number of digits in the calling number
Screening Not applicable
Presentation Allowed/Restricted Pass any information for POTS, but restrict
for NOO calls that are not allowed
‘| Numbering Plan ...} 000 - default
' 001 -- ISDN
101 -- private

Digits Field Number of the calling party




type to nessage type depending on the informati on needed. The
initial address nessage (IAM initiates the call and contains call set-up
i nformati on, such as the dialed nunber. AMs are transferred in the calling

direction to 30 set up the call. During this process, TCAP nessages nay
be sent to access renote data

-27- Wwh4ddggsessi ng. Wien the | AMs have reached the f:¢ﬁg§96ﬂgf3\§ork
el enent, an address conpl ete nmessage (ACM is sent in the backward
direction to indicate that the required -36- information is avail able and
the-called party can be alerted. If the called party answers, an

answer nmessage (ANM is sent in the backward direction indicating that the

5 _call/conngction wll be used. fR]iiﬁ'ﬁi ﬁf’ﬂ:ﬂi"ﬁ‘ﬁﬁ(&aﬂm hangs up, a rel easg

nessage (REL) ettt horcate—thejcomect o S Hot—bti §i°] e
and can be t of Natwark ldentificatorBien e parNymbes pfdigitioin identifieation aodedes age
(SUS) is sent jand if the called party recon etﬁg% usted carrier  €SUMe (RES)

nmessage keeps Hre—=re—eperr—hut—rf—thetrr—rg—o—re—conrectrom—atrecrease

nessage (REL) Type of Netwark AdenfiicaisRnect i ons alﬁttﬂe%@ nﬁ@Oéﬁ%@nQeaﬁsp@péor
messages 10 (RLC) are sent to indicate thagtyl e coidRePha’ SRBRELEE- Usgd

for another ca&t==
messages, howdJigit OMese are the prinary onedFirst digit in carmigs identifigation sefle Aq

can be seen, tilHghtAMd S the nessage that set Sde@ndd!iﬁitﬁlﬁﬂahieridentiﬁcationcode Ifn
the preferred , TeNt, cal'T processing dgviare .{romxn %Sgl o]
nodel r LRI bt he 1T alion Godg 4.1

coul d be achi E\msltlﬁiauu@'Nulbt her embodi ment s. Faugphrdégit in Gartigr idepificationtdode (if

preferred call| processing. Refering first there are four digits)

10
CARRIER SELECTION INFORMATION
Carrier Selection Indicator Indicates whether the carrier identification
code was presubscribed or input
15 |
CHARGE NUMBER
Nature of Address Indicator This information may be used for billing.

00000001 -- caller number

00000010 -- no ANY, route to operator
100000011 -- caller’s national number
00.000101 - route if 800, or route to
operator

0000110 -- no ANI

0000111 -- route if 800 or route to

operator
Odd/Even - Number of digits in calling number
Numbering Plan ' Pass any information

20 Digits Field ' The number of calling party




to Figure 10, Wien the IAMfor a call is received at 1005, the call center
creates an I nstance of an origination nmanager at 1010.

The originati on nmanager begins call processing by sending an authorize
nmessage to the detection point nmanager. Detection point manager
checks 1AM i nformation, 20 I ncluding the dial ed nunber, the CC, and the
originati ngvé/ég.ﬁ oggf ormation, to perform servi ce di pefig@dgraiizon at
1015. This is done to determine if the service request ed requires
validation at 1020. Current call processifg systens and the BCSM of the | TU
both validate the call before performng service discrimnation. In a
significant advance over the prior art, the preferred enbodi nent

devi ates fronmRmown carl proce55| ng ];FNERIB%MES@' l'ooking at the | AM

i nformati on pi Vet ToatT om FSs—ever
required. For | &aturg 3rRss 1ndea a B EMYH ‘ ,

The 5 cal lg@ﬂmﬁty pays the bi I | on SOJpgghh}smmdatml i dati on can be
unnecessary. If=vatidation s not Tepgr Ted Jar 1070, calT processing
proceeds dir e & ously _thi b1ass any INONmayo

| 0ok-ups in valPrebeitison AlidwedfRebmicted si gni f i [ Bass apeinfoematioge_of _cal | S.

-28- N lem plR! ! dation i's requir ,,gasgtm)lgj%gnaﬁaonval i dation tabl €

i s checked at F25= tractomn checksSyto—Ste Tcart—stouto e
al l oned and f c.mgllisFl@m potential billing pr “RFMM—_G&LL.—EGL

exanple, ¢@lls fromANs that are deli nquent on paynents pose probl ens for
billing and Yy not be vall dat(ﬁﬁlm)@“ ] ‘iﬂFbﬁD&ﬂmN nessagi ng f from

t he detection port=—tere CHrougiT t ke, | lﬁl ﬁﬁl’%ﬁ’rﬁaﬁl ne
swi t chi ng mandé@pglqa@ng kine|Ipfapmat on Identifies particular types of calls
example:

00000000 -- normal call
00000111 -- call from a restricted phone

00111111 -- call from a cellular roamer

15
ORIGINAL CALLED NUMBER
Nature of address Indicator Pass any information
Odd/Even Pass any information
Screening Pass any information
20 Presentation Allowed/Restricted Pass any information
Numbering Plan - - - | Pass any information
Digits Field Pass any information
25 REDIRECTING NUMBER
Nature of Address Indicator Pass any information
Odd/Even : Pass any information
Screening Pass any information
Presentation Allowed/Restricted Pass any information
30 Numbering Plan Pass any information
Digits Field ' Pass any information




resource to access the tables.
unaut hori zed AN s,
treatment (i.e

at 1035.
identified at

be routed. T, b§

addi ti onal ser
into a route
particular vir

processi ng then proceeds to A

The table may |ist authorized AN s,

or both. If the call is not authorized at 1030,

route to an operator or nmessage) is given to the ca
If the call is authorized at 1030, the services

1015 are checked at 10 1040 to determne if the cal

ghd typically occur for POTS calls. ptusYr413

V|ces are required at 1040, the dial ed nunber is trans?ated

instruction at 1045. -3he route instruction could be a

connecti on and/ or access connections. The

| f additional services are

can

t ual

required at

1040, processi

at B after a s

created at 11(
accor dances W t
enbodi nent s,

detecti on poi NESEE

ng proceeds To B.

TONINF&E&HK?I@IJ# pi cks up processi

g

Aot Ot X Tatagetr 19
£

Pa}s’anﬂ?m’hﬁﬁan in sone

SUITE UEVI dl T OTT. FOr
i shale

exarnpi
Pma

RcmnxmonRihﬁnbearer capabi lit

a)

-

ski pped. 20  Pass aajnmlf‘qmmﬂorat 1110 to
determne if the cal I I's a data call at 1115 Thi's analysis could
occur el sewhepe—tmthe—catt—rprocessro—t3 by —ttre—orTgtrratTon

manager af®er
echo contro

N ODE 1115,

the route is sele

i ‘ is fmlnri at
Service Qaigsage i s sent to the j

control instructions are created at 1125. The echo cont roI
i nstructions ipdemntTfy—the—comectionfor recati-whichTeguires—25 eco
control. The e could hJTRANSIT NETWO WCN system over g

conventi onsl
echo control
nmessage coul d
If the call i
1125, a 30
nmessage identi

(¢

0

3

LOBS Sag.
NetwbrkiTderdtifieationPanCCM t 0 t he
Is inplenmented in the
ho included with the

Type ofNeatosk Rightification 1115 or
signaling nessage is created
fios the -acce

S S

> Cduntifiesthe mimisy of digits infthe ddnger
nml t| exers the echo control

i .,

ﬂbpeobmhmnkmhmnﬁﬂumnﬁmegmmng

t 1135. The new si gnal i ng
network parameter

Digits 1,2,3,4 Carrier identification code of the

international transit carrier

Circuit Code Indicates how the call was dialed:
0001 -- international call, no operator
requested

0010 -- international call, operator

requested

20

HOP COUNTER

Hop Counter limits the number of times an IAM may

transfer through a signaling point. If the

count reaches the limit, release the call




- 29- connections and virtual connection for the call. The new
signal i ng nessage can al so contain echo control instructions. The new
signaling nmessage i's sent to the platform handl er at 1 140.

