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(57) ABSTRACT 

Signaling processors process signaling to transfer ?rst and 
second control messages indicating interWorking informa 
tion. InterWorking units receive the control messages and 
user communications, and in response, convert the user 
communications into packet communications having the 
interWorking information in headers. Communication 
devices receive the packet communications from the inter 
Working units and route the packet communications over 
optical communication paths based on the interWorking 
information in the headers. The communication devices 
receive the routed packet communications and transfer the 
routed packet communications to the interWorking units. 
The interWorking units receive the second control messages 
and the routed packet communications, and in response, to 
convert the routed packet communications into the user 
communications and transfer the user communications. 
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SYSTEM AND METHOD FOR CONNECTING A 
CALL 

RELATED APPLICATIONS 

[0001] This patent application is a continuation of patent 
application Ser. No. 09/642,722; ?led Aug. 21, 2000; 
entitled “System and Method For Connecting A Call;” and 
Which is a continuation of US. Pat. No. 6,137,800; ?led on 
May 9, 1997; entitled “System and Method For Connecting 
A Call;” and Which is hereby incorporated by reference into 
this patent application. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0002] Not Applicable 

MICROFICHE APPENDIX 

[0003] Not Applicable 

FIELD OF THE INVENTION 

[0004] The present invention relates to the ?eld of tele 
cornrnunications call sWitching and transport. 

BACKGROUND OF THE INVENTION 

[0005] Broadband systems are being developed and 
implemented. Broadband systems provide telecornrnunica 
tions providers With many bene?ts, including greater band 
Width, rnore ef?cient use of bandWidth, and the ability to 
integrate voice, data, and video communications. These 
broadband systems provide callers With increased capabili 
ties at loWer costs. 

[0006] SWitches and other communication devices use 
broadband systems, such as a synchronous optical netWork 
(SONET) ring or a synchronous digital hierarchy (SDH) 
system, to connect calls to other sWitches and communica 
tion devices. The sWitches, for example, determine how a 
call is to be connected and control the sWitching over the 
broadband system. In addition, sWitches, such as tandern 
sWitches, are used to concentrate telecornrnunication traf?c 
betWeen netWorks, sWitches, and other communication 
devices. 

[0007] HoWever, controlling call sWitching and connec 
tion functions from sWitches and some other communication 
devices is expensive. Moreover, intelligent netWork routing 
and processing functions are limited. In addition, conven 
tional switching systems do not provide highly ef?cient call 
concentration and call routing in netWorks such as rnetro 
politan area netWorks (MAN s). Therefore, there is a need for 
a system that more ef?ciently and more easily provides 
connections for sWitches and other communications devices 
over broadband netWorks, such as the SONET ring or the 
SDH system. An effective system is needed that can control 
sWitching and call connections betWeen systern devices on a 
call-by-call basis in an asynchronous transfer mode (ATM) 
environrnent. 

SUMMARY OF THE INVENTION 

[0008] Examples of the invention include a communica 
tion system comprising a plurality of signaling processors, a 
plurality of interWorking units linked to the signaling pro 
cessor, a plurality of optical communication paths, and a 
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plurality of communication devices coupled to the inter 
Working units. Each pair of the communication devices are 
coupled together by one of the optical communication paths 
to form a ?at architecture betWeen the communication 
devices. The signaling processors are con?gured to receive 
and process signaling, and in response, to generate and 
transfer ?rst control messages and second control rnessages 
indicating interWorking information. The interWorking units 
are con?gured to receive the ?rst control messages and user 
communications, and in response, to convert the user corn 
rnunications into packet cornrnunications having the inter 
Working information in headers of the packet communica 
tions and transfer the packet communications to the 
communication devices. The communication devices are 
con?gured to receive the packet communications from the 
interWorking units and route the packet communications 
over the optical communication paths based on the inter 
Working information in the headers. The communication 
devices are con?gured to receive the routed packet commu 
nications from the optical communication paths and transfer 
the routed packet communications to the interWorking units. 
The interWorking units are con?gured to receive the second 
control messages and the routed packet communications, 
and in response, to convert the routed packet communica 
tions into the user communications and transfer the user 
cornrnunications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram of a broadband metro 
politan area netWork With a plurality of broadband interfaces 
of the present invention. 

[0010] FIG. 2 is a block diagram of components of a ?rst 
broadband interface and components of a second broadband 
interface. 

[0011] FIG. 3 is a block diagram of a broadband interface 
in which multiple interWorking units are attached to a cross 
connect. 

[0012] FIG. 4 is a block diagram of a broadband rnetro 
politan area netWork With a plurality of broadband interfaces 
each attached to a signaling processor which communicates 
With a signal transfer point. 

[0013] FIG. 5 is a functional diagram of an asynchronous 
transfer mode interWorking unit for use With a synchronous 
optical network system in accordance With the present 
invention. 

[0014] FIG. 6 is a functional diagram of an asynchronous 
transfer mode interWorking unit for use With a synchronous 
digital hierarchy system in accordance With the present 
invention. 

[0015] FIG. 7 is a block diagram of a signaling processor 
constructed in accordance With the present system. 

[0016] FIG. 8 is a block diagram of a data structure having 
tables that are used in the signaling processor of FIG. 7. 

[0017] FIG. 9 is a block diagram of additional tables that 
are used in the signaling processor of FIG. 7. 

[0018] FIG. 10 is a table diagram of a trunk circuit table 
used in the signaling processor of FIG. 7. 

[0019] FIG. 11 is a table diagram of a trunk group table 
used in the signaling processor of FIG. 7. 
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[0020] FIG. 12 is a table diagram of an exception circuit 
table used in the signaling processor of FIG. 7. 

[0021] FIG. 13 is a table diagram of an automated number 
index table used in the signaling processor of FIG. 7. 

[0022] FIG. 14 is a table diagram of a called number table 
used in the signaling processor of FIG. 7. 

[0023] FIG. 15 is a table diagram of a routing table used 
in the signaling processor of FIG. 7. 

[0024] FIG. 16 is a table diagram of a treatment table used 
in the signaling processor of FIG. 7. 

[0025] FIG. 17 is a table diagram of a message table used 
in the signaling processor of FIG. 7. 

DETAILED DESCRIPTION 

[0026] Telecommunication systems have a number of 
communication devices in local exchange and interexchange 
environments that interact to provide call services to cus 
tomers. Both traditional services and resources and intelli 
gent netWork (IN) services and resources are used to pro 
cess, route, or connect a call to a designated connection. 

[0027] A call has call signaling and user communications. 
The user communications contain the caller’s information, 
such as a voice communication or data communication, and 
they are communicated over a connection. Call signaling 
contains information that facilitates call processing, and it is 
communicated over a link. Call signaling, for example, 
contains information describing the called number and the 
calling number. Examples of call signaling are standardiZed 
signaling, such as signaling system #7 (SS7), C7, integrated 
services digital netWork (ISDN), and digital private netWork 
signaling system (DPNSS), Which are based on ITU recom 
mendation Q.933. 

[0028] A call can be transported to or from a communi 
cation device. A communication device can be, for example, 
customer premises equipment (CPE), a service platform, a 
sWitch, or any other device capable of initiating, handling, or 
terminating a call. Customer premises equipment can be, for 
example, a telephone, a computer, a facsimile machine, or a 
private branch exchange. A service platform can be, for 
example, a service platform or any other enhanced platform 
that is capable of processing calls. 

[0029] Communications devices in both traditional and 
intelligent systems can use a variety of protocols and meth 
ods to achieve a connection for a call or to complete call 
processing. For example, CPE can be connected to a sWitch 
using a time division multiplex (TDM) format, such as super 
frame (SF) or extended superframe The ESF con 
nection alloWs multiple devices at the customer site to 
access the local sWitch and obtain telecommunication ser 
vices. 

