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SPECIFICATION

Control communication in a switching system hav-
ing clustered remote switching modules

This invention relates to a switching arrangement
comprising a switching network.

It is desirable to provide the features and advan-
tages associated with stored program controlled
switching to small communities.

However, many small communities cannot econo-
mically justify the installation of independent, stored
program-controlled systems. This situation has led
to the development of systems in which a remote
switching network can be controlled over a com-
munication link by the central control of a host
electronic switching system. One such system, the
Western Electric No. 10A Remote Switching System
(RSS) described in the Bell System Technical Jour-
nal, Vol. 61, No. 4, April 1982, can serve up to 2048
lines and has a stand-alone capability where basic
service is maintained for intra-RSS calls in the event
of a failure of the host system or the communication
link between the host and remote units. The econo-
mic advantages involved in sharing a host system
central control can also be realised by installing
several remote switching systems in a larger com-
munity having more lines than can be accommo-
dated by a single remote system. However, installing
separate remote systems to serve a single commun-
ity may have several disadvantages. When one of
the links to the host system fails, stand-alone
operation of separate remote systems may resultin
the isolation of highly interactive portions of the
community. Further, voice and data traffic among
the separate remote systems must be conveyed via
the host system network. The resulting increase in
traffic through the host system network increases
the number of the expensive transmission facilities
required to connect the host system to separate
remote units and may make impractical the connec-
tion of such remote units to an available host system
network which is already operating near its max-
imum capacity.

A recognised problem in the art in providing
remote switching service to a community having
more lines than are accommodated by a single
remote system is the isolation of different parts of
the community during stand-alone operation and
the unnecessary voice and data traffic through the
host system network during normal operation.

The problem is solved in accordance with this
invention in a switching arrangement in which the
switching arrangement comprises first and second
remote switching modules, first interconnection
circuits for interconnecting the switching network
and the first remote switching module, second
interconnection circuits for interconnecting the host
switching network and the second remote switching
module and third interconnection circuits for inter-
connecting the first and second remote switching
modules, wherein the first remote switching module
comprises a first plurality of peripheral circuits for
transmitting control information on the third inter-
connection circuits and wherein the second remote
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switching module comprises a second plurality of
peripheral circuits, means for receiving control on
the thirs interconnection circuits and means respon-
sive to control information received on the third
interconnection circuits for selectively establishing
communication paths among the second plurality of
peripheral circuits and the third interconnection
circuit.

The principles of the invention are achieved in an
arrangement wherein a number of remote switching
modules in a grouping referred to as a cluster herein
are directly interconected such that intracluster voice
and data traffic can be direcrly conveyed between
modules rather than being routed through the host
system network and wherein control information
can also be conveyed among the modules via the
direct interconnections therebetween to allow the
integrated, stand-alone operation of the entire
cluster. :

Brief description of the drawing

An embodiment of the invention will now be
described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1is s block diagram of a switching system
architecture embodying the present invention;

Figure 2 is a block diagram of a time division
switching system capable of being used in the host
switching system of the architecture of Figure 1;

Figure 3 is a more detailed diagram of a time-slot
interchange unit and associated control unit utilised
in the system of Figure 2;

Figure 4is a diagram of an interface unit included
within each time-slot interchange unit which is
utilised for communication with a time-multiplexed
switch of the system of Figure 2;

Figure 5is a diagram of a TMS interface link in the
time-multiplexed switch which is utilised for com-
munication with a time-slot interchange unit of the
system of Figure 2;

Figure 6 is a diagram of the data word format
utilized in the system of Figure 2;

Figure 7 is a functional diagram of the communi-
cation sequence required for call setup in the system
of Figure 2;

Figure 8is a flow diagram of teh E-bit contro!
sequence of the system of Figure 2; -

Figure 9is a diagram of an E-bit check circuit used
in the system of Figure 2;

Figure 10 through 72 when arranged in accord-
ance with Figure 13, is a block diagram of an
exemplary embodiment of the present invention;

Figure 14 is a more detailed diagram of a facilities
interface unit included in the system of Figure 10
through 12;

Figure 15 and 76 are diagrams of frame formats
used in the system of Figure 10 through 12;

Figure 17 and 78 are functional diagrams of
communication sequences involved in call setup in
the system of Figure 10 through 12;

Figure 79 is a more detailed diagram of a digital
facility interface included in the system of Figure 10
through 12;

Figure 20 is a more detailed diagram of a time-slot
interchange unit included in the system of Figure 10
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through 12; and

Figure 21 is a more detailed diagram of an
interface unit included in the time-slot interchange
unit of Figure 20.

General description
Figure 1 is a block diagram of a switching system
architecture embodying the present invention. in

this architecture, a host switching system 900 is used.

to interconnect subscriber sets such as sets 23 and
26 for communication. In addition, host system 900
controls the operation of an illustrative cluster of
four remote switching modules 501, 502, 503 and
504 serving a plurality of subscriber sets such as sets
528, 529, 538, 5639, 548, 549, 558 and 559. In
accordance with the present example, each remote
switching module is connected to host system 900
via four bidirectional transmission facilities, which
can be of substantial length, e.g., 50-100 miles, over
which both control information and subscriber-
generated information, e.g., voice or data, can be
conveyed. Specifically, host system 900 is connected
to module 501 by transmission facilities 421 through
424, to module 502 by transmission facilities 431
through 434, to module 503 by transmission facilities
441 through 444 and to module 504 by transmission
facilities 451 through 454. Furthermore, each pair of
remote switching modules is interconnected by a
bidirectional transmission facility similarly capable
of conveying both control information and subscri-
ber-generated information. In Figure 1, module 501
is connected by transmission facilities 425, 426 and
427 to modules 502, 503, and 504, respectively,
module 502 is connected by transmission facilities
435 and 436 to modules 503 and 504, respectively,
and modules 503 and 504 are interconnected by
transmission facility 445. The number of transmis-
sion facilities between a given remote switching
module and host system 900 or betwen a given pair
of remote switching modules depends on the
amount of traffic anticipated therebetween.

When a call is to be set up, for example, from
subscriber set 528 connected to remote switching
module 501, to subscriber set 559 connected to
remote switching module 504, module 501 transmits
a control message to host system 900 using an
established control channel on one of the transmis-
sion facilities 421 through 424. Host system 900
determines based on stored information that at least
one channel on transmission facility 427 between
modules 501 and 504 is available for the call. Host
system 900 then transmits a control message to
module 504 via an established control channel on
one of the transmission facilities 451 through 454
and, in response, module 504 selects an available
channel on transmission facility 427 for the call.
Module 504 informs module 501 of the selected
channel by transmitting a control message via the
established control channel on one of the transmis-
sion facilities 451 through 454, which message is
routed by host system 900 in the established control
channel on one of the transmission facilities 421
through 424 to module 501. Alternatively, module
504 transmits this control message to module 501
via an established control channel on transmission
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facility 427. Subscriber sets 528 and 559 can now
communicate via the selected transmission facility
427 channel without using a host system- 900
communication path. Alternatively, the selection of
the transmission facility 427 channel to be used for
the call is made by module 501.

However, if host system 900 determined that no
transmission facility 427 channel is available, the call
is not necessarily blocked. As long as a host system
900 communication path is available interconnecting
an idle channel on one of the transmission facilities
421 through 424 and an idle channel on one of the
transmission facilities 451 through 454, the call can
be set up over that alternate path. As before, the
control message communication among host sys-
tem 900 and modiles 501 and 504 needed to
establish the path is achieved using the established
control channels.

The architecture of Figure 1 also allows the
integrated stand-alone operation of modules 501,
502, 503 and 504 to complete a call, for example,
from subscriber set 528 to subscriber set 559 without
coordination by host system 900. In the stand-alone
case, module 501 informs module 504 of the re-
guested call by transmitting a control message using
an established control channel on transmission
facility 427. In response, module 504 determines that
subscriber set 559 is presently idle and selects an
available channel on transmission facility 427 for the
call. Module 504 then informs module 501 of the
selected channel by transmitting a control message
using the established transmission facility 427 con-
trol channel. The call can then be completed using
the selected channel on transmission facility 427.
Alternatively, the selection of the transmission facil-
ity 427 channel to be used for the call is made by
module 501.

Detailed description

Figure 2 is a block diagram of a time division
switching system, substantial portions of which are
disclosed in U.S. Patent 4,322, 843.

The system of Figure 2 is used in the host
switching system of an exemplary embodiment of
the present invention shown in Figure 10 through 12,
when arranged in accordance with Figure 13. The
description which follows is arranged in two parts.
First the Fiure 2 system is described. With that
description as a foundation, the exemplary embodi-
ment of the invention shown in Figure 10 through 12
is then described.

Figure 2 system

The time division switching system of Figure 2 is
used to interconnect subscriber sets such as subscri-
ber sets 23 through 26 and includes a time-
muftiplexed swtich 10 comprising a time-shared
space division switch having 64 input ports and 64
output ports. Also included are 29 time-slot inter-
change units of which representative time-slot inter-
change units 11 and 12 are specifically shown. Each
time-slot interchange unit 11 and 12 includes a
bidirectional time-slot interchanger. Additionally,
each time-slot interchange unit 11 and 12 is con-
nected to two ports and two output ports of time-
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multiplexed switch 10. in the system of Figure 2,
time-slot interchange unit 11 is connected to two
time-multiplexed switch input ports via time-
multiplexed lines 13 and 14 and to two output ports,
via time-multiplexed lines 15 and 16.

In the description which follows, the input and
output ports of time-multiplexed switch 10 are
referred to as input/output port pairs. This term is
used since the source for data words to an input port
of a given input/output port pair is also the destina-
tion for data words from the output port of that pair.
As shown in Figure 2, input/output port pair P1is
associated with time-multiplexed lines 13 and 15.
Each time-multiplexed line 13 through 16 conveys
digital information in 125-microsecond frames each
comprising 256 time separated channels. According-
ly, each time-slot interchange unit transmits and
receives up to 512 channels of digital information
during each 125-microsecond frame.

Each time-slot interchange unit is uniquely associ-
ated with a control unit of which control unit 17 is
associated with time-slot interchange unit 11, and
control unit 18 is associated with time-slot inter-
change unit 12. Additionally, each time-slot inter-
change unit is connected to a plurality of line units of
which line units 19 through 22 are shown in Figure 2
via individual time-multiplexed lines. Line units 19
and 20 are connected to time-slot interchange unit
11 and line units 21 and 22 are connected to time-slot
interchange unit 12. Each of the line units is con-
nected to a number of subscriber sets of which
subscriber sets 23 through 26 are shown. The exact
number of line units associated with each time-slot
interchange unit and the exact number of subscriber
sets associated with each line unitis determined by
the number of sunscriber sets of which subscriber
sets 23 through 26 are shown. The exact number of
line units associated with each time-slot interchange
unit and the exact number of subscriber sets associ-
ated with each line unit is determined by the number
of subscribers to be served and the calling rates of
those subscribers. Each line unit terminates the
analog loop of the well-known type from a plurality
of subscriber sets, e.g., 23 through 26, and converts
call information including analog speech signals into
digital data words which are transmitted to its
associated time-slot interchange unit. Further, each
line unit detects service requests from the subscriber
sets and generated certain signaling information for
those subscriber sets. The particular subscriber sets
fro which speech samples are taken and encoded,
and the particular time-multiplexed channels used to
transmit the resulting code between the line unit and
its associated time-slot interchange unit are deter-
mined by the control unit of the associated time-slot
interchange unit.

The relationship of subscriber sets, line units and
time-slot interchange units is substantially the same
for each of such groups of interconnected units.
Accordingly, while the description which follows
relates directly to subscriber set 23, lin€ unit 19 and
time slot interchange unit 11, it shows the relation-
ships for all other groups of such units. Line unit 19
scans the lines connected to each subscriber set to
detect requests for service. when such a request is
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detected, line unit 19 transmits to controf unit 17, a
message indicating the request and the identity of
the requesting subscriber set. This message is
transmitted to control unit 17 via a communication
path 27. Control unit 17 performs the necessary
control based on the service requested, the identity
of the requesting subscriber set and the available
equipment, and transmits a message to line unit 19
via communication path 27 defining which one of
the plurality of time separated channels between line
unit 19 and time-slot interchange unit 11 is to be
used to transmit information from subscriber set 23
to time-slot interchange unit 11. Based on this
messag, line unit 19 encodes the analog information
from subscriber set 23 into digital data words and
transmits the resulting data words in the assigned
channel. Line unit 19 also transmits in the assigned
channel an indication of the DC state, i.e., open
circuit, closed circuit, of the subscriber loop associ-
ated with subscriber set 23.