Figure 12 picks up the processing at B. At this point, several things are
known 5 about the call concerning authorization and service :
requi rement gyg daRsgal | i nformation is then anal yzed agcrgsheass
required to apply services to the call. If the data handler is not
required at 1210, the service is inplem&%ted and the route is selected at
1215. This may occur if a service can be directly inplenented by the
ori gi nati on nSutseerenDISUP MessagdProtgsking he | ocal resource For exanpl e,

particular 800 trapsl ati ons ed.nu seryhc oflles.'
a1 For v di ng) | LhF MRcesiy s TN RUHERaR ehdBo Bhit SRS pfihe sig aiol
route sel ecti Qﬂ)rw&tb thobeotRG' $O7 fitda dges chil Be iRGAJordtes B R p&f)ée@ﬁmé BEthe

i nformation is analyzed to identify the correct entry to a | ocal

resource dat apF&set igyestion. hEor geample, the time é‘@o"lﬁirdﬁés camplgiednestage (EMhises nust
pe routedst romL0A fRLGALd AthPONbaREIMRR T biling and hith@HeRe ! Rhgdfelal! ©

manager - and sw t chi ng nanager |'ocal resource. I'f the
dat a handl er also bednsedrondedeipt of sobsequeent me&agtik&hasthmA@h@éFhesnrmfor thet he

data andler at 12 g typically flows fromthe

det ecti on p0|?stﬁmlfﬁg%eb&awg}_‘smu”g%ﬁ%%mﬁeature manager and swit chi ng
manager to the dat@uhghhslighlis thelRiane scdek Mhichfthé Dsers are ab!e%?&ﬁgﬂfoﬁhaﬁdﬁe data
handl er, the servrce control center creates an instance of the seryvice

sel ection pr otleagthe palleppmectionfporg gnd jocad s Messageofionp thsdsd taiha appeapriatse
message fipom hgo40 eleﬁneﬂﬁ’ta?é;}esﬁpedp@ ﬂltowpfoﬁ)%ﬁﬁﬁl%ugﬁr}ﬁ” tRé E@Ct ‘g‘%ﬁ E@g @@t ure

processes for the cal e, a ca aced
from a cal | er conmeciions includel bopra tvansmit ngh\ﬁ@mah(a VﬂN)‘ altscba recéd@path to the caﬂmber I n

(1L 555 PObh 8 PR el i ARed BT PRGNS SRR U

required at 1&&&nnﬁ§mhaferthemmblr@ewadpersonal mobility feature process
woul d need to access a dat abase to | oc e called party's current
t el ephone nunber . f’Po’éléﬁcﬁ‘pF Qg?é‘ﬂﬁ?ﬁ? mi% thﬂréwrweam%

15 message to the call control block and check for triggers upon release (such as call re-

originate). Additionally, any disabled echo canceller will be re-enabled, and the call

control block will be used to create a billing record. Upon the receipt of a release

complete message (RLC), the CCM will transmit messages directing tear down of the

call path. It will clear its call specific processes and reuse the call connection.'s for
20 suﬁsequent calls.

Additionally, suspend messages (SUS) and pass along messages (PAM) may be
processed by the CCM. A suspend message (SUS) indicates that the called party has
disconnected and a REL will follow if the called party does not re-connect with a
specified time. A PAM is simply a message between signaling points and can contain

25 a variety of information and be used for a variety of purposes.

The invention allows switching over an ATM fabric on a call by call basis. This
allows efficient high capacity virtual connections to be exploited. Advantageously, the
invention does not require signaling capability in an ATM switch. The invention does
not require call processing capability in an ATM switch. This enables networks to

30  implement ATM switching without these sophisticated ATM switches that support high



center creates a service data manager at 1245. The data nanager nanages the
dat a session and accesses the appropriate database at 1250. After
the data is collected (or none i s needed), the service is

i npl enented by the feature process at 1255. For sone 30 features, i.e.
800 service, this may include route selection. The results of the feature

- 30- M@gg&,ﬁ@ﬂ.ﬂnal ysis are returned to the origi nati oreawussgesiss o
assimlate. It the feature process does not provide the route, the

ori gi nati on manager nust sel ect the rout4d-using the | ocal resource or

anot her feature process. ) The AMitself contains nunerous
fiel ds of i nfupkmesficallsThialogvoidsibnepst ofitheseswitchege The inprnsion fdlysppnasist s of

an [AM with (eaardst ond REvHilL LR TG RRoE MppBiRsebdles, such as RO SAHE! NY-

personal/terminal mobility, and voice messaging without requiring the service capability

in an ATM switch. Relying on ATM cross-connects is advantageous because ATM

5 cross-connects are farther advanced than ATM switches, and the cross-connects require
less administrative support.

Those skilled in the art will appreciate that variations from the specific

embodiments disclosed above are contemplated by the invention. The invention should

not be restricted to the above embodiments, but should be measured by the following

10 claims.



-31- Table 1 -- Initial Address Message 5

ROUTI NG LABEL Par anait e Ehal oo

Descri ption ' Servi ce | ndi 1| E!iﬂ "E‘ Set at 0101-1 SDN
user part Priority e C L s 0 or 1 based on
destination Net work 1D 10 for nati-onal
net wor k or d on PCT/US96/14133

i nternati on‘gﬁtgﬁr?%rﬁl group 10 Desti nati on Point Code

Destination of | AM Originating RPgi-nt Code

Origination of | AM Signal i ng Link Connection Li nk used
for messages (isiage for all :

nmessages for _the call) Circuit 1D Code

Gircuit used ™t he call between OPC and

DPC.in the LAM 15 Message Type ' 0000 or 0001
for | AM NATURE OF CONNECTI ON | NDI CATORS

Satellite Indicatdr A method of operating a telepnmrapnieationsoyystemdn psomidy 3 ralle ysed

Cont'i nui ty %ﬁ%cﬁ&ga'% %ﬂéﬁ?&%iro w&a:r,intal user plac%gth'e AP by He?lﬁilﬁg signaling for the call

Ol -- set up C
10 -- start ttorde fedscofifilinivetkmagwsteidOand by ErahemiBingpuses seforrhathnctt dhie
I ndiicates if echo control alread

i npl ement ed JFleFEIADICatiqNs SYSIFA QUSTA Ragffculag connection for the call, wherpin the systemy

comprises an ATM interworking multiplexer and a signaling processor linked to the
ATM interworking multiplexer, the method comprising;
10 receiving the signaling for the call into the signaling processor;
processing the signaling for the call in the signaling processor to select the virtual
connection;
generating new signaling in the signaling processor to identify the particular
connection and the selected virtual connection;
15 transmitting the new sigﬁa}ing to the ATM interworking muitiplexer;
receiving the user information for the call from the particular connection into the
ATM interworking multiplexer;
converting the user information from the particular connection into ATM cells
that identify the selected virtual connection in the ATM interworking multiplexer in
20  response to the new signaling; and

transmitting the ATM cells from the ATM interworking mulitiplexer over the
selected virtual connection.

2. The method of claim 1 wherein receiving the signaling for the call

25  comprises receiving a call set-up message.

3. The method of claim 1 wherein receiving the signaling for the call
comprises receiving a Signaling System #7 (SS7) initial address message (IAM).



- 32- FORWARD CALL | NDI CATORS
National /I nternational Call |ndicator ghig donesti c

1 for international 5 Enc‘ ﬂilmﬂi i\m E di cat or Pass any
i nformation I nt er wor ki " s % Pass any

i nf ormati on | AM Segment’ati‘on I ndi cat or . 0 for POTS

| SDN User Part | ndicator Pass any i nformati opetusos14139DON
Preference MRAPELEYr Pass any information and default to 00
10 | SDN Access I ndicat or -42- Pass any information

SCCP Met hod | ndi cat or 00

CALLI NG PARTI ES CATEGORMelhethod 6BdidimngwRatinyred@aingyeeyinformation for the call

00000000 for unknown . . .. . .
00001010 f or %‘?Iﬂitﬁﬁrwfttf’&‘af Spnnection comprises receiving user information from a DSO

00001101 for éo?ﬁéctﬁ)ﬂ.”

5 5. The method of claim 1 wherein receiving user information for the call

comprises receiving voice information.

6. The method of claim 1 wherein selecting the virtual connection comprises
selecting the virtual connection based on the dialed number.
10
7. The method of claim 1 whereiﬁ selecting the virtual connection comprises

selecting the virtual connection based on 'NOO call processing.

8. The method of claim 1 wherein selecting the virtual connection comprises
15 selecting the virtual connection based on virtual private network (VPN) call processing.

9. The method of claim 1 wherein selecting the virtual connection comprises
selecting the virtual connection based on personal/terminal mobility service call
processing.

20

10.  The method of claim 1 wherein transmitting the ATM cells comprises

transmitting the ATM celis on a SONET connection.

11.  The method of claim 1 wherein processing the signaling for the call in

25  the signaling processor further comprises processing the signaling to determine digital
signal processing (DSP) requirements for the call, wherein generating new signaling for

the call further comprises generating new signaling that identifies the DSP requirements

for the call, and wherein the method further comprises implementing the DSP

requirements for the call in the ATM interworking multiplexer in response to the new

30  signaling.



- 33- USER SERVI CE | NFORVATI ON
I nformation Transfer Capabi | ty Pass any information unless

destination L requires
particul ar settings, bu )

| SDN "unrestricted di ital ﬁ nfLorr'hat Fon Codi ng St andard

00 EX{@0 S ho98h7 | nformation Tr ansfer Rat e PCT/US96NAES any
information (wll be 10000 for POTS) Transfer
Mbde Set at 0©&43¥-or 64 kbit/sec Ext ensi on
1 10 User Layer Protocol ldentification Set based on rate adapti on,
typically 12.  The method of claim 11 wherein implementing the DGPGG@ﬁﬁm‘em:cs user
i nformation | 1 for
normal calls grylﬁrlses echo contrgf(ftor Rle c%p 0 for rate
adaption Rate Not hi ng for user

f t | ayer
.Ir (r;r © (r){rﬁ elr Opat eyad é%t | O;ﬂ:e method of claigz i byherein implementing the DSP requirements

5  comprises encrypting the call.

0111

14.  The method of claim 11 wherein implementing the DSP requirements

comprises aﬂjusting a decibel level for the call.