[0030] Also, communication devices, such as telephones, 
are likely connected to a remote digital terminal, and the 
connection typically carries analog signals over tWisted pair 
Wires. The remote digital terminals provide a digital inter 
face betWeen the telephones and a local sWitch by convert 
ing the analog signals from the telephones into a multiplexed 
digital signal to be transferred to the local sWitch. Acommon 
standard for the connection betWeen the remote digital 
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terminal and the local sWitch is provided in Bellcore Ref 
erence GR-TSY-000303 (GR-303). 

[0031] In addition, communications devices use broad 
band protocols, such as broadband-integrated services digi 
tal netWork (B-ISDN). Broadband systems provide greater 
bandWidth than narroWband systems for calls, in addition to 
providing digital processing of the calls. B-ISDN provides a 
communication device With a digital connection to a local 
sWitch or other device. The B-ISDN loop provides more 
bandWidth and control than a convention local loop. The 
European implementation of B-ISDN and other broadband 
protocols can also be used. 

[0032] Communication devices can use circuit-based con 
nections for calls. For example, digital signal (DS) level 
communications, such as digital signal level 3 (DS3), digital 
signal level one (DS1), and digital signal level Zero (DSO) 
are conventional circuit-based connections. European level 
four (E4), European level three (E3), European level one 
(E1), European level Zero (E0), and other European equiva 
lent circuit-based connections also are used. 

[0033] High speed electrical/optical transmission proto 
cols also are used by communications devices for sWitching 
and signaling. The synchronous optical netWork (SONET) 
protocol, Which is used primarily in North America, and the 
synchronous digital hierarchy (SDH) protocol, Which is used 
primarily in Europe, are examples of high speed electrical/ 
optical protocols. The SONET and SDH protocols describe 
the physical media and transmission protocols through 
Which the communications take place. 

[0034] The SONET and SDH protocols de?ne a broad 
band frame structure for SONET and SDH communication 
signals. Multiple frames travel in the communication sig 
nals. Each frame consists of overhead and payload. The 
overhead contains operations, administration, maintenance, 
and provisioning information, such as framing information, 
error correction information, and pointer information. The 
payload contains the user communications information that 
is carried in the frame by the communication signal. The 
payload is comprised of payload components that are 
mapped into the frames. For example, user communications 
from a DSl, an E1, or an asynchronous transfer mode 
(ATM) connection may be mapped into the broadband 
frames. Thus, in a SONET system, the user communications 
are mapped to SONET frames. In an SDH system, user 
communications are mapped to SDH frames. 

[0035] SONET includes optical transmission of optical 
carrier (OC) signals and electrical transmission of synchro 
nous transport signals (STSs). SONET signals transmit at a 
base rate of 51.84 Mega-bits per second (Mbps) for optical 
carrier level one (OC-l) and synchronous transport signal 
level one (STS-1). Also transmitted are multiples thereof, 
such as an STS level three (STS-3) and an OC level three 
(OC-3) at rates of 155.52 Mbps, an STS level tWelve 
(STS-12) and an OC level tWelve (OC-12) at rates of 622.08 
Mbps, an STS level forty-eight (STS-48) and an OC level 
forty-eight (OC-48) at rates of 2,488.32 Mbps, and fractions 
thereof, such as a virtual tributary group (VTG) at a rate of 
6.912 Mbps. 

[0036] SDH includes transmission of optical synchronous 
transport module (STM O) signals and electrical synchro 
nous transport module (STM E) signals. SDH signals trans 
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rnit at a base rate of 155.52 Mbps for synchronous transport 
module level one electrical and optical (STM-1 E/O). Also 
transmitted are multiples thereof, such as an STM level four 
electrical/optical (STM-4 E/O) at rates of 622.08 Mbps, an 
STM level siXteen electrical/optical (STM-16 E/O) at rates 
of 2,488.32 Mbps, and fractions thereof, such as a tributary 
unit group (TUG) at a rate of 6.912 Mbps. 

[0037] ATM is one technology that is being used in 
conjunction With SONET and SDH to provide broadband 
call sWitching and call transport for telecommunication 
services. ATM is a protocol that describes communication of 
user communications in ATM cells. Because cells are used 
in the protocol, calls can be transported on demand for 
connection-oriented traf?c or connectionless-oriented traf 
?c, constant-bit traffic or variable-bit traf?c, and betWeen 
equipment that either requires timing or does not require 
tirning. 
[0038] Some ATM systerns handle calls over sWitched 
virtual paths (SVPs) and sWitched virtual circuits (SVCs). 
The virtual nature of ATM allows multiple communication 
devices to use a physical cornrnunication line at different 
times. This type of virtual connection rnore ef?ciently uses 
bandWidth, and thereby provides more cost efficient trans 
port for customer calls, than perrnanent virtual circuits 
(PVCs) or other dedicated circuits. 

[0039] The ATM system is able to connect a caller from an 
origination point to a destination point by selecting a con 
nection from the origination point to the destination point. 
The connection contains a virtual path (VP) and a virtual 
channel (VC). AVC is a logical connection betWeen tWo end 
points for the transfer of ATM cells. A VP is a logical 
combination of VCs. The ATM systern designates the 
selected connection by specifying a virtual path identi?er 
(VPI) that identi?es the selected VP and a virtual channel 
identi?er (VCI) that identi?es the selected VC Within the 
selected VP. Because many ATM connections are uni 
directional, bi-directional communications in an ATM sys 
tern usually require cornpanion VPIs/VCIs. 

[0040] An ATM system may be con?gured to transmit 
ATM cells over a SONET broadband system or an SDH 
broadband system. The ATM cells are mapped into the 
payload of the SONET frames or the SDH frames and 
transported over a broadband path, such as a SONET pipe or 
an SDH pipe. Typically the SONET and SDH systems are 
con?gured in a ring topology that can provide redundant and 
alternate transrnission paths for calls. 

[0041] The present invention ef?ciently and easily pro 
vides connections and sWitching for sWitches and other 
communication devices over a broadband system. The 
present invention provides call connections by using ATM 
over a SONET broadband system or an SDH broadband 
system. The ATM system provides robust sWitching func 
tions at an affordable cost. 

[0042] FIG. 1 illustrates the broadband system 102 of the 
present invention. The broadband system 102 concentrates 
and sWitches telecornrnunication call traffic betWeen net 
Works, sWitches, and elements of the broadband system. The 
broadband system 102 alloWs sWitches and other commu 
nication devices to connect to each other Without a direct 
connection betWeen each sWitch and communication device. 
The broadband system 102 may be, for example, a broad 
band metropolitan area netWork (BMAN). 
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[0043] The broadband system 102 comprises a signaling 
processor 104 and a plurality of broadband interfaces, such 
as a ?rst broadband interface 106, a second broadband 
interface 108, a third broadband interface 110, a fourth 
broadband interface 112, a ?fth broadband interface 114, and 
a siXth broadband interface 116. It Will be appreciated that 
the broadband system 102 may have a greater or a feWer 
number of broadband interfaces. 

