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€ This invention relates to arrangements for establishing digital
;;t\elecotimunications connectiqns, and more specifically, for establishing such
5 connegtions using broadband networks and switching systems.
Problem
: The provision of large quantities of toll telephone service continues to
- be expensive. While there have been major breakthroughs in the cost of
‘ 'provisidriing of high capacity transmission systems using fiber optics, the access to
10 such fiber optic systems and the switching of signals on such fiber optic systems
continues to be costly. Further, the cost of switching the signals from one channel to
another in a tandem-toll switch remains high.
Further, there has been an increasing need for a very large
telecommunications switching system or its equivalent. In the past, this need has
15 been partially met by the use of smaller switching systems interconnected by
moderate capacity tandem switching systems. In the case of a switching system such
as AT&T’s SESS® switch, a fairly large system has been devised using switching
modules of substantial capacity interconnected by a time multiplexed switch. None
of the available solutions, however, have resulted in an economically satisfactory
20 solution to the need for a very large switching system or cluster of systems for
simultaneously handling substantial quantities of telephone traffic, low speed
telecommunications data traffic, and-high speed telecommunications data traffic.
A new standard has been implemented for transmitting combinations of
broadband and narrower band, packet and circuit signals over broadband facilities.
25 This standard, the Asynchronous Transfer Mode (ATM) standard, packs data into
frames each frame comprising a plurality of cells, each.cell being 53 bytes long, the
53 bytes consisting of a S byte header and a 48 byte payload. When a 125
microsecond ATM frame is transmitted, each of the cells may be headed for a
separate destination, the destination being identified in the cell header. ATM
30 standards under consideration specify how to pack 48 voice samples from one
speech channel into a cell and to transmit this cell across an ATM network.
However, this incurs an undesirable 48 sample (6 millisecond) delay for filling the
cell with the samples, and requires a large amount of storage for the samples prior to
their transmission and after their reception. No sound proposal has been made
35 public for the economic use of ATM for transmitting voice signals from an ingress
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be expensive. While there have been major breakthroughs in the cost of
provi sioning of high capacity transm ssion systens using fiber optics, the
access to such fiber optic sy8tens and the swtching of
signals on such fiber optic systens continues to be costly.
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of a prior patent application International Application Number PCT/US93/02478
filed in PCT on 18 March 1993. According to the teachings of that application,
signals from a plurality of pulse code modulated (PCM) channels on a plurality of
15 PCM lines, each channel for one telecommunications call, are switched by ATM
interface units (ATMUs) onto ATM signal outputs such that each of the calls
destined for a common switching module or independent switching system are
packed into a single composite ATM or ATM-like cell; the ATM signals containing
such composite cells are transmitted to and from an ATM Communication module
20 (ATM-CM) (called a common broadband platform in the cited applica:ionj which is
used for switching ATM cells; such composite cells are transmitted at a repetition
rate that is the same or a sub-multiple of the repetition rate of the PCM signals that
represent the voice signals; the cells are transmitted over constant bit rate (CBR)
permanent virtual circuits (PVC) from an ingress switching module or system to the
25 ATM-CM of that node or access switch, thence, to an egress switching module or
switching system or to the ATM-CM of another access switch. This solution avoids
the 6 millisecond delay because only one sample from a given call is placed into a
composite cell. Permanent virtual paths are provisioned as the traffic between a B
particular ingress and egress module changes, but such paths need to be activated or
30 deactivated only when an additional group (the group size being determined by the
number of voice channels that are transmitted in each cell) is needed or can be
released.
A problem with this partial solution is that there is insufficient traffic to
justify permanent virtual paths among the large plurality of ATMUs in a network
35 having many switching modules. Further, the partial solution has the disadvantage
that the addition of a single switching module to any access switch of a network
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br oadband and narrower band, packet and circuit signals over broadband
facilities. This standard, the Asynchronous Transfer Mde
(ATM standard, packs data into 3 frames each franme conprising a
plurality of cells, each cell being 53 bytes |ong, the 53
bytes consisting of a 5 byte header and a 48 byte payl oad. Wen a 125
m cr osecond A€yiresahet dlbadeessswvitaheste infamhed; thustpeesertinga sigpifisentheaded for a

separate destgﬁ%&dﬂm ﬁ&$§iﬂﬁ§%§aﬁ%g%l ing identified in the cell header.

ATM standar ds under considération specify how to pack 48 voice
sanpl es f r om Sglution speech channel into a cell and to transmt

this cell across an ATMamepi¥Rirk from the prior art, descABEY B thistapbBedridgd S an
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g vorce signal's froman I ngress
being from one of a plurality of source switches or switch modules and destined for
that CCR unit, to cells each containing communications destined for a common
10 destination CCR; this is accomplished by switching the individual channels within
each cell of the input ATM signal to cells headed for the appropriate destination
CCR in the output ATM signal of the CCR. A transit crossconnect is interposed
between CCRs of different access switches, to switch cells of incoming ATM
streams to different outgoing ATM streams. This transit crossconnect is equivalent
15 to the network of crossconnects used today in long distance synchronous voice
networks. Advantageously, using this kind of an arrangement, a transit
crossconnect, in conjunction with a plurality of CCRs in an access switch, can be
used efficiently to interconnect the links of a permanent virtual path between two
access switches, and can link modules of different access switches even when the
20 traffic between the modules is well below the capacity of a single cell.
In accordance with one specific embodiment, each composite ATM cell
between CCRs carries one byte of each of up to 48 voice communications, and the
composite cells of the CBR PVCs are transmitted at a rate of one cell per 125
microseconds (is). Advantageously, such an arrangement simplifies the interface to
25 existing PCM systems.
Virtual paths in the ATMU are assigned to gather traffic that is input to
the ATMU into cells such that each cell goes only to one CCR or ATMU destination.
For intra-access switch traffic the cells go to the ATMU connected to the destination-
switch module. For inter-access switch traffic, the cells go to a CCR and are then
30 transmitted over an ATM link to a transit crossconnect or directly to another access
switch. The access switch that contains the destination CCR, or for intra-access
switch traffic, the destination ATMU, determines the choice of which inputs are
assigned to which cells. In the case of cells destined for a CCR, if the CCR is
directly connected to another access switch, a situation which may occur when either
35 thereis a great deal of traffic between two access switches or when networks are
initially small (i.e., few access switches), then the traffic that can be placed in a cell
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node to a network to a nultiplicity of egress nodes of the network w thout
incurring this delay. Wile the ATM standard is finding increasing use in

br oadband networks, especially those usinggfiber optic transm ssion
facilities, no econom c solution has been nmade public to the problem of
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crossconnect into different cells. The transit crossconnect routes each cell to the

appropriate destination access switch. There, another CCR unit will segregate traffic

for each ATMU of that access switch into different cells. Each cell is then routed

through the destination access switéh ATM-CM to the correct ATMU for that cell,

10 and thence to the destination switching module.

The assignment of traffic to cells, i.e., the assignment of traffic to the
virtual paths of the ATMU, is further modified by considerations of reliability so
that, whenever possible; traffic between access switches may be switched by a
network of crossconnects, e.g., via two different transit crossconnects. If the amount

15 of traffic between two access switches is small, then it may normally be carried over
one of the two transit crossconnects and in case of system failure may then be
switched to a CCR connected to the second transit crossconnect interconnecting the
two access switches.

The assignment of traffic to output cells within the CCR is relatively

20 straightforward. If the CCR is connected to a transit crossconnect, each output cell
contains traffic destined for a single destination CCR of a destination access switch.
Because the destination access switch also contains a CCR unit and because of the
full interconnectivity of the ATM-CM in the destination access switch, there is no
need to segregate traffic destined for switching by different ATMUs in the

25 destination access switch.

All of the units described herein carry traffic in both directions. In
general, only the outgoing direction is described in detail. Those skilled in the prior
art will readily understand the adaptations necessary for the reverse direction of
transmission and switching. '

30 While the preferred embodiment uses ATM, the principles of
applicants’ invention apply to any packet network. Implementation is simplified by
the constant length packet size of the ATM cells and the use of ATM standard parts
will make implementation of applicants’ invention economical. The equivalent of an
ATMU and a CCR in a more general packet network are units which can pack and

35 unpack the contents of the packets over the period of a frame of a multiplexed
periodic communication signal such as PCM or PCM-like (e.g., adaptive PCM)
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of a prior patent application International Application Nunber

PCT/ US93/ 02478 filed in PCT on 18 March 1993. According to the teachings of
that application, signals froma plurality of pulse code nodul ated (PCM
channels on a plurality of PCMIines, eacR —channel for one

tel ecommuni cations call, are switched by ATMinterface units (ATMJs) onto
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(called a cormﬁ% broadband platformin the cited application) which is used
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a 10 sucha network can be used to mterconnect a large number of PCM channels over an
ATM network which can simultaneously be used for transmitting broadband signals
using the very high capacity of the ATM transmission arrangement.
Advantageously, in such an arrangement permanent virtual paths can be established
through the ATM-CMs and the transit crossconnects for composite cells carrying
15 individual PCM samples for a plurality of PCM channels; such permanent virtual
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source-destination couplet of the ATM-CM or
transit crossconnect and permanent virtual paths are deactivated only when there is a
substantial reducton in the need for the number of channels required of permanent
20 virtual paths between a source/destination pair of the ATM-CM or transit
crossconnect. The permanent virtual paths can also be established for carrying
conventional packetized voice (see FIG. 17) or packetized data. Advantageously,
virtual paths may be consolidated (see FIG. 33) to insure high udlization of virtual
paths even between switching modules.
25 The claimed subject matter of this patent application further relates to
the "network” consisting of the CCR units of all access switches connected to the
larger network plus the transit crossconnects interconnecting the CCR units plus the
occasional direct links between CCR units. This distribution network accepts as its -
inputs ATM signals containing cells carrying PCM channels destined for any access
30 switch accessible via the transit crossconnect connected to the output of the CCR
(and in the case of a CCR directly linked to another CCR the access switch to which
the latter CCR is connected). The contents of the input cells to these CCRs are
switched into cells each of which contains communications destined for a common
access switch. The output cells of these CCRs are then switched in the transit
35 crossconnect to the ATM streams connected to that destination CCR where the ATM
signal is switched into cells each of which are destined for the same ATMU in the

O,
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conposite cell. Permanent virtual paths are provisioned as the traffic
between a particular ingress and egress nodul e changes, but such paths need
to be activated or deactivated only when_gn additional group (the group
size being determ ned by the nunber of voice channels that are transmtted

0ot ool ) d e led Oycal BOLSLERSSH, e corpipaion o CCH B Mg 1
virtual pathsrasn ng:ssctmmbarﬁads)h disatburipnafervididds ehormmousetpapity Widviowg nany
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net wor k theory, the CCRs can be associated with either the access switches or the transit
1 2 FEB 1998 jerwork. In the preferred embodiment, the control information required by the CCR
comes naturally from the control of the access switch, thereby making a co-location
of access switch and CCR more natural.
Advantageously, in such an arrangement permanent virtual paths can be
established through the transit crossconnects for composite cells each carrying

10 individual PCM samples for a plurality of PCM channels. Such permanent virtual
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source/destination couplet of the transit '
crossconnect and are deactivated only when there is a substantial reduction in the
need for the number of channels required of permanent virtual paths between such a

15 source/destination pair of the transit crossconnect.

The claimed subject matter in this application further relates to the
access switch including at least one ATMU, an ATM-CM and at least one CCR.
Advantageously, such an access switch can gather traffic from a large number of
sources and bundle this traffic into composite cells carrying PCM samples for a

20 plurality of communications wherein each of the composite cells at the output of an
access switch contains traffic destined for a single destination access switch. The
access switch can also be used advantageously for carrying conventional packetized
voice (see FIG. 12) or packetized data from and to the switches and modules that are
part of or are connected to the access switch.

25 The subject matter claimed in this application further relates to the CCR.
Advantageously, a unit such as the CCR allows the outputs of a plurality of ATMUs,
or other sources each of whose cells contains PCM samples destined for a plurality
of destination switches, to be gathered into cells each of which are destined for a
single destination access switch. Each CCR takes output cells from a plurality of

30 ATMUSs, each output cell containing traffic destined for any of the access switches
connected to a transit crossconnect that terminates the output of the CCR and
rearranges the contents of these cells into cells each of which contain traffic destined
for a single destination access switch. At the destination CCR, these composite cells
are unpacked and rearranged into cells containing PCM samples destined for a single

35 ATMU. Advantageously, such an arrangement allows all traffic within the access
switch that is destined to a particular destination access switch to be gathered into
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-3- requires that all access switches be infornmed. thus presenting a
significant operational and adm ntistrative problem EP- A- O 225
714 discl oses arrangenments for assenbling conposite packers that include
data for a plurality of conmunications ha¥tng different destinations and
transmtting these packets to a packet assenbl er/di sassenbler; in the
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embodiment, the supplementary control data is a supervisory signal referred to as an
E-bit, the name used for this signal in the SESS switch of the preferred embodiment.
Instead of simply switching individual PCM samples, an extended segment is
10 switched for all samples pertaining to a particular call, the extended segment
containing an 8 bit PCM sample and the E-bit. The same basic principles can be
used for transporting any other control information which it is important to retain
with the call signal data in any other switching system. In accordance with the
principles of this invention a segment (in contrast to a byte or other entity containing
15 only a communication signal such as a PCM sample) is switched through the access
switch for all communications that use the composite cells described herein. If the
segment is transmitted to a CCR, the CCR discards the control information portion
and derives its output cells only from the communication signal, e.g., the PCM
sample. If the composite cell is internally switched within the access switch by the
20 ATM-CM back to the source or another ATMU, the segment is retained. The
ATMU operates on the segments in performing its composite cell creation function.
The ATM-CM simply switches the cells received from an ATMU to an output, i.e.,
an ATMU or a CCR. Advantageously, this arrangement permits control information
required within an access switch for intra-access switch calls to be transported along
25 with the communication signal in composite cells.
Brief Description of the Drawing
FIGS. 1-4 are high-level network configuration diagrams whose
configuration is in conformance with the principles of this invention;
FIG. § is a functional diagram of central stages of a network, an ATM
30 distribution network, designed in conformance with the principles of applicants’
invention;
FIG. 6 is a block diagram showing a network of interconnected access
switching networks;
FIG. 7 illustrates the connections to the access switches of such a

35 network;
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converts between cells on an ATM signal received froman ATMCM each cell
being fromone of a plurality of source switches or switch nodul es and
destined for that CCR unit, to cells eachg cont ai ni ng comuni cati ons
destined for a conmon desti nation CCR this is acconplished by sw tching
the individual channels within each cell of the input ATM signal to cells

headed for the appr opFiGutEeilluematesensi 138 Hsdrmof AFM celfsu@ ghoMT¥iofnal of the
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crossconnect &hmd; gredmewa—ylmg;,sdl stance synchronous voi ce networks.
Advant ageo, st, usin rran crossc nect,
in conj unc ion with g#f‘&%ﬁ}”oﬁ“@g Sqeme ﬁmzigtdé‘é% gﬁ?{]%f sed
efficiently bit met(®BR)welict the |inks of a permanent virtual path bet ween

two access swtches, ﬁ‘ﬂfl mﬁﬁdﬁ%ﬁeﬁg%ﬁeﬁ“@%ﬂﬁﬁﬁ@%@& %dc even

when the traffic betweet the Ho capaC| a single
cel . both of the Hve eecssHiswitehescemmynicatipg viafthe CBRerllnent each
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comuni catjons, and t
10 ~signal transmssmn/crossconnect network of FIG. 6;

FIG. 12 illustrates the access switch structure and the position of a
composite cell remap (CCR) function relative to the communication network;
FIG. 13 presents an overview of how cells are ransmitted from a source

switch module to a destination switch module;

15 FIG. 14 illustrates a single destination composite cell format of the type
which would be used for communications between switching modules of one ATM-
CM switch;

FIG. 15 illustrates a multiple destination composite cell (MDCC) format
of a type used for communicating between a switching module and a composite cell

20 remap unit;

FIG. 16 illustrates the format of a cell used for communicating between
CCR blocks; "

FIG. 17 illustrates a tandem destination cell arranged to communicate
with a packetized voice destination;

25 FIG. 18 illustrates the mapping performed between incoming time slots
to an ATMU and an SDCC/MDCC (Single Destination Composite Cell/Multiple
Destination Composite Cell) cell;

FIG. 19 illustrates the remapping function performed in the CCR; -
FIG. 20 illustrates the overall mapping process from source Switch

30 Module (SM) to destination SM for communications using a composite cell remap
function;

FIG. 21 illustrates the signaling used between ATM switches and
between ATM and between toll and local exchange carrier switches;
FIG. 22 is a block diagram of an ATM switch for supporting both

35 broadband and narrow band ATM communications in conformance with applicants’
invention;
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conposite cells of the CBR PVCs are transmtted at a rate of one cell per
125 m croseconds ([err]s). Advantageously, such an arrangenent sinplifies
the interface to existing PCM systens. Virtual paths in the
ATMJ are assigned to gather traffic that” s i nput to the ATMJinto cells
such that each cell goes only to one CCR or ATMJ desti nation. For

i ntra-access sw tch tF&:fA3ds atbdookadi gramooftan acbess AWiich obFKadt ed to the

B ahe o b (7 2 AR SRR A b s e it silig 0
or directly WnibdotMLD fexinestacing between PCM signals and ATM signals;
REPLACEMENT SHEET FIGS. 25-29 illustrate various blocks of the ATMU;
5 FIG. 30 illustrates the control complex of an ATM Communications
Module ATM-CM unit for switching ATM cells;

FIGS. 31-33 are flow diagrams illustrating the processes of selecting a
channel for a communication activating permanent virtual circuits and combining
traffic of partially loaded permanent virtual circuits;

10 FIGS. 34-37 illustrate the operation of a call at the originating end;

FIGS. 38-41 illustrate the operation of a call at the terminating end;

FIGS. 42-45 are block diagrams of four versions of a CCR; and

FIG. 46 is a block diagram of an address generator for a CCR.
Qverview

15 The telecommunications network described herein uses, packets, and in
the preferred embodiment ATM cells, to switch PCM sources supplied from local
switches. According to the principles of this invention, which can be followed in
FIG. 12 for the purposes of this overview, the network not only uses ATM signals as
a broadband means of transporting PCM signals and of switching different PCM

20 streams to different destinations through the use of an ATM switch fabric 'capable of
switching different cells to different ATM destinations, but also includes facilities
for switching different PCM samples within a cell to other cells. The result is that
PCM streams, each containing communications destined for a large number of
different destinations, can have their contents rearranged and switched among a

25 plurality of ATM streams each containing cells destined for different destinations.
ATM cell switches are described in Journal of High Speed Networks, Vol. 1, No. 3,
pp. 193-279, 1992,

In accordance with the principles of this invention, input PCM streams - -
from one or more switching modules 510 are transmitted to an ATM interface unit

30 (ATMU) 540 of FIG. 23. In the specific embodiment these PCM streams are sent on
Network Control and Timing (NCT) links and are generated by a switching module
of a-SESS switch which has inputs (not shown in FIG. 12) from local switches and
from telephone stations connected to the switching module. The SESS switch and
switching module are extensively described in AT&T Technical Journal, Volume 64,

35 No. 6, July/August 1985, pp. 1303-1564. The ATMU takes PCM streams from a
plurality of such switching modules and generates ATM streams each containing
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-4- switch. The access switch that contains the destination CCR or for
intra-access switch traffic, the destinati on ATMJ. determ nes the choi ce of
whi ch inputs are assigned to which cellsjgln the case of cells destined for
a CCR if the CCRis directly connected to another access switch, a

situation whi cur when,eithe ere reat. deal of trafflc
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access sw t cbarapositelveld réthep (CEARJ unit 4000 (RGN 4Dpoffthasmrce accasscswitchiIs any
traffice deg t he nore
general case. tqwn%i %{1&{)% Wﬁfﬁ%{%ﬁ%ﬁg@%&??% Al:ﬁgf the cell is
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crossconnect wll serve to e ate traffic for” each

possi bl e desf that cagiy callpf A MY opput is sisadraddgr & pamishiar &qgs%@onnect
into differ ecﬁmﬁﬁi bsly PUM shimplssifor hapSERONNect routes each cell to the
appropri ate destinatiQn acces ot her uni ]
segregate traffic for CSCHPUAP Vg:ﬁtlﬁ%lsmé §W%W%15WF%FR a
cel |l s. Each vaisit ATM dresscomnece 00 (G g h) whmhdhkt the ATMACHE switsheswiells h
ATM CM - 1 t BRofPbikfabdne ATNIN ks M@ kedf!the payload content of each cell intact.
The CCR performs the function of.rc-packaging the cells of its input stream so that
each cell in its output stream contains PCM samples destined for a single CCR unit
at a destination access switch. The transit crossconnect can then take the inputs from
a plurality of CCRs and gather those cells destined for a CCR in a particular
15 destination access switch into a single ATM stream for transmission to that
destnation access switch CCR. The transit crossconnect switches the cells in its
input ATM streams but does not switch parts of the payload data of one cell to two
or more different cells.