After a channel between line unit 19 and time-slot
interchange unit 11 is assigned to a given subscriber
set, control unit 17 detects signaling information
from the subscriber set by sampling the information
transmitted in the assigned channel. Such sampling
operations are performed via a communication path
28. Control unit 17 responds to the signaling infor-
mation from the subscriber’s channel, and to control
messages from other control units, e.g., 18, and a
central control unit 30, by controlling the time-slot
interchange function of the time-slot interchange
unit 11. As previously stated, each time-multiplexed
line between a time-slot interchange unit and the
time-multiplexed switch 10 has 256 channels in each
125-microsecond frame. These channels are
assigned numerical designations from 1 to 256
insequence as they occur. This sequence of channels
recurs so that a given channel will be available every
125 microseconds. The time-slot interchange func-
tion takes the data worfs receied from the line units
and places them in channels on the time-multiplexed
line between the time-slot interchange units and the
time-multiplexed switch 10 under the control of
control units 17 and 18.

Time-multiplexed switch 10 operates in recurring
frames of time slots where each 125-microsecond
frame comprises 256 time slots. During each time
slot, time-multiplexed switch 10 is capable of con-
necting data words received at any of its 64 input
ports to any of its 64 output ports in accordance with
time-slot control information stored in a control
memory 29. The configuration pattern of connec-
tions through time-multiplexed switch 10 repeats
itself every 256 time slots and each time slot is
assigned a numerical designation in sequence from
1to 256. Accordingly, during a first time slot TS 1 the
information in a channel (1) on time-multiplexed line
13 may be switched by time-multiplexed switch 10 to
an output port P64 while during the next time slot TS
2 the next channel (2) on time-multiplexed line 13
may be switched to an output port P57. Time-slot
control information is written into control memory
29 by central control 30 which generates this control
information from control messages obtained from
various control units, e.g. 17 and 18.
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Central control 30 and control units 17 and 18
exchange control messages utilizing selected chan-
nels called control channels of the time-multiplexed
lines, e.g., 13 through 16, between the time-slot
interchange units and the time-multiplexed switch
10. Each control message comprises a plurality of
control words and each control channel can transmit
one control word per frame of 256 time separated
channels. The same channel of the two time-
multiplexed lines associated with a given input/
output port pair is predefined to be a control
channel. Additionally, a given channel is used as a
control channel for only one pair of time-multiplexed
lines. For example, if channel 1 is used as a control
channel on time-multiplexed line 13 and the associ-
ated time-multiplexed line 15, no other time-
multiplexed line will use channel 1 as a control
channel. During each time slot having the same
numerical designation as a control channel, time-
multiplexed switch 10 connects the data word
occupying that control channel to output port P64
and connects inpur port P64 to the output associated
with the above-mentioned control channel. The
following is an example of the operation of the
system of Figure 2 when channel 1 is the control
channel for time-mulitiplexed lines 13 and 15, and
channel 2 is the control channel for time-multiplexed
lines 14 and 16. During time slots TS 1 information
from control memory 29 defines, among other
connections, that the control word in channel 1 of
time-multiplexed line 13 is connected to output port
P64 and that the control word in channel 1 at input
port P64 is connected to time-multiplexed line 15.
Similarly, during time slot TS2, information from
control memory 29 defines that the control word in
channel 2 of time-multiplexed line 14 is connected to
output port P64 and that the control word in channel
2 atinput port P64 is connected to time-multiplexed
line 16. When operating in this manner, output port
P64 receives from time-multiplexed switch 10 all
control words in a channel having the same numer-
ical designation in which they were transmitted to
the time-multiplexed switch. Further, each control
channel is connected to receive control words from
input port P64 during the time slot having the same
numerical designation as their associated control
channel. Control words switched to output port P64
are transmitted to a control distribution unit 31
which temporarily stores them in a location associ-
ated with that conrrol channel. The association of
control channels with storage locations in control
distribution unit 31 identifies the source of the
information stored.

Each control message from a time-slot inter-
change unit comprises a start character, a destina-
tion portion, a sighaling information portion, and an
end character. The destination portion uniquely
defines the expected destination of the control
message. Control distribution unit 31 interprets the
destination portion of each control message to
determine the proper destination for the control .
message and retransmits the message to input port
P64 of time-multiplexed switch 10 in a channel
having the same numerical designation as the
control channel associated with the destination unit.
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When operating as above described, time-slot
interchange unit 11 transmits control messages to
time-slot interchange unit 12 by transmitting control
words during its recurring control channel to form a
control message having a destination portion iden-
tifying time-slot interchange unit 12. Control distri-
bution unit 31 accumulates the control words,
interprets the destination portion, and retransmits
the message to input port P64 during the channel
having the same numerical designation as the
control channel associated with time-slot inter-
change unit 12. A control message can also be
transmitted to central control 30 by defining central
control 30 in the destination portion of the control
message. When this occurs, control distribution unit
31 transmits the message to central control 30 via a
communication link 32 rather than returning it to
time-multiplexed switch 10. Similarly, a message
may be transmitted from central control 30 to one of
the time-slot interchange units by transmitting to the
control distribution unit 31 a control message having
a destination portion defining the particular time-slot
interchange unit. This transmission is also accom-
plished utilizing communication link 32. The opera-
tion of a particular embodiment of control distribu-
tion unit 31 is described in detail in U.S. patent
4,322,843.

Each of the control units, e.g., 17 and 18, includes a
memory 57 {Figure 3) which stores the program for
the control of its associated control unit and data
regarding the primary function of the control unit, its
associated time-slot interchange unit and its associ-
ated subscribers. Memory 57 stores such informa-
tion as class of service, the subscriber limits for gain
or attenuation, toll screening information, and infor-
mation relating to changes in normal call handling
procedures, e.g., terminating party hold or joint
hold. Much of the contents of the given memory 57
is not stores in memory locations associated with
any other control unit or the central control. It may,
however, be stored in a butk memory (not shown)
for maintenance purposes. Some of the information
in memory 57, e.g., terminating party or joint hold
information, relates primarily to functions per-
formed by other control units. This informationis -
stored in association with the subscriber to which it
relates to avoid data replication and to avoid the
inefficiencies of centralized storage of such informa-
tion. The previously described arrangement utilizing
control channels transmitted through control distri-
bution unit 31 is utilized to send this call related
information to other control units and central control
30.

As previously stated, control unit 17 controls many
of the operations performed by each of the line units,
The main processing entity of control unit 17 is a
processor 66 (Figure 3) which operates in response
to instructions stored in memory 57. Control unit 17
includes a control interface circuit 56 which receives
instructions from processor 66 via a bus 59 and'in
response thereto, communicates with the line units,
e.d., 19 and 20, via communication path 27. Control
unit 17 also includes a signal processor 65 and a
digital service unit 67. Signal processor 65 reduces
the real time load requirement of processor 66 by
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receiving and analyzing the signalling portion (bits A
through G, Figure 6) of each data word received by
time-slot interchange unit 11. Digital service unit 67
receives the data portion (Figure 6) of each data
word received by time-slot interchange unit 11 to
detect tone signals from subscribers which have
been converted into PCM signals. Digital service unit
67 is also used to transmit tones and signals in PCM
format via a gate 51 to subscribers and via a gate 52
to time-multiplexed switch 10. The operation of
control interface circuit 56, signal processor 65 and
digital service unit 67 as well as line unit 19 is
described in detail in U.S. patent 4,327,843. In the
system of Figure 2, the clock signals used within the
line units are transmitted by a clock recovery circuit
84 (Figure 4) within an interface unti 69 (Figure 3) via
control interface 56 and communication path 27.

Each of the line units transmits recurring frames
each comprising 64 digital channels of 16 bits each.
This information is transmitted to a multiplex unit 60
(Figure 3) within time-slot interchange unit 11.
Muitiplex circuit 60 receives the output signals from
eight line units which signals are reformatted and
transmitted on an output time-multiplexed line 62
having 512 channels for each 125 microsecond
frame. Similarly, a demultiplex circuit 61 receives
512 channels of 16 bits each on a time-multiplexed
line 63 which channels are distributed in a predeter-
mined arrangement to eight line units such as line
unit 19. Further, multiplex unit 60 converts incoming
channels of information from serial to parallel form
and demultiplexer 61 converts the information it
receives from parallel to serial form. The information
transmitted in a given channel in time-multiplexed
line 62 is stored in a receive time-slot interchanger
50 in a memory location uniquely associated with
that given channel.

The particular memory location into which a given
data word is stored is defined by time-slot designa-
tion signals generated by time-slot counter 54.
Time-slot counter 54 generates a recurring sequence
of 512 time-slot designations at the rate of one
time-slot designation per time slot. The particular
time-slot designated during the time slot in which a
given data word is received defines the memory
location within receive time-slot interchanger 50
which is to store that data word. Data words are also
read from receive time-slot interchanger 50 at the
rate of one data word per time slot. The memory
address of the data word to be read from receive
time-slot interchanger 50 during a given time slot is
obtained by reading control RAM 55. Control RAM'
55 is read once per time slot at an address defined by
the time-slot designation from time-slot counter 54
and the quantity so read is transmitted to receive
time-slot interchanger 50 as the read address for that
time slot. Data words read from receive trime-slot
interchanger 50 are transmitted to time-multiplexed
switch 10 via a time-multiplexed line 68, a gate 8, a
time-multipleced line 68’ and an interface unit 69.
Data words from time-multiplexed switch 10 are
received by time-slot interchange unit 11 by inter-
face unit 69, and are conveyed via a time-
multiplexed line 70’, a gate 9 and a time-multiplexed
line 70 to transmit time-siot interchanger 53. For
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calls among the subscribers served by the line units
connected to time-slot interchange unit 11, control
RAM 55 effects the operation of gates 8 and 9 such
that data words transmitted by receive time-slot
interchanger 50 on time-multiplexed line 68 are
conveyed via gates 8 and 9 and time-multiplexed
line 70 to transmit time-slot interchanger 53. Trans-
mit time-slot interchanger 53 stores the incoming
data words in a location defined by an address from
control RAM 55. Data words are read from transmit
time-slot interchanger 53 at the address defined by
the time-slot counter 54. Data words so read are
transmitted on time-multiplexed line 63 for transmis-
sion to the line unit 19. It should be noted that
control RAM 55 may be implemented as a number of
control memories each associated with a particular
circuit, e.g., transmit time-slot interchanger 53. The
particular configuration of control memories is not
important to the present description and may vary
depending on timing and circuitry requirements
within the time-slot interchange unit 11. The general
principles of time-slot interchange as performed by
the receive time-slot interchanger 50, the control
RAM 55, the time-slot counter 54 and the transmit
time-slot interchanger 53 are well known in the art
and are not described in greater detail herein. One
arrangement for reading and writing data words in
time-slot memories is described in detail in U.S.
Patent 4,035,584.

The primary mode of control information ex-
change in the system of Figure 2 comprises the
transmission of control messages from a source
time-slot interchange unit through the time-
multiplexed switch 10 and the control distribution
unit 31 and back to the destination time-slot inter-
change unit. A secondary mode of communication is
also used whereby control information with regard
to a given call is transmitted from the source
time-slot interchange unit to the destination time-
slot interchange unit via the time-multiplexed switch
10 utilizing the time slot assigned for that call. The
E-bit position of the data word in the call time slot is
used for the secondary mode communication.
However,-it can be seen that any or all of the
signaling bits could be used in this secondary
communication mode. The E-bit serves the dual
purposes of communicaton path continuity check
and signal acknowledgement. Control RAM 55 (Fi-
gure 3) includes an E-bit position in each of its 512
storage locations. During the course of a call,
processor 66 controls the digit strored in the E-bit
position of each storage location of control RAM 55
associated with the call. As control RAM 55 transmits
addresses defining data words to be read from
receive time-slot interchanger 50, it transmits the
stored E-bit on time-multiplexed line 68 in place of
the E-bit stored in receive time-slot interchanger 50.
This allows the transmission of messages utilizing
the E-bit channel between time-slot interchange
units. The arrangement in Figure 3 also includes an
E-bit accumulator 48 which receives the E-bit of each
data word received on time-multiplexed line 70.
These E-bits are transmitted to an E-bit check circuit
192 by E-bit accumulator 48. E-bit check circuit 192
responds to instructions from processor 66 on
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conductor 195 to transmit output signals relating to
the E-bits of selected data words to processor 66. For
example, during communication path establish-
ment, processor 66 instructs E-bit check circuit 192 to
survey the E-bit position of a particular channel and
to notify processor 66 if a logical /1" is received
within a predetermined period of time. Figure 8is a
flow diagram of the function performed by E-bit
check circuit 192. When no logical 1" E-bit is found
in the specified channel within the predetermined
period of time, a discontinuity signal indicating this
facr is transmitted to processor 66 via conductor 193,
Alternatively, when such a logical /1" is found by
E-bit check circuit 192 within the time period, a
continuity signal is transmitted to processor 66 via
conductor 194. The E-bit check circuit 192 also
surveys the E-bit of each active call. When the E-bit
of an active call becomes a logical /0" and stays
such for a fixed period of time, the above-mentioned
discontinuity signal is transmitted to its associated
processor 6. Any processor 66 receiving a discon-
tinuity signal transmits a control message to central
control 30 indicating this fact.