10 15.  The method of claim 1 wherein the particular connection and the virtual
connection are bi-directional and other user information is transmitted in ATM celis over
the virtual connection to the ATM interworking multiplexer for transmission to the user,
the method further comprising:

receiving ATM cells for the call from the virtual connection into the ATM
15  interworking multiplexer;
converting the other user information in the ATM cells from the virtual
connection into a format suitable for the particular connection; and
transmitting the other user information from the ATM interworking multiplexer
over the particular connection.
20



- 34- CALLED PARTY NUMBER Nat ur e

of Address Indicato | denti fi he type of call:
0000001 -- ori gi nal NPA 0 1l
0000011 -- 1+ call ’Hsﬁﬁ?mgl EMI ”s ” Il 0000100
- direct dial international call .
1110001 --op y PCT/US96/14133
1110010 -- o(é‘g'?g{% &ﬁef aul t
1110011 -- international operator call -44-
1110100 - long di stance operator call
1110101 -- cut throisgh cAallethod of operating a telecommunications system to provide a call
-- 0,.,hotel /notel, or non ual
;gggg :SL OC al | 9 with &(1) na?‘rowrltﬁgn connection where?nqa user places the call by sending signaling fprthe - -

test catll 5 @ﬁ%?é(&@mmumcaﬂons sf\;stem F.nd the telecommunications systen] ¥Biifates¢he di 91 S
in a called nunber nmber | 000 --

default . call by transportlng user mformatlon in ATM cells over a virtualOébhnectiohpand SDN
101- pri vat

called par ?y »Iléereln%g' styﬁexﬁ' c%mpnses an ATM interworking Mgéer%glé@gmgﬁ the

Access Tr anspoprocdsbatipkédsto the ATM interworking nititipfexer) vhel nidtied d @kripPiing:
. receiving the signaling for the call into the signaling processor;
processing the signaling for the call in the signaling processor to select the
narrowband connection;

10 generating new signaling in the signaling processor to identify the virtual

connection and the selected narrowband connection;
transmitting the new signa[in_g to the ATM interworking multiplexer;
receiving the ATM cells for the call from the virtual connection into the ATM
interworking multiplexer;

15 converting the ATM cells from the virtual connection into user information in
narrowband format in the ATM interworking multiplexer in response to the new
signaling; and

transmitting the user information from the ATM interworking multiplexer over

the selected narrowband connection.
20 '



- 35- CALLI NG PARTY NUMBER Nat ure of

Addr ess | ndi cat or “gﬂ H,ﬂ}ilg‘ﬁ”ﬁ!%sbwe type of calling party address,

uni que nunbers can be .
t he charge nunber is used ¢ortn

nunbers: 0000000 -- unknown

0000001 aIIer nunber
PCT/US96/14133
0000011 %% 8¢ nati onal nunber 59

0000100 -- unique international nunber .45-
1110001 -- non-uni que caller nunber

1110011 -- non-uniigue RAainkMBAbLS psidiRE a telecommunications system to provide 2 call
1110100 - non-uni que, i nternati onal

) e v S

nunber with a virtual qopm¢stion whereingusgrplaces;the calbhy sengiag signaling for the call
Number of di gjtgel illetc&%mﬁﬁkitioﬂg SQ4ERCInd by transthiftRRNLRS information to the
Not applicable Presentation All ovvedy / Restricted Pass any

i nf or mati on fteecoRr@NBicabions sysiem pwgtan access connection for the call, wherein the system

585 I_\IOg efc gL: fco%nrg)?itsesar epluraixty o}' access connection N nbe;r)lul%lt o? ATM interworking
multiplexers connected to the access connections, a signaling processing system linked
to the ATM interworking multiplexers, and an ATM cross-connect system connected
to the ATM interworking multiplexers and configured to provide a plurality of virtual
connections between the ATM interworking muiltiplexers, the method comprising:

10 providing the user with a first access connection to a first ATM interworking
multiplexer;

receiving the signaling for the call into the signaling processing system;
processing the signaling for the call in the signaling processing system to select
a virtual connection from the first ATM interworking multiplexer through the ATM

15  cross-connect system to a second ATM interworking multiplexer and a second access

connection to the second ATM interworking multiplexer;

generating, in the signaling processing system, a first new signal for the call that
identifies the first access connection and the selected virtual connection, and a second
new signal for the call that identifies the selected virtual connection and the second

20  access connection; _

transmitting the first new signal to the first ATM interworking multiplexer and
the second new signal to the second ATM interworking multiplexer;

receiving the user information for the call from the first access connection into
the first ATM interworking multiplexer;

25 converting the user information from the first access connection into ATM cells
that identify the selected virtual connection in the first ATM interworking multiplexer
in response to the first new signal;

transmitting the ATM cells from the first ATM interworking multiplexer through

the ATM cross-connect system over the selected virtual connection to the second ATM

30  interworking multiplexer;



001 -- | SDN 101-- vate
Digits Field Nunmber of the calling party

!!m mgﬂ “ ” ” ’Eﬂugﬁgm E}l‘? Idng:\l;r!sF: EATLigr:lt i fication

- 36- ;LIE
Net wor Kk Identlflcatlon d

code for t he requested.
carrier e of Network Identi f i cation | dent bt BSeh 183

net wor k nunﬁ’%‘??%g”s?ﬂ an for

the call -- 010 for POTS call from LEC _46- Digit One

First digit in carrier identification code Digit Two

Second digit in C&bﬁir&fmg' theMA TN cehd ihenidemifiethe selected Eiirtg'altcoiﬂmcﬁen to user

Third digit in carrier entification code
Fourth di git infarmeation; & &‘Eeﬁ?i"i’qdi BgESofPIgRlion (infthe sedhi’ AT fneSibwork

there are fOLH‘1 g* §r} h CARRI ER SELECTI ON
| NFORMATI ON ulﬂbl %a ri erns§ec1 tegts?cgﬁd f‘%“é?‘%“t or | ndi cat es whet her

the .carrier ident itfansmaittingithe user information from the second ATM interworking multiplexer

code was Presubs% i bed.or input 15
- over the second access connection.

18.  The method of claim 17 wherein receiving the signaling for the call

comprises receiving a call set-up message.

10 19.  The method of claim 17 wherein receiving the signaling for the call
comprises receiving a Signaling System #7 (SS7) initial address message (IAM).

20.  The method of claim 17 wherein receiving user information for the call
from the first access connection comprises receiving user information from a DSO

15 connection.

21.  The method of claim 17 wherein receiving user information for the call

comprises receiving voice information.

20 22.  The method of claim 17 wherein selecting the virtual connection

comprises selecting the virtual connection based on the dialed number.

23.  The method of claim 17 wherein selecting the virtual connection
comprises selecting the virtual connection based on N0OO call processing.
25
24, The method of claim 17 wherein selecting the virtual connection
comprises selecting the virtual connection based on virtual private network (VPN) call

processing.



CHARGE NUMBER Nat ure of Address |ndicator Thi s
informati on may be used for billing.-

00000001 -- caller =nurrber

00000010 -- no ANI, route HHSIMJQEEH ’””

00000011 -- caller's natioral cnu

00000101 "W(%J‘}nﬁs& 800, or route to

oper at or 7 , Pcal(yéaéilbeS_ - Nno

ANI 47 ‘ 0000111 -- route if
800 or route to oper at or
Gdd/ Even 25.  The method of claim 17 whehshiaelectidl i Qlidnsal i ddnge2tibh ng
nunber Nunbering Pl an . Pass_any _

i nformation 2¢omprisgs sptacng-the|virtual connection based on personal/terminal mobility §$&C,unber
of calling pa : -37-
GENERI C ADDREZS PrO®®S8 \nt ure of Address I ndi cat or Pass any
information 5 Qdd/ Even Pass any

i nformati gn Scr eeni ng Pass any

i nformati Presentation Al owed/ Restricted Pass any

i nformati on



Nunmbering Pl an Pass any information

Digits Field Pass any information 10

ORI G NATI NG LI.NE I'NFORNMATI i 10 ing Line Information

rent1 115 partcul ar types. HIHANHITHRYTAN

exanpl e: x ¢ L M s ¥ 00000000 -- -
normal cal l : PCT/EEOORAIELL - -
call from aWeE PP ed phone

00111111 -- call froma cellular roaner-486

ORI G NAL CALLED NUMBER Nat ure of address Indicator )

Pass any informati2fn A metho@ddbpereting a telecommunications system to provide a call  Pass
any informati ol . Screeni.ng. T Pass any
i nformation Zﬁlﬂ’ a““ﬁﬁlé‘g@ﬁftﬁ’f‘i"@ﬁ%ﬂ?%H‘Fﬁéél?er?agtbéaendmg signaling fopthe ¢ ny

i nformation o the tdlbUshfMunigtidisadystem and by transmitting user informatiGif36 28y
I nformati on Digits Field Pass any

i nformati on telscommunications system over an access connection furihe reloHhersinNbR/sEsem
Nat ure of sAddraas:t0d GREMly of access connectiotggssi pfﬁ?éﬁt):r %OX?H ‘i Brworking

Qdd/ Even any ormati on

Scr eeni ng multiplexers connected to the access connectims,sa pinsalityndfaigmalingoprocessors
Presentation All owed/ Restricte . . Pass. any ipfo ion 30
Nunber i ng Pl a ec? to each otlsler an {he g’.[‘M interworking lglgxeé%ﬁ.ncr ary %’Eﬁ;qrpgrfonnect