At the destination access switch, the process is simply reversed. The

20 CCR gathers samples destined for a common ATMU into cells and transmits its
output stream to an ATM-CM. The ATM-CM sends the cells received from a
plurality of CCRs of the destination access switch and destined for a particular
ATMU to that ATMU. That ATMU then forms PCM streams to its connected
switching modules from the contents of the ATM streams that it has received. The

25 ATMU can take individual PCM samples from within the cells of its input ATM
streams and direct these sampies to different PCM output streams. In this preferred
embodiment, the ATMU generates and receives a plurality of ATM streams, while
the CCR operates on only one ATM stream; clearly this is a matter of design choice__
and the ATMU can be arranged to interface with a single ATM stream and/or the

30 CCR can be arranged to interface with a plurality of ATM streams.

For the case in which the access switch acts as a tandem switch between
local offices connected thereto or an intraoffice call between lines directly connected
to switching modules of the access switch, the ATM-CM acts to connect output
streams of an ATMU to input streams of the same or another ATMU. For

35 compatibility reasons it is desirable in this case that additional information
associated with each PCM sample, in this case a supervisory indicator or E-bit, be
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and thence to the destination sw tching nodul e, The assi gnnent
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access switch. Clearly, this is a matter of design choice and the ATMU and CCR

10 could be designed to work with different size segments and the number of segments
adjusted accordingly to fit into a 48 byte ATM payload. While in the preferred
embodiment, only the E-bit is switched through in an intra-access switch connection,
it is obvious that additional bits can be switched through using the same principles.

In some applications, other bits may be transmitted on a sampling basis or can be

15 transmitted via signaling messages.

FIGS. 1-5 present a high-level overview of telecommunications
networks designed in conformance with applicants’ invention. In all cases, in the
illustrative embodiment, the inputs are PCM streams and the outputs are PCM
streams.

20 FIG. 1 is based on the teachings of the prior patent application Serial
No. 07/972,789. It shows the treatment of an intra-access switch call. A PCM
stream from, for example a SESS switch enters an ATMU where composite cells are
generated, each composite cell containing PCM samples for destinations served by
one ATMU. The cells are switched in an ATM cell switch, the ATM-CM 550,

25 where inputs from a plurality of ATMUSs 540 are switched to a plurality of outputs to
ATMUs 540. The ATM-CM does not change the payload within each cell, but
simply switches individual cells on one ATM input stream to one of a plurality of
ATM output streams. These output streams are received in ATMU units 540 acting; -
in this case, as ATM composite cell receivers and the individual PCM samples of

30 each received cell are distributed to appropriate positions within the correct PCM
output stream.

FIG. 2 illustrates the case of a two-stage network using composite cells.
This is a network for switching PCM samples on a plurality of PCM input streams
on one access switch to PCM samples on a plurality of PCM output streams on a

35 different access switch, wherein the two access switches are directly interconnected
via a link carrying one or more ATM streams. The PCM input streams enter a
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Al'l of the units described herein carry traffic in both directions. In

general, only the outgoing direction is described in detail. Those skilled
inthe prior art will readily understand jphe adaptations necessary for the
reverse direction of transm ssion and sw tching. Wil e the
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single destination access switch. The ATMU 540 of the first (top) access switch
effectively generates composite cells destined for the second access switch. These
5 composite cells are transmitted over one or more ATM streams to ATM-CM 550
where cells from a plurality of ATMUSs entering the ATM-CM are combined into a
single ATM stream for CCR 4000, which is connected to the second access switch.
The CCR remaps the PCM samples within the cells such that all PCM samples
 within the same output cell are destined for the same ATMU in the destination

10 access switch. In the second (bottom) access switch, the output of the CCR 4000
from the first access switch can be directly connected to an ATM-CM 550, which
separates the cells destined for each of the ATMU s 540 of the second access switch.
Each of these latter ATMUS then converts its input ATM streams into PCM streams
in essentially the way previously described for the composite cell reception in

15 FIG. 1. A problem arises in that the switch containing the CCR needs to know about
the ATMU s of the other access switch. One solution to this problem is to exchange
data messages between the access switches. Another is to equip only incoming CCR
portions in each access switch. It is also possible to equip CCRs in both access
switches. '

20 FIG. 3 illustrates the nerwork configuration most likely to be
encountered and the one that is described most fully in this specification. It
illustrates the case of two access switches communicating via a transit crossconnect.
In the first (top) access switch, the ATMU 540 acts as a composite cell generation
unit which generates individual cells, each of which contain samples headed for a

25 common CCR unit 4000 of the first access switch. The ATM-CM of the first access
switch assembles all cells destined for that CCR into a single ATM stream which it
transmits to CCR 4000. CCR 4000 maps the PCM samples from different incoming
cells, destined for a single access switch, to outgoing cells each containing only
PCM samples destined for one access switch. The output of CCR 4000 is

30 transmitted to a transit crossconnect 600 which collects all cells destined for a
common destination access switch into an ATM stream and transmits that ATM
stream to the CCR 4000 of the second (bottom) (destination) access switch. The
switching function executed by ATM crossconnect 600 is the same as the switching
function executed by ATM-CM 550. In the destination access switch, the CCR

35 remaps cells so that each cell contains PCM samples destined for a single composite
cell reception ATMU 540. The output stream of CCR 4000 is sent to ATM-CM 550
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10 access switch are essentiaily the same as described with respect to FIG. 3, except that
in this case, the output of CCR 4000 of the source access switch may include cells
which contain samples destined for a plurality of destination access switches.
Presumably, this would be a case in which there is low traffic to each of the
destination access switches served by this type of connectdon. First, the right ATM
15 transit crossconnect 600 receives inputs from a plurality of access switches and
transmits those cells destined for reswitching to transit CCR 4000 interconnecting
the two ATM transit crossconnects. In transit CCR 4000, samples destined for a
common destination access switch are assembled into cells to be switched by the
second (left) transit crossconnect of the transit network to that destination access
20 switch. A second (left) ATM transit crossconnect then receives inputs from
CCR 4000, as well as direct inputs from other access switches, and generates output
ATM swreams, each stream containing only cells with PCM samples destined for a
common destination (bottom) access switch (as well as output streams destined for
the ATM inter-transit crossconnect CCR 4000 of the same type discussed as being
25 received by the second ATM transit crossconnect). In the destination access switch,
the same types of operations are performed as in the destination access switch of
FIG. 3. The middle CCR receives special control signals from the overall network
control or, following exchanges of messages between the two access switches,
receives control signals from one of the two, to establish virtual paths and circuits
30 using that CCR. The configuration of FIG. 4 can also have connections between the
two transit crossconnects 600 in order to allow some of the CCR output cells to '
retumn to a crossconnect that may also be connected to a destination access switch.
(Such a connection is shown as connection 7 in FIG. 11.) As previously stated for
FIG. 3, the transit crossconnects may each represent an interconnected network of

35 such crossconnect units.
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Advant ageously, in such an arrangenent permanent virtual paths can be _
establ i shed through the ATM CMs and the transit crossconnects for conposite
cells carrying individual PCMsanples for a plurality of PCM channels;

such permanent virtual paths can be pre- prld\n si oned and need be activated
only when an additional group of channels is required for a partlcul ar

sour ce-desti nation couplgle FIGS. m&t Ab\nSA) Sthet 8i@Binis &&ﬁl§§€é&‘H&%ﬁBn

ermanent virtu a s ar e de i vated ‘'only whén there is a substantial
Peduct ion in toﬂg' ?158 “BFCPH%O &? ‘ggnﬁ?ﬂi%hét% UpEET 3PP Habt corBparahiEnt
virtual pat hs oppésieeefovaof mfomedtidads mfmﬂnﬁﬁéblﬂm fafcﬁxfg plie 1&@&%&18# tg&][sﬁﬁél t
crossconnect s.can al so | i shed for
carrying conveﬁ Eﬁ%ﬁ%@éﬁ{lj%&%@ Eséats(bgg]easr_% ngrioﬁ}teg; BERERAPT K pSRat a.
Advant ageou%l yompositaceil roeeiver. rimilary ook QORI geromfsieerefaiu@¥bn i@ bbths ur e
hi gh utilizat cfnsVi rtual paths even between swi tching nodul es.

The cl ai med subject. matter_of this patent application further relates to
the "network" consi st i F-of PrEsRRISGORthen view of thg|finctions of the G CR hnd theoF¥Lt ed

to the larger mﬁmnkc:plmféxh téﬂfér@CRc% weaecea%h'o@wﬁ&%aﬁﬁwg the

CCR units pl us t ccasi di rect bet ween uni t
di stribution &6 a 8 glg.rqh(t%ofthe s atthe °mP“t°fanA :

10 crossconnect 600. The input CCRs gather these samples into cells, each of which
contains samples destined only for a single output CCR. These cells are placed on
an output ATM stream which enters the ATM crossconnect 600. The ATM
crossconnect 600 then switches individual cells from all the incoming ATM streams
to outgoing ATM streams such that the outgoing ATM streams each contain cells

15 only destined for the particular CCR to which the output stream is connected. The
output CCR then takes individual cells, each of which may contain samples for a
plurality of the ATMUs of the access switch of which the output CCR is a part, and
creates cells each of which contain samples destined for only one of these ATMUs.
These cells are then subsequently switched in the ATM-CM of the output access

20 switch to the appropriate ATMU of the output access switch. An ATM-CM 550 is
basically an ATM crossconnect, enhanced to provide interfaces with other units as
shown in FIG. 22. A distibution "network" consisting of a plurality of CCR units
interconnected by one or more crossconnects is a very useful element for switching
narrowband signals carried by ATM streams. In the preferred embodiment, such a

25 distribution network accepts as its inputs ATM signals containing cells carrying
PCM channels destined for any access switch accessible via the transit crossconnect
connected to the output of the CCR (and in the case of a CCR directly linked to
another access switch, the access switch to which the latter CCR is connected). The.
contents of the input cells to these CCRs are switched into cells each of which

30 contains communications destined for a common access switch. The output cells of
these CCRs are then switched in the transit crossconnect to the ATM streams
connected to that destination CCR where the ATM signal is switched into cells each
of which are destined for the same ATMU in the destination access switch.
Advantageously, the combination of the CCRs and the transit crossconnect yields a

35 distribution network of enormous capacity with low blockage for servin g alarge
number of very high capacity access switches. In theory, the CCRs can be
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I nputs ATM signal s containing cells carrying PCM channel s destined for any
access switch accessible via the transit crossconnect connected to the
output of the CCR (and in the case of a directly linked to another CCR
the access switch to which the latter CCR'TS connected). The contents of
the input cells to these CCRs are switched into cells each of which

cont ai ns conrasseaiated vith aitet theadcdss switchesmrohe aeusitsstworkt dintheTireferrad put

e e o SRRt B RGP a1/ A0S opes gy B Enec
control of the access switch, thereby making a co-location of access switch and CCR
more natural.

5 Advantageously, in such an arrangement permanent virtual paths can be
established through the transit crossconnects for composite cells each carrying
individual PCM samples for a plurality of PCM channels. Such permanent virtual
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source/destination couplet of the transit

10 crossconnect and are deactivated only when there is a substandal reduction in the
need for the number of channels required of permanent virtual paths between such a
source/destination pair of the transit crossconnect.

General Description

This General Description first presents an overview of all of the

15 diagrams and is followed by a detailed description of special characteristics of
elements of these diagrams for implementing applicants’ invention.

FIG. 6 is a block diagram showing a plurality of interconnected access
switching systems of a network. A group of access switches 1 are connected to an
ATM signal transmission/crossconnect network 10 in accordance with the principles

20 of this invention. Such a network is a network of ATM crossconnects for
interconnecting a plurality of Composite Cell Remapping (CCR) units and for
switching cells of the ATM streams generated by the connected access switches.
Each access switch contains a CCR that receives an ATM signal from the ATM-CM
of the access switch, comprising a plurality of Constant Bit Rate (CBR) composite

25 cells each carrying signals destined for the network, i.e., for a CCR connected to the
network, and distributes the individual PCM channel signals carried in each input
cell to a CBR composite output cell having a common access switch as a destination.
The composite output cell is then switched in the network of ATM crossconnects to -
a CCR of that destination access switch. The access switch contains an ATM

30 interface unit (ATMU) for forming composite cells from PCM samples of inputs to
the access switch and sending the composite cells on ATM signals to an ATM
Communications Module (ATM-CM) which switches the individual cells of the
ATM signal from the ATMU to the correct CCR of the access switch. Each
composite cell of the output of an ATMU is destined for a single CCR of the access

35 switch or for the same or for inter-access switch communicating for another ATMU
of the access switch. Constant bit rate (CBR) cells are used to carry PCM voice
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signal is switched into cells each of which are destined for the sane
ATMJ in the destination access switch. Advantageously, the conbination of
the CCRs and the transit crossconnect y| éds a distribution network of
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10 identifying the cells to the ATMU and CCR for their operations. The virtual circuit
information is retained in the ATMU and CCR in order to steer PCM samples
between the correct cells or between the correct cells and correct PCM stream and
position in that stream. A virtual path is activated only when actually used to carry
communications. The number of provisioned permanent virtual paths can therefore

15 be much greater than the number of activated permanent virtual paths. A permanent
virtual circuit is similarly activated when the specific circuit (or channel), of an
activated permanent virtual path, is used. If a cell of a virtual path is full and another
channel is needed, then another, previously provisioned, permanent virtual path is
activated to carry that channel over a virtual circuit of the newly activated permanent

20 virmal path. Note that this is inconsistent with standard ATM terminology but such
terminology does not have to deal with composite cells for carrying a plurality of
communications. Applicants have chosen to call the byte or segment position of a
cell for carrying each such communication a virtual circuit since it carries,
essentially, a circuit switched communication.

25 The access switch and transmission/crossconnect network can also be
used for switching and transporting conventional packetized voice as illustrated in
the cell of FIG. 17. The disadvantage of conventional packetized voice is that it
incurs additional packetizing delay and it requires expensive interface circuitsto -
assemble, store and transmit the 48 samples of speech that are conveyed in each cell.

30 The CCR units of the access switches are connected to entites which
gather outgoing traffic and which distribute incoming traffic. The ATM-CM, to
which a CCR is connected, switches individual cells of its input and output ATM
streams between CCRs and Asynchronous Transfer Mode Interface Units (ATMUs),
described further below. This unit distributes intra-cell traffic to a plurality of switch

35 modules (SMs) of a SESS switch or distributes such traffic to one or more stand-
alone switches. It may be desirable in the future to connect switch modules of more
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The cl ai ned subject matter in this application further relates to the
access switch including at |east one ATMJ an ATMCM and at | east one CCR
Advant ageously, such an access switch canigather traffic froma |arge
nunber of sources and bundle this traffic into conposite cells carrying PCM

sanpl es for | ur akd of conmuni I ons wherein each of the conposite
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out put of 1hhehehERs¥FPaths in the network 10. The routing pattern for a particular permanent
virtual path (PVP) does not change as long as the PVP is provisioned; the CBR cells
can be routed according to a PVP as long as that PVP remains active. Similarly,
PVPs in the ATMU also have a relatively long life. The dynamic portion of the
switching of the ATM units in the access switches is primarily associated with the
15 switching of VBR cells whose headers may be different with each 125 ys frame and
which must be switched accordingly. The PVPs through the ATM-CM also have a
relatively long active life since each PVP represents traffic from an ATMU to a
source CCR, i.e., to a particular transit crossconnect. The configuration of the
internal ATMU mapping data and the CCR internal remapping data change more
20 rapidly as individual PCM voice cail connections are established and disconnected.
These units map individual PCM streams into specific locations within a PVP
composite cell. '
FIG. 6 shows the exchange of messages required to complete the
selection of a CBR PVP and a PVC within that PVP. The ingress access switch
25 signals to the egress switch (message 3) the identity of the source and destination
parties, and the identification of the PVP and the PVC of network 10. The
destination node returns with an acknowledgment (message 4) properly confirming
that path. | -
The access switches are connected to the central SONET/ATM signal
30 transmission/crossconnect network 10 by SONET/ATM access links 6. The term
SONET (Synchronous Optical Network) is used herein to refer to either or both of
the U.S. standard (SONET) or the European standard SDH (Synchronous Digital
Hierarchy). SONET/ATM means SONET or SDH signals used to transport an ATM
signal stream carrying ATM cells. Although not shown in FIG. 6, but shown in the
35 details of block 10, FIG: 11, it is also possible to have links directly connecting the
access switches within the network for those cases in which there is a large volume
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rearranges the contents of these cells into cells each of which contain
traffic destined for a single destination access switch. At the destination

CCR, these conposite cells are unpacked aﬂg rearranged into cells

contai ning PCM sanpl es destined for a singlfe ATMJ. Advantageously, such an
arrangenent allows all traffic within the access switch that is destined to
a particul ar ofsaffindefwaenawoassess switches! dn s distdukyroednéonddocase, that part of
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switched in a o . . . ) ..
required in one of the two access switches or in one direction (e. g., incoming) in

each of the two access switches.

5 The access switches themselves are accessed by a plurality of local
switches. As indicated in FIG. 7, the local switches are connected to the access
switches through digital facilities, such as the U.S. 24 channel conventional T carrier
facilities or the European 32 channel systems for carrying PCM signals, which
signals are converted in the access switches to CBR cells of ATM signals. The CBR

10  cells discussed herein are primarily composite cells, each cell carrying data for a
plurality of communications. .
FIG. 8 illustrates one 125 ps frame of a typical ATM signal that appears
at the output of an Asynchronous Transfer Mode Interface Unit (ATMU) (FIG. 24).
A 125 s frame consists of a number of CBR cells and a number of VBR cells. For
15 convenience, these are shown as being grouped at the beginning and end of each
frame, but it is also possible to intersperse VBR cells among groups of CBR cells.
The advantage of grouping the CBR cells in the indicated manner is that priority of
CBR cells can be assured and the design of the cell list processor (FIG. 26,
block 630) is simplified. Signals coming into an ATMU are interspersed CBR and
20 VBR cells. CBR cells are transmitted from an ATM-CM (block 550, FIG. 23) as
soon after they are received as possible, thus giving them priority over VBR cells;
the output of an ATM-CM connected to an ATMU therefore is more likely to have
CBR and VBR cells interspersed.
FIG. 9 illustrates the content of a composite CBR cell and a VBR cell of
25 atype used, for example, for transmission of signals across the ATM
transmission/crossconnect network 10. The content of a CBR cell includes signals
for a plurality of channels. Since an ATM cell comprises a 5 byte header and a 48
byte payload, one attractive arrangement is to have the 5 byte header identify the --
particular virtual circuit represented by the CBR cell, and to have the CBR cell
30 payload contain the individual bytes (PCM samples) of 48 voice channels (64 kilobit
PCM single channel DSO signals). That is the format of a CBR cell between CCR
units.
In the preferred embodiment, a CBR cell as generated in the ATMU and
transmitted between the ATMU and the ATM-CM carries PCM samples plus a
35 supervisory signaling bit for only 42 separate channels in the 48-byte payload of an
ATM cell. The transport of this supervisory bit, named the E-bit herein in
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transit network to the destination access switch which then distributes
traffic within each cell to all inputs to the destination access sw tch.
The subject matter clainmed in this application further relates to the
transportation within the access switch efl9suppl enentary control data al ong
with the PCM sanpl es when a connection is within the access switch. In the
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10 The VBR cell illustrated in FIG. 9 comprises a header and a payload,
wherein the payload is associated with a single channel and a single destination. In
effect, a VBR cell represents part of a packet of data being transmitted from a source
access switch to a destination access switch of the toll network.

It is, of course, also possible to have a CBR cell all of whose payload is

15 devoted to a single communication, if the communication is a communication such
as the 1.5 megabit/sec. signal required for a compressed television signal. A similar
type of CBR cell, operating at a much lower repetition rate, can also be used for
transmitting packetized voice signals, wherein 48 samples of a single voice channel
are transmitted in one cell. For broadband signals, such as High Definition

20 Television (HDTV) signals, it is more convenient to connect these signals directly to
the ATM-CM. Based on the use selected for the CBR PVP as selected by the
originating access switch, the payload in each cell is used as selected, with the same
disposition being made for all cells transmitted over the CBR PVP for the duration
of the existence of that PVP.

25 FIG. 10 illustrates one CBR cell carrying two-way traffic, the first
n bytes carry channels 1 to n of outgoing traffic, and bytes (n plus 1) to 48, carry (48
minus n) channels of incoming traffic. As discussed further hereinafter, the
permanent virtual paths of this preferred embodiment are two-way, thatis they -~
consist of two-paired oppositely directed uni-directional PVPs. The two-way traffic

30 described herein is the composite cell traffic that is originated from the two ends of a
connection between a source and a destination. The object of the layout of time slots
in a'cell, such as that shown in FIG. 10 is to allow each direction of traffic to seize a
time slot within a composite cell without encountering the concern that the other end
is seizing the same time slot at the same time ("glare"). Since an egress CCR assigns

35 achannei, the bytes for"outgoin g traffic are seized by one CCR, those for incoming
traffic by the other CCR. This avoids "glare” problems wherein a channel is seized
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and derives its output cells only fromthe comunication signal, e.g., the
PCM sanple. If the conposite cell is internally switched within the access
switch by the ATM CM back to the source or, .anot her ATMJ, the segnent is
retai ned. The ATMUJU operates on the segrrent-g in performng its conposite
cell creation function. The ATMCM sinply switches the cells received from
an ATMJ t o ansioutljanequsiy for diffieredfidells fromath€CRo eAdy at wiyere ysiy badkhom
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such traffic being offered. One-way maffic CBR cells are useful when there is
substantial traffic, because seizure is always from one end and "glare" problems can

10 be avoided naturally.
Because of the large number of switches that are required in, for

N example, the AT&T toll network, it is desirable to provide for an arrangement to
switch cells from a plurality of CCRs in a transit ATM crossconnect 600 (FIG. 11).
The transit ATM crossconnect is a switch which receives CCR inputs from a

15 plurality of access switches and switches cells from these inputs for transmission
over an ATM facility to CCRs of the plurality of access switches. As a result, in
general, a CCR would have in its output individual CBR cells each of which carries
signals destined for a single CCR, but the stream may have cells destined for a
plurality of CCRs, the plurality being the CCRs to which the transit ATM

20 crossconnect is connected. The CCRs connected to the transit crossconnects are fuil
duplex CCRs for switching timeslots among cells in both the incoming and outgoing
ATM data streams. Each such CCR is terminated not on another CCR but on a unit,
the transit crossconnect, which switches cells to different ATM streams thus
generating totally different ATM streams in contrast to the directly connected CCRs

25 which bypass a transit crossconnect. For a CCR that is connected to only a single
CCR, one of the CCRs, or one direction of each CCR can be simplified.