Figure 9 shows the portion of E-bit check circuit
192 associated with one incoming channel, i.e.,
communication path. A timer 196 begins to countin
response to an instruction from processor 66 on
conductor 195. Whent the predetermined period of
time has passed since the instruction was received
from procesor 66 timer 196 transmits a logical ‘1"’
on conductor 197 which is connected as one input of
AND gate 199, the output of which is connected to
conductor 193. Continuity signal generator 198 re-
ceives the E-bit position of the associated channel
and generates a logical /1"’ output on conductor 194
in response to a logical 1" E-bit. The logical 1" on
conductor 194 is continuously applied until a logial
“0" E-bit is found by continuity signal generator 198.
The output signals from continuity signal generator
198 are also inverted and applied to an input of AND
gate 199. Accordingly, when timer 196 generates its
logical 1" output, it will be applied as a discontinui-
ty signal to conductor 193 via AND gate 199 when
continuity signal generator 198 is generating a
logical "“0”" output, indicating that no E-bits have
been received. Alternatively, whenever continuity
signal generator 198 is generating a logical 1"’
output, the signal on conductor 193 is forced to a
logical 0" while the logical ““1” continuity signal is
transmitted on conductor 194. It should be noted
that the functions of the E-bit check circuit may be
advantageously performed by processor 66, thus,
making the separate E-bit check circuit 192 unneces-
sary. The use of the E-bit channel in implementing
call completion is discussed in greater detail later
herein.

The following is a description of the primary mode
of communication between the various control en-
tities of the switching system. Processor 66, in
response to a complete dialed number, performs
translations with regard to that dialed number and
formulates a control message for central control 30
(Figure 2) so that an idle slot for the call can be
established through time-multiplexed switch 10.
This control message is stored in memory 57 by
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processor 66. A DMA unit 58 of a type well known in
the art reads the control message at the rate of one
control word per frame and transmits that word to a
control word source register 90 (Figure 4) in interface
unit 69 for transmission on the ttime-multiplexed
line to time-multiplexed switch 10. Similarly, control
messages are received from other control units and
central control 30 at a controif word destination
register 92 (Figure 4} in interface unit 69 and
transmitted by DMA unit 58 to the memory 567 where
they are read by processor 66. Interface unit 69,
which is shown in detail in Figure 4, includes a
multiplex/demultiplex circuit 75 and two link inter-
faces 78 and 79. Multiplex/demultiplex circuit 75 is
connected to receive data words from the receive
time-slot interchange unit 50 via time-multiplexed
line 68" and to transmit data words to transmit
time-slot interchanger 53 via time-multiplxed line
70'. It will be remembered that both time- '
multiplexed lines 68’ and 70’ convey data words at
the rate of 512 channels per 125-microsecond frame.
multiplex/demultiplex circuit 75 splits the informa-
tion received on time-multiplexed line 68’ into two
time-multiplexed lines 76 and 77 by transmitting the
data words in each even-numbered channel on
time-multiplexed line 77 and by transmitting each
odd-numbered channel on time-multiplexed line 76.
Each of the time-mulitiplexed lines 76 and 77 thus
conveys information at the rate of 256 channels per
frame. Additionally, multiplex/demultiplex circuit 75
combines the information on two 256-channel time-
multiplexed lines 85 and 86 onto the 512 channel
time-multiplexed line 70’. This combination occurs
by alternatingly transmitting the data words-from
time-multiplexed lines 85 and 86 such that the data
words from time-multiplexed line 85 are transmitted
in the odd-numbered channels of time-multiplexed
line 70’ while data words from time-multiplexed line
86 are transmitted in even-numbered channels.
Time-multiplexed lines 76 and 85 are connected to
link interface 78 and time-multiplexed lines 77 and
86 are connected to link interface 79. it should be
noted that the time-slot interchange unit 11 operates
on the basis of 512 time slots (channels) per frame
while the link interfaces 78 and 79 and the time-
multiplexed switch 10 operate on the basis of 256
time slots (channels) per frame. Further, the chan-
nels of data words received from and transmitted to
time-slot interchange unit 11 are in complete syn-
chronism. That is, whenever a channel having a
given numerical designation is received by link
interface 78 from time slot interchange unit 11, both
link interfaces 78 and 79 will be receiving and
transmitting channels having the same numerical
designation with respect to the time-slot interchange
unit 11. In order to maintain synchronism after the
split, all odd-numbered channels on time-
mutiplexed line 68’ are delayed by multiplex/demul-
tiplex circuit 75 so that the odd-numbered channel
and the immediately following even-numbered
channel are transmitted on a respective one of
timelmultiplexed lines 76 and 77 substantially simul-
taneously. Similarly, each data word from link
interface 79 on time-multiplexed line 86 is delayed
by multiplexed/demultiplex circuit 75 such that it is
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transmitted on time-multiplexed line 70’ immediate- occurs since the data words transmitted on time-
ly after the data word received by multiplex/demulti- multiplexed lines 85 and 86 are in channel synchron-
plex circuit 75 substantially simultaneously there- ism while no such synchronism is required on
with. In the course of the following description, the time-multiplexed lines 15 and 16.

5 time slot of a given data word refers to its time slot 70  The same channel is used in a given link interface
with respect to link interfaces 78 and 79 and the to both transmit and receive control messages. The
time-multiplexed switch 10. For example, data particular channel used by a given link interface, e.g.,
words fro channels 1 and 2 of time-multiplexed line link interface 78, to convey control messages is
68’ are both associated with time siot 1 of the link preset and stored in a control channel register 81.

10 interfaces 78 and 79 and the time-multiplexed switch 75 Each read address generated by read address gener-
10. Each of the link interface units 78 and 79 is ator 89 is transmitted to a comparator 91 which
uniquely associated with one input/output port pair compares that read address to the preset control
of time-multiplexed switch 10. channel designation stored in control channel regis-

Link interface 78 (Figure 4) includes the receiver 82 ter 81. When comparator 91 determines that the

15 which receives data words transmitted serially from 80 instant address is identical to the control channel
time-multiplexed switch 10 via time-multiplexed line designation, it generates a gating signal which is
15 and serially retransmits this information on a transmitted to control word source register 80 and to
conductor 83. A clock recovery circuit 84 receives the a control word destination register 92. Control word
incoming bit stream by connection to conductor 83 destination register 92, in response to the gating

20 and recovers a 32.768-megahertz clock signal there- 85 signal from comparator 91, stores the information
from. This clock signal is used to provide timing for on time-multiplexed line 85. During that particular
link interface circuit 78. For reasons to be described channel, the information on timel-multiplexed line
in greater detail later herein, the information re- 85 comprises the contents of the control channel to
ceived on time-multiplexed line 15 is not necessarily be utilized by the control unit 17. By the operation of

25 in channel synchronization with that transmitted on 90 DMA unit 58, the contents of control word register 92
time-multiplexed line 13. In order to achieve channel are transmitted to memory 57 before the next
synchronism between the data words on time- control channel. Similarly, contro! word source
multiplexed lines 76 and 85, the incoming data register 80 responds to the gating signal from
words on conductor 83 are buffered in a random comparator 91 by gating its contents out to time-

30 access memory circuit 87. The data words on 95 multiplexed line 76, thus transmitting the control
conductor 83 are written into random access mem- word. Control words are transmitted and received by
ory 87, at a location defined by a write address link interface 79 in a substantially similar manner,
generator 88. Write address generator 88 receives a however, the particular control channel designation
2.048-megahertz clock signal from the clock recovery associated with link interface 79 is different than that

35 circuit 84 and in response thereto generates a 100 associated with link interface 78.
recurring sequence of 256 write addresses in syn- The read addresses generated by read address
chronism with the incoming data words on conduc- generator 89 are also transmitted to a frame sequ-
tor 83. Data words are read from random access ence generator 93. Frame generator 93 responds
memory 87 for transmission to time-slot interchange thereto by generating a unique sequence of framing

40 unit 11 at locations defined by a read address 105 bits at the rate of one bit per channel. During each
generator 89 which generates a recurring sequence channel, the bit generated by the frame sequence
of 2566 read addresses. The read addresses are generator 93 is transmitted to a frame insert circuit
derived from information received from an offset 94 which places the framing bit into the G-bit
circuit 90. Offser circuit 90 receives the write addres- location of the data word from time-slot interchange

45 ses generated by the write address generator 88, and 110 unit 11. The data word including this framing bit is
effectively substracts a predetermined number then transmitted via a parallel-serial register 95 and
therefrom. The result of this substraction is then a driver circuit 96 to time-multiplexed line 13 which
transmitted to read address generator 89. In this is connected to a unique input port of time-
manner, read address generator 89 generates a multiplexed switch 10. Each data word received by

50 sequence of read addresses which is approximately 115 link interface 78 includes a framing bit which is
one-fourth of a frame (64 time slots) behind the generated and transmitted by the time-multiplexed
addresses generated by the write address generator switch 10. A frame checker 97 reads each framing bit
88. of each data word from time-multiplexed switch 10

Link interfaces 78 and 79 of interface unit 69 and determined if the communication between

55 operate in a master/slave mode to maintain channel 120 time-mutltipiexed switch 10 and itself is still in
synchronism. In the present embodiment, link inter- synchronism. If synchronism exists, no corrections
face 78 is the master and continues to operate in the are made; however, if synchronism is found not o
manner described above. The read address gener- exist, reframing is accomplished by communication
ator of link interface 79 is, however, driven by read with the clock recovery circuit 84 in a manner well

60 addresses from the read address generator 83 oflink 125 known in the art.
surface 78. It should be noted that, due to possible The input and output ports of time-multiplexed
differences in the length of time-muiltiplexed lines 156 switch 10 can be considered in pairs for both ports
and 16, more or less than one-quarter frame of are connected to the same link interface. Further,
information may separate the write addeesses and each pair of input and output ports of the time-

65 read addresses utilized in link interface 79. This 130 multiplexed switch 10 is connected to a time-
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multiplexed switch link interface of a type similar, to
TSIU link interfaces 78 and 79. TSIU link interface 78
is connected to YMS link interface 100 (Figure 5)
including a receiver 101 which receives data words
from time-multiplexed line 13 and transmits those
data words to a serial-parallel register 102 via a
time-multiplexed line 103. The bit stream from
time-multiplexed line 103 is also applied to a clock
recovery circuit 104 and a frame check circuit 105
which derive clock signals therefrom and deter-
mined if frame synchronism is present, respectively.
Time-multiplexed switch link interface 100 further
includes a write address generator 106 which gener-
ates a sequence of write addresses in response to
signals from clock recovery circuit 104. Each data
word transmitted to serial-parallel register 102 is
then written into a random access memory 107 at
the address generated by write address generator
106.

Time-multiplexed switch 10 also includes a time-
shared space division switch 108 which operates in
frames of 256 time slots of approximately 488
nonoseconds each to complete paths among its
input and output ports. Control information defining
the switching path between the input and output
ports to be connected during each time is stored in a
control memory 29 (Figure 2) which is read each
time slot to establish those connections. It will be
remembered that each time slot has a numerical
designation and that during a given time slot the
data word channel having the same numerical
designation is to be switched. Accordingly, all data
words in a channel having a given numerical
designation must be transmitted to the time-shared
space division switch 108 during their associated
time slot to avoid inaccurate switching. To this end,
time-multiplexed switch 10 includes a master clock
circuit 109 for generating a recurring sequence of
256 read addresses which are transmitted to each
random access memory of each time-multiplexed
switch link interface substantially simultaneously.
Accordingly, random access memory 107 and the
equivalent random access memories included in all
other time-multplexed switch link interfaces read a
data word associated with the same time slot at
substantially the same time. The data words read
from random access memory 107 are transmitted to
a parallel-serial shift register 110 from which they
are transmitted to time-shared space division switch
108.