[0044] The broadband interfaces 106, 108, 110, 112, 114, 
and 116 are connected through a series of connections. Thus, 
the ?rst broadband interface 106 is connected to the second 
broadband interface 108 through a connection 118. The 
second broadband interface 108 is connected to the third 
broadband interface 110 through a connection 120. The third 
broadband interface 110 is connected to the fourth broad 
band interface 112 through a connection 122. The fourth 
broadband interface 112 is connected to the ?fth broadband 
interface 114 through a connection 124. The ?fth broadband 
interface 114 is connected to the siXth broadband interface 
116 through a connection 126. The siXth broadband interface 
116 is connected to the ?rst broadband interface 106 through 
a connection 128. The broadband interfaces 106, 108, 110, 
112, 114, and 116 and the connections 118, 129, 122, 124, 
126, and 128 form a broadband ring. Each of the broadband 
interfaces 106, 108, 110, 112, 114, and 116 is linked to the 
signaling processor 104 through a link 130, 132, 134, 136, 
138, and 140, respectively. 
[0045] Any broadband interface may reach any other 
broadband interface in the broadband ring. For example, the 
?rst broadband interface 106 may connect to the ?fth 
broadband interface 114 by connecting through the connec 
tion 128, the siXth broadband interface 116, and the con 
nection 126. 

[0046] Typically, the connections 118, 120, 122, 124, 126, 
and 128 are ATM VPIs/VCIs connections that are provi 
sioned over SONET or SDH broadband paths. For example, 
the connections 118, 120, 122, 124, 126, and 128 may be 
VPIs/VCIs that are provisioned over OC-48 pipes. The 
broadband interfaces 106, 108, 110, 112, 114, and 116 and 
the SONET or SDH broadband paths containing the provi 
sioned virtual connections 118, 120, 122, 124, 126, and 128 
form a SONET ring or an SDH ring. 

[0047] Each of the broadband interfaces 106, 108, 110, 
112, 114, and 116 may be connected to a sWitch or to another 
communication device. In the broadband system 102 of the 
present invention, the ?rst broadband interface 108 is con 
nected to a ?rst communication device 142 through a 
connection 144. The second broadband interface 108 is 
connected to a second communication device 146 through a 
connection 148. The third broadband interface 110 is con 
nected to a ?rst intereXchange carrier (IXC) 150 through a 
connection 152. The fourth broadband interface 112 is 
connected to an incumbent local eXchange carrier (ILEC) 
154 through a connection 156. The ?fth broadband interface 
114 is connected to a competitive local eXchange carrier 
(CLEC) 158 through a connection 160. The siXth broadband 
interface 116 is connected to a second IXC 162 through a 
connection 164. The signaling processor 104 is linked to the 
?rst communication device 142 through a link 166, to the 
second communication device 144 through a link 168, to the 
?rst IXC 150 through a link 170, to the ILEC 154 through 
a link 172, to the CLEC 158 through a link 174, and to the 
second IXC 162 through a link 176. 
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[0048] The connections 144, 148, 156, and 160 may be 
any connection that carries circuit-based traf?c. Typically, 
these are time division multiplex (TDM) connections, such 
as DS3 or DSl connections. Typically, the common DSO 
used for traditional voice calls is embedded Within the DS3 
or DS 1. The connections 152 and 164 may be either TDM 
connections, such as DS3 or DSl connections, or broadband 
path connections, such as OC-48 connections that carry 
ATM traf?c. 

[0049] Connections are used to transport user communi 
cations and other device information betWeen communica 
tion devices and betWeen the elements and devices of the 
broadband system 102. The term “connection” as used 
herein means the transmission media used to carry user 
communications betWeen the elements of the broadband 
system 102 or betWeen the broadband system 102 and other 
communication devices and elements. For example, a con 
nection could carry a user’s voice, computer data, or other 
communication device data. A connection can be associated 
With either in-band communications or out-of-band commu 
nications. 

[0050] Links are used to transport call signaling and 
control messages. The term “link” as used herein means a 
transmission media used to carry call signaling and control 
messages. For example, a link Would carry call signaling or 
a device control message containing device instructions and 
data. A link can carry, for example, out-of-band signaling 
such as SS7, C7, ISDN, B-ISDN, GR-303, local area net 
Work (LAN), or data bus call signaling. A link can be, for 
example, an AALS data link, UDP/IP, Ethernet, or DSO over 
T1. In addition, a link, as shoWn in the ?gures, can represent 
a single physical link or multiple links, such as one link or 
a combination of links of ISDN, SS7, TCP/IP, or some other 
data link. The term “control message” as used herein means 
a control or signaling message, a control or signaling 
instruction, or a control or signaling signal, Whether propri 
etary or standardiZed, that conveys information from one 
point to another. 

[0051] Those skilled in the art are aWare that large net 
Works have many more components than those that are 
shoWn in FIG. 1. For example, there may typically be a 
multitude of sWitches and communication devices con 
nected through the broadband system 102. Those skilled in 
the art Will appreciate that a signal transfer point (STP) may 
be used to transfer signaling among the various components. 
The number of components shoWn on FIG. 1 has been 
restricted for clarity. The invention is fully applicable to a 
large netWork or a small netWork. 

[0052] The signaling processor 104 is a signaling platform 
that can receive and process signaling. Based on the pro 
cessed signaling, the signaling processor 164 selects pro 
cessing options, connections, or resources for the user 
communications and generates and transmits control mes 
sages that identify the communication device, processing 
option, service, or resource that is to be used. The signaling 
processor 104 also selects virtual connections and circuit 
based connections for call routing and generates and trans 
ports control messages that identify the selected connec 
tions. The signaling processor 104 can process various forms 
of signaling, including ISDN, SS7, and C7. A preferred 
signaling processor is discussed in detail beloW. 

[0053] The broadband interfaces 106, 108, 110, 112, 114, 
and 116 transport telecommunication traffic betWeen circuit 
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based connections and virtual connections, betWeen circuit 
based connections and other circuit-based connections, or 
betWeen virtual connections and other virtual connections. 
The broadband interfaces 106, 108, 110, 112, 114, and 116 
place telecommunication traf?c onto the broadband paths of 
the broadband system 102 and take telecommunication 
traffic from the broadband paths of the broadband system. 
LikeWise, the broadband interfaces 106, 108, 110, 112, 114, 
and 116 receive telecommunication traf?c from circuit 
based systems and transfer telecommunication traffic to 
circuit-based systems. 

[0054] The broadband interfaces 106, 108, 110, 112, 114, 
and 116 provide sWitching and intelligent netWork functions 
for calls. For example, the broadband interfaces 106, 108, 
110, 112, 114, and 116, together With the signaling processor 
104, connect calls from one communication device to 
another communication device. 

[0055] The communication devices 142 and 146 each 
comprise CPE, a service platform, a sWitch, a remote digital 
terminal, or any other device capable of initiating, handling, 
or terminating a call. CPE can be, for example, a telephone, 
a computer, a facsimile machine, or a private branch 
exchange. A service platform can be, for example, a service 
platform or any other enhanced platform that is capable of 
processing calls. A remote digital terminal is a device that 
concentrates analog tWisted pairs from telephones and other 
like devices and converts the analog signals to a digital 
format knoWn as GR-303. 

[0056] The ?rst and second IXCs 150 and 162 comprise 
communication devices that can transport, receive, and 
handle calls. The ?rst and second IXCs 150 and 162 may be 
connected to other IXCs, local exchange carriers (LECs), or 
other communication devices. 

[0057] The ILEC 154 and the CLEC 158 each comprise 
sWitches that transport, receive, and handle calls. The ILEC 
154 is an established local netWork. The CLEC 158 is a 
neWer local netWork that is alloWed to compete With the 
established local netWork. The ILEC 154 and the CLEC 158 
may be, for example, class 4 tandem sWitches, class 5 
sWitches, or class 4/5 sWitches. The sWitches shoWn on FIG. 
1 are Well knoWn circuit sWitches With examples being the 
Nortel DMS-250 or the Lucent SESS. 