The transit crossconnects 600 have the function of switching cells from
a plurality of ATM input data streams to a plurality of ATM output streams. Thus, --
the primary function is the same as the ATM-CM. One candidate for the transit

30 crossconnect, therefore, is an ATM-CM. A second possibility is an ATM digital
access and crossconnect system (ATM-DACS) which system is used primarily not as
an active switch but as a means for providing generally long term connections
among ATM facilities. The choice between an ATM-DACS and a unit like the
ATM-CM depends on the rate at which new connections must be established and old

35 connections removed in order to serve dynamic traffic adequately; the ATM-CM
generally must establish virtual circuits more rapidly in order to accommodate
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FIG 7 illustrates the connections to the access switches of such a

net wor K;

FIG 8 illustrates one 125 [err]s franme of

ATM cells (a gl ossary of abbreviations is2feund at the end of the Detail ed
Description) conprising a plurality of CBR and a plurality of CBR cells;
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be able to serve as an transit ATM crossconnect. The ATM-CM can also perform
the function of providing conventional permanent crossconnects. It can provide
crossconnect capability for ATM streams entering an access switch. Moreover, for
example, spare capacity of an ATM-CM for a first access switch can be used for
providing crossconnects between a plurality of other access switches, i.e., it can
provide the functionality of one of the blocks 600 of FIG. 11. In addition, as
discussed with respect to FIG. 4, two crossconnects may be connected through a
CCR 4000. Such a CCR may require more dynamic control than the transit ATM
crossconnects shown in FIG. 11. Further, to create greater access for access switches
which have only a few cells destined for a particular destination access switch, an
ATM inter-crossconnect link 7 may be provided to connect two crossconnects
without performing cell remapping or to return a remapped cell to an ATM
crossconnect; such connections also provide greater reliability in case of ATM link
failures. The blocks of FIG. 11 are controlled by a centralized network control
system (not shown) of a type used for controlling crossconnect systems.

FIG. 12, discussed in the Overview, is a diagram showing the
relationships among the various blocks connected to an ATM network. In the
exemplary embodiment, the inputs are switching modules which are connected to
T-carrier facilities as well as analog trunks and analog or digital lines, and subscriber
loop carrier systems. The outputs of the switching modules are SESS switch
Network Control and Timing (NCT) links, each comprising PCM samples for a
multiplicity of telephone conversations. Each NCT link is connected to one ATMU.
The plurality of NCT links from each SM are connected to one or more ATMUs. In
the ATMU, the PCM samples are packaged into cells of a plurality of ATM outputs.
The ATM outputs of an ATMU are connected to one ATM Communication Module
(ATM-CM) which keeps cells intact. The signals within each cell, destined for a
single CCR, thence a single transit crossconnect, have access to a large number of
access switches of a telecommunications network.

The output of the ATM-CM is connected to-a group of CCRs 4000.
Each CCR is controlled by ATM management module (AMM) 1202 (FIG. 30) for
recording and controlling the virtual connections established within the controlled
CCR. Each of the CCRs 4000 in an access switch 1 (FIG. 11) performs a cell
remapping function, for switching any channel on any cell on its input ATM bit
stream to any channel of any cell on its ATM output stream. The CCRs 4000 are
part of access switches 1 connected to a SONET/ATM signal
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FIG 9 illustrates an ATM segnent including a CBR cell and a variable bit

rate (VBR) cell; FIG 10 illustrates one CBR cell for carrying
traffic that is initiated fromboth of the two access sw tches
comuni cating via the CBR cell; .22 .FIG 11 illustrates the

Synchronous Optical Network (SONET)/ATM signal transm ssion/crossconnect
network of FIG 6;. . FI G I 1Justr he access ,.switgch, .
structure and TRREISHOMETS CHIeS ’196‘1’%%@1% shovgt ng ?chﬁfssr*mg %ﬁICh‘ n
relative to t ke greferrediecsiodimemealy®ude; SONET to carry theRATM signals. eThintmstveark
overvi ew of hqw. I hhed f . ] to a
destination s wf%@%n%&%#&%e%ég 19pun{ﬂ%@1:§£1§.9 %'”Ié %ﬁtsht%r g%egg S{a‘_rﬁg#ér?g e
desti nati on cdirpedy intcreenrecting same, dliterchanecying ofters throwghl Transit AT f or
comuni cat i ongrfedonassts 8.t chi ng nodul es of one ATM CM switch;

FIG 15 illustrates a | tiple destination conposite cell (NMDCO) format of
a type used for communit &R iegdasEabie &nPRVEIET ST IHARITCER AY A Bk isdat e

cel | remap uniireuits, each "link” representing a complete path between two access switches. The
Real Time Network Routing arrangement, used in the AT&T toll network and
described in U. S. Patent No. 5,101,451, issued March 31, 1992, can be used for
10 selecting an optimum (i.e., relatively less heavily loaded) "2-link" circuit out of a
plurality of such circuits. This is especially true where the expected CBR voice
te traffic between two access switches is much less than one cell per time frame, (i.e.,
> less than 48 channels). The "two link" circuit shown in FIG. 21 requires traversing
two CCRs and an ATM-CM at the intermediate node, and is equivalent to a five
15 stage connection in the terminology of FIGS. 1-4. An alternative for providing an
alternate route is a "four-stage” switch as discussed with respect to FIG. 4, using a
CCR in network 10 as shown in FIG. 11.
In the exemplary embodiment, the ATM signals between the ATMU
and the ATM-CM carry 9-bit segments for each conversation, an 8-bit PCM sample
20 and the E-bit for that channel. Inputs from an ATMU to an ATM-CM may be
switched back to the same or a different ATMU, or be switched to a CCR. Within
the ATM-CM, individual cells of an ATM stream are switched to one of a plurality
of ATM streams, but the content of each cell is kept intact. Since PCM signals that
are switched back to the ATMU or from one ATMU to another require, in the
Ao 2§ preferred embodiment, the maintenance of the E-bit, the ATM signals passing
through the ATM-CM maintain the E-bit signal associated with each PCM sample.
including those signals passed from the ATM-CM to the CCR. In the preferred
embodiment, each ATMU is connected to only one ATM-CM; this simplifies the -~
provisioning of permanent virtual circuits. Alternative arrangements wherein an
30 ATMU is connected to two or more ATM-CMs for reliability or for greater traffic
flexibility are also possible.
When the digital facilities themselves carry packetized data, then this
packetized data is processed by a Packet Switch Unit 519 (FIG. 23) within a
switching module (SM) 510 of a digital switch, sent via the Time Slot Interchange
35 Unit (TSIU) 517 of that SM to the ATMU 540 where it is converted to VBR ATM
cells and transmitted over VBR PVPs to an ATM Communication Module (ATM-
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FIG 16 illustrates the format of a cell used for comuni cating between CCR
bl ocks; FIG 17 illustrates a tandem destination cell arranged

to communi cate with a packeti zed voice des,;['i nati on; FIG 18
il lustrates the mappi ng perforned bet weerm 4nconi ng time slots to an ATMJ
and an SDCC MDCC (Single Destination Conposite Cell/Miltiple Destination
Conposi te Cel IQME850.; The ATM-CM has ks s inblts dndusitmas @Ej\t;ﬂﬁy o€ A IbitY

mppi ng. pr ocesEobted 0wl Cepbibty qfstirbinelp i Tt Rl R qrp pp et *'
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band ATM commuahiriedNsccordif @] Br OBR Gl \bhidhe Ao sifd EfannbIVBR e of the

type described below. Significantly, by transporting signaling channels through the
ATM network, the necessity for a separate signaling network, using Signal Transfer
Points (STP), is avoided, -For example, signaling information can be sent from a

10  source switching module to a destination switching module over the physical paths
shown in FIG. 20. .

Thus, the SM is arranged so that any input of an incoming PCM stream
may be placed in any time slot of any output NCT link. The ATMU is arranged so
that any time slot on any NCT link input may-be placed in any slot of any cell of any

15 ATM output of the ATMU. Each ATMU is connected to a single ATM-CM in the
preferred embodiment. The ATM-CM can switch any cell on any input to any cell
on any output, but cannot switch data internal to cells. The CCR is arranged so that
any channel (slot) of any cell of the input line may be connected to any channel of
any cell of the output line. The SM, ATMU and CCR control memories are updated

20 oneachnew call. In contrast, the ATM-CM has the function of connecting any cell
of any input to any cell of any output line. Consequently, the control memory
contents of the ATM-CM are relatively static for the composite cell CBR PVYPs and
are changed only when it is necessary to activate a transmission path (which
transmission path can then serve 42 or 48 calls). It is therefore desirable to provide

25 an ATM-CM control mechanism with a repertory of permanent virtual circuits which
may be activated as needed.

Those outputs of an ATM-CM which are connected to the CCR do still
carry 9 bits for each voice channel. In the preferred embodiment, each CCR has one-
ATM input connection and one ATM output connection, (treating the connection to

30 the ATM-CM as the input and the connection to the SONET/ATM signal
transmission network 10 or to the same or another ATM-CM as the output). In the
CCR, only time division switching occurs. The contents of each composite cell are
disassembled and reassembled in new time positions within a plurality of destination
cells of the CCR. In the CCR, any PCM input sample in any position of any cell,

35 may be switched to any position of any cell of the output of the CCR. Further, since
the outputs of the CCR go to the ATM transmission network, there is no further need
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FIG 23 is a block diagramof an access switch of FIG 6; FI G
24 is a block diagram of an Asynchronous Transfer Mde Interface Unit
(ATMJ) for interfacing between PCM signal s,and ATM si gnal s;

FIGS. 25-29 illustrate various blocks of the ATMJ FIG 30
illustrates the control conplex of an ATM Communi cati ons Mdul e ATM CM
unit for switcH FRTYAIRRE die|Bsbit associated with each PCM sample.
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Note that while in the preferred embodiment, the CCR has only one
physical ATM input stream and one physical ATM output stream, future changes in
technology may make it desirable to provide, effectively, two stages of space
division switching, one in the ATM-CM and one in the CCR, by providing the CCR
with several input and ourput data streams. Similarly, and especially in view of the
limitation on capacity imposed on the ATMU by the speed of its signal memory 620
(FIG. 24), it may be desirable to provide the ATMU with only a single ATM output
stream. The present configuration assumes that the ATM-CM can switch cells from
any input to any output,'and each ATMU is connected to only a single ATM-CM;
therefore, multiple ATM output streams from the ATMU do not increase the "reach”
of the ATMU, provided the single output has as many cells per frame as a plurality
of ATM outputs from the ATMU.

For an intra-access switch call (a call which does not involve the use of

the CCR) a control mechanism which is either a switching module processor or an
administrative module for the switch selects first a half-path between the originating
switching module and the ATM-CM and then establishes the other half-path between
the ATM-CM and the terminating switching module. Usually, the path through the
ATM-CM will be an activated pre-provisioned virtual path known to the
administrative module and provided to whichever processor(s) are used for
controlling the path establishment in the SM and the ATMU; occasionally a new
pre-provisioned virtual path must be activated, deactivated, or two activated paths
consolidated.

An interswitch call via a transit crossconnect, requires the use of a CCR
for each half-path. The half-path for the originating end is provided with the
identification of a circuit group cell in the ATM-CM that connects the ATMU with
the selected CCR and this half-path is established in essentially the same way that a
half-path for an intraswitch call is established. In the CCR, it is necessary only to __
find an available channel in any cell of the ATM output which is destined for the
destination CCR. The destination CCR must be informed of the identity of the cell
and channel within the cell that is carrying the particular conversation and the same
type of path establishment procedure is then carried out at the terminating access
switch.

For an inter-switch call, each access switch haif path is between a
switching module and a CCR, and the processor of the module (a switching module
processor) and the processor of the CCR (Administration Module 530, FIG. 23)
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FIGS. 31-33 are flow diagrans illustrating the processes of selecting a
channel for a communi cation activating permanent virtual circuits and
conbining traffic of partially | oaded pe2§ranent virtual circuits;.
FIGS. 34-37 illustrate the operation of a call at the originating end;
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colocated w1th ATM CM the arrangement in the preferred embodiment has the
10 advantage of locating the CCR near its source of control information, i.e., the
controls of the ATMU, ATM-CM and CCR. The object of this type of network
configuration is to minimize the number of cases in which further reswitching is
required. For cases in which there is relatively little traffic between two regions, a
single ATM facility to a single ransit crossconnect such as the top unit 600 in
15 FIG. 11 (or two geographically diverse ATM facilities to two different transit
crossconnects to provide backup) may be used to interconnect all traffic that has
been gathered from a large region and transmitted to another crossconnect such as
the bottom unit 600 in FIG. 11 for connection to the large region at the other end for
subsequent redistribution.
20 In this network, the ATMU can arrange different PCM samples into
different cells and, since the ATMU has a plurality of ATM outputs, can also
perform space division switching to place any particular cell on any of the outputs.
(The latter facility is not really needed since the ATM-CM can switch any input to
any output.) The ATM-CM performs switching of cells from any of its input ATM
25 streams to any of its output ATM streams, but without changing the payload contents
of individual cells, i.e., PCM samples are not switched from one cell to another. The
CCR can move PCM samples between different cells but in this embodiment
performs no space division switching since it has only one physical ATM input
stream and one physical ATM output stream. The transit crossconnect performs a
30 switching function similar to that of the ATM-CM, namely, any input cell can be
moved to any output ATM stream, but PCM samples are not moved from cell to cell.
Consequently, individual cell outputs of the ATMU are such that any given cell has
as its destination a single CCR which is connected to a single transit crossconnect;
therefore, all PCM samples in a cell generated by the ATMU have as a common
35 destination a given transit crossconnect. (This, or course, refers only to interaccess
switch cells since cells which remain in the same access switch are restricted only to

(l
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PCM st reans, each containing conmuni cations destined for a | arge nunber of
different destinations, can have their contents rearranged and sw tched
anong a plurality of ATM streans each con®éi-ning cells destined for
different destinations. ATMcell sw tches are described in Journal of High
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The topology of the switching plan can also be understood by examining
10 the contents of different 't:;rpes of ATM cells. FIG. 13 shows the transport of DSO’s
using the three types of CBR composite cells. The timeslots between SMs of one
access switch are transported using single destination composite cells (SDCCs).
Timeslots destined for other access switches are transported internally within an
access switch via multiple destination composite cells (MDCCs). In the particular
15 embodiment using a SESS switch, only 42 PCM samples (time slots) are transmitted
in each SDCC or MDCC. The other 6 bytes are used to transmit an E-bit for each
channel (representing the supervisory state of that channel) and to transmit a Cyclic
Redundancy Check (CRC) code. For SDCC cells transmitted toward another SM of
the same SESS switch as the transmitting SM, the E-bit is preserved and transmitted
20 back. For MDCC cells leaving the access switch, the E-bits and CRC are stripped
prior to generating a TDC (Tandem Destination Cell) cell comprising 48 PCM
samples.

FIG. 13 is a block diagram showing an access switch using an ATM-
CM for providing connectivity between SESS Switch Switching Modules; in this

25 case the switching modules are used for providing connectivity to other local
switches. The ATM-CM provides access via the CCRs and network 10 to other
access switches. When the ATM-CM acts as a crossconnect, separate segregated
ATM facilities can be connected to other local switches from the ATM-CM. The
SM in FIG. 13 is either a Switching Module of a SESS switch or a Switching

30 Module-2000, described in Document 015-372-101, "SESS-2000", July 1993,
available from the Customer Information Center of AT&T, but both will be referred
to herein as an SM. The ATM Unit (ATMU) provides an interface between a SESS
Switch SM and the ATM-CM. The SM interface to the ATMU is an NCT link
carrying a sequence of independent, single byte, 64 kbps time slots, as described in

35 the following section, each byte enhanced by eight additional control bits including
the E-bit previously described. The MDCC, SDCC, and tandem destination cell
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-10- here for each cell all of the PCM sanples are destined for a
common conposite cell remap (CCR) unit 4000 (FIG 42) of the source access
switch 1. ATMstreans froma plurality of2KFMJs are transmitted to an ATM
Comuni cati ons Modul e (ATMCM 550, conprising an ATM switch fabric which

swi tches cel | §TDCY @ighalatsh&bﬂ 'iﬁt:téylsﬂa{re Qddéibed Sdtther w&%s”gdei {9 Aas. M 4017, CCR
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out put of the céfiposiee cells e 6f Wiivh hihs fpatisdtinadion £sihERCOR 40O (FIG. #2), or a
single access switch 1 connected to such a CCR, but each such CCR output

5 composite cell may carry channels that go to different ATMUs of a destination
access switch. In order to handle the special problems of the SESS switch,
(transporting "E-bits" between switching modules), the single destination composite
cells (SDCC) differ from the more general single destination composite cells (TDC)
described with respect to FIGS. 16 and 17.

10 Internal to the switch, composite ATM cells are always used, but in
interfacing to the network there is the option of using either composite ATM cells or
conventional packet voice ATM cells. The payload in composite cells consists of 64
kbps samples from up to 48 separate calls, whereas a convennonal packet voice
ATM cell contams 48 samples from a single call.

15 The three types of composite cells are:

- Single Destination Composite Cell (SDCC),

- Multiple Destination Composite Cell (MDCC),

- Tandem Destination Cell (TDC).

: ATMU to ATMU connectivity uses the SDCC format. Since there are a

20 relatively small number of ATMUS in a switch there is generally a lot of traffic
between all ATMUs. Thus, paths carrying SDCC represent an efficient use of
bandwidth. -

FIG. 14 is a representation of the SDCC format. The cell destination is
another SM.

25 A maximum of 42 simultaneous calls (and their associated E-bits) (48
byte payload) is accommodated. The ATMU maps the time slots which have the
same destination ATMU into the same cell.

FIG. 14 is an example of a mix of time slot numbers which go to the
same ATMU. The time slots are not necessarily in any order within the cell since

30 time slot numbers change as calls are set up and torn down. Some byte locations
(i.e., time slots) in the cell may not contain any information since the cell is not
necessarily full, i.e, there may be fewer than 48 voice or data connections to/from the
destination ATMU.

Although within the switch, SDCCs make efficient use of bandwidth the

35 same is not true for cells going to other switches. For example, a particular ATMU
in a switch may have very little traffic going to an ATMU in another switch and
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transit ATM crossconnect 600 (FIG 11) which, like the ATMCM sw tches
cells anong different ATM streans, but keeps t he payl oad content of each
cell intact. The CCR perforns the functio re-packaging the cells of its
i nput streamso that each cell in its ouf gét stream cont ai ns PCM sanpl es
destined for a single CCR unit at a destination access switch. The transit
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but does not sMidtcdre Iﬂéitin‘éd%r ﬁzhﬁlp@éiwms fedessiBle f%}ﬁ aGeigdle C@Rt h&5odfed ©

different cglls, t he destinatign ss the process

is simply r vé??éﬁsw*ﬁpe“mﬁlf fEASECORBeHY BT Pa‘élgae IBE?rﬁ'rﬁﬂg &TMU i nto
cel I s and traMuitiple D&aanbmpbmmﬁbﬂ(MBG@TM@ds Mﬁ%m&@mﬂ% t he

cells receive nati on tch
and desti ned ?th par |cua?’g#st%%cgﬁ?lﬁ§f "ﬁf?%ﬁgd‘%%?al?e ;‘.\‘ﬁeﬁf 6
streams to i tW@éhﬁée‘t’@eIUswﬁ geaeratng asinglesutpuuiormhn sc:d:yttaqrequubmhs omvl
streans that tHe §19@Cr ecei ved. The

10 The destination of these MDCC cells is a single CCR of the originating
access switch. The mixture of cells with ATMU, access switch, or CCR destinations -
and the number of time slots going to a particular switch is a function of traffic
conditions and will vary from ATMU to ATMU. The MDCC implementation
allows reduced bandwidth between the ATMUs and the CCR because sparsely filled

15 composite cells to/from ATMUs in other access switches are avoided by packing the
time slots into an MDCC.

Paths carrying Tandem Destination Cells (TDC) are used to provide
connectivity between CCRs. These TDCs can use either a composite cell format or
conventional packet cell (48 samples of one conversation in one packet) format as

20 shown in FIGS. 16 and 17.

For implementation of the composite cell format shown in FIG. 16 the
CCR extracts the time slots from the MDCC and aggregates them with the time slots
extracted from all received MDCCs from all the ATMUS in the access switch to
form composite single CCR destination ATM cells. These composite cells have a

25 single access switch (i.e., CCR) destination as specified in the header. Messaging
between the SMs and the CCR is necessary to correlate the DSO position in the ATM
cell with the destination switch identity. Since no E-bits or CRC check are needed
for inter switch connectivity, up to 48 simultaneous calls can be handled by the - -
composite TDC ATM cell even if the switches used are SESS switches. Some DSO

30 positions may be empty depending on traffic conditions.

The CCR can also be used to convert the composite cell structure used
inside the switch to "conventional packet voice" TDCs for transmission between
switches as shown in FIG. 17. In order to carry out this function, the CCR
accumulates 48 voice samples from each of the calls (active time slots) in the

35 MDCCs, buffers them and then sends them out to the destination switch. The
conventional cell TDC can alsq be used for packetized data.