All data words.to be transmitted on time-
multiplexed line 15 to TSIU link 78 are received from
the time-shared space division switch 108 on a
conductor 111 within one time slot of their transmis-
sion into time-shared space division switch 108.
Time-multiplexed switch link interface 100 includes a
frame sequence generator 112 which generates a
sequence of framing bits at the rate of one bit per
time slot. The framing bits are transmitted to a frame
insert circuit 113 which places a frame bit in bit
position G of each data word on conductor 111. Each
data word on conductor 111 is then transmitted via
driver circuit 114 to link interface 78 via time-
multiplexed line 15.

The following is an example of call setup and
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removal in the system of Figure 2. In the example, a
subscriber at subscriber set 23 wishes to call subscri-
ber 26. Line unit 19 detects the originating off-hook
at subscriber set 23 and transmits a message to
control unit 17 via communication path 27. Control
unit 17, in response to this message from line unit 19
transmits an instruction to line unit 19 defining
which communication channel between line unit 19
and time-slot interchange unit 11 is to be used for
data word communication. Further, control unit 17
begins to transmit dial tone in the channel associ-
ated with the newly off-hook subscriber between
time-slot interchange unit 11 and line unit 19.
Control unit 17 continues to survey the DC state of
subscriber set 23. Control unit 17 further detects the
dialing of digits at subscriber set 23 and terminates
dial tone in response to the first such digit. Based on
the entire, dialed number and the calling party's
identity, contro! unit 17 formulates a control mes-
sage for central control 30. This control message
comprises a destination portion identifying central
control 30 and further includes the calling party
identify, the called party identity, and certain cailing
party related information, e.g., class of service.

Figure 7 is a functional diagram of the communica-
tion among the processors for the establishment of a
call between subscribers. In Figure 7 originating unit
190 represents originating subscriber set 23, line unit
19, time-slot interchange unir 11, and control unit 17.
Similarly, terminating unit 191 represents terminat-
ing subscriber 26, line unit 22, time-slot interchange
unit 12, and control unit 18. Each communication in
the call completion sequence is represented in
Figure 7 by a line, terminating with an arrowhead to
indicate its direction, having an associated letter (a)
through (g). In the course of the following discus-
sion, the letters (a) through (g) are used to identify
the particular communication being discussed. The
control message (a) formulated by control unit 17 of -
the originating unit 190 is transmitted, as previously
described, one control word per frame in the control
channel of time-multiplexed line 13. The time-
multiplexed line associated with an odd-numbered
input/output port is the primary time-multiplexed
line used to convey control messages. The time-
multiplexed line associated with an even-numbered
input/output port pair is utilized to convey longer
messages such as program and/or data update
messages. Accordingly, the control channel of time-
multiplexed line 13 is used to convey the control
messages in the present example. The control words
in this control channel are switched by time-
multiplexed switch 10 to the control distribution unit
31 during the time slot associated with that control
channel. As previously described, control distribu-
tion unit 31 interprets the destination portion of the
message received and transmits the message to
central control 30.

Central control 30 computes the identity of the
time-slot interchange unit associated with the called
party identity and assigns an idle time slot for
communication between called and calling parties.
In the present example, it is assumed that time slot
TS 16 is selected for this communication. Central
control 30 then transmits a control message (b) to
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time-slot interchange unit 12 of terminating unit 191
which is connected to subscriber set 26 via the
control distribution unit 31 and time-multiplexed
switch 10. This control message (b) comprises the
called subscriber identity, the identity of time-siot
interchange unit 11 which is connected to the calling
party and the time slot to be used for communication
through time-multiplexed switch 10. At substantially
the same time that central control 30 transmits the
control message (b) to time-slot interchange unit 12,
it transmits instructions (c) to control memory 29 via
communication path 49 which instructions define
the switching paths to be used during time slot TS 16
to connect time-slot interchange unit 11 and time-
slot interchange unit 12. Control unit 18 of terminat-
ing unit 191 in response to the control message (b)
from central control 30 assigns a channel between
line unit 22 and time-slot interchange unit 12 for the
communication with subscriber set 26 and begins
transmission of the logical 1" E-bit (d) in the
channel associated with subscriber set 26 to the
time-multiplexed switch 10. Recall that a control unit
controls the transmission of logical 1" E-bitsin a
given channel by accessing the storage location of
RAM b5 associated with that channel and setting its
E-bit position to a logical “1". Further, control unit 18
formulates a control message defining the identities
of time-slot interchange unit 12 of the terminating
unit 191, the time slot (TS 16) which is to be used for
the communication, and any information about
subscriber set 26 which is necessary for control unit
17 to complete the call. This control message (e) is
transmitted to time-slot interchange unit 11 of
originating unit 190 via the control channel to
time-multiplexed switch 10, the control distribution
unit 31 and back through time-multiplexed switch 10
in the control channel associated with time-slot
interchange unit 11. In addition to the above,
processor 66 of control unit 18 instructs E-bit check
circuit 192 to survey the state of the E-bit in time slot
TS 16 for a predetermined period of time. e.g., 128
frames.

Control unit 17, in response to the message from
control unit 18 begins to transmit in the channel
associated with subscriber set 23 a logical 1" E-bit
(f) to time-multiplexed switch 10. Further, control
unit 17 of the originating unit 190 checks the E-bit of
the incoming channel 16 from time-slot interchange
unit 12 for the presence of a logical “1”. When such a
logical 1" E-bit is received, a continuity signal is
transmitted from E-bit check circuit 192 to processor
66 of control unit 17 indicating that communication
path continuity from tinme-slot interchange unit 12
to time-slot interchange unit 11 is known. When
communication path continuity exists from time-slot
interchange unit 11 to time-slot interchange unit 12,
E-bot check circuit 192 of control unit 18 will detect a
logical /1" E-bit in channel 16 during the predeter-
mined period of time. E-bit check circuit 192 of
control unit 18 transmits a continuity signal to its
associated processor 66 in response to the logical
1" E-bit. In response to the continuity signal from
E-bit check circuit 192 of control unit 18, line unit 22
is notified to transmit ring current to subscriber set
26 and audible ring tones are returned during time
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slot TS 16 to subscriber set 23.When subscriber set
26 is taken off-hook, line unit 22 notifies control unit
18 which terminates the transmission of audible ring
tones to subscriber set 23 and terminates the
application of ring current to subscriber set 26.
Control unit 18 then transmits a control message (g)
over the control channel from time-slot interchange
unit 12 to time-slot interchange unit 11 indicating
that an answer has occured. The parties can now
communicate.

Call termination normally is controlled by the
control unit associated with the calling party, which,
in the present example, is control unit 17. When
subscriber set 23 goes on-hook, the E-bit in the
channel between subscriber sets 23 and 26 is
changed to a logical “0”. Control unit 18 in response
to the logical 0" E-bit transmits a control message
to central control 30 defining that its part of the call is
completed. Further, a similar message is transmitted
from control unit 17 when the on-hook is detected. In
response to these two messages, central control 30
causes the control memory 29 to drop the path
connecting the channels between subscriber sets 23
and 26. Further, the control units 17 and 18 make the
path from their associated subscriber sets to the
time-multiplexed switch 10 idle so that these paths
can be used for further communications. When
subscriber set 26 is the first to go on-hook, control
unit 18 transmits the control message to control unit
17 via the control channel informing control unit 17
that the on-hook has occured. Control unit 17, in
response to such a message, waits for a predeter-
mined period of time, similar to hit timing, then
initiates the call termination procedure as described
immediately above.

The terminating party can have certain character-
istics which change the normal call completion/
termination routine. For example, subscriber 26 (the
terminating subscriber of the previous example)
might be subject to call tracing. In this situation it is
desirable that any call to subscriber 26 be held in the
completed state until subscriber 26 goes on hook. In
accordance with this example, a call is established in
much the same manner as described in the previous
example. The first control message from time-siot
interchange unit 12 to time-slot interchange unit 11,
however, will include a portion indicating that call
tracing is operative on the soon-to-be-completed
call. Control unit 17 in response to this control
message, modifies the call termination sequence so
that the completed paths are not removed until a
message is received from control unit 18 indicating
that subscriber 26 has gone on-hook.

Exemplary embodiment of the invention

An exemplary embodiment of the present inven-
tion, shown in Figure 10 through 12 arranged in
accordance with Figure 13, includes a host switching
system 900 (Figure 10 and 11) and a cluster of
remote switching modules 501, 502, 503 and 504
(Figure 12). Host switching system 900 comprises
the time division switching system of Figure 2, as
described above, and two host interface modules
301 and 302, module 301 being connected to input/
output port pairs P59 and P60 of time-multiplexed
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switch 10 and module 302 being connected to
input/output port pairs P61 and P62. In this exem-
plary embodiment, each remote switching module is
connected to a host interface module via four
bidirectional, digital transmission facilities such as
the T1 carrier system disclosed in U.S. patent
4,059,731. Specifically, host interface module 301 is
connected to remote switching module 501 by
transmission facilities 421 through 424 and to re-
mote switching module 502 by transmission facili-
ties 431 through 434 and host interface module 302
is connected to remote switching module 503 by
transmission facilities 441 through 444 and to re-
mote switching module 504 by transmission facili-
ties 451 through 454. Furthermore, each pair of
remote switching modules is interconnected by a
digital, bidirectional transmission facility such as the
above-mentioned T1 carrier system. Module 501 is
connected by transmission facilities 425, 426 and 427
to modules 502, 503 and 504, respectively, module
502 is connected by transmission facilities 435 and
436 to modules 503 and 504, respectively, and
modules 503 and 504 are interconnected by trans-
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Host interface module 301 .

Host interface module 301 includes a time-slot
interchange unit 311 and an associated control unit
317 which are substantially identical to time-slot
interchange unit 11 and control unit 17, respectively.
Time-slot interchange unit 311 transmits and re-
ceives 512 channels of information via two 256-
channel time-multiplexed lines connected to input/
output port pairs P59 and P60 of time-multiplexed
switch 10. Control channel 59 at input/output port
pair P59 and control channel 60 at input/output port
pair P60 are used to convey control messages
between control unit 317 and control distribution
unit 31. In the present embodiment, time-slot inter-
change unit 311 transmits 23 channels via each of
eight 32-channel time-multiplexed lines to eight
digital facility interfaces (DEI} 321 through 328. (Nine
channels on each of the 32-channel time-multiplexed
lines to digital facility interfaces 321 through 328 are
unused. Accordingly, only 184 of the 512 time-slot
interchange unit 311 channels are used. Host inter-
face module 301 could further include additional line
units such as line unit 19 to utilize the other time-slot
interchange unit 311 channels.) Each digital facility
interface operates under the control of control unit
317 to reformat the information in a given 32-
channel frame from time-slot interchange unit 311
into a corresponding 24-channel frame for transmis-
sion on one of the digital transmission facilities, e.g.,
421, For example, digital facility interface 321 re-
ceives each 32-channel, 125-microsecond frame on
time-multiplexed line 342 in the format shown in
Figure 15. In this data format each frame comprises
32 sixteen-bit words, each word being in the format
shown in Figure 8. Interface 321 extracts the infor-
mation in 23 predetermined channels of the 32
channels on line 342 and transmits that information
in the format shown in Figure 16. That data format
comprises 24 eight-bit words and a single one-bit
word. Interface 327 places the eight PCM bits of each
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of the 23 predetermined channels in the first 23
channels on transmission facility 421. Channel 24 on
transmission facility 421 is used to transmit the
signalling bits A through E for the 23 predetermined
channels. The A-bit of a given channel is transmitted
once every twelve frames and bits B through E of
that channel are transmitted once every 24 frames.
The single one-bit word in the format of Figure 16 is
used both to convey framing information and-to
convey control information to remote switching
module 501. The use of this one-bit word to convey
such control information is described in U.S. Patent
4,245,340, and the communication channel or con-
trol channel achieved thereby is referred to herein as
a derived data link. Digital facility interface 321 also
receives 24-channel frames in the format of Figure
16 from transmission facility 421 and converts the
received information into the 32-channel frame
format of Figure 15 for transmission to time-slot
interchange unit 311 on time-multiplexed line 341.
Note that nine of the 32 channels on lines 341 and
342 are unused.