Digits Field gystem connected to the ATM interworking nitAgiex@Fyankd RbARgiRdd Rprovide a
plurality of virtual connections between the ATM interworking multiplexers, the method
10 comprising:
providing the user with a first access connection to a first ATM interworking
multiplexer;
receiving 3 first signal for the call into a first signaling processor;
processing the first signal in the first signaling processor to select a virtual
15 connection for the call from the first ATM interworking multiplexer through the ATM
cross-connect system to a second ATM interworking multiplexer and to select a point
for the call connected to the second ATM interworking multiplexer; '
generating a second signal in the first signaling processor that identifies the
selected virtual connection and the point;
20 transmitting the second signal to the second signaling processor;
processing the second signal in the second signaling processor to select a second
access connection for the call from the second ATM interworking multiplexer to the
point; | |
generating a third signal in the first signaling processor that identifies the first
25 access connection and the selected virtual connection;
transmitting the third signal to the first ATM interworking multiplexer;
generating a fourth signal in the second signaling processor that identifies the
selected virtual connection and the second access connection;

transmitting the fourth signal to the second ATM interworking multiplexer;

This Sheet Has Been Replaced
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- 38- , . REDI RECTI ON | NFORMATI ON
Redirection Indi cfalt or ‘ Pass any information 5
cuf ey, s et o AN ARINY Boss 2oy i nformation
Redi recti on Reason Pass any information 10

* DT

SERVI CE CODE Servi ce Code rcTiessinainy

i nf or mat i onYo 97/09807 TRANSI T NETWORK SELECTI ON 15
Network ldentification Plan -49ldentifies the nunber of digits in
the carrier ' i dentification

code (3 or 4) receivihy plee @kr iNgirimatidn foflehatdall fromtthofirst access connedtymeaniof
network identifjcation for transit

net wor k par at§Ept ATM intensygriing qujtiplexgr; 4 Carri er
i dentification codgefing B user information from the first access connection into ATM cells
international transit carrier Grcuit Code

| ndi cat es hothat fdentifiithe selestedvirtuadl connection in the first ATM interworking multiplexer

0001 -- iznte | Qn . oper at or
r equest e 3 Erﬂ%g-ﬁo%sgio tﬁ@l‘lln‘d s%?nal, 0010 - -

i nternational cal transafitengithe ATM cells from the first ATM interworking multiplexer through
request ed the ATM cross-connect system over the selected virtual connection to the second ATM
interworking multiplexer;
converting the ATM cells that identify the selected virtual connection into user
10  information suitable for the second access connection in the second ATM interworking
multiplexer in response to the fourth signal; and '
transmitting the user information from the second ATM interworking multiplexer

over the second access connection to the point.

15 27.  The method of claim 26 wherein receiving the first signal for the call

comprises receiving a call set-up message.

28.  The method of claim 26 wherein receiving the first signal for the call
comprises receiving an Signaling System #7 (SS7) initial address message (IAM).

20
29.  The method of claim 26 wherein receiving user information for the call
from the first access connection comprises receiving user information from a DSO
connection.
25 30.  The method of claim 26 wherein receiving user information for the call
comprises receiving voice information.
31.  The method of claim 26 wherein selecting the virtual connection
comprises selecting the virtual connection based on the dialed number.
30
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20 HOP COUNTER Hop Counter
limts the nunber of tines ajnggigh : :
transfer through a 'signali ngﬂ m‘@" “Elﬁﬁu IEl
count reaches the limt, releasect val b =

- 39- Subsequent | SUP Message Processing The processi ng
of the I AM i sydbhgyssed above. Those skilled in the art areporhusee14133
appreci ate how ot her SS7 nessages can be incorporated into the processing
of the present invention. For exanple, the tine an address conplete
nmessage (ACM is 5 received is recorded in the call control block for
billing and nai nt eA3nce Thermefhed of slaim 26 wherginseplasting dheeviriypl cemnsstipn of
subsequent nes ne A r . answer
nmessage (ANM c?’gfgr%geg ﬁgltg ﬁte}‘ gggerr‘éggal c%ect?&%a@d%%?ﬁ@{aﬂip B‘ffg}%mrg's the tine point
at which the users are able to pass information al ong the call

connection fromend_to d. ssages.fromt he, t.o the appropriate 10
network el ements a(rj’é- reSfJL?PFrIB!E\F/E?‘g °gl W?ﬁowhgﬁw?%wlﬁcﬂ%ﬁheoﬁr@ﬁ’ecgﬁefqon
Typically, 5 cal domprises sel &PE felVIrARP cdridEdiidd 8asR@ bR vkl VERI etk vERPERNL hE
caller and a recmgins\)?gsepat hgto t he ?:al I er, ¢ arllld cut througﬂﬁi,s?al | owed
on the recei veprpesssingafter the ACMis received and on the transm-t
path after the ANMis received. Upon recei pt of a rel ease
(REL) nessage, the CCMwi Il wite a time for the

34.  The method of claim 26 wherein selecting the virtual connection

comprises selecting the virtual connection based on personal/terminal mobility service

10 call processing.

35.  Atelecommunications system to provide a call received over a particular
connection with a virtual connection in response to signaling for the call, the system
comprising:

15 a signaling processor operable to receive and process the signaling for the call
to select the virtual connection for the call, and to generate and transmit new signaling
that identifies the particular connection and the selected virtual connection;

an ATM interworking multiplexer operable to receive user information from the
particular connection, convert the user information into ATM cells that identify the

20  selected virtual connection in response to the new signaling, and to transmit the ATM
cells from the ATM interworking multiplexer over the selected virtual connection; and

a link between the signaling processor and the ATM interworking multiplexer
operable to transfer the new signaling from the signaling processor to the ATM
interworking multiplexer.

25

36.  The system of claim 35 further comprising an ATM cross-connect system
connected to the ATM interworking multiplexer and configured to provide a plurality

of virtual connections to the ATM interworking multiplexer.



15 nmessage to the call control block and check for triggers upon rel ease
(such as call re- originate). Additionally, any disabled echo
canceller will: be re- é@? and the call control block will be used
to create a billing re

’ recei pt of a rel ease conpl ete
nmessage (RLC), the CCM w II ‘ /ssages directing tear down of the
call path. woomdsd7 cl ear its ca

I ssplfl c processes and rF&T8E%6/KE3%al |

connections for 20 subsequent calls. Addi tional ly, suspend
messages (SUS) and pass al ong rressages'%lPAl\/p may be processed by the
CCM Asuspendrre age S indicates t t he call, ,dpaty_as_

di sconnect ed and A&h Hﬂ’? BISTHRF ‘?g i 1P F1 Iﬁf&Y g‘t"‘l"@alconnect
with a ceaeehédsqﬂrés éiRe tohidhAig fBr acmmeeameaeagﬁu aae nal i ng
points and can contain a variety of information and be used for a
varij ety of purpos@B access lmerface operableTtperergiveewier soraationdor Pach edll fiegmaver an
ATM fabric 03) ﬁfi“:oxp% {:oﬂlf&t SI . This allows efficient high
capacity vir connec I ons 8 expl oi ted. Advant ageously, the

i nventi ons does nota cmqo(umeszegpahblaga Reghaddigriating fon eavh cAll tatidedtifles thehe
i nventi on does not . r?ﬂ@' re call pr ocmgﬁ apab| lity in an ATM
switch. This Péﬁﬁlﬂ’laé‘éoq?ﬁ‘ftm a yigtual ponnection M switchi ng without these

sophi sticated ATMaﬁVATMf'hﬂﬁﬁntwﬁ%o&%P%ﬁpléH @khe access interface and the control

- 40- vol umes of cal It al so avoids the cost of these swtches.

The i nvent i ornterfprsand gpsusbledo convert ugesiiefernatian fiogm e gamioplancsinpection 46 i c.  The
| nvention SURGA! & imFAYMERs ma et azyg’,{}kecnonhfor HBEGLAMEL Aﬁ‘%g na'
mobility, and vol ce nessagi hg W requiring the service capa

in an ATM swidcclringn rgspogsean tieédnalingsfor tharadict s i s advant ageous because ATM

an ATM interface coupled to the ATM adaption processor and operable to

transmit the ATM cells for each call over the virtual connection for that call.

38.  Themultiplexer of claim 37 wherein the access interface includes a DSO
15  interface.

39, The multiplexer of claim 37 wherein the access interface includes a DS1

interface.

20 40.  The multiplexer of claim 37 wherein the access interface includes a DS3

interface.

41.  The multiplexer of claim 37 wherein the access interface includes an OC-
3 interface.
25

42,  The multiplexer of claim 37 wherein the access interface includes an OC-

12 interface.

43. The multiplexer of claim 37 wherein the access interface includes an E1
30  interface.



5 cross-connects are further advanced than ATM swi tches, and the
Cross-connects require | ess adm ni strative support.