[0058] The system of FIG. 1 operates as folloWs for a call 
that is transported betWeen the CLEC 158 and the ILEC 154 
through a SONET ring. The CLEC 158 transports call 
signaling to the signaling processor 104 over the link 174 
and transports user communications in a TDM format to the 
?fth broadband interface 114 over the connection 160. 

[0059] The signaling processor 104 receives the call sig 
naling and processes the call signaling to determine con 
nections for the call. The signaling processor 104 selects a 
?rst connection 124 and a second connection 156. The 
selected ?rst connection 124 is a SONET/ATM connection 
having an ATM VPI/V CI virtual connection that is provi 
sioned over a SONET OC level broadband path on the 
SONET ring betWeen the fourth broadband interface 112 
and the ?fth broadband interface 114. For example, the 
selected ?rst connection may be a VPI/V CI provisioned over 
an OC-48 span. The selected second connection 156 is a 
TDM connection. The signaling processor 104 transports a 
control message over the link 138 to the ?fth broadband 
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interface 114 identifying the selected ?rst connection 124. 
The signaling processor 104 also transmits a control mes 
sage over the link 136 to the fourth broadband interface 112 
identifying the selected second connection 156. 

[0060] The ?fth broadband interface 114 receives the 
control message from the signaling processor 104 and the 
user communications from the CLEC 158. The ?fth broad 
band interface 114 converts the TDM formatted user com 
munications to ATM cells that identify the selected ?rst 
connection 124 and maps the ATM cells to SONET frames. 
The ?fth broadband interface 114 places the SONET frames 
on the virtual connection of the designated SONET path for 
the selected ?rst connection 124 so that they are transported 
to the fourth broadband interface 112 over the SONET ring. 

[0061] The fourth broadband interface 112 receives the 
control message from the signaling processor 104 and 
receives the SONET frames over the selected ?rst connec 
tion 124. The fourth broadband interface 112 drops the 
SONET frames from the SONET ring and then maps the 
SONET frames to the ATM cells. The fourth broadband 
interface 112 converts the ATM cells to TDM formatted user 
communications and transports the user communications to 
the ILEC 154 over the selected second connection 156. 

[0062] It Will be appreciated that a call may be connected 
from the ILEC 154 and to the CLEC 158 in the same 
manner. Alternatively, a call may be connected betWeen the 
ILEC 154 and the ?rst IXC 105, the ILEC 154 and the 
second communication device 146, or the ILEC 154 and the 
?rst communication device 142. In fact, a call may be 
connected betWeen any of the elements in the broadband 
system 102. 

[0063] FIG. 2 illustrates the components of the ?rst broad 
band interface 106 and the second broadband interface 108. 
The ?rst broadband interface 106 and the second broadband 
interface 108 are representative of broadband interfaces in 
the broadband system 102. 

[0064] The ?rst broadband interface 106 is comprised of a 
?rst interWorking unit 202, a ?rst cross connect 204, and a 
?rst ring terminal, such as a ?rst add/drop multiplexer 
(ADM) 206. The ?rst cross connect 204 is connected to the 
?rst interWorking unit 202 through a connection 208 and to 
the ?rst ADM 206 through a connection 210. 

[0065] The ?rst interWorking unit 202 interWorks traf?c 
betWeen various protocols. Preferably, the ?rst interWorking 
unit 202 interWorks betWeen ATM traf?c and non-ATM 
traf?c. The ?rst interWorking unit 202 operates in accor 
dance With control messages received from the signaling 
processor 104 over the link 130. These control messages are 
typically provided on a call-by-call basis and typically 
identify an assignment betWeen a D50 and a VPI/VCI for 
Which user communications are interWorked. 

[0066] Thus, the ?rst interWorking unit 202 converts TDM 
formatted user communications to ATM cells that identify 
virtual connections selected by the signaling processor 104. 
The ?rst interWorking unit 202 maps ATM cells to broad 
band frames, such as SONET frames. In addition, the ?rst 
interWorking unit 202 also maps broadband frames, such as 
SONET frames, to ATM cells. The ?rst interWorking unit 
202 converts the ATM cells to TDM formatted user com 
munications. In some instances, the ?rst interWorking unit 
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202 may transport control messages Which may include data 
to the signaling processor 104. 

[0067] In some embodiments, the ?rst interWorking unit 
202 is operational to implement digital signal processing as 
instructed in the control messages. An eXample of digital 
signal processing is echo cancellation or continuity testing. 
Apreferred embodiment of the ?rst interWorking unit 202 is 
discussed in detail beloW. 

[0068] The ?rst cross connect 204 is any device, such as 
an ATM cross connect, that provisions virtual connections 
over broadband paths, such as ATM connections over 
SONET paths in a SONET ring. The ?rst cross connect 204 
provides a plurality of ATM virtual connections betWeen the 
?rst ADM 206 and the ?rst interWorking unit 202. In ATM, 
virtual connections are designated by the VPI/VCI in the cell 
header. The ?rst cross connect 204 is con?gured to accept 
ATM cells from, and transport ATM cells to, the ?rst 
interWorking unit 202 and to provide a plurality of VPI/VCI 
connections to the ?rst ADM 206. 

[0069] The VCIs are used to differentiate individual calls 
on the VPI betWeen the ?rst cross connect 204 and the ?rst 
ADM 206 and to identify the destination or handling point 
of the call. For eXample, VPI/V CI “A” may be provisioned 
from the ?rst interWorking unit 202, through the ?rst cross 
connect 204, through the ?rst ADM 206, and “destined” for 
an interWorking unit connected to a cross connect in the 
second broadband interface 108 that is associated With the 
second communication device 146. VPI/VCI “B” may be 
provisioned from the ?rst interWorking unit 202, through the 
?rst cross connect 204, through the ?rst ADM 206, and 
“destined” for an interWorking unit connected to a cross 
connect in the fourth broadband interface 112 that is asso 
ciated With the ILEC 154. (See FIG. 1.) An eXample of an 
ATM cross connect is the NEC Model 20. 

[0070] The ?rst cross connect 204 provisions the connec 
tions from the ?rst interWorking unit 202, through the ?rst 
ADM 206, and to another cross connect and from another 
cross connect, through the ?rst ADM, and to the ?rst 
interWorking unit. In a SONET system, the ?rst cross 
connect 204 receives SONET frames containing mapped 
ATM cells from the ?rst ADM 206 and cross connects the 
SONET frames on the connection to the ?rst interWorking 
unit 202. In addition, in a SONET system, the ?rst cross 
connect 204 receives SONET frames containing mapped 
ATM cells from the ?rst interWorking unit 202 and cross 
connects the SONET frames on the designated VPI/VCI 
virtual connection to the ?rst ADM 206. 

[0071] The ?rst ADM 206 adds traf?c to the broadband 
paths of the broadband ring for the connections 118 and 128 
or drops traf?c from the broadband paths for the connec 
tions. The ?rst ADM 206 may add or drop traffic that is 
transported at levels extending from the DS1 level to the OC 
level or the STS level and to equivalent standards. The 
broadband paths for connections leading to and from the ?rst 
ADM 206, such as the connections 118 and 128, are pro 
visioned by the ?rst ADM 206 as, for eXample, SONET 
paths to all other communication devices in the broadband 
system 102. Thus, for eXample, a SONET path is provi 
sioned betWeen the ?rst ADM 206 in the ?rst broadband 
interface 106 and an ADM in the second broadband interface 
108 to carry traf?c for the virtual connection for the con 
nection 118. Another SONET path is provisioned betWeen 
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the ?rst ADM 206 in the ?rst broadband interface 106 and 
an ADM in the sixth broadband interface 116 to carry traf?c 
for the virtual connection for the connection 128. (See FIG. 
1.) 
[0072] Referring still to FIG. 2, the second broadband 
interface 108 is comprised of a second interWorking unit 
212, a second cross connect 214, and a second ring terminal, 
such as a second add/drop multiplexer (ADM) 216. The 
second cross connect 214 is connected to the second inter 
Working unit 212 through a connection 218 and to the 
second ADM 206 through a connection 220. 