Digital facility interface 321

Figure 19 is a more detailed diagram of digital
facility interface 321. Control unit 317 (Figure 11}
transmits timing signals via its control interface 56

‘and a communication path 397 to a timing generator

1120 included in digital facility interface 321. These
timing signals comprise a 4.096-megahertz clock
signal and an 8-kilohertz frame sync pulse derived
from the data stream transmitted by time-
multiplexed switch 10 output port P59. In response,
timing generator 1120 generates and transmits
various timing signals, referred to herein as system
timing signals, via a path 1121 to a serial-paraliel
register 1106, a transmit formatter 1107, a framer
1102, a line interface 1108, a receive synchronizer
1104 and a parallel-serial register 11056 within digital
facility interface 321. Data words are received serial-
ly by serial-parallel register 1106 from time-slot
interchange unit 311 on 32-channel time-multiplexed
line 342 at a bit rate of 4.096-megahertz and are
transmitted in 16-bit parallel format to transmit
formatter 1107. Transmit formatter 1107 extracts the
information in 23 of the 32 channels from line 342
and serially transmits that information in the format
of Figure 16 to framer 1102. Framer 1102 receives
system timing signals from timing generator 1120
and derives therefrom a superframe sync pulse
defining a superframe of 24 frames, the superframe
having a duration of 3 milliseconds. Framer 1102
transmits this superframe sync pulse to transmit
formatter 1107 on a conductor 1131. Transmit for-
matter 1107 transmits the PCM bits of the 23
channels extracted from line 342, in the first 23
channels of each frame transmitted to framer 1102.
Transmit formatter 1107 transmits the signaling bits
Athrough E of the 23 extracted channels using
channel 24. The A-bit of a given channel is transmit-
ted once every twelve frames, i.e., twice per super-
frame, and bits B through E of that channel are
transmitted once per superframe. The selection of
which 23 channels from line 342 are to be extracted
is predetermined at system initialisation by the
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processor 66 of control unit 317, which transmits
channel-defining signals via path 397 and a control
interface 1122 to a computer 1123. A bus 1125
interconnects control interface 1122, computer 1123
and a maintenance buffer 1124. Computer 1123
informs transmit formatter 1107 of the 23 channels
selected from line 342 via maintenance buffer 1124
and a path 1126. Further, processor 66 of control unit
317 can subsequently change the selected channels
from line 342. Transmit formatter 1107 receives a
1.544-megahertz system timing signal from timing
generator 1120 and uses that timing signal to
transmit data in the Figure 16 format to framer 1102
at a bit rate of 1.544 meghahertz. Framer 1102 inserts
the appropriate framing bits in the 193rd or last bit
position of the Figure 16 frame and transmits the
resulting frames via an electrical signal-conditioning
line interface 1108 to transmission facility 421 at the
1,644-megahertz bit rate. Computer 1123, in re-
sponse to instructions from the processor 66 of
control unit 317, can effect the transmission of
messages on the derived data link of transmission
facility 421. Computer 1123 transmits a given mes-
sage via bus 1125 to a message formatter 1139,
which serially transmits the bits of the message on a
conductor 1140 to framer 1102. Framer 1102 then
inserts those message bits in the last bit position of
predetermined frames on transmission facility 421
which do not include framing bits.

Data words are received from transmission facility
421 at a 1.544-megahertz bit rate in the Figure 16
format by a receive converter 1101 which transmits
the received data words to frame 1102. Receive
converter 1101 also includes a clock recovery circuit
{not shown) which derives a 1.544-megahertz clock
signal, referred to herein as a line timing signal, and
transmits that signal via a conductor 1103 to framer
1102 and receive synchroniser 1104. Framer 1102
searches the incoming data stream framing bits
from receive converter 1101 to determine correct
frame alignment and reports any errors to computer
1123 via a path 1128, maintenance buffer 1124 and
bus 1125. To receive derived data link messages,
framer 1102 also extracts bits from predetermined
frames from transmission facility 421 which do not
include framing bits and serially transmits the
extracted bits to message formatter 1139 on a
conductor 1141. Completed messages are then
conveyed from message formatter 1139 to computer
1123 via bus 1125 and subsequently to the control
unit 317 processor 66 via control interface 1122 and
communication path 397. Framer 1102 transmits the
data words from receive converter 1101 to receive
synchronizer 1104 at a bit rate of 1.544 megahertz
using the line timing signal derived by receive
converter 1101. Framer 1102 also uses that line
timing signal to derive a superframe sync pulse
defining a superframe of 24 frames from transmis-
sion facility 421. Framer 1102 transmits that super-
frame sync pulse to receive synchronizer 1104 on
conductor 1132. Receive synchronizer 1104 includes
a two-frame, elastic-store buffer (not shown). Data
words from framer 1102 are shifted into this buffer at
a rate determined by the line timing signal from
receive converter 1103. Data words are shifted out of
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the buffer at a rate determined by a system timing
signal from timing generator 1120. Accordingly, the
data flow is converted from transmision facility 421
to host switching system 900 timing. Receive syn-
chronizer 1104 uses the superframe sync pulse from
framer 1102 to determine frame position within each
frame, inserts the bits of the first 23 channels of each
frame in the PCM bit positions of 23 of 32 channels
transmitted via parallel-serial register 1105 on time-
multiplexed line 341, and appropriately distributes
the A-E bits of the 24th channel from framer 1102 to
those 23 channels on line 341. Receive synchronizer
1104 also inserts an idle code in the nine unused line
341 channels. In a manner similar to that for transmit
formatter 1107 and line 342, the selection of the line
341 channels to be used is predetermined at system
initialization by the control unit 317 processor 66 and
receive synchronizer 1104 is informed of such in-
itialization, and any subsequent changes, via mainte-
nance buffer 1124 and a path 1127. Within host
interface module 301, digital facility interfaces 322
through 328 are substantially identical to digital
facility interface 321.

Host interface module 302 comprising time-siot
interchange unit 312, control unit 318 and digital
facility interfaces 331 through 338 is substantially
identical to module 301. Control unit 318 and control
distribution unit 31 exchange control messages
using control channel 61 at input/output pair-P61 and
control channel 62 at input/output port pair P62.

Remote switching module 501

Each remote switching module includes a facilities
interface unit which, in the present embodiment,
interfaces with the four digital transmission facilities
from a host interface module and with the three
digital transmission facilities from the other remote
switching modules. For example, remote switching
module 501 (Figure 12) includes facilities interface
unit 505 which interfaces with facilities 421 through
424 from host interface module 301 and with
facilities 425, 426 and 427 from remote switching
modules 502, 503 and 504, respectively. Each facili-
ties interface unit is capable of interfacing with 20
transmission facilities but in the present exemplary
embodiment only seven are used. Recall that the
number of transmission facilities between a given
remote switching module and host system 900 or
between a given pair of remote switching modules
depends on the amount of traffic anticipated there-
between. Facilities interface unit 505 multiplexes and
transmits the information received on the seven
transmission facilities connected thereto, in prede-
termined channels on a pair of 256-channel time-
multiplexed lines 515 and 516 connected to a
time-slot interchange unit 511 and appropriately
demultiplexes and transmits information, received
from time-slot interchange unit 511 on a pair of
256-channel time-multiplexed lines 513 and 514, in
predetermined channels on the seven transmission
facilities. Remote switching module 501 also in-
cludes a control unit 517 associated with time-slot
interchange unit 511 and a plurality of lines units,
e.g. 519 and 520, serving subscriber sets such as sets
528 and 529. The relationship of time-multiplexed
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lines 513 through 516, time-slot interchange unit
511, contro! unit 517, line units 519 and 520 and
subscriber sets 528 and 529 is substantially the same
as that of time-multiplexed lines 13 through 16,
time-siot interchange unit 11, control unit 17, line
units 19 and 20 and subscriber sets 23 and 24.

Facilities interface unit 505

Facilities interface unit 505 (Figure 14) includes
seven digital facility interfaces 581 through 587
which operate under the control of control unit 517
to perform the same frame format conversion
function as digital facility interface 321 described
above. For example, digital facility interface 582
converts the 24-channel format (Figure 16} on trans-
mission facility 421 to the 32-channel format {Figure
15) used on a pair of time-multiplexed lines 588 and
589. However, only 23 of the channels on lines 588
and 589 can be used. Each digital facility interface
581 through 587 also recovers a clock signal from the
incoming bit stream on the transmission facility
connected thereto and transmits that clock signal via
a path 580 to a clock circuit 595. Clock circuit 595
includes a phase-locked loop oscillator (not shown)
from which the various timing signals required by
facilities interface unit 505 are derived. Under the
control of control unit 517, clock circuit 595 receives
the clock signal, referred to as the line timing signal,
from a selected one of the digital facility interfaces
581 through 587 and uses that clock signal as a
reference signal for the phase-locked loop oscillator.
However, clock circuit 595 can also operate in a
stand-alone mode wherein the phase-locked loop
oscillator provides the required timing signals with-
out a reference signal. Clock circuit 595 distributes
system timing signals to digital facility interfaces 581
through 587 via a path 590, to a pair of multiplexer/
demultiplexer circuits 591 and 592 via paths 596 and
597 and to a pair of link interfaces 593 and 594 via
paths 598 and 599. Based on the timing signals
received from the clock circuit 595, multiplexer/
demultiplexer circuit 591 transmits the information
received from digital facility interfaces 581 through
583, on a 266-channel time-multiplexed line 509 to
link interface 593. Since only 23 of the 32 channels
transmitted by a digital facility interface can be used,
only 69 of the 256 channels on line 509 are used to
transmit the information from digital facility inter-
faces 581 through 583. However, multiplexer/demul-
tiplexer circuit 591 can accommodate as many as ten
digital facility interfaces, in which case 230 of the 256
channels on line 509 would be used. Circuit 591 also
receives information from link interface 593 in 69 of
256 channels on atime-multiplexed line 510 and
demultiplexes that information to the appropriate
channels of digital facility interfaces 581 through
583. Link interface 593 is substantially identical to
link interface 78 in time-slot interchange unit 11
except that the registers used to insert and extract
control words are not included. Link interface 593 is
used to synchronize lines 509 and 510, to insert
framing bits on a 256-channel time-multiplexed line
515 and to check framing bits received on a 256-
channel time-multiplexed line 513. Link interface 593
transmits information to time-slot interchange unit
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511 on time-multiplexed line 515 and receives
information from time-slot interchange unit511 on
time-multiplexed line 513. Lines 513 and 515 have
the same relationship with respect to time-siot
interchange unit 511 as lines 13 and 15 have with
respect to time-slot interchange unit 11. Multiplexer/
demultiplexer circuit 592 and link interface 594,
which are substantially identical to multiplexer/
demultiplexer circuit 591 and link interface 593,
respectively, operate to transmit and receive infor-
mation on 256-channel time-multiplexed lines 516
and 514. However, since circuit 592 is connected to
four digital facility interfaces 584 through 587, 92 of
the channels on lines 516 and 514 are used rather
than 69. Note that digital facility interfaces 582 and
583 interface two transmission facilities from host
interface module 301, i.e., 421 and 422, respectively,
to multiplexer/demultiplexer 591 and that digital
facility interfaces 586 and 587 interface the other two
transmission facilities from host interface module
301, i.e., 423 and 424, respectively, to multiplexer/
demultiplexer 592.

Control communication

Each remote switching module 501 through 504
(Figure 12} has two control channels to control
distribution unit 31. In addition, each remote switch-
ing module 501 through 504 has one control channel
to each of the three other remote switching modules.
Accordingly, time-slot interchange unit 511 is cap-
able of extracting and inserting five of the channels
between time-slot interchange unit 511 and facilities
interface unit 505 as control channels. These five
control channels are in addition to the derived data
link control channels between each remote switch-
ing module and host system 900 and the derived
data link control channels between remote switching
modules. Time-slot inferchange unit 511 and control
unit 517 (Figure 20) and an interface unit 2069
(Figure 21) within time-slot interchange unit 511 are
similar to time-slot interchange unit 11 and control
unit 17 {Figure 3) and interface unit 69 (Figure 4)
described above. In Figure 20 and 21, the numbers
designating the various components comprising
time-slot interchange unit 511, control unit 517 and
interface unit 2069 are exactly 2000 greater than their
counterpart components within time-slot inter-
change unit 11, control unit 17 and interface unit 69.
For example, processor 2066 in control unit517is
substantially identical to processor 66 in control unit
17. Interface unit 2069 (Figure 21} is similar to
interface unit 69 in that each includes two link
interfaces. However, whereas each of the link inter-
faces 78 and 79 in interface unit 69 extracts and
inserts one contro! channel, link interface 2078 in
interface unit 2069 interfaces two control channels
and link interface 2079 in interface unit 2069 inter-
faces three control channels. For example, link
interface 2078 has a first arrangement comprising
control channel register 2081, comparator 2091,
control word destination register 2092 and control
word source register 2080 and a second arrange-
ment comprising control channel register 281, com-
parator 2291, control word destination register 2292
and control word source register 2280, each arrange-
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ment for extracting one control channel from time-
multiplexed line 2085 and inserting one control
channel in time-multiplexed line 2076. Both the first
and second arrangements function similarly to the
arrangement comprising control channel register 81,
comparator 91, control word destination register 92
and control word source register 80 in interface unit
69 (Figure 4) to extract and insert control channels.
However, the control channel designation stored in
control channel register 81 in interface unit 69 is
fixed whereas the designations stored in control
channel registers 2081 and 2281 as well as the
designations stored in the control channel registers
of the three similar arrangements within link inter-
face 2079 can be changed by processor 2066 via bus
2059. In the present embodiment, one of the two
control channels of link interface 2078 is used for
control communication with control distribution unit
31 of host switching system 900 and the other
control channel of link interface 2078 is used for
control communication with remote switching mod-
ule 502. Further, one of the three link interface 2079
control channels is used for control communication
with control distribution unit 31 and the other two
control channels are used for control communica-
tion with remote switching modules 503 and 504.