Those skilled:.in the art w Y Bt hat variations fromthe specific
enmbodi nents di scl osed aboﬁﬂlﬁ” EHEE}HF‘ ed by the invention. The

i nvention should not = bec rest mi cted*to the above enbodi nents, but
shoul d be reasugwmar by the fol | owing 10 cl ai ns. PCT/US96/14133

-41- Cl ai ns: | claim 5 1. A met hod of
operating a tel econmmuni cati ons system t'g provide a call 5 wth a virtual
connect  on wher ei ,a Ug6E RBEES o NEirf 8 LinbinIFOLDG iRbaRRkINAL] Bt he cal|
to the tel ecommunicati ons system and by transmiting user intformation to

t he t eliger@aoeLIni cati ons system over a particul ar connection for the
call, wherein the system conprises an ATM interworking multipl exer
and a signaling processor linked to the ATM i nt erwor ki ng nul ti pl exer,
the method conpri gisng: T4 multiplexer of claind FCFhFER thel SiralrlgHBALdcH dall 7dEntifie cal

i nt.o the signaling processor, processi ng the signaling for
the call %n tapertiuimBSOregnprctorfe dhatcdl.sel ect the virtual connecti on;

46.  The multiplexer of claim 37 wherein the ATM interface includes an OC-3

interface.

10 47.  The multiplexer of claim 37 wherein the ATM interface includes an OC-

12 interface.

48.  The multiplexer of claim 37 wherein the particular connection and the
virtual connection for each call are bi-directional and wherein:
15 the ATM interface is further operable to receive ATM cells containing user
information from the virtual connection for each call;
the ATM adaption processor is further operable to convert the ATM cells from
the virtual connection into user information suitable for the particular connection for
each call; and |
20 the access interface is operable to transmit the user information from the virtual

connection for each call over the particular connection for that cali.



generating new signaling in the signaling processor to identify the

parti cul ar connec ected virtual connection; 15
transmtting the new si g;ﬂnmﬁﬂlm"ﬁq{% 4liM i nt erwor ki ng mul ti pl exer;

recei ving the user inforratfont she«Cal | fromthe particul ar connection
into the ATM i nt erwor ki ng nul ti pl exer; converting t.he
user i nfor maig erpegeyom t he particul ar connection i nto ATM ceCTAs96/14133 t hat
identify the selected virtual connection_in the ATM i nterworKki ng

nul tiplexer in 20 response to the new-3¥-gnaling; and

transmtting the ATM cells fromthe ATMi nterwortkl ng | tip] exer over the
sel ected virtual clfnectPoATM interworking multiplexer for prpyding iy o8f VIERE m 1

wherein recei %&Mmmgmm;&%wu&m r&aﬁdse?ésxgnansg)ﬂapeacﬁ%me%ﬁ@ Weng a

cal’l set-up ness he method of claim 1 wherein
receiving the Imllglgi@terngnpiwngt he call corrprl ses receiving a Signaling
System #7 (SS7) i ni t | dress )

o b€t SRR o BRE P eerud Ayt e Ponch el av i

informati oh f anﬁd&fion:ﬁirkhat call;

' a control interface operable to receive signaling for each call that identifies the

virtual connection and a particular connection for that call;
_ an ATM adaption processor coupled to the ATM interface and the control
interface and operable to convert the ATM celis for each call into user information
10 suitable for the particular connection for that call, the conversion occurring in response

to the signaling for that call; and

- an access interface coupled to the ATM adaption processor and operable to

transmit user information for each call over the particular connection for that call.

15 50. An ATM interworking multiplexer for providing calls with virtual
connections in response to signafing for each of the calls, the multiplexer comprising:

an access interface operable to receive user information for each call from a
particular connection for that call;

a control interface operable to receive signaling for each call that identifies the

20  particular connection, a virtual connection, and digital signal processing requirements
for that call;

a digital signal processor coupled to the access interface and the control interface
operable to apply digital signal processing to the user information for each call in
response to the signaling for that call;

25 an ATM adaption processor coupled to the digital signal processor and the
control interface and operable to convert user information from the particular connection
for each call into ATM cells that identify the virtual connection for that call, the
conversion occurring in response to the signaling for that call; and

an ATM interface coupled to the ATM adaption processor and operable to

30 transmit the ATM cells for each call over the virtual connection for that call.



fromthe particul ar connection conprises receiving user information froma

Poneiving oo rot orivact oNINBIMAMLIBIN e ootnog of cal b e e
i nformation. * 6. - "The nethod of claim1 wherein selecti ng

the virtual connection conprises selecting the virtual connection _
based on the ¥%I7@88%unber. 10 7. The net hodcobsedaiam |
wherein selecting the virtual connection conprises sel ecting the
virtual connection based on NOO call procé?sing. ' 8 The

connecgtion conprises 15

ol octing the virtus conioraaleld o0k i M fhe deitd sisotvimpbestorms)

sel ecting the virtual connecti

cal | pr ocessi ng(_)perableto apply echo contidl. The nethod of claim1l wherein
selecting the virtual connection conprises sel ecting the virtual
connecti on based on personal/term nal nobility service call

processi ng. 20 52. The mi T, thod, of. claim, |, wherein
transmtti ng the ATM cel |- corrff-?)}fr)lie)éeers(;}eclmral gb?‘rvg?{glﬂi f idigital pgnakprocessor s on a
SONET connett i ofperableto apply encryption. 11.  The method of claim| wherein
processtng the signaling for the call in 25 t he signaling processor

further conprises processing the signaling to determne digital

si gnal processing (B3P) Taquhultplexs offdbm tSoewkalih . in_generating new
signaling for oo e éhe cal | If urt her conpri s@lg%%t?nﬁgﬁgwwwﬁ ng
that identifies the O E’R’%ﬁ"&l‘f? &RiSA Fmpression.

10 34.  The multiplexer of claim 50 wherein the digital signal processor is

operable to adjust the decibel level for calls.



for the call, and wherein the nethod further conprises inplenmenting the DSP
requi rements for the iﬂ”ﬂ #id Megpnt er wor ki ng nul ti pl exer in response
to the new 30 . sign , WEHE m,

2

-43- 12* ¢The met kod=of claim 11 wherein inplenenting the
DSP requi renents conprises echo control for the call. :

13. The ngbhodeddé claim 11l wherein inplenenting the DSP penwssemessts 5
conprises encrypting the call. 14. The nethod of claim1l
wherein inpl enenting the DSP requirenment§5- conprises adjusting a

deci bel level for the call. 10 - 15. The nethod of claim1

wherein the partic6far édse@ompitatonssyste for trangedrting user infromatemt foomealk e
Che vi rtual oBHRacTEn PB e Rb e P b s i o i cieer TP R i oot on
to the user, system cégrisiigt hod further conprising:

a plurality of access connections operable to receive and transmit user

5  information;

a plurality of ATM interworking multiplexers connected to the access
connections and operable and to transmit and recetve user information over the access
connections and to transmit and receive ATM cells over a plurality of virtual
connections;

10 an ATM cross-connect system connected to the ATM interworking multiplexers
and configured to provide the plurality of virtual connections between the ATM
interworking multiplexers;

a signaling processing means for receiving and processing the first signal for the
call to identify a first access connection used for the call, to identify a first ATM

15  interworking multiplexer connected to the first access connection, to select a virtual
connection for the call from the first ATM interworking multiplexer to a second ATM
interworking multiplexer, and to select a second access connection connected to the
second ATM interworking multiplexer;

a signaling generation means coupled to the signaling processing means for

20  generating a second signal for transmission to the first ATM interworking multiplexer
that identifies the first access connection and the virtual connection, and for generating
a third signal for transmission to the second ATM interworking multiplexer that
identifies the virtual connection and the second access connection;

a signaling transfer means for transferring the second signal to the first ATM

25  interworking multiplexer and for transferring the third signal to the second ATM
interworking multiplexer;

a first adaption means in the first ATM interworking multiplexer for receiving
the second signal, and in response, converting user information from the first access
connection into ATM cells that identify the virtual connection and converting ATM cells

30 from the virtual connection into user information suitable for the first access connection;



receiving ATMcells for the call fromthe virtual connection into the ATM

{otormtron 1o e ATURMUMIBHERNRY - vo """ omnect on'+ne s

format suitable for thé parttcul ars cennection; and
transmtting the other user information fromthe ATM i nterworKking

mul tipl exerwogmgso.pver the particul ar connection. 20 PCT/US96/14133

-44- 16. A nmet hod of operating a tel econmuni cations system
to provide a call wi th a narrowbasd connection wherein a user places
the call by sending signaling for the call to the tel econmuni cations

system and t he t ela seond adapgitn onens insthe re¢and i ATMaintesworliing multiplexasefbt by

5 2 opor i n SRR el ol i AR hre Tl B KM SR PR A .
signaling  comnedioRCIBRS Qfer |ihfkaflichOsithile ATMiieN seRbiO kiR cOMlebiid axer, the

met hod conpri sing: . . receiving the signaling for the call into
t he signal | ngCQRvERtiaE §pqr; information from the Se?ﬂﬂgcﬁé@gii eepneqiiondntgriaT Mmglls thet t he
call in the Sih&ﬂﬁ%iﬂ%%rﬂfa?&o‘?ﬁé&fonto sel ect the narr owband connecti on;
10 _ generating new sighaling in the signaling processor to
identify the virtual connection and the sel ected narrowband

C e oM o mul ¢ 3 excPhe TSl 5B Sbiaf: RSP s Werbog Sl

(887) initial address message (IAM).

10 57.  The system of claim 55 wherein the first access connection is a DSO

connection,
58.  The system of claim 55 wherein the user information is voice information.

15 59.  The system of claim 55 wherein the virtual connection is selected based
on the dialed number. |

60.  The system of claim 55 wherein the virtual connection is selected based
-on NOO call processing,
20
61.  The system of claim 55 wherein the virtual connection is selected based
on virtual private network (VPN) call processing.