[0073] The second interWorking unit 212 interWorks traf 
?c betWeen various protocols. Preferably, the second inter 
Working unit 212 interWorks betWeen ATM traf?c and 
non-ATM traf?c. The second interWorking unit 212 operates 
in accordance With control messages received from the 
signaling processor 104 over the link 132. These control 
messages are typically provided on a call-by-call basis and 
typically identify an assignment betWeen a D50 and a 
VPI/VCI for Which user communications are interWorked. 

[0074] Thus, the second interWorking unit 212 converts 
TDM formatted user communications to ATM cells that 
identify virtual connections selected by the signaling pro 
cessor 104. The second interWorking unit 212 maps ATM 
cells to broadband frames, such as SONET frames. In 
addition, the second interWorking unit 212 also maps broad 
band frames, such as SONET frames, to ATM cells. The 
second interWorking unit 212 converts ATM cells to TDM 
formatted user communications. In some instances, the 
second interWorking unit 212 may transport control mes 
sages Which may include data to the signaling processor 104. 

[0075] In some embodiments, the second interWorking 
unit 212 is operational to implement digital signal process 
ing as instructed in the control messages. An example of 
digital signal processing is echo cancellation or continuity 
testing. Apreferred embodiment of the second interWorking 
unit 212 is discussed in detail beloW. 

[0076] The second cross connect 214 is any device, such 
as an ATM cross connect, that provisions virtual connections 
over broadband paths, such as ATM connections over a 
SONET ring. The second cross connect 214 provides a 
plurality of ATM virtual connections betWeen the second 
ADM 216 and the second interWorking unit 212. In ATM, 
virtual connections are designated by the VPI/VCI in the cell 
header. The second cross connect 214 is con?gured to accept 
ATM cells from, and transport ATM cells to, the second 
interWorking unit 212 and to provide a plurality of VPI/VCI 
connections to the second ADM 216. 

[0077] The VCIs are used to differentiate individual calls 
on the VPI betWeen the second ADM 216 and the second 
interWorking unit 212 and to identify the destination or 
handling point of the call. For example, VPI/V CI “A” may 
be provisioned from the second interWorking unit 212, 
through the second cross connect 214, through the second 
ADM 216, and “destined” for an interWorking unit con 
nected to a cross connect in the ?rst broadband interface 106 
that is associated With the ?rst communication device 142. 
VPI/VCI “B” may be provisioned from the second inter 
Working unit 212, through the second cross connect 214, 
through the second ADM 216, and “destined” for an inter 
Working unit connected to a cross connect in the fourth 
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broadband interface 112 that is associated With the ILEC 
154. (See FIG. 1.) An example of an ATM cross connect is 
the NEC Model 20. 

[0078] The second cross connect 214 provisions the vir 
tual connections from the second interWorking unit 212, 
through the second ADM 216, and to other cross connects 
and from other cross connects, through the ADM, and to the 
second interWorking unit. In a SONET system, the second 
cross connect 214 receives SONET frames containing 
mapped ATM cells from the second ADM 216 and cross 
connects the SONET frames on the connection to the second 
interWorking unit 212. In addition, in a SONET system, the 
second cross connect 214 receives SONET frames contain 
ing mapped ATM cells from the second interWorking unit 
212 and cross connects the SONET frames on the designated 
virtual connection for the connection to the second ADM 
216. 

[0079] The second ADM 216 adds traf?c to the broadband 
paths of the broadband ring for the connections 118 and 120 
or drops traf?c from the broadband paths for the connec 
tions. The second ADM 216 may add or drop traf?c that is 
transported at levels extending from the DS1 level to the OC 
level or the STS level and equivalent standards. The broad 
band paths for connections leading to and from the second 
ADM 216, such as the connections 118 and 120, are pro 
visioned by the second ADM 216 as, for example, SONET 
paths to all other communication devices in the broadband 
system 102. Thus, for example, a SONET path is provi 
sioned betWeen the second ADM 216 in the second broad 
band interface 108 and the ?rst ADM 206 in the ?rst 
broadband interface 106 to carry traf?c for the virtual 
connection for the connection 118. Another SONET path is 
provisioned betWeen the second ADM 216 in the second 
broadband interface 108 and an ADM in the sixth broadband 
interface 116 to carry traffic for the virtual connection for the 
connection 120. (See FIG. 1.) 

[0080] Abroadband path in a SONET system is identi?ed 
by a SONET OC level or STS level path. Similarly, a virtual 
connection is identi?ed by an ATM VPI/VCI or companion 
ATM VPIs/VCIs. This combination of the provisioned vir 
tual connection in the provisioned broadband path shall be 
referred to herein as the ATM connection over the SONET 
path or as the virtual connection of the broadband path. 
Thus, for example, the provisioned VPI/VCI betWeen the 
?rst interWorking unit 202 and the second interWorking unit 
212, through the ?rst cross connect 204 and the second cross 
connect 214, Which extends through the provisioned broad 
band path of the SONET ring betWeen the ?rst ADM 206 
and the second ADM 216 is referred to herein as the virtual 
connection over the broadband path for the connection 118 
or as the ATM connection of the SONET ring for the 
connection 118. 

[0081] It Will be appreciated that the system described 
above may be modi?ed to incorporate various other carrier 
netWork and system equipment. For example, in some cases, 
a terminal multiplexer or an access multiplexer may be used 
instead of the add/drop multiplexer of the preferred system 
described above. 

[0082] The ?rst broadband interface 106 and the second 
broadband interface 108 of FIG. 2 operate as folloWs When 
the ?rst communication device 142 transports a call to the 
second communication device 146 in a SONET broadband 
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system 102. The operation of the ?rst broadband interface 
106 and the second broadband interface 108 are represen 
tative of the other broadband interfaces 110, 112, 114, and 
116. 

[0083] Referring to FIG. 1, it Will be understood that 
SONET paths are provisioned from each broadband inter 
face 106, 108, 110, 112, 114, and 116 to every other 
broadband interface in the broadband netWork 102. For 
example, the ?fth broadband interface 114 Will have a 
SONET path provisioned to every other broadband interface 
106, 108, 110, 112, and 116. It Will be appreciated that this 
forms a ?at architecture betWeen the broadband interfaces 
106, 108, 110, 112, 114, and 116 Which is implemented over 
the SONET ring. 

[0084] Referring to FIG. 1 and FIG. 2, the SONET paths 
are provisioned betWeen the ADMs in each broadband 
interface 106, 108, 110, 112, 114, and 116, such as betWeen 
the ?rst ADM 206 and the second ADM 216. In a similar 
fashion, ATM connections are provisioned betWeen the cross 
connects of each broadband interface 106, 108, 110, 112, 
114, and 116 to the cross connects in each other broadband 
interface and to the associated interWorking units. For 
eXample, the ?rst cross connect 204 in the ?rst broadband 
interface 106 uses the SONET paths provided by the ADM 
206 to provision an ATM connection from the ?rst inter 
Working unit 202 through the second cross connect 214 in 
the second broadband interface 108 to the second interWork 
ing unit 212. 