In the present embodiment, channel 1 on two of
the four transmission facilities interconnecting a
given remote switching module, e.g., 501, to host
interface module 301 is established as a control
channel. Accordingly, there are eight control chan-
nels between the cluster of remote switching mod-
ules 501 through 504 and control distribution unit 31.
Central control 30 writes the appropriate instructions
into control memory 29 such that channels 63 and 64
at input port P59, channels 65 and 66 at input port
P60, channels 67 and 68 at input port P61 and
channels 69 and 70 at input port P61 are always
transmitted via output port P64 to control distribu-
tion unit 31 and such that channels 63 and 64 at input
port P64 are transmitted to output port P59, channels
65 and 66 at input port P64 are transmitted to output
port P60, channels 67 and 68 at input port P64 are
transmitted to output port P61 and channels 69 and
70 at input port P64 are transmitted to output port
P62. In this embodiment, control distribution unit 31
must be able to accommodate 70 of the 256 possible
controlf channels at input/output port pair P64 rather
than only 58 as in the control distribution unit 31 of
the Figure 2 system.

When the system is initialized, each of the digital
facility interfaces 321 through 324, under the control
of control unit 317, transmits a message using the
derived data link on its transmission facility 421
through 424 indicating that facility 421, for example,
will be used to convey one of the two control
channels. Digital facility interfaces 582, 583, 586 and
587 receive these messages and, in response, inform
control unit 517 via path 527 of the selected control
channel. Processor 2066 of control unit 517 {(Figure
20) then transmits a designation representing the
first selected control channel to control channel
register 2081 (Figure 2) for storage therein. Accord-
ingly, the first selected control channel is thereafter
extracted from time-multiplexed line 2085 by control
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word destination register 2092 to be subsequently
read by control unit 517. Further, control words
transmitted by control unit 517 for storage in control
word source register 2080 are thereafter inserted in
the first selected control channel of time-multiplexed.
line 2076. After transmitting the designation to
control channel register 2081, control unit 517 then
transmits an acknowledgement message via the
transmission facility 421 derived data link to control
unit 317 indicating that the first control channel has
been established. in response to the acknowledge-
ment message, control unit 317 writes information
into the control RAM 55 of time-slot interchange unit
311 such that channel 1 of transmission facility 421 is
always transmitted to input port P59 in channel 63
and channel 63 at output port P59 is always con-
veyed to channel 1 of transmission facility 421. This
completes the establishment of the first control
channel between remote switching module 501 and
control distribution unit 31.

Control unit 317 then transmits a control message
in its control channel 59 indicating that transmission
facility 423, for example, is to be used to convey the
second control channel. This control message in-
cludes a destination portion defining the first estab-
lished control channel between remote switching
module 501 and control distribution unit 31, i.e.,
control channel 63. The control message is transmit-
ted via time-multiplexed switch 10 to control distri-
bution unit 31, which interprets the destination
portion thereof and then transmits the message via
time-multiplexed switch 10 control channel 63, host
interface module 301 and transmission facility 421
channel 1 to control unit 517. In response to this
control message, processor 2066 of control unit 517
transmits a designation representing the second
selected control channel to a control channel register
{not shown) of link interface 2079 for storage therein.
Accordingly, the second selected control channel is
thereafter properly extracted and inserted within link
interface 2079 for control message communication
with control unit 517. Control unit 517 transmits an
acknowledgement message via the first remote
switching module 501 - control distribution unit 31
control channel, i.e., via transmission facility 421
channel 1, host interface module 301 and time-
multiplexed switch 10 control channel 63 to control
distribution unit 31. Based on the destination portion
of this acknowledgement message, control distribu-
tion unit 31 then transmits the message to control
unit 317 via one of the host interface module 301 -
control distribution unit 31 control channels, e.g.,
control channel 59, indicating that the second re-
mote switching module 501 - control distribution
unit 31 contrrol channel has been established. In
response, control unit 317 writes information into
the control RAM 55 of time-slot interchange unit 311
such that channel 1 of transmission facility 423 is
always transmitted to input port P59 in channel 64
and channel 64 at output port P59 is always con-
veyed to channel 1 of transmission facility 423. This
completes the establishment of the second control
channel between remote switching module 501 and
control distribution unit 31. The two control channels
between each of the remote switching modules 502,
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503 and 504 and host switching system 900 are
established in a similar manner. The selected control
channels on transmission facilities 431 through 434,
441 through 444 and 451 through 454 are transmit-

5 ted to input port P60 in channels 65 and 66, to input
port P61 in channels 67 and 68 and to input port P62
in channels 69 and 70. Further, channels 65 and 66 at
output port P60, channels 67 and 68 at output port
P61 and channels 69 and 70 at output port P62 are

10 transmitted as the control channels to remote
switching modules 502 through 504.

If after the establishment of transmission facility
421 channel 1 and transmission facility 423 channel 1
as the two conirol channels betwen remote switch-
ing module 501 and host switching system 900,
conirol unit 517 of remote switching module 501
determines that, for example, transmission facility
421 has failed control unit 517 transmits a control
message indicating that failure to control unit 317.
The control message is conveyed first via transmis-
sion facility 423 channel 1, host interface moduie 301
and time-multiplexed switch 10 control channel 64 to
control distribution unit 31 and then via time-
multiplexed switch 10 control channel 59 to control
unit 317. In response, control unit 317 determines
whether transmission facility 422, which in the
present embodiment is the only transmission facility
between host switching system 900 and remote
switching module 501 that is connected via a digital
facility interface to multiplexer/demultiplexer 591, is
operational. If transmission facility 422 is operation-
al, control unit 317 transmits a message to control
unit 517 indicating the selection of transmission
facility 422 channel 1 as a control channel. The
control message is conveyed first via time-
multiplexed switch 10 control channel 59 to control
distribution unit 31 and then via time-multiplexed
switch 10 control channel 64, host interface module
301 and transmission facility 423 channel 1 to control
unit 517. In response, processor 2066 of control unit
517 (Figure 20) then transmits a designation repre-
senting transmission facility 422 channel 1 to control
channel register 2081 (Figure 21) for storage therein.
in addition, conirol unit 317 writes information into
the control RAM 55 of time-slot interchange unit 311
such that channel 1 of transmission facility 422 is
thereafter transmitted to input port P59 in channel 63
and channe! 63 at output port P59 is conveyed to
channe! 1 of transmission facility 422.

Similarly, if it is determined that both the transmis-
sion faciliiies used for control communication be-
tween remote switching module 501 and host
switching system 900 have failed, the derived data
link of the other transmission facilities therebetween
can be used for control communication to coordin-
ate the astablishment of a control channel on an
aperational transmission facility. In the present
embodimeant, at least four transmission facilities are
used to interconrect a given remote switching
maodule to host switching system 900. This allows
the use of two different transmission facilities to
convey the two control channels with the other two
transmission facilities available to convey control
channels in the event of transmission facility fai-
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In an alternative embodiment, when the system is
initialized, each of the digital facility interfaces 321
through 324, under the control unit 317, transmits a
message using the derived data link on its transmis-
sion facility 421 through 424 indicating that certain
ones of the channels of the transmission facility 421
through 424 are candidate control channels. Digital
facility interfaces 582, 5683, 586 and 587 receive these
messages and, in response, inform control unit 517
via path 527 of the candidate control channels.
Processor 2066 of control unit 517 (Figure 20) selects
one of the candidate channels, e.g., transmission
facility 421 channel 1, as a control channel and
transmits a designation representing that control :
channel to control channel register 2081 (Figure 21)
for storage therein. Accordingly, the selected control
channel is thereafter extracted from time- s
multiplexed line 2085 by control word destination

‘register 2092 to be subsequently read by control unit

517. Further, control words transmitted by control :
unit 517 for storage in control word source register

2080 are thereafter inserted in the selected control

channel of time-multiplexed line 2076. After trans- -
mitting the designation to control channel register
2081, control unit 517 then transmits a control
message via the transmission facility 421 derived
data link to control unit 317 defining the selected
control channel. in response to this control message,
control unit 317 writes information into the control
RAM b5 of time-slot interchange unit 311 such that
channel 1 of transmission facility 421 is always
transmitted to input port P59 in channel 63 and
channel 63 at output port P59 is always conveyed io
channel 1 of transmission facility 421.

In accordance with this alternative embodiment,
control unit 517 then selects a second one of the
candidate channels and exchanges control mes-
sages with host switching system 900 via the first
control channel to coordinate the establishment of
the second control channel.

One of the two control communication channels
established between a given remote switching mod-
ule, e.g., 501, and host switching system 900 is used
during the setup of calls. In the present embodiment,
the decisions as to which one of the transmission
facilities 421 through 424 between remote switching
moduie 501 and host switching system 900 as well
as which one of the channels of that transmission
facility is to be used for a particular call are made by
the processor 2066 (Figure 20} of control unit 517.
Processor 2066 maintains via bus 2059 a table of
variables in memory 2057 defining the busy/idle
status of each of the channels of transmission
facilities 421 through 424. Central control 30 main-
tains a variable defining only the number of idle
channels on the transmission facilities 421 through
424. Upon being informed that a call is to be set up
between remote switching module 501 and host
switching system 900, processor 2066 selects an idle
channel for the call based on the table of memory
2057 and then updates the table by marking the
selected channel as busy. Processor 2066 then
informs the control entities of host switching system
900, e.g., central control 30 and control unit 17, via
one of the established control channels, of the
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channel selected for the call.

In the present embodiment, one channel of each
transmission facility directly interconnecting two
remote switching modules is established as a con-
trol channel to allow direct control message com-
munication between the two remote switching mod-
ules. When the system of Figure 10 through 12 is
initialized, control unit 517 (Figure 20) of remote
switching module 501, for example, selects one of
the eight-bit channels of transmission facility 425,
e.g., transmission facility 425 channel 1, as a control
channel between modules 501 and 502. Control unit
517 then transmits a control message via the
transmission facility 425 derived data link control
channel, which control message defines transmis-
sion facility 425 channel 1 as a control channel. In
response, control unit 518 of remote switching
module 502 stores a channel designation defining
transmission facility 425 channel 1 as a control
channel in the link interface 2078 control channel
register 2281 of time-slot interchange unit 512.
Accordingly, information subsequently received
from transmission facility 425 channel 1 is routed to
control unit 518 of remote switching module 502 as
control information. Control unit 518 then transmits
an acknowledgement message via the transmission
facility 425 derived data link to control unit 517. In
response to the acknowledgement message, control
unit 517 stores a designation defining transmission
facility 425 channel 1 as a control channel in the link
interface 2078 control channel register 2281 of
time-slot interchange unit 511. Accordingly, informa-
tion subsequently received from transmission facil-
ity 425 channel 1 is routed to control unit 517 of
remote switching module 501 as control informa-
tion. If the established control channel fails, the
transmission facility 425 derived data link is used to
establish a second channel selected by control unit
517 as a control channel.

In remote switching module 501, channel designa-
tions defining the established transmission facility
426 control channel and the established transmis-
sion facility 427 control channel are stored in two
control channel registers (not shown) of the link
interface 2079 of time-slot interchange unit 511
(Figure 20). Accordingly, the three control channels
from transmission facilities 425 through 427 are
extracted and inserted to allow control unit 517 to
directly communicate with control units in modules
502 through 504. Control channels are similarly
established between module 502 and module 503,
between module 502 and module 504 and between
module 503 and module 504. For each pair of remote
switching modules, one module is predefined to be
responsible for the selection and establishment of .
control channels therebetween. An alternate means
of control communication is available using the
derived data link control channels on transmission
facilities 425 through 427, 435, 436 and 445.