62.  The system of claim 55 wherein the virtual connection is selected based

25 on personal/terminal mobility service call processing.
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receiving the ATMcells for the call fromthe virtual connection into the
ATM i nterworking nultiplexer; 15 converting the ATMcells
fromthe virtual connection into user information in nar r owband
format in the ATMinterworking nultiplexer in response to the new
signaling; and transmtting the user information fromthe ATM
interworkiqgog%&kbplexer over the sel ected narrowbang,con gﬁ&gon. 20
- 45- 17 A nmet hod of operating a tel econmunicati ons system
to provide a call with a virtuallyﬂpnection wherein a user places the
call by sending signaling for the call to the tel ecomruni cations
systemand by transmtting user information to the t el ecomruni cati ons
system over an access connection for the call, wherein the system 5
conprises a plurality of access connecfions, a plurality of ATM

i nt.er wor ki ng mul ti pl exers connected to thel agcess connections, a
signaling processing system H-Rked——— T™ i nt er wor ki ng

multipl exers, and an ATM crogs- connect | syst®m conngect ed to the ATM

i nt-erwor ki ng nul tipl exers®and configured to provide a plurality of virtual
connections between the ATM j{nt erworki hg -l tipllexers, the nethod
conprising: 10 rgviding the gsef with a first access connection
to-a first ATM i nterworking nultipﬁgier
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receiving the signaling for the call into the signaling processing system
processing the signaling for the call in the signaling processing systemto
sel ect a virtual connection fromthe first ATM i nterworking

mul ti pl exer through the ATM 15 cross-connect systemto a second ATM

i nterworking nultiplexer and a second access connection to the second
ATM i nter V\orwdwlog%gti pl exer; . generating, in tPE%{[%bQ 4 ng
processi ng system a first new signal for the call that Identifles
the first access connection and the selegy§g virtual connection, and a
secand new signal for the call that identifies the selected virtual
connection and the second 20 access connecti on;

transmtting the first new signal to the first ATMinterworking rultipl exer
and . t he second new signal to the second ATM i nt erworki ng

mul ti pl exer, receiving the user information for the call from
the first access connection into the first ATM i nt erworking

mul tipl exer; 25 converting the user information fromthe first
access connection into ATMcel I s that identify the selected virtual
connecti.on in the first ATMinterworking nultiplexer in response to
the first new signal; transmtting the ATMcells fromthe
first ATMinterworking multiplexer through « the ATM cross-connect
system over the selected virtual connection to Ehejsecond ATM 30

i nt erwor ki ng nul tipl exer; \\4

-46-
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converting the ATMcells that identify the selected virtual connection to
user information for the second access connection in the second ATM

i nt erwor ki ng : mul tiplexer in response to the second new signal ;
transmtting the user information fromthe second ATM i nterworki ng

mul tiplexer 5 over the second access connection. 18..
The nethod Qfoehmdspy 17 Wherein receiving the signaling for ﬁ@euggg,llh;g,
conprises receiving a call set-up nessage. 10 The net hod
of claim 17 wherein receiving the signalizpgs for the call conpri ses
receiving a Signaling System#7 (SS7) initial address nessage (I AM.

20. The nmethod of claim 17 wherein receiving user information for the

cal | fromthe first access connection conprises receiving user
information froma DSO 15 connecti on. 21. The met hod of
claim 17 wherein receiving user information for the call conpri ses
recei ving voice information. 20 22. The nmethod of claim 17
wherein selecting the virtual connection . conprises selecting the
virtual connection based on the dial ed nunber. 23. The

met hod of claim 17 wherein selecting the virtual connection

conprises selecting the virtual connection based on NOO call processing. 25
24. - The method of claim 17 wherein selectin1 the virtual connection
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conprises selecting the virtual connection based on virtual private network
(VPN) call processi ng.

-47- 25.  The nmethod of claim 17 wherein selecting the virtua
connection conprises selecting the virtual connection based on

personal /term nal nobility service call processing.

- 48- wo 97/09807 26. A method of operating a tel econpgfiusshis@ss
systemto provide a call with a virtual connection wherein a user
places the call by sending signaling fqyphe call to the

t el.ecommuni cati ons systemand by transmtting user information to the
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t el econmuni cati ons system over an access connection for the call,
conprises a plurality of access connections,
i nt erwor ki ng

the system 5
of ATM
connecti ons,

and an ATM cros

wherein
a plurality

mul ti pl exers connected to the access
a plurality of signaling processors
ot her and the ATM i nterworking multipl exers,

| i nked to each

S-connect

system conwgﬁ]gsut.,o the ATMinterworking multipl exers andpe@hrisb@isied to

provi de a

plurality of virtua

conpri si ng:

connecti ons between the ATM
interworking nultiplexers, the nethod 59,

providing the user with a first access connection to a first ATM

i nt er wor ki ng
for the cal

mul ti pl exer;

receiving a

into a first signaling processor;

first signa
processi ng

the first signal in the first signaling processor.to -select virtual 15
connection for call fromthe firgt—AfM interworking mult} pl exer through
the ATM cfosis- connect. system it a |[second ATM i nt er worki ng
mul-ti pl exer dngd Bo §erect a poi nt /‘ for the call connecfed to the
second ATM i 1 king nul ti pl exer} generatihg a second
signal in the finst signaling procé&ssot} that identifies the sel ected
virtual connectign and the point; 20 transmttinglthe second
signal to a{seconid signaling processor proceski ng f he second
signal in the second sigrﬁrrﬁg procefSSor jto sel eft a jseconfd access
connection flor |t Be f r om lhe—secpnd AFM--ntet wor k ng,.hl$iplexer to the
poi nt; = gengratijng a thirdsjignal ip_thel firs i dna i ng
processor that idetdfies {he firstngﬁ access £o nectig and t he
sel ected virjtual jcohection3 N transgftting hefthirg signa
to the first] AIMIinterwor ki ifg nmul ti pl exer; gengrati hg a
fourth sign%l in the secpnd signaling pfocessor that identifies the
sel ected virjt ual cgnﬁect on and the segpnd access connection
transmtting the fg@;th sgnhal to the gecond Aﬁhﬂintermorking mul ¥i pl exer;
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- 49- receiving the user information for the call fromthe

first access connection into the first ATMinterworking nmultiplexer;
converting the wuser information fromthe first access connection into ATM
cells that identify the selected virtual connection in the first ATM
i nterworking multiplexer 5 in response to the third signal; .
transmtti n%&g_,? Q"I;M cells fromthe first ATM i nterwor ki ng patrhusheisexer

t hr ough RE'ATM cr oss- connect system over the selected virtual
connection to the second ATM i nteg ki ng ‘mul ti pl exer;

converting the ATMcells that identify the selected virtual connection into
user 10 information suitable for the second access connection in the
second ATM i nt erwor ki ng mul ti pl exer in response to the fourth

si gnal ; and transmtting the user information fromthe second
ATM'i nt erwor ki ng mul ti pl exer over the second access connection to

t he "poi nt ; 15 27. The nmet hod of claim 26 wherein receiving
the first signal for the call conprises receiving a call set-up
message. 28. The met hod of claim 26 wherein receiving the
first signal for the call conprises receiving an Signaling System #7
(SS7) initial address nmessage (IAM. 20 29. The net hod of

cl ai.m 26 wherein receiving user information for the call fromthe

first access connection conprises receiving user infornaLion froma DSO
o
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25 30. The nethod of claim 26 wherein receiving user

information for the call conpri ses receiving voice information.

31. The net hod of claim 26 wherein selecting the virtual connection
conprises selecting the virtual connection based on the dialed nunber. 30
- 50- 32. The met hod of claim 26 wherein selecting the -
virtual connggd s-adse7 conprises selecting the virtual cepfesdsiassbased
on NOO call processing. 33. The net hod of claim 26
wherein selecting the virtual connecti ofy;25 conprises selecting the
virtual connection based on virtual private network (VPN) cal

processi ng. 34. The nmet hod of claim 26 wherein selecting

the virtual connection
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conprises selecting the virtual connection based on personal /term nal
mobility service 10 cal | processing. 35. A

t el econmuni cati ons 'systemto provide a call received over a particular
connection with a virtual connection in response to signaling for the call,

the system conprising: 15 a signaling processor operable
to receive vamoh/pe@cess the signaling for the call treTAsbeo3X he
virtual connection for the call, and to generate and transmt new signaling
that identifies the particular connectgor and the sel ected virtua

connecti on; an ATM i nterworking multiplexer operable to
receive user information fromthe particul ar connection, convert the
user information into ATMcells that identify the 20 sel ected virtual

connection in response to the new signaling, and to transmt the ATM
celdis fromthe ATMinterworking nultiplexer over the selected virtua

connection; and a link between the signaling processor and
the ATM i nt erwor ki ng nul ti pl exer operable to transfer the new
signaling fromthe signaling processor to the ATM i nt erwor ki ng
mul tipl exer. 25 36. The system of claim 35 further
conprising an ATM cross-connect system connected to the ATM
i ntterwor ki ng mul ti pl exer and configured to provide a plurality of
virtual connections to the ATM interworking nultipl exer.
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37. An ATM interworking nultiplexer for providing calls with virtua
connections in response to signaling for each of the calls, the nultiplexer

conpri si ng: an access interface operable to receive user
information for each call froma particul ar connection for that call;
5 a control interface operable to receive signaling for each
call that identifies the particul ar connection and a virtual
connect i on WOr97/0PRY cal | ; an ATM adapti on pr 8EE8§¥14E8upl ed
to the access interface and the control9/12 interface and operable to
convert user information fromthe particular connection for each cal
into ATMcells that identify the virtual connection for that call, the
conversion 10 occurring in response to the signaling for that call;

an -ATM i nterface coupled to the ATM adaption processor and operable to
transmt the ATMcells for each call DABYBASERe virtual conne |on for that

cal | . 38. The multipl exer of claim37 mhe ‘\Bhe access
interface includes a DSO 15 i nterface.