[0085] The interWorking units of each of the broadband 
interfaces 106, 108, 110, 112, 114, and 116 have a provi 
sioned ATM connection over the SONET ring to each of the 
interWorking units in the other broadband interfaces. Thus, 
it can be seen that the ?rst interWorking unit 202 in the ?rst 
broadband interface 106 has a provisioned ATM connection 
over the SONET ring to each of the interWorking units in the 
other broadband interfaces 108, 110, 112, 114, and 116. For 
eXample, the ?rst interWorking unit 202 in the ?rst broad 
band interface 106 has a provisioned ATM connection over 
the SONET ring to the second interWorking unit 212 in the 
second broadband interface 108. Because the ATM connec 
tions are provisioned over the SONET ring, When the 
signaling processor 104 selects a connection, an interWork 
ing unit places the ATM cells on the selected connection, and 
the ATM cells are transported in the broadband frames to the 
receiving interWorking unit. It Will be appreciated that ATM 
connections may be provisioned over the SONET ring prior 
to a call, and that ATM connections may be reprovisioned 
over the SONET ring during or after a call. 

[0086] When a call is transported, it must conform to both 
the ATM protocol and the SONET protocol. The user 
communications are ?rst placed into ATM cells that identify 
the VPI/VCI of the selected connection. This alloWs ATM 
capable communication devices to transport calls to, and 
receive calls from, other ATM capable communication 
devices. The ATM cells are then mapped into SONET 
frames to be transported and received over the SONET 
paths. Typically, the ATM cells are mapped to an OC-3 level 
or an STS-3c level communication. It should be noted that, 
for clarity, ATM cells that are mapped to SONET frames 
may be referred to beloW as ATM cells, Without the refer 
ence to the SONET frame mapping. One skilled in the art 
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Will appreciate that ATM cells are mapped to and from 
SONET frames at the ?rst and second interWorking units 
202 and 212. 

[0087] When a call is to be connected, the ?rst commu 
nication device 142 transports the call signaling to the 
signaling processor 104 over the link 166 in an appropriate 
format, such as SS7. The ?rst communication device 142 
transports the user communications to the ?rst interWorking 
unit 202 over the connection 144 in a communication 
format, such as a TDM format over a DSO embedded in a 
DS3. 

[0088] The signaling processor 104 receives the call sig 
naling and processes the call signaling to determine con 
nections for the call. The signaling processor 104 selects a 
?rst connection 118 over Which the ATM formatted user 
communications Will be transported from the ?rst broadband 
interface 106. The selected ?rst connection 118 is an ATM 
connection over a SONET path, such as a VPI/VCI in an 
OC-48 pipe. The signaling processor 104 transports a con 
trol message over the link 130 to the ?rst interWorking unit 
202. The control message identi?es the selected ?rst con 
nection 118. 

[0089] The signaling processor 104 also processes the call 
signaling to determine a second connection 148 for the call 
over Which the second interWorking unit 212 Will transport 
TDM formatted user communications to the second com 
munication device 146. The selected second connection 148 
is a TDM connection, such as a DSO embedded in a DS3. 
The signaling processor 104 transports a control message 
over the link 132 to the second interWorking unit 212. The 
control message identi?es the selected second connection 
148. 

[0090] The ?rst interWorking unit 202 receives the control 
message from the signaling processor 104 and the user 
communications from the ?rst communication device 142. 
The ?rst interWorking unit 202 interWorks the TDM format 
ted user communications to ATM cells that identify the 
selected VPI/VCI of the ?rst connection 118. 

[0091] The ATM cells are mapped to SONET frames for 
the requisite OC level or STS level communication. The ?rst 
interWorking unit 202 then transports the ATM cells in the 
SONET frames to the ?rst cross connect 204 over a con 

nection 208. Preferably, the connection is an OC-3. 

[0092] The ?rst cross connect 204 receives the SONET 
frames containing the ATM cells. The ?rst cross connect 204 
removes the ATM cells from the SONET frames and cross 
connects the ATM cells through the ATM fabric to the 
appropriate provisioned virtual connection for the selected 
?rst connection 118. The ?rst cross connect 204 maps the 
ATM cells back into SONET frames at the output of the ?rst 
cross connect. The SONET frames containing the ATM cells 
are transported to the ?rst ADM 206 over a provisioned path 
in the connection 210 for the VPI/VCI of the selected ?rst 
connection 118. The connection 210 preferably is an OC 
level or an STS level connection, such as an OC-3. It can be 
seen that cells are transported to the correct connection When 
the correct VPI/VCI is selected. 

[0093] The ?rst ADM 206 receives the SONET frames 
containing the ATM cells from the ?rst cross connect 204 
over the connection 210. The ?rst ADM 206 adds the frames 
on the provisioned broadband path on the SONET ring that 
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has the corresponding provisioned VPI/VCI of the selected 
?rst connection 118. The SONET frames are transported 
over the SONET ring on, for example, an OC-48 to the 
second broadband interface 108. 

[0094] The second ADM 216 receives the SONET frames 
containing the ATM cells over the selected ?rst connection 
118 of the SONET ring. The second ADM 216 drops the 
SONET frames containing the ATM cells from the SONET 
ring to the second cross connect 214. 

[0095] The second cross connect 214 receives the SONET 
frames over the connection 220. The second cross connect 
214 cross connects the SONET frames containing the ATM 
cells to the second interWorking unit 212 over the provi 
sioned path in the connection 218 that corresponds to the 
VPI/VCI in the ATM cells. 

[0096] The second interWorking unit 212 receives the 
SONET frames from the second cross connect 214 and the 
control message from the signaling processor 104. The 
second interWorking unit 212 maps the SONET frames to 
the ATM cells. The second interWorking unit 212 converts 
the ATM cells to TDM formatted user communications and 
transports the TDM formatted user communications to the 
second communication device 146 over the selected second 
connection 148. 

[0097] Referring still to FIG. 2, a call may be connected 
from the second communication device 146 to the ?rst 
communication device 142. The process for the connection 
and the transport of the user communications is the same as 
described above, except that the second broadband interface 
108 transports the user communications as ATM cells 
mapped in SONET frames and the ?rst broadband interface 
106 receives the user communications as ATM cells mapped 
in the SONET frames. 

[0098] Although the system is described above using 
SONET designations, the invention is equally applicable for 
use With SDH systems. For example, ATM cells may be 
mapped to STM-l electrical/optical (E/O) frames in the 
SDH system instead of analogous STS-3c/OC-3 frames in a 
SONET system. Likewise, ATM cells and loWer SDH level 
communications may be multiplexed or mapped up to 
STM-12 E/O communications in the SDH system instead of 
analogous STS-48/OC-48 communications in a SONET 
system. 

[0099] Referring to FIG. 1 and FIG. 2, it Will be appre 
ciated that the functions of the signaling processor 104, the 
?rst interWorking unit 202, the ?rst cross connect 204, and 
the ?rst ADM 206 provide sWitching-type functions for 
ATM traf?c being transported to communication devices in 
the SONET ring from the ?rst broadband interface 106. 
Moreover, the functions of the signaling processor 104, the 
second interWorking unit 212, the second cross connect 214, 
and the second ADM 216 provide sWitching-type functions 
for traffic being transported to communication devices, such 
as sWitches, from the SONET ring. 

[0100] These sWitching functions give the broadband sys 
tem 102 the ability to connect and sWitch calls to any 
location in the broadband system 102. This alloWs the 
broadband system to complete such functions as local num 
ber portability so that a telephone service customer can 
sWitch services from, for example, the ILEC 154 to the 

Aug. 11, 2005 

CLEC 158 and keep the same local telephone number. Other 
services, including intelligent netWork services, also may be 
provided. 
[0101] The present invention as explained above may be 
adapted for use With other devices or With feWer devices. For 
example, the ?rst broadband interface 106 may be adapted 
to be used Without the cross connect 204. HoWever, some 
sWitching functionality may be eliminated because broad 
band paths then Would be provisioned to the ?rst interWork 
ing unit 202, and the ?rst interWorking unit Would have to 
select the broadband path. Multiple SONET paths may be 
provisioned from the ?rst interWorking unit 202 to each call 
destination. 