Recall that the number of transmission facilities
interconnecting a given pair of remote switching
modules depends on the anticipated traffic therebe-
tween. In addition, the number of control channels
between remote switching modules is similarly
dependent on anticipated traffic. When two or more
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control channels and two or more transmission
facilities are provided between a given pair of
remote switching modules, the control channels are
not all established on one of the transmission
facilities. This minimizes the control communication
disruption caused by a failure of a single transmis-
sion facility.

Although only remote switching module 501 has
been described in detail above, module 502 compris-
ing facilities interface unit 508, time-slot interchange
unit 512, control unit 518 and line units 521 and 522
serving subscriber sets 538 and 539, module 503
comprising facilities interface unit 507, time-siot
interchange unit 561, control unit 567 and line units
569 and 570 serving subscriber sets 548 and 549 and
module 504 comprising facilities interface unit 508,
time-slot interchange unit 562, control unit 568 and
line units 571 and 572 serving subscriber sets 558
and 559 are substantially identical.

A condition known as ““glare’’ can occur if, for
example, remote switching modules 501 and 504
both attempt to establish calls using the same
transmission facility 427 channel at the same time.
Such a glare condition can be resolved by well-
known means, for example, by designating a parti-
cular remote switching module as first choice for
each channel therebetween.

Recall that the frame format used on the digital
transmission facilities, e.g., 421, as shown in Figure
10 has the E-bit of a given channel being conveyed
only once every 24 frames. To allow the E-bit
communication mode used for call setup in the
above-described Figure 2 system to be used in the
present exemplary embodiment, the operation of
host interface modules 301 and 302 and remote
switching modules 501 through 504 must accommo-
date the Figure 16 format having 24 frames between
E-bits of a given channel. When the processor 66 of
control unit 317, for example, is informed that a call
is being set up on a given channel on one of the
transmission facilities 421 through 424, it requests
that the signal processor 65 survey the E-bits on the
corresponding channel being received by the receive
time-slot interchanger 50. When a logic one E-bit is
detected, processor 66 writes a logic one bitin the
control RAM 55 of time slot interchanger unit 312 to
be inserted during every occurrence of the appropri-
ate channel being transmitted by the receive time-
slot interchanger 50 TSIU 312. Signal processor 65
continues to monitor the E-bit received by receive
time-slot interchanger 50 during every 24th frame
and when a logic zero is detected indicating discon-
tinuity, the processor 66 is informed. Further, pro-
cessor 66 of control unit 317 instructs the E-bit check
circuit 192 to detect a logic one E-bitin a given
channel received by the transmit time-slot interchan-
ger 53 and upon such detection processor 66 writes
a logic one bitin the control RAM 55 to be inserted
during every occurrence of the appropriate channel
being transmitted by the transmit time-slot inter-
changer 53. Similarly, when the processor 2066 of
control unit 517, for example, is informed that a call
is being set up on a given channel on one of the
facilities 421 through 424, it instructs the E-bit check
circuit 2192 to detect a logic one E-bit in the
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corresponding channel and upon such detection the
check circuit 2192 is responsive to the E-bit of only
every 24th frame.

In an alternative embodiment, each digital facility
interface, e.g., 321, upon receiving an E-bit from the
transmission facility in a given channel and having a
given logic value, transmits E-bits having the given
logic value in that given channel to time-slot inter-
change unit 311 for 24 consecutive frames.

Call setup example

The use of the control information communication
arrangement of the present exemplary embodiment
to allow communication among the control entities,
i.e., control units 517, 518, 567 and 568, of the cluster
of remote switching modules 501 through 504 and
the control entities, e.g., control units 317 and 318
and central control 30, of host system 900 may be
better understood by considering the following
example wherein a call is set up from subscriber set
528 to subscriber set 559. Figure 17 is a functional
diagram of the communication among control en-
tities to set up the call on an available channel of
transmission facility 427 between modules 501 and
504. In this example, it is assumed that control unit
517 exchanges control messages with control distri-
bution unit 31 using channel 1 on transmission
facility 421 and control channel 63 at input/output
port pair P53 and that control unit 568 exchanges
control messages with control distribution unit 31
using channel 1 on transmission facility 451 and
control channel 69 at input/output port pair P62. Line
unit 519 of remote switching module 501 detects an
originating off-hook at subscriber set 528 and trans-
mits a message to control unit 517 via communica-
tion path 527. Control unit 517, in response to this
message from line unit 519, transmits an instruction
to line unit 519 defining which communication
channel between line unit 519 and time-slot inter-
change unit 511 is to be used for data word
communication. Further, control unit 517 begins to
transmit dial tone in the channel associated with the
newly off-hook subscriber between time-slot inter-
change unit 511 and line unit 519. Control unit 517
continues to survey the DC state of subscriber set
528. Control unit 517 further detects the dialing of
digits at subscriber set 528 and terminates dial tone
in response to the first such digit. Based on the entire
dialed number and the calling party’s identity,
control unit 517 formulates a control message for
central control 30. This control message comprises a
destination portion identifying central control 30 and
further includes the calling party identity, the called
party identity, and certain calling party related
information, e.g., class of service. The control mes-
sage (a, Figure 17) is transmitted to control distribu-
tion unit 31 via transmission facility 421 channel 1,
originating host interface module 301 and time-
multiplexed switch 10 control channel 63. Control
distribution unit 31 interprets the destination portion
of the message received and transmits the message
to central control 30.

Central control 30 determines, based upon stored
information, that the called party is served by
terminating remote switching module 504 and
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whether at least one of the 22 channels of transmis-
sion facility 427 used for conveying subscriber-
generated information is presently available. (Recall

that one transmission facility 427 channel is reserved

as a control channel). The communication sequence
required when no transmission facility 427 channel
is available for the call is described later herein with
reference to Figure 18. Assuming that a transmission
facility 427 channel is available, central control 30
decrements its count of available transmission facil-
ity 427 channels and transmits a control message (b)
to control unit 568 of terminating remote switching
module 504 defining the identity of the called party
and the originating remote switching module 501
and indicating that an available transmission facility
427 channel should be used for the call. The control
message (b} is conveyed first via link 32 to control
distribution unit 31, and then via time-multiplexed
switch 10 control channel 69, terminating host
interface module 302 and transmission facility 451
channel 1 to control unit 568. In response to the
control message (b}, control unit 568 assigns a
channel between line unit 572 and time-slot inter-
change unit 562 for the communication with subscri-
ber set 559, selects an available transmission facility
427 channel, e.g., channel 13, for the call, marks
transmission facility 427 channel 13 as busy in its
memory 2057 and begins transmitting logic one
E-bits (c) to transmission facility 427 channel 13.
Control unit 568 also transmits a control message (d)
to control unit 517 of originating remote switching
module 501 defining the selected transmission facil-
ity 427 channel 13, the identity of terminating remote
switching module 504 and any information about the
called party needed for call completion. The control
message (d) is conveyed first via transmission
facility 451 channel 1, terminating host interface
module 302 and time-multiplexed switch 10 control
channel 69 to control distribution unit 31 and then
via time-multiplexed switch 10 control channel 63,
originating host interface module 301 and transmis-
sion facility 421 channel 1 to control unit517. In
addition to the above, the processor 2066 of contro!
unit 568 instructs the E-bit check circuit 2192 to
survey the state of the E-bits from transmission
facility 427 channel 13 for a predetermined period of
time, e.g., 128 frames.

Control unit 517, in response to the message (d)
from control unit 568 to transmit logic one E-bits (e}
to transmission facility 427 channel 13. Further,
control unit 517 checks the E-bits from the incoming
transmission facility 427 channel 13 for the presence
of a logic one. When such a logic one E-bitis
detected, a continuity signal is transmitted from the
E-bit check circuit 2192 to the processor 2066 of
control unit 517 indicating that communication path
continuity from time-slot interchange unit 562 of
terminating remote switching module 504 to time-
slot interchange unit 511 of originating remote
switching module 501 is known. When communica-
tion path continuity exists from time-slot inter-
change unit 511 to time-slot interchange unit 562,
the E-bit check circuit 2192 of control unit 568 will
detect a logic one E-Bit from transmission facility 427
channel 13 during the predetermined period of time.
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The E-bit check circuit 2192 of control unit 568
transmits a continuity signal to its associated proces-
sor 2066 in response to the logic one E-bit. (Recall
that E-bits transmitted to and received from trans-
mission facility 427 channel 13 are actually conveyed
on transmission facility 427 channel 24 during every
24th frame). In response to the continuity signal
from the E-bit check circuit 2192 of control unit 568,
line unit 572 is notified to transmit ring current to
subscriber set 559 and audible ring tones are
returned using transmission facility 427 channel 13
to subscriber set 528. When subscriber set 559 is
taken off-hook, line unit 572 notifies control unit 568
which terminates the transmission of audible ring
tones to subscriber set 528 and terminates the
application of ring current to subscriber set 559.
Control unit 568 then transmits a control message (f)
to control unit 517 indicating that an answer has
occurred. The control message (f) is conveyed to
control unit 517 via the same channels used to
convey the control message (d). The parties can now
communicate using transmission facility 427 chan-
nel 13. Note that the control messages (d) and (f}
could alternatively have been conveyed using the
established transmission facility 427 control channel
1 or the transmission facility 427 derived data link
control channel.