mul'ti pl exfér OfpAGK MARDBER Wher ei n t he access i nterfase includes a Ds1

i nterface. 20 40. hes,ngé BJ\ X er f ¥¥Pai m 37 wherein thd
access interface includes a DS3 mahREERT acel. 41. The
nultipl exer of claim37 wherein the accegs inter e includes an OC-

3 interface. 25 42. of claim 37 wherein |the
access interface includes an OC

, SERVICE DATA |~

3 CENTER 935
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12 interface. 43. The nul ti pl exer of claim 37 wherein the

access interface includes an E1 30 I nterface.
-52- S 44, The nul ti pl exer of claim 37 wherein the access
i nterface includes an E3 i nterface. 45, The
mul ti pl exer of claim37 wherein the signaling for each call identifies- 5
a particul aygdsRegmennection for that call. P&fyUs96/14138
mul ti pl exer of claim 37 wherein the ATMinterface includes an OC 3
i nterface. 10 47. The mofiz pl exer of claim 37 wherein the
ATM interface includes an OC 12 interface.
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48. The mul tipl exer of claim37 wherein the particular connection and the
virtual connection for each call are bi-directional and wherein: 15

the ATMinterface is further operable to receive ATM cells containing user
information fromthe virtual connection for each call; ' t he
ATM adaption processor is further operable to convert the ATMcells from
the virtualwoemessoti on into user information suitable for r¢RU$sAEI33uUl ar
connection for each call; and 20 the access interface is
operable to transmt the user informatitofiZ¥romthe virtua

connection for each call over the particular connection for that call.

-53- 49, An ATM interworking multiplexer for providing
calls on virtual connections—w.th partic r connecti-ons—i-h—+esponse
to signaling for each of the callg, the mul ti pl exer jconpri sing:

an ATMinterfa VGREATRIIBETANSEf pr each cal 'ANQx}’@EE gg}@]ﬁgc

s"Operable to recei g
virtual 5 w on—fo0 et C 8FITERMINATION —a—cgnt r ghphgit gkf ace
operable to recejivé signaling for |eactMAMNGERt hat |i dentifigs the [
virtual connection and a particuldr connection for that call; E
an ATM.adapti on processor coupled To the ATM nterface and € gontro

interface and operable to convert the ATMPcells for each cald—ntp user
i nformation
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10 suitable for the particular connection for that call, the conversion
occurring in response. to the signaling for that call; and

an access interface coupled to the ATM adapti on processor and operable to
transmt user infornation for each call over the particular connection for
that call. 50. An ATM interworking nultiplexer for

provi di ng calN@’%ﬂPﬂWV|rtual connections in response por/Ssogiszs Ng
for each of the calls, the multiplexer conprising: an access
interface operable to receive user informagiegn for each call froma
particul ar connection for that call; a control interface
operable to receive signaling for each call that identifies the 20

particular connection, a virtual conpection, and d'gital si gnal processing
requi fenents for that call; ajdigital signal processor
coupled to the BSS. | : erface xpexabl e
to apply digitsé TH—pr-ocess i ﬂé;g%%ﬁ%tnfarnation for edq Il in
response to the onallng for t hat o an ATM aday
processor coupled to the digital S|gnal processor and the cant r ol

interface and operable to convert us ‘fromthe particul ar
connection for each call into2eM cells that identify the vijrtual
connection for that call,,the conversi on occurring in response to

the signaling for tg?t cﬁ | ; and an,ATM i nter f 4216 oupl ed to
the ATM adaptt and oper abl e t 930 transmt the—AiﬁlceLLs_Lar

each call ovier the virtua
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- 54- Hgg The rrulbltl pl exer Iof cl ﬁl Pm Br 6%1 i E'%'@al
EIZQnal Tﬁreofrﬁlstsl bl leg/fﬂi “; go \?\hé?e?ﬁpt Keegl SI FP%%@MU&JQS? S

5 operabl e to apply enc‘rypt I on. The mul ti pl exer of
claim50 wherein the digital signal ppgcessor is operable to apply
digital voice conpression. 10 54. The mul tipl exer of claim

o0 wherein the fg gi tglmesthgcpg% opperré)c?n Sast%{ec.b%mumcation?%%tag L& p{‘oQ/i@edil gaf ¢ he

deci bel |evel for calls

- 55- with a virtual colfection RhéreinecoRnplacdsahd ilioyseadiggifling f@naOe4ll i ng user
information for a call over a virtual connection selected for the

cal | in reepthesseleemnyni¢aionssysiem fnsk by hisansmitting tyser informatippste the
conpri si NYelecommunications system over an access connection for the call, wherein the system

5 comprises a plurality of access connections, a plurality of ATM interworking
multiplexers connected to the access connections, a plurality of signaling processors
linked to each other and the ATM interworking multiplexers, and an ATM cross-connect
system connected to the ATM interworking multiplexers and configured to provide a
plurality of virtual connections between the ATM interworking multiplexers, the method

10 comprising:
providing the user with a first access connection to a first ATM interworking
multiplexer;
receiving a first signal for the call into a first signaling processor;
processing the first signal in the first signaling processor to select a virtual
15 connection for the call from the first ATM interworking multiplexer through the ATM
cross-connect system to a second ATM interworking multiplexer and to select a point
for the call connected to the second ATM interworking multiplexer;
generating a second signal in the first signaling processor that identifies the
selected virtual connection and the point;
20 transmitting the second signal to a second signaling processor;
processing the second signal in the second signaling processor to select a second
access connection for the call from the second ATM interworking multiplexer to the
point;
generating a third signal in the first signaling processor that identifies the first
25 access connection and the selected virtual connection;
transmitting the third signal to the first ATM interworking multiplexer;
generating a fourth signal in the second signaling processor that identifies the
selected virtual connection and the second access connection;

transmitting the fourth signal to the second ATM interworking multiplexer;

B P Y e



a plurality of access connections operable to recepﬁg a,&th%sM Lsi 3 5

;g;g;gﬁteﬁlﬁsjuﬂiujﬂg@u HIE Peomnect fons and oper aOPEAAISE 6 SRS 20

receive user infofmafioh over t he access connections and to transmt
and receive ATM cells over a pluralitygof virtual connections; 10

an ATM cross-connect system connected to the ATM i nterworking nmultipl exers
and configured fa.pf g\{héjl? eE B rHJaHBﬁ{"drttP(e Qi /i {Héq:irst(é%ﬁg?%r{ng&%ntﬁfov‘een the
ATM i nt er wor Ki ] ? signaling processing

means for fRERVATI 1a1mdw<§rlkmgem:amﬁlgxdrhe first signal for t he call to

identify a first access connection used far the call, to.identif first
ATM 15 i nt er weRTRERGS FFIUSTTIMETRATIOR FioALIEE HEFt AEFePHiEPIRFGHoP “&86‘?% c\é]cgshnectl on,

to sel ect | hOrs ATyt [ QWO FlfiBlexdTM

i nt er wor Ki %&Ykrfrﬁfl@ tFeeieé?Ct%dg\QgH%%éh%guéﬂ\r}lt s gl nt er wor Ki lﬁgg $tglxp | exer,

and t ossel potesponsewothd tidnicegml;connect i on connected to the second ATM

i nt erwor ki ng mul ti pl exer; a sjgnalin tio

coupl ed to the %‘F@ﬁ‘f%qtm&@epﬁ'%\éé@@iﬁ?&l%gﬁEAWmtfﬁwr mgé?i&“ﬁ?’feﬁ 8“ cond

si gnal -for ger@mr&&% eh% 408 oldriRd seRIM VAL YSHKERE (B deBbRKRTM

that identifies the firs gccess connection and the virtual connection, and

f or gener atntergrorking muaxpiehnerd signal for transm ssion to the second ATM
virtual.cannection and

nt er wor ki n rrultl | exer s t.he
Ithe secon:j gcceﬁ%“ Bﬁﬁé}&q{&gﬁ{cells that ‘dem‘é’] thd de CEﬁddHﬁ‘fa:l AU EFU P Usfeans for
transfigrri pg,hiig ?§§ﬁ9ﬂgf§'t%koﬁ@a&c&‘§ cf:hrfe‘éﬁoxﬁ]i%e?ghcond AL WedriloRan

mul ti pl exer and for transferring the third signal to the second A
i nt er wor ki mgltipldxier pl repemse to the fourth signal; ard fi r st adapti on neans i n the first
ATM i nt er wor ki n% rrultlg exer .f r.ec nd s and in

i t.h
response, conve He userd W’P%ﬁowlg‘?gﬁef%g/}Wé? erg/@g\gg%mu et

connect i ongiéHiRe &E%@Q&degs ddnaéctiofedttefpoidshe virtual connection and
converting ATMcells 30 fromthe virtual connection into user

information suitable for the first access connecti on;

15 27. The method of claim 26 wherein receiving the first signal for the call

comprises receiving a call set-up message.