[0102] As illustrated in FIG. 3, the broadband interface 
302 may have multiple interWorking units or cross connects. 
Thus, a cross connect 304 may be connected to a ?rst 
interWorking unit 306 and to a second interWorking unit 308, 
in addition to an ADM 310. A signaling processor 312 
processes call signaling and determines connections and 
processing for the components of the broadband interface 
302. The ?rst and second interWorking units 306 and 308 
may be in the same proximate location or in different 
proximate locations. Moreover, the cross connect 304 or 
other components may be connected to another cross con 

nect or to a gateWay (not shoWn). 

[0103] As illustrated in FIG. 4, the broadband system 
102B may use an STP 404. In addition, the broadband 
system 102B may be con?gured so that a plurality of 
broadband interfaces are each connected to its oWn signaling 
processor. In this con?guration, the broadband system 102B 
has a ?rst broadband interface 404 linked to a ?rst signaling 
processor 406, a second broadband interface 408 linked to a 
second signaling processor 410, a third broadband interface 
412 linked to a third signaling processor 414, a fourth 
broadband interface 416 linked to a fourth signaling pro 
cessor 418, a ?fth broadband interface 420 linked to a ?fth 
signaling processor 422, and a sixth broadband interface 424 
linked to a sixth signaling processor 426. Each of the 
signaling processors 406, 410, 414, 418, 422, and 426 are 
linked to the STP 402. For clarity, the links and the con 
nections are not referenced. 

[0104] In addition, it Will be appreciated that the system of 
the present invention may connect calls for a variety of 
communication devices. For example, a broadband interface 
may be connected to a class 4 sWitch, a class 5 sWitch, or a 
class 4/5 sWitch. These sWitches may, in turn, be connected 
to other class 4, class 5, or class 4/5 sWitches. The broadband 
system and broadband interfaces may be used to connect and 
process calls in a local architecture or in an interexchange 
architecture. In addition, the broadband system and broad 
band interfaces may be used to connect and process calls in 
facility based and non-facility based traf?c. Moreover, the 
broadband interfaces may connect to in-band signaling 
communication devices as Well as the out-of-band signaling 
communication devices. 

[0105] The ATM InterWorking Unit 

[0106] FIG. 5 shoWs one embodiment of an interWorking 
unit Which is an ATM interWorking unit 502 suitable for the 
present invention for use With a SONET system, but other 
interWorking units that support the requirements of the 
invention are also applicable. The ATM interWorking unit 
502 may receive and transmit in-band and out-of-band calls. 



US 2005/0174999 A1 

[0107] The ATM interWorking unit 502 has a control 
interface 504, an OC-N/STS-N interface 506, a D53 inter 
face 508, a D51 interface 510, a D50 interface 512, a signal 
processor 514, an ATM adaptation layer 516, an 
OC-M/STS-M interface 518, and an ISDN/GR-303 interface 
520. As used herein in conjunction With OC or STS, “N” 
refers to an integer, and “M” refers to an integer. 

[0108] The control interface 504 accepts control messages 
from the signaling processor 522. In particular, the control 
interface 504 identi?es DSO connections and virtual con 
nection assignments in the control messages from the sig 
naling processor 522. These assignments are provided to the 
AAL 516 for implementation. 

[0109] The OC-N/STS-N interface 506, the DS3 interface 
508, the DS1 interface 510, the DS0 interface 512, and the 
ISDN/GR-303 interface 520 each can accept calls, including 
user communications, from a communication device 524. 
Likewise, the OC-M/STS-M interface 518 can accept calls, 
including user communications, from a communication 
device 526. 

[0110] The OC-N/STS-N interface 506 accepts OC-N 
formatted calls and STS-N formatted calls and converts the 
calls from the OC-N or STS-N formats to the DS3 format. 
The DS3 interface 508 accepts calls in the DS3 format and 
converts the calls to the DS1 format. The DS3 interface 508 
can accept DS3s from the OC-N/STS-N interface 506 or 
from an external connection. The DSl interface 510 accepts 
the calls in the DS1 format and converts the calls to the DS0 
format. The DSl interface 510 can accept DSls from the 
DS3 interface 508 or from an external connection. The DSO 
interface 512 accepts calls in the DS0 format and provides 
an interface to the AAL 516. The ISDN/GR-303 interface 
520 accepts calls in either the ISDN format or the GR-303 
format and converts the calls to the DS0 format. In addition, 
each interface may transmit signals in like manner to the 
communication device 524. 

[0111] The OC-M/STS-M interface 518 is operational to 
accept ATM cells from the AAL 516 and to transmit the 
ATM cells over the connection to the communication device 
526. The OC-M/STS-M interface 518 may also accept ATM 
cells in the OC or STS format and transmit them to the AAL 
516. 

[0112] The AAL 516 comprises both a convergence sub 
layer and a segmentation and reassembly (SAR) sublayer. 
The AAL 516 is operational to accept communication device 
information in the DS0 format from the DS0 interface 512 
and to convert the communication device information into 
ATM cells. AALs are knoWn in the art and information about 
AALs is provided by International Telecommunications 
Union (ITU) document 1.363, which is incorporated fully 
herein by reference. An AAL for voice calls is described in 
US. patent application Ser. No. 08/395,745, Which Was ?led 
on Feb. 28, 1995, and entitled “Cell Processing for Voice 
Transmission,” and Which is incorporated herein by refer 
ence. 

[0113] The AAL 516 obtains from the control interface 
504 the virtual path identi?er (VPI) and the virtual channel 
identi?er (VCI) for each DSO for each call connection. The 
AAL 516 also obtains the identity of the DS0 for each call 
(or the DSOs for an N><64 call). The AAL 516 then transfers 
the communication device information betWeen the identi 
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?ed D50 and the identi?ed ATM virtual connection. An 
acknoWledgment that the assignments have been imple 
mented may be sent to the signaling processor 522 if desired. 
Calls With multiple 64 Kilo-bits per second (Kbps) DSOs are 
knoWn as N><64 calls. If desired, the AAL 516 can be 
con?gured to accept control messages through the control 
interface 504 for N><64 calls. 

[0114] As discussed above, the ATM interWorking unit 
502 also handles calls in the opposite direction, that is, in the 
direction from the OC-M/STS-M interface 518 to the DS0 
interface 512, including calls exiting from the DS1 interface 
510, the DS3 interface 508, the OC-N/STS-N interface 506, 
and the ISDN/GR-303 interface 520. For this traf?c, the 
VPI/VCI has been selected already and the traf?c has been 
routed through the cross-connect (not shoWn). As a result, 
the AAL 516 only needs to identify the pre-assigned DSO for 
the selected VPI/V CI. This can be accomplished through a 
look-up table. In alternative embodiments, the signaling 
processor 522 can provide this DSO-VPI/V CI assignment 
through the control interface 504 to the AAL 516. 

[0115] A technique for processing VPI/VCIs is disclosed 
in US. patent application Ser. No. 08/653,852, Which Was 
?led on May 28, 1996, and entitled “Telecommunications 
System With a Connection Processing System,” and Which is 
incorporated herein by reference. 