-
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ATMJ can take individual PCM sanples fromwthin the cells of its input ATM
streans and direct these sanples to different PCM output streans. In this
preferred enbodi nent, the ATMJ generates and receives a plurality of ATM
streans, while the CCR operates on only ong.ATM stream clearly this is a
matter of design choice and the ATMJ can be arranged to interface with a

single ATM stmnd/or the CCR can be arranged to interface with a
plurality of reamns. For the case in which the access

switch acts as a tandeThesprithady puepose efi tHeodTMH i the emappingdcsingle byre P& or

an intraoffic | o, 3 | | dul

of the access%ﬁ%ﬁ?ﬁéﬁg%&ﬁéwgﬂssﬁﬁg llé’ag nec aﬁ{cﬁe}g B?J@eggt@rfég%sdﬁgf@nuA‘ﬁ/u
to input streanpubef the ABbetoweardsibe AdM-Chiiis AT celdngns towrrd the SMilsons it
i s desirable pohsidtd of GASI8 byldmadiets. i onal information associated with each

POM sanpl e."1 1 thT's"C 5%, 35 SHBSS e Tobaping chbE NCF BVl ara and an
SDCC or MDCC. FIG. 18 shows that up to 42 8-bit PCM samples from 42 distinct
calls, plus their corresponding E-bits, plus a 6-bit CRC check field make up an
SDCC or MDCC composite cell. The choice of a 6-bit CRC field is clearly an

10 implementation choice and a larger or smaller CRC, or no CRC, could be
implemented, as could other functions such as framing or parity information.
CCR

It is very inefficient if each ATMU on one access switch requires
dedicated composite ATM cells (53 bytes each) to each ATMU in all the other

15 access switches to which it is connected. This inefficiency gets geometrically worse
with increasing numbers of ATMUs in an access switch. It also requires an
Operation, Administration, Maintenance and Provisioning (OAMP) update for every
switch whenever an ATMU is added in any switch. In the preferred embodiment,
ATMUs send ATM cells to the Compdsite Cell Remap (CCR) function in their

20 access switch, to aggregate the time slots from all ATMU: in that switch which have
the same access switch destination into ATM cells and send them to the destination
access switch.

The primary functions of CCRs are:
1. An operation must be performed which "remaps” internal composite cells into

25 external cells. This remapping is done by the CCR.

2. For a 5SESS switch, the CCRs also perform the E-bit functions for inter-switch
narrowband-to-broadband calls, since only one SM is involved in these type of calls.
Refer to the call scenarios of FIGS. 34-41 for more detail regarding the E-bit -
functions of the CCRs. ,

30 The CCR takes DSOs that are destined for the same access switch (CCR)
from possibly multiple MDCCs and places them into one or more TDCs that are
switched to the given destination access switch as shown in FIG. 19.

At the destination access switch, an inverse process occurs. In this case.
DS0s from the TDCs are mapped by the CCR into MDCCs that are internally

35 switched by the ATM-CM to the proper terminating ATMU. As previously

discussed with respect to FIG. 11, CCRs are interconnected primarily via transit
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swi tched through the ATMJ in both directions. The ATMJ in order to provide
for this capability in the preferred enbodi nent deals with 9 bit segnents,
each segnent including an 8 bit PCM byte and an E-bit associated therewith
and 42 of these 9 bit segnents nmake up th80payl oad of each ATMcell in the
ATMJ. For convenience, this is done whether or not the cell is connected to
a CCR for fur%!lg coifdd£hi ng and subsequent transportation to another access
swi tch. Advantageously, using this arrangenent the E-bit which is
transported over NCT 1} lfgrefgom@@mmgn@cgmsmmqwmnmmemwis

Lher eby ret al GRENTISY dre GaiffoFiel BBV KR AIMIOU drfake THRSigagggs St ch
Clearly, this is matt er, of desi choi ce and the ATMJ an coul d be
desi gned to WO hVETS RSOBART g’?'géh%mtﬁ cs aa{‘@@%{%’gpﬂw a‘égéﬁ’é‘ﬁt s
5 composite cell ATM paths and composite cell DSO locations.
~ As in the case of the SDCC cells discussed earlier, a plurality of inactive
virtual paths are initialized in the transit crossconnect. With MDCCs or SDCCs,
whenever no channels are available between a particular source CCR and destination
CCR or switch, an inactive virtual path is seized and made into an active virtual path.
10 Channels are seized on active virtual paths having an available channel. For
- MDCCs, which connect ATMUS and CCRs, the assignment of a channel is
performed not when the virtual path is activated but when the particular
communication is requested. Any activated MDCC and TDC, interconnecting
source and destination, with at least one available channel can be assigned. For
15 SDCCs and MDCCs, new virtual paths are activated as needed on a per call basis,
and channels within the virtual paths are assigned on a per-call basis.
FIG. 20 shows functional block diagram of a call between an originating
and terminating access switch, showing signaling and virtual paths and channels.
In the figure, the following functional entities and associations are
20 indicated:
- SM: terminates N-ISUP (Narrow Band ISUP) signaling and T1 from Local
Exchange Carrier (LEC) switch, and provides mapping between LECDS0 and a
timeslot to the ATMU,
- ATMU: provides mapping between SM timeslots and SDCC/MDCC ATM paths
25 and DSO byte location in the selected cell of the virtual path.
- ATM-CM: provides mapping from its incoming port, Virtual Path Identifier
(VPD), and Virtual Circuit Identifier (VCI) to its outgoing port, VPI, and VCL. The
VPI and VCI refers to standard ATM terminology, for identifying a virtual path in ~~
the terminology of this application. VPI and VCI are transmitted in the header of an
30 ATMcell
- CCR: provides mapping between MDCC and TDC ATM paths and DSO byte
locations. :
- BB-CP: establishes TDC ATM path and DSQ byte location between two ATM-CM
offices. The Initial Address Message (IAM) message carried on the Signaling
35 System (Number) 7 (SS?) signaling virtual path contains the VPI, VCI and byte
location in the cell. -
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adjusted accordingly to fit into a 48 byte ATM payl oad. Wiile in the _
preferred enbodinent, only the E-bit is switched through in an intra-access
switch connection, it is obvious that additional bits can be sw tched

t hrough using the sane principles. In som3lapplications, other bits may be
transmtted on a sanpling basis or can be transmitted via signaling

messages. _ ﬁh@cmﬁ SsiRIcBie e Red ;rﬁ& Y, aﬁ)‘éﬁcﬁ p@fameter
t el econmmuni cati on ne rks esl ned I n confornance | cant S
i nvention. | nDt edinhtl\ewégqa{hpgﬁqsgge\;@ theniargnderiiM-GM. e° figgouthis are PCM

streanms and t b@dmuﬁa) larantyter 1Béi|hfif£d|‘s e EBmposite cell byte posﬁioGl o7f 322hé7Egb W;aﬁéﬁ the
the treat mont "ap B balh, P 3RlucBRR peribneris endhep aricl (Campoim OB
exanpl e a @_S& mrmal Addmssh@usagflﬁh“dnm EIGRfpaimivee cel | s are generated,
ATV, The el s are oo ripibtueelagiil a8 L i B8 S A ne i fhelbfn
i nput's from aOByFells areswatchediiigs the & TM-CMin thehssuirceand desinasiontagcess out put s
‘to ATMJs 540. sHiched il B4 HARE PoNscEMREO(ThE SerRPWiftRdl ekt & S38MeRe | but
refers to a single channel and is thus equivalent to a "virtual channel".) Individual
10 virtual paths are established in the ATMU connected to the source and the
destination station, and in the CCR of the source and destination access switch. For -
an intra-access switch call, no CCR and no transit crossconnect is involved so that
the only permanent virtual paths are those into and out of the ATM-CM. Thus, when
there is a request to establish a path, the source access switch finds a permanent
15 virtual path interconnecting the appropriate ATMU and CCR and connects the
source PCM channel through the ATMU to the selected CCR in the ATM-CM of the
source access switch and directs the CCR to make the appropriate connection of that
channel as received from the ATM-CM to a cell of the PVP through the transit
crossconnect. Similar actions are performed in the destination access switch. For an
20 intra-access switch call, a PVP in the ATM-CM of the access switch is selected
which interconnects the ATMU connected to the source PCM channel and the
ATMU connected to the destination PCM channel. These two ATMUSs (which may
be the same ATMU) are then directed to establish a connection between the source
or destination PCM channel and the selected PVP of the ATM-CM.
25 The permanent virtual circuits in this preferred embodiment are two-
way circuits. Since the ATM signals themselves are uni-directional, this means that
a pair of PVPs is assigned for a specific communication or, in the case of composite
cells, for a group of communications. When a particular communication is assigned-
to a particular PVP carrying composite cells, it is assigned to corresponding
30 positions within the cell for the two uni-directional PVPs that compose the
bidirectional PVP. For the case in which a packetized data communication is being
established where data communication may be heavily or entirely uni-directional,
this simply means that the ATM switches and crossconnects will send fewer cells for
that communication in one direction than in the other. The activation of a PVP
35 merely requires that the active memory of the switch or crossconnect contains that
PVP but does not in itself require the use of additional resources, the additional
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sinply sw tches individual cells on one ATMinput streamto one of a
plurality of ATM out put streans. These output streans are received in ATMJ
units 540 acting; in this case, as ATM cogposite cell receivers and the

i ndi vi dual PCM sanpl es of each received cell are distributed to appropriate

positions within the correct PCM output stream FIG 2
i |l ustrates tigePWessceing wilizgd onlynyhemeallsdorthats PNE aro agialiv beingtransmived.s i s

a network for swtchi rmGPg\/g}wg)Ag gndin eE\bb&‘k%\ﬁeMe\Qf omizithd MRUL THIG8FS ON

one access sw.tc

| es ural it oytput streans on a
di fferent accsé@gﬁgwgt ‘%ﬁ@) °‘ﬁ‘ﬁ§“¥£f§ é%%‘fs §“%1F@WQF1? ectly
i nt er connect exfchiteature, the kocal ExchapecCarier (LBT)es Wi S édramBicart WiAEM | nput

Streams enseracBess switch using Narrowband ISUP (N-ISUP) signaling. The DSOs terminate on
narrowband SMs in the originating access switch. As described previously, the
originating access switch converts the DS0Q samples into composite cells which are
transported to the far-end access switch, via direct interfaces on the ATM-CM. As
shown in FIG. 21, alternate routes can be established via the CCRs and ATM-CM of

10 other designated access switches. A simpler, less expensive alternate route is
established using an intermediate CCR as shown in FIG. 11. In all cases, only 2
narrowband SMs are involved in the call.

2.2 Architecture Overview
Shown in FIG. 22 is the architecture for a fully integrated
15 narrowband/broadband access switch.
Noteworthy aspects of this architecture are:
- Broadband network and user interfaces terminate on the ATM-CM.
- Remote ATM Switching Units (RASUs) can be supported off the host ATM-CM.
- The full complement of existing narrowband interfaces, signaling protocols, and
20 features are supported by the SMs.
- The broadband components can be common with other applications.
- The ATMUs are located in the ATM-CM.
- Composite cells are used internaily within the switch, between ATMUS and CCRs
for incomingfoutgoing narrowband-to-broadband calls, as well as between ATMUs

25 for intra-switch narrowband calls).

- Broadband ISUP is the signaling protocol used between switches.

- E-bits are transported over the NCT links, and mapped into the composite cell
segment by the ATMU. For SM-to-SM calls, this results in no change to the E-bit .
processing in the SMs. For narrowband-to-broadband calls, E-bits are transported in

30 the composite cells between the ATMU and the CCR. E-bit processing is then
performed by the CCR. The CCR removes E-bits for outgoing calls. Further, E-bit
processing in the CCR mimics that which would be done by an SM, since the call
processing software in the SM is not affected by the introduction of the ATM-CM.
This means that it should be transparent to the one SM in the connection that there 15

35 not another SM (i.e., the CCR manipulates the E-bit just as an SM would). Thus,
when a connection drops, the CCR turns off the E-bit, which thereby allows the SM
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- 12 - conposite cell generation ATMJ 540 which assenbles cells all of

whi ch are destined for the same CCR, a CCR which, in this case, is directly
connected to a single destination access ssgl tch. The ATMJ 540 of the first
(top) access switch effectively generates onposite cells destined for the
second access switch. These conposite cells are transmtted over one or
more ATM st r esorecogniad Medhssséfontinuiey wahé farfendmNo Bibits atel transpdrteiTiithe

entering the Agl?g% ‘{f Qbi ned into a single ATM stream for CCR 4000,
whi ch is connec ﬁe Second access swi tch. The CCR remaps the PCM

sanpl es within the celTke %mnomdtsulmuon@mouahpwspmmm inas fadlogesore out put
the siéﬁnﬁeshl)??% SLproviles ol (hariping, MCERANDA Sphe), 8] T ans MM ”
first acce 5 AT ks Hingler G the CERsAn fhecsibo, n aetisin.
separates t heﬂﬁeANEpei'ﬁﬁ'hislt@ﬂ pr&dessing furtiohd imiithiMtdsa Srdfialdne! daerowagdd access
switch. switch, such as trunk hunting and NCT timeslot selection. The AM provides
information to the ATM-CM necessary for per-call path setup when a narrowband
termination is involved in the call.

10 For this preferred embodiment, the AM is required to be a relatively
high speed processor such as AT&T’s 3B21D in order to support the Futurebus+
extension. This permits the connection of a Broadband Signaling Processor (BB-
SP), a Broadband Control Processor (BB-CP), Broadband OAMP System (BB-AP)
and Broadband Terminal Servers to be attached directly to the AM and the ATM-

15 CM. _

- The BB-CP pfovides the broadband call processing and subscriber services for the
switch. It terminates layer 3 B-ISDN (Q.93B) and B-ISUP (Broadband ISUP)
(Q.764) signaling, and maintains the subscriber profile for the broadband subscribers
on the system. Broadband call processing software in the BB-CP interworks with

20 the narrowband call processing and features on the SMs.

- The BB-SP is the broadband signaling processor and performs the termination of
the ATM and ATM Adapration Layer (AAL) layers, for both the Network-Node
Interface (NNI) and the User-Network Interface (UNI).

- The BB-AP handles all OAMP activities related to the broadband components of

25 the switch. This includes integrity and recovery of the BB-CP, BB-SP, and Remote
ASUs.

- The Terminal Server supports asynchronous terminals and interface access units
for broadband Operations Support Systems (OSSs).. --
- The ATM-CM is the switching fabric for switching cells between different ATM

30 input and output bit streams. The ATM-CM terminates the lowest layers of the UNI
and NNI interfaces. It is also responsible for control of the per-call and provisioned
Virtual Path (VP) connections and all bandwidth allocation. The ATM-CM is
responsible for the integrity and recovery of the ATMUs.

- The CCR remaps internal composite cells to standard external ATM cells. The

35 external cell to compoéite cell/byte mapping tables in the CCR are maintained by the

ATM-CM. ltis also possible to carry out the function in units associated with the
-
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Each of these latter ATMJs then converts its input ATM streans into PCM
streans in essentially the way previously described for the conposite cell
reception in FIG 1. A problem arises in_? at the switch containing the CCR
needs to know about the ATMJs of the other access switch. One solution to
this problemis to exchange data nmessages between the access switches.

Anot her is t oCE&ucpoeangelingconi ng CCR portions in each access switch. It is

al so possi bl e. e NIP, & BSscHiBed Cdrie A GRS &s%ﬁh@fr@r%ﬁ berween NCT timesfoh{and3

illustrates the network conflﬁlratlon nost ik be encountered and the
one that is d&dM rermResks<ells.uihe umesiontocomprasite F%%(Pwsmapmng Rpigs it ees t he

case of two agTBHS afdnhiabfed By ihe m'pp[acng via a transit crossconnect I n
e ot s SPTMBSSD (bbbt Serohbh b bttt ST G
sanpl es headeASte2008 fabricymf @ Fpe nsed ihGHEO ATMTM rémoted oaet:ﬂsAM/facdhy The
'nto & oi ngl e AREOFE00058 et SUmRRRTM 62 nlsbylifhd SffERkhLSpiBchad | [T
PCM sanpl es fsesvices anddfeatnres; ascdescnibed-earlier, in diis dpensaento Call procegsiag an;th@s s
swi tch, to ousHRiRErwdtkd %ﬁ%@a&&ﬂ&@hﬂ‘ k&itrdl'%h Yhe BB-CP for connections between
10 narrowband and broadband subscribers.
- For International applications, the GSM-2000 (a global version of SM 2000)
directly terminates the lower layers (i.e., Message Transfer Part (MTP)) of the
narrowband Signaling System No. 7 inter-office signaling protocols. For the AT&T
network switches, a CNI (Common Network Interface) Ring performs this function.
15 - The APH is an optional unit which is present if an RASU is equipped in the
system. The APH performs SDH termination and ATM Adaptation (AAL) layers
functions, and provides a communication mechanism for accessing units in the
system which are remoted over ATM, such as the RASU. In the preferred
embodiment, ATMUs and CCRs receive control information over control links 541
20 and 551, respectively (see FIG. 18) from the call control units (Administration
Module, Broadband Call Control, Broadband Signaling, Broadband OAMP, etc.)
This is in contrast to the SM which receives control messages over control time slots
of the NCT links connecting these units to a message switch.
Detailed Description
25 FIG. 23 is a block diagram of an access switch 1. The 5sEss® switch,
manufactured by AT&T, and extensively described in AT&T Technical Journal,
Vol. 64, No. 6, Part 2, July-August 1985, pages 1303-1564, is the switch described
for use with applicants’ invention. It includes a plurality of switching modules. The-
input from the local switches 2 (FIG. 6) are terminated on switching module 510.
30 This switching module comprises both circuit and packet switching units, such a
module is described in M. W. Beckner, J. A. Davis, E. J. Gausmann, T. L. Hiller,
P.D. Olson and G. A. VanDine: "Integrated Packet Switching and Circuit Switching
System”, U.S. Patent 4,592,048. This module is controlled by a switching module
processor 511 which communicates with a message handler 513 for receiving and
35 transmitting messages. The T-carrier inputs from local switches 2 are terminated on
digital interface 515 and are switched by time slot interchange 517. Since the signals

_—
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PCM sanpl es desti-ned for one access switch. The output of CCR 4000 is
transmtted to a transit crossconnect 600 which collects all cells destined
for a comon destination access switch iJgp. an ATM stream and transmts
that ATM streamto the CCR 4000 of the second (botton) (destination) access

itch. Th i.t.chi functi. ted hy ATM t 600 is.th
as the swi t cHITGOBIE BB BICTECR AR CORA ERFEsS SWIFRCA HIETAIL 0T FRamplfy access
swi tch, the GifRatscfemshebldimnaels bfibftegraetl Sestitesdigital NetwRaMISB)Isesrces)
desti ned {or 5| nala: SIS 4R 85l RERLI P ALY 3 Pris HikePH RISt " c2

of CCR 4000 i's”sent” to i ( o
unit are sent to the time slot interchange unit for further switching onto output digital

5 links of the SM 510. In addition, a SONET interface unit 521 is provided for
interfacing with PCM signals carried over SONET facilities from the local switches.
The outputs of the switching module 510 are a group of network control and timing
links (NCT 523,...,524) (typically, up to 20). The NCT link signals are carried over
optic fiber links and can readily be made long enough to allow a SM to be remotely

10 located. A subgroup of these 20 links is then terminated in an Asynchronous
Transfer Mode interface Unit, (ATMU) 540 which can also terminate NCT links
from other SMs. Other subgroups from this SM can also be connected to other
ATMUs, the latter also being connected to ATM-CM 550. The output of the ATMU
is a plurality of SONET/ATM signals to the common broadband platform (ATM-

15 CM) 550. The AMM, an extension of the administrative module (AM) 530, is used
to control switching connections in the ATM-CM 550 and to carry out common
functions for a plurality of switching modules connected to a'panicular ATM-

CM 550. The ATM-CM is also used to switch signals between different switching
modules 510 connected to ATM-CM 550 in order to handle tandem calls between

20 local switches 2 that are not connected to a common switch module.

FIG. 23 shows a configuration wherein the ATMU can be separated
physically from both the ATM-CM and the SM; both the NCT link and the
SONET/ATM link are arranged to transmit signals over longer distances. Clearly, if
the ATMU abuts or is part of either the SM or the ATM-CM, these facilities can be

25 simplified.

([@=

As an ATM crossconnect unit, the ATM-CM is able to perform the
function of connecting ATM cells between ATM inlets and ATM outlets. To ensure
that the composite CBR cells that carry voice traffic are not delayed or lost, the CBR_
cells are given high priority. They are sent on facilities that are selected to have

30 sufficient bandwidth to support their transport, and buffering is always able to
accommodate these cells. Simulations have demonstrated that the probability of a
quening delay across an ATM-CM in excess of 50 ps for a CBR cell, even when
facilities are fully loaded, is less that 1 x 10~1! . Narrowband VBR signaling and
other priority cells are guaranteed transport via margins of bandwidth in the facilities

35 that are reserved for this purpose. Those VBR cells use buffers that are separate
from the CBR cells, even though they are on the same facility. Broadband
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- 13 - of the destination access switch, where cells destined for a common
ATMJ are gathered into ATM streans for transm ssion to that ATMJ . The ATMJ
then receives its input ATM streans and digtributes the individual PCM
sanples contained in the streamto its PCMout puts. Wile FIG 3 shows

only a single ATMcell swtch (transit cro sconnect ce a network
of such cros<OBRGRHONS USE;SePALALe &FC%IBICBE" ectly into J‘c Aﬂﬁ'%ﬁi ILIJFCSGFI G 4
illustrates ebrembaﬁdtsignmswdsea&fdaeﬁszfeﬁtm rh@Amlo:Mhlmtaﬁmgmtare{ﬁﬁ%mhk

i nt erconnectin nation access sw tches includes two
transit crosé@&’?ﬁ%@éﬂg&ﬁf%@%ﬁgb ugh a CCR. The actions in the source
(top) access switch aﬂ'heéé@drﬁMabbynn&abMGﬁisﬂma’dmdedrh 10espkist to

FIG 3, t
access sw ?c%&sr?%}%?rﬁécf}l fgb‘z‘éﬁefé%%“?rﬁ? cont a| n sa eqic&es d Mlsetg%f’)%frw;ce
plurality of Singk giant ywitchieg sxstem o switehing Wmm:ey the magtmmnuoneluate::ase

in which the rbemgscdna&éz&d & bthér $wit sydfentsHa G%%Ewé}ﬁtcbﬁﬁbc?%stﬁe §Mst ches

served by thig e rdisiSom Seniod) e daitting time silfifloxed switch (described in the
AT&T Technical Journal reference, for example, on pages 1425-1426) can continue

10 to carry part of the inter-SM traffic and the ATMUs and ATM-CM can carry the rest.
While in this specific embodiment, the inputs to ATMUs are from a

group of switching modules of a single switching system, such as the modules of a
5ESS switch, the teachings of applicants’ invention are equally applicable if separate
switching systems, instead of switching modules, are connected to ATMUs.