28.  The method of claim 26 wherein receiving the first signal for the call

comprises receiving an Signaling System #7 (SS7) initial address message (IAM),

20
29. The method of claim 26 wherein receiving user information for the call
from the first access connection comprises receiving user information from a DSO
connection.
25 30. The method of claim 26 wherein receiving user information for the call
comprises receiving voice information.
31 The method of claim 26 wherein selecting the virtual connection
comprises selecting the virtual connection based on the dialed number.
30
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-56/1 - 63 A nmet hod of operating'a H te&@&nr@rﬁmk@t 1035
system o with a virtual conned g
pl aces mENging signaling for the call

t el econmuni cat'i o $ em and by transmitting user information to the 5
t el econmuni cati ons system over a par-b6/dul ar connection for the call,

wherein the system conprises an ATMinterworking nmultiplexer and a
signaling processor |inked to the ATM i nterworking nul ti pl exer, the
net hod conpri si ng receiving the signaling for the call into

the signaling g¥ oceds ethadeofapsrating a telecommugiGatiany systept Hce¥ide 2i@llext er nal
to any SwW e, ik connectm wher8lh ﬁ%@éﬁilé&gs {h@%al?bﬂ%ldin%% eé(r;?{n%f&?tl&aéal in the

signal i ng processor to sel ect the virt
gener at i ngonegw sélgmoalmunipations kystesn qundl bmgrapmcmgsusert mfdrdnﬁm ftg thee
particul ar cqonnecti on and the sel ected vi ??ILQV onnegti on;

transm t t i ECAHBUHGRHPTSISyHem PKY 2P8TCHEr RRRESHRR £o Fﬁ in {he|sgstem. 15
recei vl NG doifprieLin WIM HIBIPR ége{uufatrel% £ald o E:g%@%&%nmé@fo g@nnecti on

into the ATM I nt er wor converting the
user i nf orAEM mwr\fmukmgtm‘dnmm trhulrr&thodmom@usmgm into ATMcel |l s t hat

identify the sel ected virtual onrf_gct Qn |g t he ATM i ntervvoL;lkl ng
mul ti pl exer in receiving the.uigngling fpryt 18 §igaringgPTossrgon yherein the

transm tt's@mahﬁ}f proddds&ab gﬁe[fnapt@awgw@gﬂvl interworking nultiplexer over the

sel ected virtual® connection.
10 processing the signaling for the call in the signaling processor to select the virtual

connection;
generating new signaling in the signaling processor to-identify the particular
connection and the selected virtual connection;
transmitting the new signaling to the ATM interworking multiplexer;,
15 receiving the user information for the call from the particular connection into the
ATM interworking multiplexer;
converting the user information from the particular connection into ATM cells
that identify the selected virtual connection in the ATM interworking multiplexer in
response to the new signaling; and
20 transmitting the ATM cells from the ATM interworking multiplexer over the

selected virtual connection.
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A nmet hod of operating a tgmgg&‘Snﬁ)@tacﬁs\] 3 3
systemto prov '

gnmpmW th a virtual connectﬁ
pl aces the cal &IJ aI ing for the call

t el ecommuni cati on Syst e an transmtting user infor matl on to the

t el ecommuni cations system over a partiggpar connection for the call,
wherein the system 5 conprises an ATMinterworking nmultiplexer and a

si gnal ing pr ocesoszp r lh%&ﬂo& 8f 55'§at1n atelé%g%i] cafivRy %bt@ﬁh tBLHrBMBé gxan, the
nmet hod conpri sing e e e signaling for the call into
the signaliwfh awmemﬁﬁecuon wherein a user plapmhesall hrggsemtimg siggalinigi fngthfemallt he
call in the signaljing processor to seleﬁt t he vi onnecélon 10

generati ng WeihatglsaPmmynicaion &Y$¢y n3d RY tﬁ?rﬁﬁlétgg%ruste{) ifOERRI, 19

particul ar Whefedd ©8;

Pranom t11 ngioprurSACAGEL ARmAR: L DEERIShRCEh s ol el e oytem

recei vi 8g t fEmprdses ann&"ermtemarldnymultnplexm dndfz signdling ppeessor linked othaect i on

into the ATM i nterwor ki n ti plexer converting the
user i nf or rATM NGRS B H’rl?’ﬁeglﬁgg?‘e%ﬁﬁ%‘ﬁ’f’%gl nto ATM cel | s t hat

I dentify t he Se' REESHg4hé §lgﬁdlmg@mgewpmtd mets@ﬁamil\ﬂrbwswrmr ki'ng

mul ti pl exer response to the new signaling wherein the virtual
connection i s noprounigtlmrmgm’alhgrfomab kall in the signalingtpirpcessos te sgl¢ct ithe yihdased:;
and . transmtting the ATMcells fromthe ATM i nt erworKki ng
nul ti pl exer STPEFIY™he 20  sel ected virtual connection.

10 generating new signaling in the signaling processor to identify the particular

connection and the selected virtual connection,

transmitting the new signaling to the ATM interworking multiplexer;

receiving the user information for the call from the particular connection into the
ATM interworking multiplexer,

15 converting the user information from the particular connection into ATM cells
that identify the selected virtual connection in the ATM interworking multiplexer in
response to the new signaling wherein the virtual connection is not used for other calls
until the call is released; and

transmitting the ATM cells from the ATM interworking multiplexer over the

20 selected virtual connection.
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- 56/ 3- \“ t el ecommuni cati ons épﬁ‘{sens&) &)/ov‘h @e ]aécaa I
recei ved ove il b connection W th alSgmApe n
response to 1! call, the system W - OIY llfﬁ)rgﬁ% §§7J

a signaling procéssor that is not coupled to a switch matrix and that is
operable 5 to receive and processséthe signaling for the call to select
the virtual connection for the call, and to generate and transmtt
new signaling témt ideglédohin@michiiehs pten RprevideOdallesdelved over a parti@nlgh t he

sel ected virtual connection; an_ATM i nterwor ki ng nul tipl exer
oper abl e tenpetionith s girtyah FIREANOA TesPORTe Resignaling for phe eall theasysteBnnect i on,
convert thg nlfbsfﬁf glnformatl on into ATMcells that identify the 10

selected vir connection in response to the new signaling, and to
transnt the ATdignaling proedsker thatosrncbtmuﬁlﬂ/m msﬁnmmkmngnma {spdpeiddte over the
sel ectgd virtual connection; l'i.nk between the signaling

procesSor BrECq ReandmiPsss é‘ﬁ/&ﬁ“ﬂh‘?ﬁ'gfoﬁ{hetqaglt%ieé“rﬂ the virtugh gengpien fo the ansf er
the new signaljyng iggrfe% Eﬂhetiagl'srgﬂ A bRl RARAT8Ent s Ih@_%géﬁ};mar connection

i nterwor ki ng’ nul't exer
66. An A the mle:tvd)vikthaigpormﬂctibml exer for providing calls vvi th virtual

conprising. AT Hierwcridiy Tifipletd qraeblens eeuperaR LI ndtam B usbr
i nfor mat i ofprfiQflare@mbed@dhn! cdlver the pser mformzﬁﬁ’fn ihQUl§R1 €A1 Qﬁﬁtlhé}ﬂl ®Le that

call; 5 a control interface operable to receive 5|gnf¥|ngfor
each ¢@l | selegtedivirtuel chbirestiotia response to the new signaling, and to transmit the ATM

cells from the ATM interworking muitiplexer over the selected virtual connection; and
a link between the signaling processor and the ATM interworking multiplexer
operable to transfer the new signaling from the signaling processor to the ATM
interworking multiplexer. |
15
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particul ar connection and a virtual connection for } m
an ATM adapti on Fn ed to the access int#r} J{ﬁtJ}B]\p&BQﬂol
interface an mml ;% ert user information fromthe particul ar

by

connection for v each call |nto Mcells that identify the virtual
connection for that cal i, mherein th conversion occurs in response
to the signalin for tlllgﬁ\écall d\/\/ne]rent e virtual |rcti1 I i's
not used for rpierwerkiog capltipiexer, for RIQwding 4paljs with virtua an
ATM i nt effaﬁ&cﬁ&%?& Bﬁ’settggigﬁgl_ a&taemtm Qﬂhé’wﬁeﬁé%ulﬁﬂ&e?%ﬁ hlife
p
transmt the ATM celI's for each over the virtual connec |on for t hat
cal | . an access interface operable to receive user information for each call from a
particular connection for that call;
5 a control interface operable to receive signaling for each call that identifies the

particular connection and a virtual connection for that call;
an ATM adaption processor coupled to the access interface and the control
interface and operable to convert user information from the patticular connection for
each call into ATM cells that identify the virtual connection for that call, wherein the
10 conversion occurs in response to the signaling for that call and wherein the virtual circuit
is not used for other calls until the call is released; and
an ATM interface coupled to the ATM adaption processor and operable to

transmit the ATM cells for each call over the virtual connection for that call.
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(57) Abstract

A system (100) for providing virtual connsctions through an ATM interworking multiplexer (130, 140) on a call-by-call basis. A
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