Figure 18 is a functional diagram indicating the
communication sequence required for the above-
described example when no transmission facility
427 channel is available for the call. The same
control message {a) as before is transmitted to
central control 30. The control message (a) is
conveyed first via transmission facility 421 channel
1, originating host interface module 301 and time-
multiplexed switch 10 control channel 63 to control
distribution unit 31 and then via link 32 to central
control 30. In this case, however, central control 30
determines based on stored information that no
transmission facility 427 channel is presently avail-
able for the call but that there are available channels
on one of the facilities 421 through 424, on one of the
facilities 451 through 454 and between one of the
time-multiplexed switch 10 input/output port pairs
connected to originating host interface module 301
and one of the input/output port pairs connected to
terminating host interface module 302. Central con-
trol 30 then decrements its count of available
channels on facilities 421 through 424 and 451
through 454 and selects a time-multiplexed switch
10 channel for the call, e.g., channel 16 between
input/output port pairs P59 and P61. Central control
30 then transmits a control message (b) to control
unit 568 defining the identity of the called party, the
originating remote switching module 501 and the
selected time-multiplexed switch 10 channel 16 and
indicating that the call is to be set up via terminating
host interface module 302 rather than transmission
facility 427. The control message (b} is conveyed first
via link 32 to control distribution unit 31 and then via
time-multiplexed switch 10 control channel 69, ter-
minating host interface module 302 and transmis-
sion facility 451 channel 1 to control unit 568. At
substantially the same time that central control 30
transmits the control message (b) to control unit 568,
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it transmits instructions (c) to control memory 29 via
communication path 49 which instructions define
the time-multiplexed switch 10 switching paths to be
used during channel 16 to connect modules 301 and
302. In response to the control message (b), control
unit 568 assigns a channel between line unit 572 and
time-slot interchange unit 562 for the communica-
tion with subscriber set 559, selects, for example,
transmission facility 454 channel 19 to be used for
the call and begins transmitting logic one E-bits (d)
to transmission facility 454 channel 19. Control unit
568 also transmits a control message (e) to control
unit 318 defining the selected transmission facility
454 channel 19 and time-multiplexed switch 10
channel 16 to be used for the call. The control
message (e) is conveyed first via transmission
facility 451 channe! 1, terminating host interface
module 302 and time-multiplexed switch 10 control
channel 69 to control distribution unit 31 and then
via time-multiplexed switch 10 control channel 61 to
control unit 318. In response to the controi message
(e), control unit 318 writes instructions in the time-
slot interchange unit 312 control RAM 55 such that
data words received from transmission facility 454
channel 19 are transmitted in time-multiplexed
switch 10 channel 16. In addition, the processor 66 of
control unit 318 instructs the signal processor 65 to
survey the E-bits being received from transmission
facility 454 channel 19 for a predetermined period of
time, e.g., 128 frames, and when a logic one E-bit is
received, the processor 66 writes a logic one bitin
the time-slot interchange unit 312 control RAM 55
such that time-slot interchange unit 312 begins
transmitting logic one E-bits (f) in the time-
multiplexed switch 10 channel 16. Processor 66 also
instructs the E-bit check circuit 192 to survey the
E-bits being received from time-multiplexed switch
10 channel 16 for the predetermined time period.
Also in response to the control message (b), control
unit 568 transmits a control message (g) to control
unit 517 in originating remote switching module 501
defining the identity of the terminating remote
switching module 504, the selected time-multiplexed
switch 10 channel 16 and any called party informa-
tion needed for call completion and indicating that
the call is to be routed via originating host interface
module 301 rather than transmission facility 427.
The control message (g) is conveyed first via trans-
mission facility 451 channel 1, terminating host
interface module 302 and time-multiplexed switch
10 control channel 69 to control distribution unit 31
and then via time-multiplexed switch 10 control
channel 63, originating host interface module 301
and transmission facility 421 channel 1 to control
unit517. In response to the control message (g),
control unit 517 selects, for example, the transmis-
sion facility 421 channel 3 to be used for the call and
begins transmitting logic one E-bits (h} to transmis-
sion facility 421 channel 3. Control unit 517 also
transmits a control message (i} to control unit 317 of
originating host interface module 301 defining the
selected transmission facility 421 channel 3 and
time-multiplexed switch 10 channel 16 as the chan-
nels to be used for the call. The control message (i) is
conveyed first via transmission facility 421 channel
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1, host interface module 301 and time-multiplexed
switch 10 control channel 63 to control distribution
unit 31 and then via time-multiplexed switch 10
control channel 59 to control unit 317. in response to
the control message (i), control unit 317 writes
instructions in the time-slot interchange unit 311
control RAM 55 such that data words received from
transmission facility 421 channel 3 are transmitted in
time-multiplexed switch 10 channel 16. In addition,
the processor 66 of control unit 317 instructs the
signal processor 65 to survey the E-bits received
from transmission facility 421 channel 3 fora
predetermined period of time, e.g., 128 frames, and
when a logic one E-bit is detected, processor 66
writes a logic one bit in the time-slot interchange
unit 311 control RAM 55 such that time-slot inter-
change unit 311 begins transmitting logic one E-bits
(k) in time-multiplexed switched 10 channel 16.
Processor 66 also instructs the E-bit check circuit 192
to survey the E-bits from time-multiplexed switch 10
channel 16 and when the first logic one E-bit (f} is
detected, processor 66 writes a logic one bitin the
time-slot interchange unit 311 control RAM 55 such
that logic one E-bits (j} are transmitted to transmis-
sion facility 421 channel 3. When the E-bit check
circuit 2192 of control unit 517 detects a logic one
E-bit (j) from transmission facility 421 channel 3, it
transmits a continuity signal to the control unit 517
processor 2066 indicating that communication path
continuity is known from time-slot interchange unit
562 to time-slot interchange unit 511. When the E-bit
check circuit 192 of control unit 318 detects the first
logic one E-bit (k) from time-multiplexed switch 10
channel 16, the control unit 318 processor 66 writes a
logic one bit in the time-slot interchange unit 312
control RAM 55 such that logic one E-bits (1) are
transmitted to transmission facility 454 channel 19.
Finally, when the E-bit check circuit 2192 of control
unit 568 detects a logic one E-bit (1) from transmis-
sion facility 454 channel 19, it transmits a continuity
signal to the associated processor 2066 indicating
that communication path continuity is also known
from time-slot interchange unit 511 to time-slot
interchange unit 562. (Recall that E-bits transmitted
to and received from transmission facility 454 chan-
nel 19 and transmission facility 421 channel 3 are
actually conveyed in transmission facility 454 chan-
ne! 24 and transmission facility 421 channel 24
during every 24th frame.) In response to the con-
tinuity signal from the E-bit check circuit 2192 of
control unit 568, line unit 572 is notified to transmit
ring current to subscriber set 559 and audible ring
tones are returned toward subscriber set 528. When
subscriber set 559 is taken off-hook, line unit 572
notifies control unit 568 which terminates the trans-
mission of audible ring tones to subscriber set 528
and terminates the application of the ring current to
subscriber set 559. Control unit 568 then transmits a
control message (m) to control unit 517 indicating
that answer has occured. The control message (m) is
conveyed to control unit 517 via the same channels
used to convey the control message (g). The parties
can now communicate via transmission facility 421
channel 3, time-multiplexed switch 10 channel 16
and transmission facility 454 channel 19. Note that
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the control messages (g) and (m) could alternatively
have been routed via the established transmission
facility 427 contro! channel 1 or the transmission
facility 427 derived data link control channel.

Stand-alone operation

The cluster of remote switching-modules 501
through 504 is capable of integrated stand-alone
operation to complete calls, for example, from
subscriber set 528 to subscriber set 559 without
coordination by central control 30. Upon a determi-
nation by one of the remote switching module
control units, e.g., 518, that it is unable to communi-
cate with central control 30 as, for example, when all
of the transmission facilities 431 through 434 falil, it
initiates a transition of the entire clusterto a
stand-alone mode of operation by informing the
other remote switching modules 501, 503 and 504
via the established control channel 1 of the facilities
425, 435 and 436, respectively. Upon receiving a
subsequent request from subscriber set 528 to call
subscriber set 559, control unit 517 transmits a
control message via transmission facility 427 chan-
nel 1 informing control unit 568 of the requested call.
Assuming that subscriber set 559 is not busy and
that one of the transmission facility 427 channels is
available for the call, control unit 568 selects an
available transmission facility 427 channel, e.g., 12,
and informs control unit 517 of that selection via
transmission facility 427 channel 1. The call can then
be completed using the selected channel 12 of
transmission facility 427.

It is to be understood that the above-described
exemplary embodiment is merely iliustrative of the
principles of the present invention and that other
embodiments may be devised by those skilled in the
art without departing from the spirit and scope of the
invention. For example, although the system as
shown in Figure 10 through 12 includes only line
units, it is to be understood that analog or digital
trunk units interfacing with trunks from other tele-
phone systems may also be included. In addition, it
may be desirable to allow less than all of the remote
switching modules in a cluster to operate in stand-
alone mode while the others operate under the
control of the host system, as in the situation where
less than all the transmission facilities between the
cluster and the host system fail. In that situation,
traffic may be routed from a stand-alone module to
the host system via one of the other modules.

CLAIMS

1. A switching arrangement comprising:

a switching network (900),

CHARACTERIZED IN THAT

the swtiching arrangement comprises:

first and second remote switching modules (501,
502),

first interconnection circuits (421-424) for intercon-
necting the switching network (900) and the first
remote switching module (501),

second interconnection circuits (431-434) for inter-
connecting the host switching network (900) and the
second remote switching module (502) and
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third interconnection circuits (435) for intercon-
necting the first and second remote switching mod-
ules,

wherein the first remote switching module (501)
comprises a first plurality of peripheral circuits for
transmitting control information on the third inter-
connection circuits and

wherein the second remote switching module
(502) comprises a second plurality of peripheral
circuits, means for receiving control information on
the third interconnection circuits and means respon-
sive to control information received on the third
interconnection circuits for selectively establishing
communication paths among the second plurality of
peripheral circuits and the third interconnection
circuit.

2. Aswitching arrangement in accordance with
claim 1

CHARACTERIZED IN THAT

the host switching network (900) comprises:

first circuitry for transmitting control information
on the first interconnection circuit; and

second circuitry for receiving control information
on the second interconnection circuit,

the first remote switching module further com-
prises:

means for receiving control information on the
first interconnection circuit and means responsive to
control information received on the first interconnec-
tion circuit for selectively establishing communica-
tion paths among the first plurality of peripheral
circuits and the third interconnection circuit and

the second remote switching module further com-
prises:

a transmitting circuit for transmitting control infor-
mation on the second interconnection circuit.

3. Aswitching arrangement in accordance with
claim 2

CHARACTERIZED IN THAT

the host switching network further comprises:

means for receiving control information on the
first interconnection circuit and means for transmit-
ting control information on the second interconnec-
tion means,

the first remote switching module further com-
prises:

a transmitting circuit for transmitting control infor-
mation on the first interconnection circuit and

the second remote switching module further com-
prises:

receiving circuit for receiving control information
on the second interconnection circuit and means
responsive to control information received on the
second interconnection circuit for selectively estab-
lishing communication paths among the second
plurality of peripheral circuits and the third intercon-
nection circuit.

4. Aswitching arrangement in accordance with
claim 3

CHARACTERIZED IN THAT

the host switching module further comprises:

means responsive to control information received
on the first and second interconnection circuits for
selectively establishing communication paths be-
tween the first and second interconnection circuits,
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the first remote switching module further com-
prises:

means responsive to control information received
on the first interconnection means for selectively
establishing communication paths among the first
plurality of peripheral circuits and said first intercon-
nection circuit; and ’

the second remote switching module further com-
prises:

means responsive to control information received
on the second interconnection circuit for selectively
establishing communication paths among the
second plurality of peripheral circuits and the second
interconnection cireuit.

5. A switching arrangement in accordance with
claim4

CHARACTERIZED IN THAT

the second remote switching module further com-
prises:

means for transmitting control information on the
third interconnection means; and

the first remote switching module further com-
prises:

means for receiving control information on the
third interconnection circuit; and

means responsive to control information received
on the third interconnection circuit for selectively
establishing communication paths among the first
plurality of peripheral circuits and the third intercon-
nection circuit.

6. A switching arrangement in accordance with
claim 5

CHARACTERIZED IN THAT

the first remote switching module further com-
prises:

means for transmitting on the first interconnection
circuit control information comprising a request to
transmit subscriber-generated information between
a given one of the first plurality of peripheral circuits
and a given one of the second plurality of peripheral
circuits and

the host switching network (900) further com-
prises:

means for storing first, second and third variables
defining the availability of the first, second and third
interconnection circuits, respectively, for transmit-
ting subscriber-generated information;

means responsive to the request, for transmitting
to the first and second remote switching modules,
control information comprising a first command to
transmit subscriber-generated information between
the given one of the first plurality of peripheral
circuits and the given one of said second plurality of
peripheral circuits via said third interconnection
circuit, when the third variable defines the third
interconnection circuit as being available for trans-
mitting subscriber-generated information; and

means responsive to the request, for transmitting
to the first and second remote switching modules,
control information comprising a second command
to transmit subscriber-generated information be-
tween the given one of the first plurality of peripher-
al circuits and the given one of the second plurality
of peripheral circuits via the first and second inter-
connection circuits and the host switching network
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when the third variable defines the third intercon-
nection circuit as being unavailable for transmitting
subscriber-generated information and the first and
second variables respectively define the first and
second interconnection circuits, as being available
for transmitting subscriber-generated information.

7. Aswitching arrangement in accordance with
claim 6

CHARACTERIZED IN THAT

the first remote switching module further com-
prises:

means responsive to the first command for estab-
lishing a communication path between the given
one of the first plurality of peripheral circuits and the
third interconnection circuit; and

means responsive to the second command for
establishing a communication path between the
given one of the first plurality of peripheral circuits
and the first interconnection circuit; and

the second remote switching module further com-
prises:

means responsive to the first command for estab-
lishing a communication path between the given
one of the second plurality of peripheral circuits and
the third interconnection circuit; and

means responsive to the second command for
establishing a communication path between the
given one of the second plurality of peripheral
circuits and the second interconnection circuit;

8. A switching arrangement in accordance with
claim7

CHARACTERIZED IN THAT

each of the first and second plurality of peripheral
circuits comprises:

means for transmitting and receiving subscriber-
generated information; and

each of the first, second and third interconnection
circuits comprises:

means for transmitting subscriber-generated in-
formation in a plurality of channels; and

means for transmitting control information in at
least one control channel.

9. A switching arrangement in accordance with
claim4

CHARACTERIZED IN THAT

the host switching network (900) further com-
prises: .

a plurality of host peripheral circuits, and

means responsive to control information received
on the first and second interconnection circuits for
selectively establishing communication paths
among the first and second interconnection circuits
and the plurality of host peripheral circuits.

10. A switching arrangement in accordance with
claim 1

CHARACTERIZED IN THAT .

the second remote switching module further com-
prises:

means for transmitting control information on the
third interconnection circuit; and

the first remote switching module further com-
prises:

means for receiving control information on the
third interconnection circuit; and

means responsive to control information received
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on the third interconnection means for selectively
establishing communication paths among the first
plurality of peripheral circuits and the third intercon-
nection circuit.

11. A switching arrangement in accordance with
claim 1~

CHARACTERIZED IN THAT

the host switching network comprises:

means for transmitting and receiving control infor-
mation on the first interconnection circuit; and

the first remote switching module further com-
prises:

means for transmitting and receiving control infor-
mation on the first interconnection circuit; and

means responsive to control information received
on the first interconnection means for selectively
establishing communication paths among the first
plurality of peripheral circuits and the third intercon-
nection circuit.
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