15 The block diagram of FIG. 23 is a specific embodiment of the invention
based upon the SESS switch architecture. The Asynchronous Transfer Mode
Interface Unit (ATMU) provides the interface between a switching module and the
ATM-CM. The ATM-CM acts as a combination communication module for
interconnecting connected switching modules and as an ATM crossconnect for

20 connection via ATM links to other ATM-CMs. The SESS Switch Module normal
format for voice and data transport is a single byte time slot. The ATM-CM format
is a 53 byte cell containing 42 9-bit segments, each segment containing an 8-bit
PCM sample and one E-bit, for voice and data transport, and 5 bytes for overhead.
The ATMU provides the conversion between the single segment time slots and the

25 53 byte ATM cells. It also provides arrangements for transmitting the multiple time
slots required, for example, for a 384 kilobit/second channel, into different segments
of a single ATM cell. The 5ESS Switch Module interfaces to the ATMU over
Network Control and Timing (type 1 or type 2) (NCT) links and the ATMU --
interfaces to the ATM-CM over Synchronous Digital Hierarchy (SDH) or its U.S.

30 version, Synchronous Optical Network (SONET), links. “The SDH or SONET links
transport ATM cells. If, as in the preferred embodiment, the ATMU is part of a
physical unit containing the ATM-CM, there is no need to provide either SDH or
SONET functionality; in this case, the ATMU interfaces with the ATM-CM via
ATM cells. By providing voice and data switching the ATM-CM eliminates the

35 need for the time multiplexed switch used in the communications module of the
prior art SESS system. In this preferred embodiment, the switch module (SM) is an

—_—
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transit crossconriect 600 receives inputs froma plurality of access
swtches and transmts those cells destined for reswitching to transit CCR
4000 i nterconnecting the two ATMtransit ossconnects. In transit CCR 4000
sanpl es destined for a common destination access switch are assenbled into
cells to be swtched by the second (eft) transit crossconnect of the
transit net woSM-2090; previcuiskytrefeated oo, laxgepgenghdtidescribaddmthend (1 eft) ATM

transit Crossggméchhmgum Xt@&nb@@:“t’aﬁnerate £ g hé&Sp Y& dircifiryli T ect

i nputs from out ut streams each

stream cont ai a’vaﬂgblemYc&pmxtwmm%m s déﬁé‘@}’éﬁeﬁéﬁl%las ADRIGPRASR:
destination (WaileMhiReRBSEmRN the A TMSCNEinterfagePViaRhe ATMIE Hith m&hmged for

the ATMinter-tr ns crossconnect CCR 4000 .of th di scussed as
bei ng rece% ﬂge"‘%ees%?? mﬁ'ﬁW’FPaHsﬁaP APy Hl‘?r;?acf’ﬁgg’r@"o%'é?‘?rﬁat i on
access sw tcmmd%owmmmmgasysc&msaperations are performed as in the
destination access- sw I eci al '
control signals from ﬁg @ggg cﬁfr ﬁ%}’wﬁ%%}%ﬁ%&g&e OTtlng%[.“r:T changes
of. messages b@TMe@MalsecouldmuésswlsmssagesquumdeubwdsthGMDistrangnal s from

one of the t MAoditl g,lt__)a% r‘51:_ . datth S Nii g o ﬂx&:H&dd}Qb éédﬁ?R
The "confi urat I on e k E cas\nss{v&1 I) tb% ngsct I 0 s t wee
0 mtra-swuch message router. coul convert messages

Message Handlers and/or the Packet Switching Unit (PSU) of the SESS watch

Module to a format suitable for routing across the ATM-CM. A standard ATM

Adaptation Layer could be used for this purpose. The ATMU also provides transport

for the ATM-CM Processor Intervention (CPI) function that can be used to force a
15 restart of an SM if a situation arises that requires a reset.

Signaling System 7 (SS7) messages are handled by virtual paths of the
transit network 10, thus providing switch to switch messaging without the need for
an intervening STP for routing messages. (An STP, at least initially, is still desirable
for use in accessing data bases, by providing data base access to the signal

20 transmission network 10.) The ATMU implements this function by assembling
packets into ATM cells, associating a virtual path with each switch SS7 Point Code
and then transferring the cells to the toll ATM network over the designated virtual
path. :

. The preferred embodiment described herein takes the view that the

25 ATMU is closely associated with the ATM-CM, since that appears to be the most
useful from the toll network point of view. An alternative wherein the ATMU is
closely associated with the SM is also possible. If the ATMU is closely associated
with the ATM-CM, then the ATMU receives its control from the ATM-CM’s .
controller and the AM. In the event that the ATMU is closely associated with the

30 ATM-CM, conrrol signals are sent over a control link 541 via the ATM-CM from the
AM to the ATMU central controller (ATMU CC). _

As shown in FIG. 23, the ATM-CM is under maintenance control and
circuit control of the AM. The AM acts as the ultimate maintenance master for the
the ATM-CM. In this embodiment, the ATM-CM serves only as'an ATM

35 crossconnect, and provides no processing for either video broadcast, frame relay, or
Switched Megabit Data Switch (SMDS). Alternatively, the ATM-CM can be

-
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two transit crossconnects 600 in order to allow some of the CCR output
cells to return to a crossconnect that may al so be connected to a
destination access switch. (Such a conne% ion is shown as connection 7 in

FIG 11. .; As previously stated for FIG’®%3, the transit crossconnects nay
each represent an interconnected network of such crossconnect wunits.
-14 - directly controlled to accept ATMhinp@tskntEto switdh suth iAputy tood Gesiredi agr ans

of t hi's spec Idf stind 61(1) nTﬁxs arrangement is useful, for example, for switching such broadband

signals as high definition TV (HDTV) signals, which have a bandwidth that makes
direct connection to the ATM-CM more economical. The AM or another special
5 processor can be used for controlling the establishment of ATM paths for these .
services.
 The assumption is made herein that computers or other terminals that
send or receive data have reserved adequate bandwidth for sending and receiving
such data before making a request for a connection through an ATM-CM.

10 FIG. 24 is a block diagram of an asynchronous transfer mode interface
unit (ATMU) 540. The ATMU is under the overall control of an ATMU Central
Controller (ATMU CC), which receives control signals over control links 541 from
the ATM-CM. The inputs are from a time slot interchange unit 517 of one or more
switching modules 5 10. The outputs are to the common broadband platform (ATM-

15 CM) 550. The ATMU is considered an ingress and egress node of the overail
network, and a PVC interconnects two ATMUs. This allows traffic from several
SMs to be collected for transmission over one PVC from one ATMU to one ATMU.
The outputs of time slot interchange units 517, which are groups of NCT links, enter
space switch 610 which has 42 outputs leading to cell wide buffer 620 (CWB). Cell

20 wide buffer stores 9 bit segments, each segment comprising an 8-bit PCM sampie
and one E-bit for the associated channel. Each NCT link carries 512 16-bit time
slots every 125 ps. The 16 bits include 8 PCM or user data bits, 7 internal control
bits, including a supervisory signaling bit (the E-bit) and one parity bit. All but the
8 PCM bits and the E-bit are discarded before an ATM cell is formed. CWB 620

25 includes 42 separate segment-organized memories whose outputs can then be used in
paralle] to form the 48-byte payload of an ATM cell. The space switch is used to
switch the outputs of the NCT links to the appropriate one of the 42 virtual path
memories 621,...,625. The 48-byte parallel output and a 5-byte output, representing--
a header, from the cell list processor 630 enter one of 8 shift registers 651,...,652.

30 The particular shift register is selected by one of the select units 653,...,654 under the
control of cell list processor 630. The output of each of these shift registers goes via
one of the CBR/VBR selectors 663,...,664 to a Line Processing Unit 661,...,662
(LPU), each LPU generates a SONET/ATM data stream. These 8 data streams are
then switched in ATM-CM unit 550. The term ATM-CM as used herein refers to an

35 ATM crossconnect switch, having, in this case, ATM/SONET inputs and outputs.
The treatment of VBR ceils is discussed further below. Details of the treatment of

-
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only a single direction of flow of information, it is understood that a
conpar abl e opposite flow of information is simultaneously
taking place in essentially the sane way. Each ATMJ, for
exanpl e, acts both as a conposite cell g'e%ge?ator and as a

conposite cell receiver. Simlarly, each CCR perfornms its remap function in
bot h packets fordV BRakllp are. prov1ded in the descnpuons of FIGS. 28 aatl@9. 5 presents

anot her view of the f .
crossconnect. The inp 3? %1%81%%1‘8{%R conpri ses %Q% N;Mnate ne spache SWI§f:hhave
sanpl es dest |lmbm116drbyahp speedl|afithe GWH mmcms and md@clbbtspﬁtméifsoamvl If
crossconnect @00a) IR aké‘%uﬁgﬁsorﬂéﬂé‘ﬂ‘ﬁ'\t@?ﬁﬁgéon ie.et%xhi}&ﬁuz‘éethé varftid; h of

whi ch for a si n out

contal ns sa rrzo ﬁé estine
CCR. These? cdnitke preferpnd coanpdiment T links are usgd, }H{It ARSCIR rr&&smampch
enters the A%smmmmpﬁeyémﬁbmoﬁgg} crossconnect 600

hen sui tches Lnd: V1 dggl e Se Lol Sbler S ST A0 LTUSI6E Mg s
cells controlled bpa Icyntmisnemexy 703y...1704 apnusedaolswitclioie dutputhofthet he
CuLPUL 2 <2 P Yl B8 pprpsingon o s BY L et o
pluralityl®f aqell widmbsffer. Each %bﬁéwchﬁd segmest (N\BCM]SMC plusphe EddRRins a
part, and each of the NCT links may go to any one of the 42 positions in the cell wide buffer.
In addition, selector 710, under the control of control memory 711, is used to steer
(packetized) variable bit rate data including signaling and other messages to Message
Layer Device 670 (MLD) (FIG. 13). The MLD converts messages into ATM cells
15 which are transmitted by the cell list processor 630 a CBR/VBR selector 663,...,664
into one of the LPUs 661....,662 into the ATM-CM after the CER cells have been
transmitted for a given 125 us. '
FIG. 26 illustrates the cell wide buffer 620. It comprises 42 9-bit wide
memories, 621, 622,...,623 each comprising a 9-bit by N buffer 801 and a control
20 memory 802, where N represents the depth (i.e., number of cells that can be stored)
of the buffer. In accordance with well-known principles of the prior art, in order to
preserve frame integrit'y., the transmit cell wide buffer is a duplex buffer, one part
being loaded while the other is unloaded; the receive cell wide buffer is triplex to
solve jitter and frame integrity problems. The control memory steers bytes from the
25 incoming NCT bus to the appropriate position in the buffer. In addition, the system
is arranged to transmit a pseudo random code in idle DSO time slots to test continuity
of DSO channels over ATM facilities; in one embodiment, the control memory of a
CWRB is arranged to insert and to detect the presence of the code under the controi of -
the ATMU CC. Alternatively, tones from tone sources in the SM can be transmitted
30 over DSO channeis and detected at the far end.
FIG. 27 illustrates the Cell List Processor (CLP) 630, Facility Shift
Register (FSR) 651, and Line P;ocessbr Unit (LPU) 661. The CLP 630
simultaneously reads the CWB 620 while controlling the Selector 653. This causes
one 438 byte CBR cell to be written into the SR 651. In addition, the CLP outputs the
35 5 byte header into the SR at the same time. Thus a full 53 byte cell is loaded into the

SR. The cell is now shifted into the LPU 661 via CBR/VBR selector 663. The
_
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creates cells each of which contain sanples destined for only one of these

ATMJs. These cells are then subsequently switched in the
ATM CM of the output access OSWI tch to the appropriate ATMJ
of the output access switch. An ATM CM 556 basi cally an

ATM crossconnect, enhanced to provide |nterfaces wWith other units as

shown in FI G LBY 661 wrnsmiisiie ralhortashewONE Tcfaeiding 1o thg AFMLMi ural ity of OCR

units Imbe bgQRGEE Erﬁ%@ééagé‘ﬁay% 1599{& G200 THE m@za receivesvery
useful elenment for swtching is gnal s carried by.
ATM st r eans. M?SW?WMF@GSB?%%%MSW%‘M“@ 5101“‘0 nterworking

di stribution Uaiga020, wmptmas ThieSe inBf¥ages o‘bwsegmlmmsaege&lm cel I's
carryi ng

| s_dest
sccess! bl e i PPTESY PRRUTEDrA L Draats such a8 COPFT X105 BEERS BBl | o
out put of t heWaEkingdhmits GWie) detsreniné the cOBRcre grovisiohalKEM Yistual Circuits

h . is. .
connect edy . Thsaser ihd ictneAt 8 dociide ey ATH el pEPECTET Siicificliohusipg.
are switched theidstesminesd ¥Gddensifienand pther header fields as desempaddni€CITT ATM
comuni cat O“Rdgﬁg%bﬂslgﬁégﬁgeaﬁm NTRERRRAs 2 sublequiiny Qﬂﬁwﬁm“&"d&f of

t hese CCRs ar e din the transit crossconnect to. t

streans Unitinte the S BR/ BB selgerer apb P p6dchown dr EIGnS, pader
signal is sw ﬂﬁfwdu'bmfﬁhseﬂl’s Iaaké preferred embodiment, e otfhdarej6ined aid sar f or

the same ATMi the'dmde Ve ERRIVBR iRty t SN
FIG. 29 shows an Interworking Unit 1020. NCT time slots are
connected via the selector 1110 to the data link controller 1120. A Data Link
15 Controller 1120 p'rocesses bit level protocol that includes. flags, bit insertion, and
CRC. A second controller 1140 processes SS7 or link access protocol within the
messages. A processor 1130 determines the Virtual path to be used for the message,
and commands the ATM Adaptation Layer (AAL) Processor 1160 to segment the
message into ATM cells. The ATM cells are placed, under the control of ATM
20 Adaptation Layer Processor (AALP) 1160, into the Cell Buffer 1170 (not to be
confused with Cell Wide Buffer 620 (FIG. 24)) where they are later transmitted
under control of the CLP 630-(FIG. 16) into the CBR/VBR selector 663 (FIG. 27).
High priority cells are inserted into Cell Buffer 1170 before low priority cells. Cells
from the cell buffer 1170 (FIG. 29) constitute the VBR cells shown in FIG. 8 (the
25 125 us frame). The cell buffer may have to be several cells deep to take care of
VBR cell bunching from the ATM-CM.
The AM serves to support the entire SESS switch and ATM-CM
(including ATMUs) OAMP needs. These include download and control of the  _-
ATM-CM, craft graphical display, and communication via ATM with SMs. FIG. 30
30 shows the AM/ATM-CM system architecture as compriéing the following
components:
- ATM Management Module (AMM) including directly connected terminal.
This is an adjunct fault tolerant processor that connects to the existing SESS
switch AM, and serves to provided added processing throughput for new
35 ATM-CM and ATMU capabilities.
- Ethemet® Bus to interconnect AM/AMM with Graphxcal User Interface
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Advant ageousl y, the conbination of the CCRs and the transit crossconnect
yields a di stribution network of enornous capacity with | ow
bl ockage for serV|ng a large - nunber of very high capacity
access switches. In theory, the CCRs camr 4e

- 15 - associated with either the access switches or the transit network.

In the preferred ( ma"kwﬁa@&l(ﬁ‘yﬂg MPAMRLIcon, required by the CCR
C

conmes naturally from contro cess switch, thereby naklmlg
co-1ocation of acce@@ag\ﬁmptgnﬁysmlmenace (SCSL, an industry standard) peripherals

for disk, tape, and Compact Disk Read Only Memory (CD ROM) on-line
documentation: These augment the existing AM non-volatile peripherals.
5 - GUI workstation terminals that supports existing SESS switch equipment,
ATM-CM, and ATMUs.
- ATM Packet Handler provides the AM/AMM with the ability to
communicate via ATM over SONET to the SMs. The SMs terminate the
APH’s ATM in their ATMU MLDs. To communicate with SMs, the
10 AM/AMM sends messages via Ethernet to the APH which performs the
message to cell conversion and transmittal to ATM-CM over SONET.
The GUI and non-volatile memory are commercial components whose control
resides in AMM software. The design of the AMM and APH components are
expanded in Section S of the Detailed Description.

15 FIG. 31 illustrates the circuit (channel) hunt which is performed by a
switching module processor 511, or other processor having data about the status of
PVPs from the connected ATMU to the destination of the call. This processor
receives a path request (action block 1200) and determines (test 1202) if there are
any available circuits (channels) on direct active virtual CBR paths to the destination

20 of the path request. If so, then an available circuit is selected (action block 1204)
and a message is sent to the node (typically, a processor for another ATMU) at the
other end to notify that node that a circuit has been estabhshed on a particular slot of
a particular active CBR PVP.

If no available circuits on direct active CBR PVPs are found in

25 test 1202, then test 1208 is used to determine if there are any available circuits on
alternate active CBR PVPs. If so, then an available path from one of these alternate
active virtual paths is selected (action block 1210) and the node at the other end is
notified (action block 1206). (An alternate active virtual path is an active virtual -
path using an alternate route which is a route that uses at least two links instead of

30 the single link direct route.) If no circuits are available on active virtual paths for
this circuit request, then a request is made to allocate an additional virtuai path
(action block 1212). This request is sent to the administration module 530 (FIG. 12)
which activates an additional virtual path as described in FIG. 32. Eventually, the
administrative module responds to SMP 511 with a success or failure indication and,

35 in the case of a success indication, the identity of the allocated virtual circuit.

Test 1214 is used to determine that success or failure. If the allocation request has

I —
cet Has Been Replaced | -

T



nore natural . ' . Advant ageousl y, in such an arrangenent pernmanent
virtual paths can be established through the transit crossconnects for
conposite cells each carrying individual PCM sanples for a plurality of
PCM channel s. Such permanent virtual pat4%s- can be pre- provi sioned and need
be activated only when an additional group of <channels is required for a

particul ar S%é&%é&@é%&‘xhll}ﬂ%e‘sﬁéhd&ﬁ‘i@ (sitie duifuelof 83 1214) Ches keOIZDRGE and are
oot eGPl PR inpetorauPRaT Al o lans shevalsblb o 680 1 1
sour ce/ dest i raabcmngﬁoéese fwvals rmﬁsﬁdces'sﬁﬂt(negaﬁss oamneef test 1G4 n)a theh aii)aﬂcpauﬁt i on
0, Coner el S BEABIAPN 45l BCERPRLSAT, BUSH S 0Ll 352%@2?@%@%@ ars
el enents of umbkskdﬁaguans for inplementing applicants' invention..
Sui tchi ng syst e of & nasane iR hiS dBohisp! hll 8 hVARAERRRCHE, AAEEES
to an ATM si GMaSWHGHRG moéglmpeerswmma ligohestiveGBRvigeal prensdee wit h
the principl egrrying traffic outgoing from its associated switching module and maintains an
activity state for each channel of such a virtual path. Itis, of course, also possible to
10 maintain this information elsewhere such as in the administrative module, but the
suggested arrangement minimizes the time required for establishing most calls.
Further, it is possible to use virmal CBR circuits with two-way channels but such an
arrangement, while it allows for more efficient use of the virtual channels, requires
negotiation between the two endpoints in order to prevent "glare” (i.e., a situation
15 wherein the same channel is seized concurrently by the two end nodes connected to
the channel).
FIG. 32 describes the process of activating a virtual CBR path, or fora
split path, a group of channels. Many more virtual CBR paths are provisioned (i.e.,
stored in memories of the network) than can be active at any one time. Basically,
20 virual CBR paths are provisioned to handle the peak traffic between any pair of
nodes. Virtual CBR paths are considered activated when they are available for
carrying traffic. The process of activation is designed to ensure that the physical
ATM facilities carrying the virtual CBR paths are not overloaded and that no
defective physical ATM facilities are used to carry traffic. In case of a failure, for
25 example, all virtual CBR paths that use the failed facility must be deactivated.
In this specific embodiment, the process of activating additional virtual
CBR paths is analogous to the process of seizing individual trunks in accordance
with the teachings of the real time routing arrangement as described in G. R. Ash et”~
al.: U.S. Patent 5,101,451, by routing additional traffic over less heavily loaded
30 transmission facilities, in this case, SONET/ATM facilities. One special
characteristic of the arrangement described herein which is not analogous to a
situation encountered in routing traffic over individual trunks is the use of split
groups, illustrated in FIG. 10, i.e., active virtual CBR paths a portion of whose
channels are used for outgoing traffic in one direction and another portion of whose
35 channels are used for oﬁtgoing traffic in the other direction. Such split groups are
especially efficient for use in carrying traffic between two nodes for which the levei
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of this invention. Such a network is a network of ATM crossconnects for

I nterconnecting a plurality of Conposite Cell Remapping (CCR) units and for
switching cells of the ATM streans generated by the connected access

swi tches. Each access switch contains a-@8R that receives an ATM si gnal
fromthe ATMCM of the access switch, conprising a plurality of Constant

BIE RaL e ,(CBBI ufﬁfﬁmewh&va? hdve. Q%{heﬁaiffek‘éﬂ&gt@ﬂﬁﬂﬁio?e Hﬁgstmﬂkes% fe@[nrén?g)r

net wor l. or ne IS | but.es e
it vi dual PR REE SRR SREE 1o et Y e O cgrigeed
conposi te outsauémfgeztd albeaivats gowte PYPiON aDREBSA. Mhamlﬁ&efﬁcﬁesﬁdnwmmmghe
conposi te out C en t 0 ssconnects
to - a CCR o f%ﬁﬁ%ﬁe@?ﬁé@l%ﬁﬁg@ g‘%s%ﬂfigehhéc °é\g§Ce§§dSaﬁ‘€h CS?‘H t?ns an
ATM i nt er fSc @saddst alierwie foultes; etﬁmvatemgoéa-nhmpues'beﬂ the citedpatB@sihnpl es of

i nputs to th af{% o &ﬂ"]l U |gnal S
to an ATM Cogn%frﬁﬁ?éggtﬁ?%‘ﬁﬂs ngysiﬁﬂﬁ C cﬁ °Z“a?n :31\/('919

cells of the"ﬁm@%}ﬁ&chsﬁé\‘ﬁt? e ATMU to the correct CCR of the access

swi tch. Each conposi tmaaﬁme&aﬁde%@umwce%saﬂan&ed;ereqw@wsewﬁemmg

si ngl e CCR of th access ch o e ar. for. int cess switch
communi cat i naJ g% Dioc 1366} ¢ nistrative module Hst

10 deterrmnes (test 1302) if there any virtual CBR paths carrying split traffic (i.e.,
outgoing from the two end nodes). If so, the administrative module determines how .
many channels are currently busy in each direction and checks if there is adequate
margin in the split group to allow for an additional few channels to be allocated in
the direction associated with the allocate request. The channels of split groups are

15 arranged so that the first n channels are hunted in one direction and the remainder in
the other dircc_tio'n and that the hunt for a channel is performed in such a way as to
keep the middle channels available whenever possible. If middle channels are
available and if the number of these available channels is sufficiently large to allow
for a movement of the division point (positive result of test 1304) then the split point

20 is moved (block 1306) and the two end nodes are so informed (action block 1308).
The requesting node is informed of a success in response to the allocate request and
when the requesting SMP retries test 1202 and 1208, one of these will now pass. In
this embodiment split groups are checked first; simulation studies may show that the
alternative of checking for available additional PVPs first, is more optimum.