[0116] D50 connections are bi-directional and ATM con 
nections are typically uni-directional. As a result, tWo virtual 
connections in opposing directions typically Will be required 
for each DSO. Those skilled in the art Will appreciate hoW 
this can be accomplished in the context of the invention. For 
example, the cross-connect can be provisioned With a sec 
ond set of VPI/VCIs in the opposite direction as the original 
set of VPI/VCIs. For each call, ATM interWorking multi 
plexers Would be con?gured to invoke automatically this 
second VPI/VCI to provide a bi-directional virtual connec 
tion to match the bi-directional DSO on the call. 

[0117] In some embodiments, it may be desirable to incor 
porate digital signal processing capabilities at the DS0 level. 
It may also be desired to apply echo cancellation to selected 
DSO circuits. In these embodiments, a signal processor 514 
Would be included either separately (as shoWn) or as a part 
of the DS0 interface 512. The signaling processor 522 Would 
be con?gured to send control messages to the ATM inter 
Working unit 502 to implement particular features on par 
ticular DSO circuits. Alternatively, lookup tables may be 
used to implement particular features for particular circuits 
or VPIs/VCIs. 

[0118] FIG. 6 shoWs another embodiment of an inter 
Working unit Which is an ATM interWorking unit 602 
suitable for the present invention. The ATM interWorking 
unit 502 may receive and transmit in-band and out-of-band 
calls. 

[0119] The ATM interWorking unit 602 is for use With an 
SDH system and has a control interface 604, an STM-N 
electrical/optical (E/O) interface 606, an E3 interface 608, 
an E1 interface 610, an E0 interface 612, a signal processor 
614, an ATM adaptation layer 616, an STM-M 
electrical/optical (E/O) interface 618, and a digital private 
netWork signaling system (DPNSS) interface 620. As used 
herein in conjunction With STM, “N” refers to an integer, 
and “M” refers to an integer. 
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[0120] The control interface 604 accepts control messages 
from the signaling processor 622. In particular, the control 
interface 604 identi?es E0 connections and virtual connec 
tion assignments in the control messages from the signaling 
processor 622. These assignments are provided to the AAL 
616 for implementation. 

[0121] The STM-N E/O interface 606, the E3 interface 
608, the E1 interface 610, the E0 interface 612, and the 
DPNSS interface 620 each can accept calls, including user 
communications, from a second communication device 624. 
Likewise, the STM-M E/O interface 618 can accept calls, 
including user communications, from a third communication 
device 626. 

[0122] The STM-N E/O interface 606 accepts STM-N 
electrical or optical formatted calls and converts the calls 
from the STM-N electrical or STM-N optical format to the 
E3 format. The E3 interface 608 accepts calls in the E3 
format and converts the calls to the E1 format. The E3 
interface 608 can accept E3s from the STM-N E/O interface 
606 or from an external connection. The E1 interface 610 
accepts the calls in the E1 format and converts the calls to 
the E0 format. The E1 interface 610 can accept E1s from the 
STM-N E/O interface 606 or the E3 interface 608 or from an 
external connection. The E0 interface 612 accepts calls in 
the E0 format and provides an interface to the AAL 616. The 
DPNSS interface 620 accepts calls in the DPNSS format and 
converts the calls to the E0 format. In addition, each 
interface may transmit signals in a like manner to the 
communication device 624. 

[0123] The STM-M E/O interface 618 is operational to 
accept ATM cells from the AAL 616 and to transmit the 
ATM cells over the connection to the communication device 
626. The STM-M E/O interface 618 may also accept ATM 
cells in the STM-M E/O format and transmit them to the 
AAL 616. 

[0124] The AAL 616 comprises both a convergence sub 
layer and a segmentation and reassembly (SAR) sublayer. 
The AAL 616 is operational to accept communication device 
information in the E0 format from the E0 interface 612 and 
to convert the communication device information into ATM 
cells. 

[0125] The AAL 616 obtains from the control interface 
604 the virtual path identi?er and the virtual channel iden 
ti?er for each call connection. The AAL 616 also obtains the 
identity of each call. The AAL 616 then transfers the 
communication device information betWeen the identi?ed 
E0 and the identi?ed ATM virtual connection. An acknoWl 
edgment that the assignments have been implemented may 
be sent back to the signaling processor 622 if desired. If 
desired, the AAL 616 can be con?gured to accept control 
messages through the control interface 604 for N><64 calls. 

[0126] As discussed above, the ATM interWorking unit 
602 also handles calls in the opposite direction, that is, in the 
direction from the STM-M E/O interface 618 to the E0 
interface 612, including calls exiting from the E1 interface 
610, the E3 interface 608, the STM-N E/O interface 606, and 
the DPNSS interface 620. For this traf?c, the VPI/V CI has 
been selected already and the traf?c has been routed through 
the cross-connect (not shoWn). As a result, the AAL 616 only 
needs to identify the pre-assigned E0 for the selected VPI/ 
VCI. This can be accomplished through a look-up table. In 
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alternative embodiments, the signaling processor 622 can 
provide this VPI/VCI assignment through the control inter 
face 604 to the AAL 616. 

[0127] E0 connections are bi-directional and ATM con 
nections typically are uni-directional. As a result, tWo virtual 
connections in opposing directions typically Will be required 
for each E0. Those skilled in the art Will appreciate hoW this 
can be accomplished in the context of the invention. For 
example, the cross-connect can be provisioned With a sec 
ond set of VPI/VCIs in the opposite direction as the original 
set of VPI/VCIs. For each call, ATM interWorking multi 
plexers Would be con?gured to automatically invoke this 
second VPI/VCI to provide a bi-directional virtual connec 
tion to match the bi-directional E0 on the call. 

[0128] In some instances, it may be desirable to incorpo 
rate digital signal processing capabilities at the E0 level. 
Also, it may be desirable apply echo cancellation. In these 
embodiments, a signal processor 614 Would be included 
either separately (as shoWn) or as a part of the E0 interface 
612. The signaling processor 622 Would be con?gured to 
send control messages to the ATM interWorking unit 602 to 
implement particular features on particular circuits. Alter 
natively, lookup tables may be used to implement particular 
features for particular circuits or VPIs/VCIs. 

[0129] The Signaling Processor 

[0130] The signaling processor is referred to as a call/ 
connection manager (CCM), and it receives and processes 
telecommunications call signaling and control messages to 
select connections that establish communication paths for 
calls. In the preferred embodiment, the CCM processes 
ISDN, GR-303, and SS7 signaling to select connections for 
a call. CCM processing is described in a US. Pat. No. 
6,031,840 Which is entitled “Telecommunication System,” 
Which is assigned to the same assignee as this patent 
application, and Which is incorporated herein by reference. 

[0131] In addition to selecting connections, the CCM 
performs many other functions in the context of call pro 
cessing. It not only can control routing and select the actual 
connections, but it also can validate callers, control echo 
cancellers, generate billing information, invoke intelligent 
netWork functions, access remote databases, manage traf?c, 
and balance netWork loads. One skilled in the art Will 
appreciate hoW the CCM described beloW can be adapted to 
operate in the above embodiments. 

[0132] FIG. 7 depicts a version of the CCM. Other 
versions also are contemplated. In the embodiment of FIG. 
7, the CCM 702 controls an ATM interWorking unit, such as 
an ATM interWorking multiplexer (mux) that performs inter 
Working of DSOs and VPI/VCIs. HoWever, the CCM may 
control other communications devices and connections in 
other embodiments. 

[0133] The CCM 702 comprises a signaling platform 704, 
a control platform 706, and an application platform 708. 
Each of the platforms 704, 706, and 708 is coupled to the 
other platforms. 

[0134] The signaling platform 704 is externally coupled to 
the signaling systems—in particular to SS7 signaling sys 
tems having a message transfer part (MTP), an ISDN user 
part (ISUP), a signaling connection control part (SCCP), an 
intelligent netWork application part (INAP), and a transac 