25 If no split groups are available (negative result of test 1302) or if there is
inadequate margin in the split group(s) (negative result of test 1304) then test 1320
determines if there is an available idle provisioned direct virtual CBR path. If so, it
is necessary to check whether activation of an additional CBR PVP will cause -
congestion on any link carrying that PVP. If such congestion is found, that idle

30 provisioned direct virtual CBR path is rejected and not activated, and test 1324 is
tried; if no congestion is caused, that path is activated (action block 1322) and the
two end nodes of that path are.informed of this activation (action block 1308).
Otherwise, test 1324 is used to determine if there are any alternate available virtual
CBR paths. In making the choice among available alternate CBR paths, the

35 principles of real time network routing are used by preferably selecting available
alternate virtual CBR paths that use relanvely hghtly or less heavily loaded ATM
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of the access switch. Constant bit rate (CBR) cells are used to carry PCM

Voi ce -16 -

traffic, and

variable bit rate (VBR) cells are used to carry packerized data. (The term
PCM as used herein refers both to voice-sidgnals transmtted by PCM and to

data (including facsimle (FAX) and video) transmtted over

PCM channel s.)

Thr oughout ¢ B RAcah Adhy Bl BaR o RAGNADI g BRuaS R Ploadld  vat i on

of per manent Vir val circ Nd per nanent Vi r

er nanént

since two link circuits are preferred over 3-link circuits, Lhe loading of the potential
2-link circuits can be ascertained by requesting the administrative module connected
to the ATM-CM that is connected to the destination switching module to report on
5 the loading of its ATM circuits. Since each activaton of a virtual CBR path

represents a larger utilization of resources (48 channels versus 1 channel) than is the
case for the selection of a single trunk for real time network routing, a loading
threshold limit beyond which virmal CBR paths should not be activated should be
applied for any facility that is used by a candidate CBR PVP. The limit is also

10 affected by the amount of VBR traffic supported by the ATM facilities. Clearly, this
limit is a parameter which should be under control of the network administrators,
which may be different for different ATM facilities, and which should be adjusted as

field experience is obtained.

Note that in the preferred embodiment, all provisioned PVPs have a
15 predetermined path traversing two end nodes and a variable number of intermediate
nodes. Alternatively, switched virtual paths could be provided having a variable

path selected at activate time.

If no available alternate CBR virtual paths are available for assignment,
then the allocate system returns a failure indication to the requesting SMP (action
20 block 1326). If an available alternate path has been chosen (action block 1328) (the
available circuit is selected among alternate circuits with relatively low load) then
the alternate path is activated (action block 1330) and the end node and intermediate
ATM-CM switches are notified of the activation of the CBR virtual path.
The active CBR PVP consolidation process will now be discussed. In
25  the course of normal toll call activity, it usually happens that different composite
cells between two end nodes are not completely filled. Furthermore, it is a frequent
occurrence that the total number of DS0Os in N active composite cells is less than or
equal to the total number of DSOs supported by N-1 composite cells (48 N-N). In =~
that case it is desirable to consolidate the PVPs carrying these cells to form more
30 fully utilized cells that carry the DSOs. The PVP for composite cells which no
longer have active DSOs can then be made inactive, thus freeing bandwidth on one or
more ATM facilities. That freed bandwidth can then be used for composite cells
between other sources and destinations. Thus, more efficient utilization of the
network is achieved. The consolidation process is described in FIG. 33.
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virtual path, conprising a plurality of permanent virtual circuits, is
provi sioned by including its identification in the nmenory of an ATMJ,
ATMCM CCR or ATM crossconnect. The mar’rggy is used for switching cells
having the virtual path identification as™their header, in the ATM CM and
ATM crossconnect and for identifying the cells to the ATMJ and CCR for -
their operations. The Iuithe dis¢ussion ehdt followothembimpositscells baingednidlidated ATMU

d CCR i : I h t | | bet
the correct o] oé isEiSE] o e BANRLE ATMULCER be Brop i ChcapsaliaBins A
virtual path pestormed byt thel AGMyCMiventralderu dllteynativety, itds also pyssisietorthe aNons.
The nunber oforpgm\@@éggﬁd(sﬂﬁf)%%ﬁ&%l‘%% %bnigbliﬂﬁ&d?xsof‘\c%{ﬂptogig{ nﬁ:glg rir%t%a% JREL

great er thgn&&&bg of actrvated nent virtual® ernanent
virtual ci PcuttMENE Mopeves, thearpeassiag Watdd be the ssmsdn eitkersase; onty ther
channel ), of identgtof ied péc@s6rROgAbe\différéad. path, is used. If a cell of a
virtual path is full gnd 'g&ot her nnel is needed, then another,

previ ously provi si oned?® BrECHEFORICUARRPR, ArOeRE9Ts cantpually sheck acBvear ry t hat
channel over compasiteatllcior apattiadfilltcoaditieniwhieic isi defihedh oty NeBRpbsivd édlldad

25 ity 1 B B AR IO AT R "
pl uralityl@f than the total number of DSO in N-1 composite cell (i.e., (N-1)*48), The amount by
which the sum of the active-channels in the N cells is less than (N-1)*48 is a
parameter which should be set as a result of simulation and experfence. If the
parameter is too low, say zero, thrashing may occur; if it is too high, say 10,
inefficient use of facilities will occur. For this discussion a cell and its

15 corresponding PVP are used more or less interchangeably. Each active cell is under
the control of one connected end nede, the end node that originates outgoing traffic,
or, in the case of split traffic cells, a node selected arbitrarily. When the controlling
processor determines that a partial fill condition exists, it communicates a request to
the destination node to consolidate the N composite cells. The request contains:

20 - The identity of the N composite cells (e.g., via the Virtual Path Identifier).

N-1 cells are the consolidated cells, and one cell is the cell to be eliminated
(since it will carfy no DSOs following consolidation.)

- A list of DSO cell re-ordering from the cell to be eliminated to the
consolidated cells.

25 In this embodiment, DSOs of the consolidated composite cells remain in the same
cell locations, and DSOs from the eliminated cell are moved to idle positions in the
consolidated cells.

The other node responds with an acknowledgement to consolidate. " -
During the consolidation period, new calls that require transport between these two

30 nodes (typically switching modules) will only use DSOs from the consolidated cell
that are not to be filled from the cell to be eliminated. It is possible that calls could
arrive and therefore trigger the activation of a PVP for one composite cell while
another PVP is being eliminated. This unlikely occurrence is in accordance with the
invention since eventally excessive PVPs are eliminated.

D)
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comuni cations. Applicants have chosen to call the byte or segnent position
of a cell for carrying each such comunication a virtual circuit since it

carries, essentially, a circuit sw tched comrunicati on. The
access switch and transni ssion/crossconnedb-network can al so be used for
swi tching and transporting conventional packetized voice as illustrated in

the cell of FIG 17. Rﬁ%r&réaéemha&e xgwlewﬁﬁ&wm% gAdCfoe tHeZ Rl typkce 1S

b hce T Qo 8 s b sor s SRl e Ui rellsn 5 EREHSbY s pecch
that are conveigsn it &FMU,GEDE0 on an NCT link frohh e QMR i¢!foll Frod mbhﬁerﬁs:geﬁ w?] ]
Spiiches are Coneetadbo: Sl b e SRS HLHTHA gl and v o
swi tches i3di vi dual céll'}ia@roéessérsperﬁomingaamdsmhdapun corhivantls ehensTRI @Sx0 CCRs
Dol ow * Thi s petrorsy SR RBEROE “Reprbetiorti i dciohy Y pRees PRSI Wlessid 41
modul es ( SVs) thefother3pdsindigating that thi @ﬁomrmnueseémny aotioh hhas transpined. dhe m)r e
?r; gﬂldes alo;) ”remﬁﬂéxt £ mudtisedRY sinGih AidssaHe!t8 theorigiRail bk £pbf r&RPHSH bf dhyd teh
message, the destination processor commands the ATMU CC to deactivate the PVC
10 of the eliminated cell. The ATMU CC causes the ATMU to read DSOs from the
buffer locations associated with the consolidated cells instead of locations associated .
with the eliminated cell. The ATMU CC then removes this cell from the CLP’s
active composite cell list. The eliminated composite cells are no longer sent or
processed into DSOs on the NCT links. Since the DSOs are switched via the ATMU
15 to the NCT links, there is no change of time slots on the NCT links to the SM TSI
(Time Slot Interchange). The other end then also deactivates the PVP of the
eliminated cell.
A problem arises if a channel from one cell is transferred into the same
channel in another cell; during the period of transition, this cell would be written into
20 the same channel position of two buffer locations. This problem can be overcome in
one of three ways: |
- The speed of the CWB can be doubled to allow two writes to occur in one
interval | :
- the consolidation can be arranged through software to avoid such a
25 transition
- the transition can be made in two stages, first by freeing another channel of
the transferred-to cell by copying a busy channel to the idle position and then
releasing the previously busy channel, then by transferring the channel from -
the cell being released to the newly released channel of the target cell.
30 If two or more SMs are connected to one ATMU, either the SMP of one
of the SMs controls the PVP being deactivated or, preferably, the AM of the
connected ATM-CM controls the PVP. In either case, only a single processor
controls the consolidation process at the controlling node.
A flow .cha_rt for implementing the consolidation process is shown in
35 FIG. 33. At some point, the consolidaton process is started by the processor which
controls allocation of permanent virtual paths (action block 1400). A test is made to

This Sheet Has Been Rep laced

A




- 17 - t han one 5ESS switch to an ATMU. ' Mich of the traffic
carried through the ATM signal transm ssion/crossconnect network 10 is CBR
traffic wherein the individual CBR cellsg7n each 125 [err]s franme are
switched to a destination CCR unit. A CCR unit is wused advantageously for

or swi t ohi ngRTEGUHF SHeaet REBsrACabeRmpren Latgptidet oy, ThB3eg et
| ar ge nunber peffodintd by ehtckitesstoi saa ifi there GERY BWPhwith iifcomamin soatdesandThe
provision of sessnarion node which in combination carry less waffic than can be carried by N-1
PVPs. Since there is normally an order to the search for PVPs to a particular
5 destnation, the partial fill PVPs are most likely to be found at the end of such a list.
As each source-destination set is checked if the partal fill condition does not exist
(negative result of test 1402), a check is made to see if the process is complete
(test 1404) and if so, this is the end of the consolidation process at this time (end
block 1406). If not, another set of PVPs is checked for the partal fill condition. (In
10 general, it is expected that no more than one PVP would carry traffic initiated from
both ends. A PVP carrying such traffic can be eliminated in two steps by first
eliminating the outgoing channeis from one direction and after these channels have
been eliminated in the process described hereinafter, converting the cell to be
eliminated, not to a cell of an inactive PVP, but to a cell of a PVP carrying the traffic
15 thatis now fully controlled by the other end node.)

If a partial fill PVP set is found (positive result of test 1402), and it is
found that the total traffic carried over the route served by these PVPs can be
adequately served by one less PVP (to eliminate excessive shuttling of PVP
activation-consolidation), then the controlling node (carrying outgoing traffic for that

20 PVP) consolidates channels from a cell to be eliminated into the target cell (action
block 1410). A message is then sent to the far end node (the node with incoming
traffic for that PVP) informing that node of the new channels to be occupied by the
channels from the PVP which is to be deactivated (or, in the case of a two-way
traffic PVP, to be converted into a one-way traffic PVP). The outgoing node also

25 arranges to have traffic from the channels of the cell to be eliminated transmitted to
both the cell of the PVP to be eliminated and the consolidated target cell (action
block 1414). The outgoing side node then waits to receive a positive
acknowiedgment message from the incoming traffic node (action 1416). In response
to that message, the PVP corresponding to the eliminated cells is deactivated (action

30 block 1418) (or, in the case of a two-way PVP, that PVP is then converted into an
incoming traffic only PVP). Following execution of block 1418, other PVPs are
checked for the partial fill condition (test 1402).

Detailed Description of ATMU

This section discusses the high level design of the Asynchronous

35 Transfer Mode Unit (ATMU) that is used to perform the following two general
functions and their reverse:
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permanent virtual paths (PVPs) to these destination CCRs and the relatively
low rate of activation and deactivation of these PVPs allows for a
relatively lowrate of changes of paths in the network 10. The routing
pattern for a particul ar permanent Vi rds path (PVP) does not change as

| ong as the PVP is provisioned; the CBR cells can be routed according to a
PVP as |ong as that CBWrRrsiefiet DS0ahnspert toIATMaCdntposit®\dedlsi n t he ATMJ al so

ATM uni (o (1 { e dcCaRuertigR ot YaBablY TSR A MR gl d Mg SR C 00 O 1
swi t chi ng of VBR cel | Shisiovenyidve fbuses eSO Sowi fromrthe FESS switehauhthe 26l Ylerr ] s

frame and | @Bl@&ﬁﬁ i.tched accordingly. The PVPs through the ATM CM
al so have avarcg‘f%rg}ive y oﬁdg active life since each PVP represents traffic

froman A firce CCR, i.e., to a particular transit crossconnect.

The configuration of Affock dibganfdf thd MIMBNPsigvlal FIGI. NetwbiitConttsir nal
[2TPPI N9 02 AN L 50 ek A S o
PCM st r eans itermonaipd on hispadecswdtchovishintliehATMII PTRe purpope of the spadel switch is
FIG 6 shows if B &t SHER@S Bics't5 38 WErhal ARY. "Fifksl BnkOBLRhE &S array of
10 cell memory devices, called the Cell Wide Buffer (CWB) in FIG. 24, that store the
42 DSO PCM samples and E-bits of a composite cell. Thus, the space switch serves .
to route time slots (DS0s) to the correct composite byte location on the input of the
CWB.
Cell Wide Buffer
15 The function of the Cell Wide Buffer (CWB) is to assemble the
‘segments of the virtual path cells in a format which allows them to be
simuitaneously read out in a single memory read cycle. The CWB is a buffer whose
width is the size of one ATM cell (not counting header bytes). The width is 42
segments (a segment, as used herein, is an 8-bit byte plus an E-bit, and the depth
20 equals the number of unique active virtual paths that needs to exist at a given
moment. As shown in FIG. 24 each of the PCM byte positions in the cell is written
into separate memories each of which has independent write control circuitry. Each
memory address in these memories corresponds to a specific virtual path. Each of
these byte memories has a control memory that maps individual time slots (only the
25 PCM part plus the E-bit) to one virtual path segment location in the CWB. Since the
control memory for each segment memory is independent, each active time slot on
the 42 links is able to go to any virtual path memory location in the buffer. Thus,
bytes on the 42 links that appear at the same time at the input to the CWB canbe --
stored in different virtual path memory locations in their respective buffer memories
30 and thus assembled-into different virtual path cells in the CWB. The control
memory is able to block a write to the byte buffer memory if a particular DS0 on an
NCT link is not active i.e., not presently in use for a any call.
Cell List Processor
During every 125 s interval all active DSOs are written into the
35 assigned byte locations of their selected virtual path cell. Composite cells are read
from the cell wide buffer every 125 s under control of the Cell List Processor
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selection of a CBR PVP and a PVC wthin that PVP. The ingress access switch
signals to the egress switch (nmessage 3) the identity of the source and
destination parties, and the identificatign of the PVP and the PVC of
network 10. The destinati on node returns vvith an acknow edgment (nmessage 4)
properly confirm he access switches are

ng. that pat
connect ed t o (Eh&) ég(?rtshﬁ‘f‘mgéﬂﬁ-/ Lrvihe GhBhas 2 Hﬁ‘s‘?ﬁ@ﬂ@?ﬂ@?%@@éﬁﬁg@f et wor k
10 by SONET/ /s?av&@ﬁp@mdd IS TRe litk& R sior3hE A TOB LM ?Hﬂw&'ﬁd@@.& hedder

(SOET) or ¢ HESCHEGRE GVE Aiiss thakholds W TomPahmates egpeste ohilo The Gy b5
SONET/ ATM meamiy SOk TheovirtGilpashsofon vhiahsaed ve DS0s @risp OThe GLP ABMersegthallisst r eam
o bl ock o, Sppesvepy 125 18, 86eBg ba i Bhoh dofrpbhinCleii S, L Afrdfe T T
the access sWBR gels ate tmnymitked, theﬁld’rmad%VBﬂ@;ﬂé (fagpere quemd)oﬁpmhm eis a
l'arge vol ume Message Layer Device (MLD) 670 to use up spare time in the 125 ys interval, as
illustrated in FIG. 8. -
Conversion to Synchronous Time Muitiplex (STM)
10 Since the cell wide buffer is the width (data part) of an ATM cell, an
entire ATM cell can be read from the cell wide buffer in one access. Parallel to
serial conversion is implemented by means of parallel-in serial-out shift
registers 651,...,652 which are selected by means of the Shift Register (SR)
Selector 653,...,654 under control of the CLP 630. The read data along with ATM
15 header data from the CLP is loaded into a shift register that connects to a SONET
facility interface 661,...,662. In the case of a 46 byte cell, the two byte index is also
provided by the CLP 630. The SONET facility interface connects directly to the
ATM-CM.
ATMU Control
20 The control of the ATMU is provided by the ATMU central controller
(ATMU CC) 601. Control messages are received in the ATMU CC from dedicated
time slots intercepted in the space switch and transmitted to the ATMU CC over a
dedicated control bus (not shown). The control messages are transmitted from a
switching module processor (SMP) 511 of the SESS switch module (SM) 510 via a
25 Message Handler 513 in the SM. The control signals from the ATMU CC are
distributed in the ATMU over a group of control buses. The Space Switch 610 is
provided with path set up and messaging control memory information, active link
selection and active side selection. Link selection is used to determine which NCT _
links from the SM are active. Alternatively, the E-bits, discussed hereinafter, can be
30 used to identify the active links since E-bits are only active for active paths. Link
selection is used to determine which NCT links from the SM are active. The links
can be either active or standby. The side selection determines which side of the
ATMU is active or standby. The Cell Wide Buffer is provided with the mapping of
the time slots to virtual paths and allocation of byte positions within the ATM cell.
35 The Cell List Processor is provided with active virtual path information and provides
the Shift Register Selector 653,...,654 with shift register address information. In this
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-18 - of traffic between two access switches. In this directly
connected case, that part of the network functions as a 2-stage
network (see FIG 2), and a CCR function30s only required in one of
the two access svvitches or in one direction (e.g., incomng) in each

of the two aga8sy RWshCiRe %NP Gan Support more thall 'Z‘)‘ﬂe SERESE Ml CoMfISsol ags el ves

are accessedb éE)Iurallt switches. As indicated in FlG 7,

the | ocal swi ol garbee ipraafahe pessible 8 AbieReaisters. Thg CERésproxidsdgrith
digital faci thetxdeﬁﬁny ofitHe ﬁ%&hmfmgxsmﬂoﬁém Witua @RS MHe TR Woﬂcargr i er

[act) t1es Ohetli SBSEINA. GRRNIEIG, RLPIRNIED SRR VRIRLITY S ary
si gnal s. 'ISnep@aned vimed! Ipathidestnationcaddeassdsral st €Ther ATMU ICC prowjues ittee ceI l's,
each cell capfy, Qn0@tehddd'of the ATMU. Maintenance messages for the ATMU CC itself
such as initialization of the ATMU CC are received over the dedicated control bus
before entering the space switch. |
The ATMU is conn'olled by the SM in the preferred embodiment.

10 Alternatively, the ATMU | can be controlled by the ATM-CM. In that case the
ATMU Controller receives control from the Common Broadband Platform’s
Controller (CBP). The ATMU provides SM to SM, and SM to AM message based
communication services for the SESS switch via interprocessor packets.

Message Interworking
15 The ATMU provides the following message based communication
services for the SESS switch:
- SM to SM, and SM to AM via interprocessor packets
- S87 Message Transfer Part (MTP) packet transport
Both of these functions are handled in a similar manner. In FIG. 24, the Message

20 Layer Device (MLD) receives messages from the SM via the space switch. Variable
length SESS switch and SS7 messages are carried in time slot channels that originate
from protocol handlers (PH) in the Packet Switching Unit (PSU) or from the SM
Message Handler. The MLD contains three types of Inter-Working Units (IWU), the
SESS switch messaging IWU, the SS7 IWU whose function is to reconstitute

25 nmessages from the SMP, and the inter-PSU IWU for handling user to user data
messages. The function of these units is to:

- Accept messages carried from the space switch

- Associate a virtual path that connects to the destination identified in the

message’s header B
30 - Perform ATM segmentation and reassembly

- Shift data, when instructed by the CLP.
The handling of SS7 is slightly different than SESS switch interprocessor messages.
For SESS switch interprocessor messages, the frame is relayed in a virtuat path to the
destination AM or SM. The messages are processed to read the destination address.

35 The destination address determines which Virtual Circuit the ATMU uses for
segmentation to cells.
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plurality of comuni cati ons. FIG 8 illustrates one 125
[err]s frame of a typical ATM signal that appears at the output of an
Asynchronous Transfer Mdde Interface Unit s(ATMJ)) (FIG 24). A 125

[err]s frame consists of a nunber of CBR cells and a nunber of VBR cells.

For conveni ence, these are shown as being grouped at the begjnni gg_and
end of each f r ame,In the BST messagy casys. fssignnliagda '1h'7tl‘elﬁ§,‘-'6€’|1%3ée£9|'\‘h€ Vs

?Lmn_g g_r ou fsdpmﬁﬁﬁd o *ﬁ’ messagm_rfqay@é@ éir%é gmlue itOdeshfarfoRRoR OFfice. i 3
e | ndl cat e nejy. 1s rl ori 0 . C can e ssure an
Lhe toai on' of The Berding 9ficoll baechrBesseges chming S5 the ALY Jemassgnd sener
sinplified. Sb@{tﬂ:!l&nd:ﬁ’dlfmld:rmo? andiddidsediredgtait Rerspmafieed CBR and VBR

cells. CBRgells are tEANS dbgedmysg s?@eﬁ%@@s%& %ég?sg%%‘m@l 323) as

soon after Jthey are receive S 'POSST I ] mprrorrty over
VBR cel | s; destinatieruP HUtaddress;rthis Tesimtion addisse detennines wirioh virweal etrouie thes

nore |ikely taTheMGses for anstiofBR s &dilss 1 nt er spersed.
FIG 9 illustrat ‘ e_Cco i of corrgosite CBR cell and a VBR cell of

S _{ Nt ent .of_a
a type used Mﬁﬂ?‘ hRemating via SDH/SON of signals across the ATM

T T

transni ssi on/ cr ossconiTaghis @aibolintent the ATMCM! #d! A TMPareRBnscted Vil eAkles
stgnal's 14 office SDH/SONET (Synchronous Digital Hierarchy/Synchronous Optical
NETwork) facilities that carry ATM. The SM with ATMU is not a Network
Element as viewed by the SDH or SONET network, and does not terminate the
digital communications channel (DCC) section overhead. However, the intra-office
facility is optical, so that an SM with ATMU can be remoted from the ATM-CM. If
15 the SM with ATMU comnects directly to the ATM-CM, then only fibers (and, where
appropriate, repeaters) are needed for such remoting.
In the event that an SM with ATMU is remoted via the general
SDH/SONET network, then SDH/SONET multiplexors or crossconnects that
support Synchronous Time Multiplex-1 (STM-1) and multiplexed STM-1 are used in
20 order to properly terminate section DCC at the SM end. In this general case the
SONET/SDH facility at the SM end must be terminated by 2 SONET/SDH
multiplexor in order to provide an intra-office SONET/SDH facility directly to the
ATMU. This will make it unnecessary to develop separate SDH/SONET DCC
Operations Administration Maintenance Provisioning (OAMP) functions in the SM
25 and avoid the possible confusion of having both the CBR and the SM performing
SONET/SDH OAMP processing in the same office.
The above discussion applies only to the SM to ATM-CM links
(assuming that the ATMU is part of an SM). The ATM-CM terminates section DCC
for interoffice trunks, and is viewed by the SDH/SONET network as a general
30 Network Element. Thus, due to the capabilities of the ATM-CM, the 5ESS switch
(i.e., an AM, a group of SMs, their associated ATMUs, and an ATM-CM) is an
SDH/SONET Network Element even though the SM by itself is not.
Alternatively, it is possible to associate a group of ATMUs directly with
an ATM-CM instead of directly with the SMs. In this case, the NCT links
35 connecting the SMs with ATMUs are longer as in the well-known case of optically
remoted SMs for the SESS switch. In that case, a SONET facility can be used to

%
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for a plurality of channels. Since an ATM cell conprises a 5 byte header
and a 48 byte payl oad, one attractive arrangement is to have the 5 byte
header identify the particular virtual_circuit represented by the CBR
cell, and to have the CBR cell payl oad?contai n the individual byt es
(PCM sanpl es) of 48 voice channels (64 kil obit PCM si ngl e channel DSO
si gnal s). That:om&yttheAfIMmynanfto theCBRM-EM! ib edsemtidll yGh€same wdpiab distant

oo £ oo DA TSR Bl cdBRAES, dr PReIEREE CVE ) LA i Ay
supervisory s Blgﬁ@lls icag be diredtlyr ransmjitted fromyrhe a?tm&tanmjﬁ\/[-ﬂ\t{he 48- byt e
payl oad of an ATMU GMERN Fundfiénd F 2nsport of this supervisory bit, naned
the E-bit herermtm .
5 This section summarizes the funcuonal relationship of the ATMU to the
ATM-CM and SM. The ATMU is treated by the connected SM(s) as an intelligent
peripheral unit that receives control messages from the SMP(s) in the same way that
other intelligent units do. The purpose of the ATMU is to provide:
1. SM time slot to ATM. composite cell conversion assuming fixed, provisioned

10 virtual paths. Up to about 10,000 time slots (20 NCT links) are supported using
present technology. (An NCT link transmits 512 multiplexed DSO bit streams, and
uses optic fiber transmission.) The ATMU can route any incoming time slot to any
byte position of any connected active CBR virtual path. The active CBR virtual
paths are a proper subset of a large number of pre-provisioned virtual paths, most of

15 which are not active at any one time.

2. Inter-SM and SM to AM and/or SS7 variable length message to ATM cell virtual
path conversion, using fixed provisioned VBR paths. Because of the high priority of
587 messages, it is desirable to pre-allocate VBR bandwidth for the SS7 signal
paths. The ATMU transports inter-SM Link Access Procedures (type) B (LAPB)

20 frames without any termination of LAPB protocol. In the case of SS7, the ATMU
terminates the SS7 Level 2 (High-level Data Link Controller (HDLC Part)), and
transports MTP/SCCP (Message Transfer Part/Signaling Control and Connection
Part) messages. The MTP protocol is not terminated at the ATMU.

3. An SDH/SONET facility access to the ATM-CM is provided for the virtual path

25 cells. The rates are STS-3 (Synchronous Time Signal) to STS-12 and STM-1 to
STM-4 for SONET and SDH respectively, and a sufficient number of these facilities
is provided to meet outgoing composite cell needs for an SM supporting up to
10,000 trunks. For more or fewer trunks, more or fewer facilities can be equipped. - -
4. Handling of NCT A-G bits (bits that are sent with each PCM sample from the SM

30 tothe ATM-CM) that is as transparent as possible to the SM, including E bit
(supervision of a time slot) functions. Time slot parity on the NCT is also
terminated/generated.

5. Support Central Processor Intervention (CPI)
This is a function that sends special bits on the NCT link that will reset the SM’s

35 processor, in case that processor loses sanity.

6. Support inputs from a plurality of SMs.
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- 19- conformance with 5ESS switch terninol ogy, allows the supervisory
state to be carried across nodul e boundaries in the access switch, thereby
sinmplifying conpatibility with the presenf35ESS switch archi tect ur al pl an
and software. Descri bed herein are arrangenments for

tansporting a7.PSigguariate-AYNasen6 ubirimdskie duflib!) having a specific purpose
(supervi si on) enerally, A bits can be transported internally in a
swi tch using Mmm es, nanely, transporting 8+A bit segnents for
each conversation, th&his iﬂchendmnussyémgdeagnrolﬂﬂid lﬁﬂlvi(?fal blocky &f the ATMU .
function; of ter the fewer segments can be
sﬁﬁ%éﬁu%ﬁ:{}ﬁog Tl 5 achﬁ@eﬁ%lﬁ%bﬁg @el illustrated in FIG 9

transported I n eac
conpri ses 4 header- Spaceswisgh @, wherein the payload is associated with a

singl e channel and. gefiwil<EnagStid202tion. In effect, a VBR cell represents

part of a packet of C%ﬁthst |°<r:1 ss(tn[ smtted froma source

- 887 message Inter-Working Unit 1022
- Inter-SM/AM message Inter-Working Unit 1020

10 - ATMU Central Controller (ATMU CC) 601
The first three blocks of the ATMU listed involve DSO to composite cell conversion.
The next two blocks involve variable length message to ATM cell conversion. For
purpose of architectural discussions, the SS7 and intra-switch IWU are considered to
be part of the Message Layer Device.

15 Discussed after the ATMU CC section are altemanves for implementing
the CBR Processor Intervention capability of the ATMU (with CM-ATM).
Space Switch

The space switch interconnects NCT link DSOs from the SM Module

Controller Time Slot Interchange (MCTSI) with NCT bus DSOs to the Cell Wide

20 Buffer (CWB) and the ATM Message Layer Device (MLD). The number of NCT
buses to the CWB is 42. There also is one NCT bus to the MLD. By convention,
NCT buses on the "SM-MCTSI side" are called links, buses on the "CWB side" are
called NCT buses. Anywhere from 2 to 24 NCT links (i.e., up to 10,000 trunks) (or
more in a next generation SM) can be supported by the space switch. The internal

25 design of the space switch is shown in FIG. 25. The fabric is the core of the design,
and consists of multiplexors that accept up to 24 NCT links. These multipiexors
have a control memory that selects one of the up to 24 NCT links for each of the 512
locations on the NCT lmk. The selected NCT link’s time slot is then the output of
the multiplexor for the gzven time slot period. The number of multiplexors is equal h

30 the number of segments in the composite cell (i.e., 42 multiplexors) plus one more
multiplexor to create the NCT bus to the MLD. Thus there are a total of 43
multiplexors depending on the composite cell chosen for the overall system. In this
manner, any of the 512 time slots on any of the NCT links can be connected to any
of the byte locations in the cell wide buffer or the MLD.
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access switch to a destination access switch of the toll network.
It is, of course, also possible to have a CBR cell all of whose payload is
devoted to a single communication, if th%4cormuni cation is a conmuni cation

such as the 1.5 negabit/sec. signal requi'red for a conpressed tel evision

signal. A simlar type of CBR cell, operating at a nuch |ower repetition

rate, can al so be uséekthefETtlinksdram thed GTSE resminasel op hec¥CiLgnls (nterfagssr ei n

48 sanples o L ' ' ' :

br oadband s fhﬁ??-s @S&“?ﬁfﬁg%ﬁ%ﬁ?éﬁ? %@ﬁ‘%ﬁ%ﬁ*ﬁg@;&:@*ﬁ@ it is
nore conveni g’r‘} HRlexars, sty that all Al BPLERers re;SwWitched synehrenquily. @R}%P #8¥d on
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swi t ch, payl oa

di sposi ti oh bei ng madd Efeveres o 80 R £ hvees SHLMGRR0E Fore ¢ ne
duration of swicheopesitesioperafes imexaciyfhe same manner. BykdsGront ¢he CWBst r at es one
of outgoi ng FEjRd MY phidhibydis il bf Eakad] s M puBBfBER 10 0
channel s of Mulinig%AEs €QRITeCt ©, thatshenrass canpin o SMYETRh hardware. he
permanent virtual patyhe @re Fbre dfted §abe SwREPRALFRES 1Pthe NOPHKRYvia kAt s
they 10 NLIcards. The NCT links are duplex, meaning they originate from each side of the
SM MCTSI. In order to cross couple to the SM MCTS], the NLIs themselves are
duplicated. The NLIs are part of the core fabric failure group, so that each side of a
NLI connects with one multiplexor fabric side. The NLIs are coupled to both sides
of the SM’s TSI, but artach to only one side of the space fabric. Thus, either space
15 fabric side can reach either SM TSI side. The multiplexor fabric cards connect
directly to the CWBs. The NLI, multiplexor fabric, and CWB are all in the same
failure side. As discussed below, the Cell List Processor is also in this same failure
group. From a system perspective, the cross coupled NCT links terminate two
common sides of the ATMU, each of which which has a space switch plus associated
20 hardware to form the ATM cells.
The NCT buses are coupled via the space switch to the MLD. The MLD
is cross coupled with the space switch, and is in its own failure group.
The space switch (with NLI) uses the following error detection methods:
- Parity on NCT time slots
25 - Parity on control memories
- Parity on control buses from the ATMU CC
- Loss of clock and synchronization
Errors from these detectors are send to the ATMU CC, which then executes fault  --
management procedures.
30 Space Switch Control
The control memories in the multiplexors, as well as other control
registers used to select active NCT links and ATMU sides, are all under control of
the ATMU Central Controller. The space switch hardware has no firmware or
software; all control is provided via buses from the ATMU CC.
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consi st of two-paired oppositely directed uni-directional PVPs. The two-way
traffic described herein is the conposite cell traffic that is originated
fromthe two ends of a connection betweensa_ source and a destination. The
obj ect of the layout of time slots in a cell, such as that shown in FIG 10

is to allow each diregtion of traffic to selze atine. Sié @é b
conposite cell without RSB RV OPergLenal usesRidhp SIS MR b?tdh WRISH | s

sei zing the sRfhiré smesmh@iexﬂdi&ﬁ@ﬁemﬂm b(y tﬁé ANTMY.CGi meelycalbgramts CCR
2551 915 2 ChoiGhund [ B RRudel ST OBE RhH el RSt e SISO ET:
wherei n a chaMh®. Fer @chzmm swnctnng, when a call is set up, signals for one DS0Q must be
5 connected to a cell wide buffer virtual path byte location. The SMP (in conjunction
with the AM) determines the virtual path byte location to use for each DSQ signal.
The SMP causes each DSQ0 signal to be placed into an NCT link time slot using an
MCTSI TSI slice, and then orders the ATMU CC to write the appropriate
multiplexor memory to route that DSQ signal to the correct CWB byte location. Cell
10 wide buffer hardware then moves the DSO signal to the correct virtual path cell in the
memory.

The SMP provisions DSO channels to carry messages from the Message
Handler or PSU, through an MCTSI slice to the spéce switch. The SMP then orders
the ATMU CC to write an appropriate multiplexor location that routes the DSO

15 channel(s) to the MLD.

In the above scenarios, the duplicated space switches are written with

identical information.

Cell Wide Buffer (620) (FIG. 26)

One of the two output destinations of the space switch is the CWB 620

20 (FIG. 26). Each segment location in the CWB has a control memory called a Time

Slot Assign (TSA) that loads the virtual path segment for each NCT time slot

received (FIG. 26). Thé TSA can also be programmed to not accept a given time slot

on the NCT bus. Thus, each cell wide buffer location can, on a per NCT slot basis,

independently load a different (or identically same) virtual path composite cell. (The
2§ serial NCT link signals shown in FIG. 26 are converted into segments prior to being

stored in buffer-801).

The unloading of the CWB towards the ATM-CM is under control of
the Cell List Processor (CLP) 630. The CLP makes requests synchronously to the _ _
CWB by sending an address and a read request. An entire cell payload portion is

30 read at once in one memory access into a shift register. At the same time, the CLP
loads the cell header into the shift register. The shift register is shifted out to an
SDH/SONET facility Line Processing Unit (LPU) 661,...,662. CLP read operations
of the shift registers are interlaced with the TSA controlled writes from the NCT
links.
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- 20 - simultaneously for different cells fromthe two ends and where sone
back-out procedure is required. Since assignnment of idle channels is upward
from1l for outgoing traffic and downward om 48 for incomng traffic, if
many fewer than all of the channels are atlive, it will generally be
possible to nove the dividing point, set in this case between channel n and
channel n plus 1, in {méxe(tcvers&dmcuoh(&dmATM}éeraaSMeM(ﬁ'Sﬁbﬁlech&hﬁ@es The

ot vecn 3 ol SRR Aol R GBI L1
traffic bei ngletsrmineide mqunr of thecallpiBecause ofthe symeeny OﬁHMW%er eis
substantial tdiRtfiods onEEE eéh'iéﬁts'o‘f aadal“ﬁ’éﬁ%arfmﬂ{f‘c@m?o &@%’H{I@I mdy dee”
probl ens can be avoi ded atur aus I nunber
of switches tSFPJF‘?&’r 2 Common;L 8‘&?‘1"& °ff‘(9Fué%1§Fq§Pger} ﬁg % éél M it is
desirabl e to the smf:degiﬁna:f- it ﬂwwzﬁf@ermmm thesSTSA controd imetndries i thefbufifeal i ty of
crossconnect T Beb s AR Buas et bes from 2
The depth of the CWB until now has been discussed as being equal to
the total number of (active) virtual paths so that one DSO per virtual path (in each
10 direction can be stored). However, the buffer must be two or three times as deep
(depending on direction) due to the following reasons:
- The fundamental nature of ATM is that jitter of cells can occur due to random
internal queuing within the ATM-CM.
- CWB loading and unloading from the shift registers must be synchronized with
15 CLP reads and writes to/from the shift registers to avoid cells being sent that have
DSO0s from different NCT 125 us frames. Such frame misalignment could disrupt
the continuity of N*DS0 services being transported by the composite cell.
To solve this problem, in the direction from the SM MCTSI towards the
ATM-CM, the CWB is double deep (two partitions). This means that the space
20 switch loads one half of the CWB, while the CLP reads from the other half. After
one partition is written the CLP and space switch access the other partition. Each
half (partition) is identical in composition (i.e., has the identical number of virtual
circuit composite cells supported). In the direction from the ATM-CM towards the
SM TSI, the CWB is of triple depth (three partitions) in order to allow 125 s of
25 "build-out". Build out is used to keep the CWB from "under-running”, and amounts
to 1235 is of fixed delay. Under-run occurs if cell jitter occurs to the extent that no
new DSO exists in the CWB when the NCT bus time slot must read that location.
Thus, two of the "partitions” of the CWB provide the buffering to account for the -
jitter, and the third partition accounts for the time to read the DSOs from the CWB
30 without interference from cell writes due to incoming cells. The control memories in
the TSA of the CWB automatically cycle through the CWB buffer partitions. The
CLP determines into which partition an incoming cell from the ATM-CM a cell
should be written. The partition varies from virtual circuit to virtual circuit due to
the fact that jitter can cause (e.g.) zero, one or two cells to arrive in a given 125 us
35 interval. If cells are lost, then the triple buffer CWB can wrap around (in effect an
underrun). This is detected if the space switch and CLP ever access the same
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plurality of access switches and switches cells fromthese inputs for
transm ssion over an ATMfacility to CCRs of the plurality of access
switches. As a result, in general, a CCRwguld have in its output
i ndi vidual CBR cells each of which carries signals destined for a single

CCR, but the stream nmay have cells destined for a plurality of CCRs, the
plurality bei REFHIRE uses (P torread framsthe parmvion thas dxfumhesstin e from

connect ed. Thmmncbm@heﬁbﬂlgoﬁ he transit crossconnects are full duplex
CCRs for SWtM ot.s g cells in both the incom ng and out goi ng
ATM data stre 'atgﬁl‘ﬁfs term nated not on another CCR but on a
unit, the transit crosMoonuangcxrmbn-ylrsmt&hwdaeﬁuaemtdorﬁﬁ@ﬁ@&:ellé\w
streams th I ’%‘Iﬁ' i n.con
directly connga?géé%‘g qhgﬁi ypaés‘zseggﬁg%éé-ﬁﬂﬁ%? rsltoo ‘ﬁ‘ﬁt)‘?‘ that
i s connected MEmMARNg agognieyfar eaciRcompesitsicell virn@lpath that ipamivei Byetyi %xgg @1;]
each CCR can [ T S ave
B&l &HVE& tﬁé S&ntfr is 1?cremented. "f'ﬁcf: %{Eaﬁ{mgﬁ,gﬁé g%?&%g? G P

t he function £% roma plura
to a plurali tg Sﬂ‘ﬂlﬁﬁﬁmﬁ’ aetdﬁgmmma@mcﬂu@vwlﬂéw dug e jittenrofi ATWhe
sane as the Aﬂ'éﬂs@b&ulnﬁglﬁ'oﬁ:ﬁﬁﬁdd@tthﬁﬁ mHﬁA‘TMEM This§ieP R fahdahhef or e,

's an ATM{M 2 De2GWME ML) Th 1D lermimnsivd! f'd milliseconds (ms) whether
the counter has incremented approximately 30 times. This will have a variation of
plus or minus 3 due to near term jitter, and very low probability cell loss and
insertion. If the counter is further from this value, the ATMU CC is notified which
is able to read the counter to determine if virtual path loss has occurred. The counter

15 is able to reach 8000 plus or minus 4. The counter is then checked after one second
to determine if it has reached 8000 plus or minus 4. The 8000 count is used to
determine if a high cell loss per second has occurred.

A direct test of circuit continuity is designed into the ATMU. ATMU
CWB memory devices at the source (towards the ATM network) insert a code

20 (possibly multi-byte) into a byte location of a cell. This occurs before a talk path is
connected. At the destination end of the connection, the cell wide memory devices
read the pattern and detect a match. This byte code can be changed as part of the test
to cause bits in the DSO to toggle. This toggling can then be recognized within the
ATMU CWB and reported to the ATMU CC. The ATMU CC can then cause E bits

25 on (path continuity bits that are internal to a SESS switch and not transmitted over
inter-switch facilities) on the NCT link that carries the DSO signal to toggle, as well
as send messages to the SMP that indicated that continuity has been established.
(E-bit use is described in E. H. Hafer et al.: U.S. Patent 4,280,217). -

The CWB is in the same failure group as the space switch, as dxscussed

30 above so that failures in the cell wide buffer result in a side switch of the CWB,
space switch and CLP and the MLD. The LPUs are cross coupled to the facility shift
registers (FSRs) and CWB. Thus, a CWB can receive cells from either of the
duplicated LPUs. Which of the two LPUs is being used is under control of the
ATMU CC.
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access and crossconnect system (ATM DACS) which systemis used prinmarily
not as an active switch but as a neans for providing generally long term
connections anong ATM facilities. The choice between an ATM DACS and a unit
li ke the ATM CM depends on the rate at whP8h new connections nust be

est abl i shed and ol d connections renoved in order to serve dynamc traffic

adequatel y; the ATM CNhggrizha@tyleyrofdetect@sit mbthodhin er CWH is phrifiloves: MOr e
f ggl_'dl y in order to b?é’f%ﬁy&déénel the space switch
- Virtual path byte memories
- TSA control memories
5 - Control buses from the ATMU CC
Control

The CWB is controlled by the ATMU CC. There is no firmware or
software in the CWB hardware. ' _

From an operational point of view, the CWB is used to map a given

10 composite cell byte location to a particular virtual path. The SMP routes a DSQ
channel through the SM MCTSI, and then causes the ATMU CC to connect a DSO
through the space switch to a given byte location on the CWB. The control memory
in the CWB for that byte is then written with an address associated with the virtual
path. This occurs in TSA control memories for both directions. At this point in

15 tme, a connection exists from an SM MCTSI DSO and a given composite byte
(DS0) on a given virtual path.

All other functions are likewise under control of the ATMU CC,
including error detection control associated with DSO continuity test and monitoring,
and LPU state control.

20 Cell List Processor (FIG. 27)

The CLP 630 (FIG. 27) is responsible for moving cells between the
CWB 620 and the Facility Shift Registers (FSR) 651,...,652 (FIG. 24.) Towards the
ATM network, the CLP has a linked list of records that store the CWB location for
each active virtual path. Every 125 us the CLP traverses this list and causes the

25 CWB 1o load all active cell into the FSRs. In the other direction, the CLP has an
address look-up function that is used to load the CWB with cells incoming from the
FSR. As stated in the description of the CWB, the CLP keeps track of the CWB
partition to be accessed for signal transmission in both directions. -

The FSRs connect to the facility Line Processing Unit (LPU)

30 (661.,...,662) which is the actual hardware device (circuit card) that transforms bits
for transmission to the physical media, and that performs facility related
maintenance functions. Thus the LPU card supports optics, synchronization, and
SDH/SONET overhead processing circuitry such as Byte Interleaved Parity, etc.

FIG. 27 shows the internal design of the CLP. The sequencer 920 reads

35 service request bits from the FSR. The request bits can be inhibited if an FSR does
not connect to an equipped or otherwise In-Service LPU. The sequencer responds to
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packetized data transm ssion. At this tinme, it is believed that an ATM DACS
shoul d be able to serve as an transit ATM crossconnect. The ATM -CM can

al so performthe function of providing conventional permanent

crossconnects. It can provide crossconnec§9capabi lity for ATM streans
entering an access swtch. Mreover, for exanple, spare capacity of an ATM

" C{\/I for a f: rﬁ‘s?ra?eeeﬁfuesnlmtFd%a@?erblﬁskl%?@hé&cﬁngf)i Qv dtlaeﬁvﬁxﬂﬁ gﬁﬂmﬁa&re
etween a p ural i r..access S can, pr
functi onal i t yPiG1" 6%886?9%@%%&%@16@3”

fchhé i{ e_r atlhe

F SR, SThe, st siared inohe V&éu

dlh scusa ed wi tpath (hsqcmemoﬁo%ﬂ , Gecebsed byothe SERRACENBGtGtedRY tHeeg ihhﬁgcdf%il'exyh

t hrough a C_CcQ e
transit ATE/IC(I?Irjoggsconne%f %@%ﬁ nﬁ;ﬁ%@& ﬁfopgﬁﬁtsﬁ%{] %RWQQE grr.@1 ?%SI&
access for Sackeayuisesontis pseflastion nf ﬂmfactdmtyhabmdmldf&rdmw faeifity siroudd
particul ar degdribairéAer 8 2 Ca a& m@fhcﬁx%%{ﬁo‘ﬁ%tg&{ﬁ?éf@m&ﬁ ducRks 7 MRy

be provided to.,conpect two cro nnects w ormn rerrap I ng

or to return %% & 3 SETViCS %W%W%sg’@éﬁmﬁer readsia ‘Gﬁﬁﬂal%h al so
provi de gr eatentryrfebmaheé list] Joal e TSR ithA héddeKintatiabs thar 190 \Q%l‘?ﬁ'&ﬁ: I
m

of 7 tli}pi‘rﬁséﬁl%%%%ﬁ{s?%wé\éﬁétpﬁ o G RS tifg bR, =Yoo Lot Shon

Active virtual paths are made inactive by removing entries from the list
of active virtual paths associated with an FSR. The ATMU CC has a buffer 921 it
shares with the sequencer that the sequencer uses to add and delete entries from
active lists at idle times while cells are being transferred out of the FSRs.

The forgoing was described in a sequemial' manner. However, in reality,

15 significant overlap of operations exist. For example, the checking of FSR request
bits overlaps with the accessing of previously checked FSR requests, as well as with
the sending of read orders to the CWB.

In the direction towards the SM (from the ATM network), cells are
clocked into the FSRs from the LPUs, and request bits are set. The CLP services

20 these bits by first mapping the virtual path address in the composite cell header to a
CWB location. This function is accomplished by the ATM Address Mapper
(AAM) 940 within the sequencer which translates the ATM header address to a
physical address in the CWB memory devices. The AAM also uses the an index
associated with the FSR so that the same ATM cell headers can be used on the

25 different facilities, otherwise the headers would have to be different on all facilities.
Then the sequencer loads the cell in the FSR into the CWB location. All FSRs are
on a parallel bus to the CWB, so that only one can be loaded at a time into the CWB.
In the preferred embodiment, the AAM is implemented using a Content Addressable-
Memory (CAM).

30 The design of the sequencer 920 is based on the use of high speed logic
(programmable logic) that runs at over 100 MegaHertz (MHz) and scans shift
registers request bits, operates the CAM, reads the linked list, gates data between the
CWRB and shift registers, and counts the cell arrivals. Examples of such logic are the
PAL logic circuit family manufactured by Advanced Memory Devices (AMD) that

35 uses parts such as the 22V10 device provided by many manufacturers. Another
component is the PLC14 by Signetics. Other gate array technologies exist from
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FIG 12, discussed in the Overview, is a diagramshow ng the rel ationships
anong the various bl ocks connected to an ATM network. I n the exenplary
enbodi ment, the inputs are swi tching nodukgs which are connected to
T-carrier facilities as well as analog trunks and analog or digital |ines,

and subscriber, 1o carrier systens. The ts of the sw tching nodul es
are 5ESS swi t%ﬁ‘ﬁggm %MW&Fﬁimﬂ @dﬁﬁ%ﬁ | i nks, each conprising PCM

sanpl es for aAthGg)_igesim!éTeitmﬁiaphone conversations. Each NCT link is
connected to one ATMJ Vi fr LS
connected to one or rm?;’(g] 1 ﬁgt%%%ﬁ@%%ﬂ?sanpﬁgsé%ﬁéog X aaged

into cells of cempositeselltvyrrasl parhithag is pbews to b plaswiinsotheacsive staterwillTMU ar e

connected t eﬁfcﬂéﬂ ?;g.g;é cells
i ntact. The5)3| gnal sééwl t Qi Ig%dgigls hﬁ#ﬂz%gﬂo sﬁ‘gl%? t hence a
singl e transi CORSSSEER ity ap QeauHpg ke p %’q"&rﬁé}“’rﬁﬁ%&“@ﬁe gg§ome

swi t ches of auﬁeghenpm@mﬁgdmgnetmrk The out put of the
ATMCM is connected to efgrou gPO Each ﬁCR i S roll ed b ATM
management nodul e (AM\ﬁ]{il ol ﬁlv@enﬁfxg?s N OSEYF o AT V(?PFl

virtual conneAlMCGMealonglthespah. The manking eoncept nses Icedgcsuon control bits in the
10 ATM header to test the occupancy of links between the source and destination.
When the occupancy is above a threshold, the ATM-CM (and other intermediate
ATM-CM) will mark the cell. The ATMU must note this and report the event to the
ATMU CC, which then reports the event to the SM. In order to provide a static
indication, the cells should all arrive marked over a period of a predetermined
15 number of cell arrivals. Upon reception of a cell from an FSR that has request bits
set, the CLP will transfer the congestion control bits and the virtual path identifier to
a memory that is accessible by the ATMU CC. The ATMU reads this memory and
reports the result to the SMP. If congestion occurs, new CBR PVCs are not
activated if they use the congested link, and PVC consolidation (FIG. 22) is
20 accelerated.
A diagnostic to test this mark detection mechanism is as follows: The
CLP is ordered by the ATMU CC to set the congestion bits on a link known not to
be congested. Downstream ATM-CMs will not affect aiready set bits, so the far end
ATMU should detect the set bits. The ATMU CC then orders the bits to be cleared.
25 The receiving ATMU should detect that the bits are cleared. Such a test can be used
to verify the detection circuitry of the marked ATM cells, and the ability of the
network to transport these bits after they are marked.
The exact use of the congestion bits has not been determined by the _
CCITT. In the arrangement described herein, these bits are used to verify bandwidth
30 in a manner analogous to the frame marking algorithm used in Frame Relay. That
algorithm drops frames that are marked if congestion occurs. However, ATM cells
are not dropped since the marking threshold is below the capacity of the channel.
The CLP is part of the same failure group as the space switch and CWB.
A fault in the CLP causes a side switch of the ATMU, under control of the
35 ATMU CC.

This Sheet Has Been Replaced

[T




CCR. Each of the CCRs 4000 in an access switch 1 (FIG 11) perforns a cell
remappi ng function, for switching any channel on any cell on its input ATM
bit streamto any channel of any cell on_g{s ATM output stream The CCRs
4000 are part of access switches 1 connected to a SONET/ ATM si gnal

transm ssi on/ crossconnect network 1 shown in FIG 11, by access |i nks 6
which. in ri’anty is used on all?xst and sequencer driven mémoties. Addition

hardware such as a timer that checks for sanity and dead clock conditions are a.lso
employed. The memory driven sequencer program is downloaded by the ATMU CC
as part of CLP inidalization.
5 Control

The CLP is controlled by the ATMU CC. Registers exist on the CLP
that cause the CLP to modify information in the linked list table and/or the ATM
Address Mapper (AAM). In effect, the CLP simply writes ATMU CC data directly
to those memories, but at a time that is synchronized with other CLP activites. The

10 FSR request bits are inhibited by registers accessible directly to the ATMU CC.
Other communications such as marked cell information, or control to mark cells is
handled through registers 921 shared between the CLP and the ATMU CC. Any
complex processing that does not have to be done on a cell by cell basis is performed
by the ATMU CC.

15 In operation, after the SMP has connected a DSQ through a given SM
MCTSI slice onto a NCT link, and has caused the ATMU central controller
(ATMU CC) to connect the DS0 through the space switch into the correct virtual
path memory in the CWB, at the time a virtual path is activated, the ATMU CC
causes the virtual path address to be added to the list of active cells associated with

20 the facility (FSR) the virtual path. At this point in time, the composite cells are
transferred to the ATM network, and DSO continuity exists (at this end). The
ATMU CC then performs various actions discussed above to test and monitor DSO
continuity.

ATM Message Layer Device (FIG. 28) ]

25 The ATM Message Layer Device (MLD) (FIG. 28) provides variable
length message to ATM conversion for the SESS switch for the following three
communication systems:

- SM to SM, and SM to AM communications )
- 887 Network: SM to SM communications in the toll network

30 - Inter-PSU packet communications
By providing these interworking services, the ATM network can be used for
message transport, thereby simplifying inter-SM message exchange within in the
SESS switch, and/or eliminating the use of STPs for messaging between switches in
the toll network. STPs used for point of presence for local carriers to the

35 interexchange carrier are not affected by this use of ATM. However, reduction of
STPs brings about a savings in operations cost and hardware costs.
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the preferred enbodi nent, also use SONET to carry the ATM signals. This
network switches and transmts the CCR i nput/output links 6 of the access
switches 1, directly interconnecting sonegsi.nterconnecting others through

Transit ATM crossconnects 600. It may be desirable to provision
v each, 'l i pk'
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in network 10 Heansparts dhe@r micke DSO based channels that contam either SM or SS7
10 messages from the Message Handler and/or PSU to the MLD. This NCT bus is
duplex, having a source in each of the duplicated portions of the space switch.
Within the MLD, the bus is fanned out (via backplane) to the SS7, SM, and inter-
PSU IWUs.
The outputs of the MLD on the ATM side are serial shift registers that
15 are essentially in parallel with the shift registers of the CWB. This can be seen in
FIG. 18 which shows a block diagram for an IWU. The CLP services requests from
the MLD and interleaves the ATM based message cells with composite voice cells.
The algorithm for interieaving is that composite cells are transmitted first (every 125
s and then ATM based message ceils. The 125 ps interval should not be
20 overlapped with the next 125 ps interval for composite ceils. The ATM based
messages can be assumed to always have bandwidth on the facilities; facility usage
is allocated in a way that guarantees that messaging bandwidth is always available.
Simulations and/or field experience are required to determine a minimum adequate
margin for sending messages on facilities for which composite cells are also
25 transported.
In the incoming direction from the ATM network, the CLP translates
ATM virtual path headers, determines whether the cell is a SS7, a SM, or an inter-
PSU message based virtual path, and directs the cells to the correct one of the IWUs _
within the MLD. The IWUs receive cells and commence message re-assembly.
30 Subsequently, the re-assembled messages are transmirted in DSOs on the NCT bus to
the space switch of the ATMU. The IWUs must be able to associate a cell from a
given virtual path with a given DS0, or set of DSOs for N*DS0 pipes.
An alternative to the above would be to have the SM, SS7, and inter-
PSU IWU connect to the ATM-CM directly via SDH/SONET facilities. However,
35 this would use up limited facilities on the ATM-CM for traffic loads that are a tiny
fraction of the facility’s throughput. For this reason the slight overhead of having
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In the exenpl ary enbodi nent, the ATM signals between the ATMJ and the
ATMCM carry 9-bit segnents for each conversation, an 8-bit PCM sanple and
the E-bit for that channel. Inputs froman ATMJ to an ATM CM nay be

swi tched back to the sane or a different-8m™W, or be switched to a CCR
Wthin the ATMCM individual cells of an ATM stream are switched to one of
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circuits. m;g mgﬁ&gl e felkhy Sr ﬁ&c&eﬁege@ two or
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Uni t 519 (FI Ci‘o oleg’ Zﬂ%{]h II:q aﬁdmon, the MLD design allows for a variable number of SS7

10 Signaling Data Links (SDL). This may imply variable number of S§7 IWUs,
depending on the number of SDLs that one SS7 IWU can handle. This flexibility
help specialized applications such as the SESS switch’s International’s Global SM
(GSM), (the SM which has all the SS7 links). The GSM which has a centralized SS7
PSU that can generate a large number of individual SS7 SDLs, so that an ATMU that

15 is able to terminate a significant number of SDLs may minimize the software impact
on existing SESS switches.

ATM and Protocols
' The interaction of ATM and intra-switch and SS7 protocols is first

discussed and compared. A basic concept of ATM is that ATM provides transport

20 level services only. To adhere to this concept, the SM IWU only relays intra-switch
frames.. It does not perform protocol processing in the usual packet switching sense.
For example, retransmissions are not supported by the SM IWU. Protocol
processors (i.e., PSU Protocol Handlers and/or Message Handlers) process Link
Access Procedures (type) D (LAPD) protocol end-end over the ATM network. In

25 essence, the SM IWU identifies the SM destination in an High-level Data Link
Controller (HDLC) frame, assembles cells with the correct virtual path that
corresponds to the destination SM, and then transmits the cells into the ATM-CM.

The same arrangement is used for SS7. The ATM network relays SS7 --

MTP packets berween SS7 Signal Processors which are in the various switches of

30 the network. An SS7 implementation features a single point to point link (see
CCITT standard Q.703) that usually connects to an STP, not used herein. However,
the SS7 network is point to multi-point, at the MTP layer. To rationalize the point to
point ATM layer with the point to many point nature of MTP, the ATMU terminates
the signaling link layer, and associates MTP packets with a virtual path to a

35 destination that corrcspénds with the "MTP Point Code”. The messages are
assembled into cells, and then relayed over the ATM network. At the destinaton,
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swi tching nodule (SM 510 of a digital switch, sent via the Tine Sl ot
I nterchange Unit (TSIU) 517 of that SMto the ATMJ 540 where it is

converted to VBR ATM cells and transnittegf over VBR PVPs to an ATM
Comuni cati on Modul e (ATM CM 550. The ATMCM has as its inputs

St BTSSR B B LR 58P bl
send the SS7 packet back to the Message Handler or PSU Protocol Handler via DSOs
on an NCT bus that connects to the space switch (as was the case in the SM IWU).
This approach helps minimize the impact of the removal of STPs on a SESS switch .
5 orother switches since the ATMU essentially emulates the behavior of an STP (as
viewed from the perspective of the PSU/PH) at the SDL level.
SM IWU .
The function of the SM IWU is to associate LAPD frames with
provisioned virtual paths, and then convert the frames to cells. As stated above, the
10 SM IWU does not execute procedural LAPD on the intra-switch messages.
However, the bit oriented LAPD protocol of the intra-switch messages must be
processed to verify message integrity via Cyclic Redundancy Check (CRC), and
more importantly, to remove bit stuffing from the message so as to be able to read
the SM destination address. Only after the bit oriented protocol (BOP) is processed
15 and the "bit stuffing” is removed can the SM destination address be read.
To accomplish the above, the SM IWU receives inter-SM LAPD
messages on a provisioned number of time slots (e.g., 12 DSOs or
768 kilobit/second) on the NCT bus from the ATMU space switch into an HDLC
device 1120, (FIG. 18) on the SM IWU. The HDLC device stores the inter-SM
20 frame in a buffer from which the address (and CRC check result) can be read by the
SM IWU internal controiler. The controller associates the destination SM address
with the correct virmal path. Then the frame with LAPD header is assembled into
ATM cells using the Connection Oriented Network Services (CONS) procedures in
accordance with the ATM Adaptation Layer specified in CCITT Standard 1.363. As
25 a brief summary, these procedures involve the use of:
- A bit field that indicates first segment (i.e., cell), middle segment, and last
segment of the message
- A CRC that also indicates the integrity of the overall message
- A length field that indicates the number of bytes in the message
30 - An index that binds all the cells of a given message together.
In the above list, the term "message"” is used synonymously with LAPD frame. The
assembly to cells is accomplished by a modified direct memory access processor, the
ATM Adaptation Layer Processor (AALP) that generates the cells, bit fields etc.
The output of the AALP is connected to an LPU (FSR) that connects to the CLP.
35 Currently only one FSR (connected to duplex LPUs) is supported by each IWU since
the bandwidth from one facility is far beyond that which is necessary. When a cell is

-
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bit streans to another; unlike the CCR, the ATM CM does not unpack data
within the payload (48 bytes) of an ATMcell, but only sw tches conplete
cells. In addition, signaling channels arg treated as CBR or VBR channel s
and are transported, accordingly, in CBR él‘l channel s or single channel
VBR cells of the type described below. Significantly, by transporting

si gnal i ng chaready forttransfeghhardwarkTivithee€IuB vkl ttansfen froesthe TWU SR ao shedalPdt e

i gnal i ng ch: wstegtt _ whsfenoasss (/U B8R
xampl e i gnil o Hay SHTe) RTgead AT Shgbie Bekodon e 1 BRI D o

to a desti nat PandvadihTeapimmenss (Ascomparedita ghqgarapasite vpiseisase3hown in FI G 20.
Thus, the SMis arrandadhéfeveRie!direétion e th© A TV nkikl 1 CEPYeads 82 MTVRY be

placed 1N 8 LhgeShobedl yarle O vyl i eiE ML LG i algsd S0
cell of any AJddpositeutembryt (GWBYAhd MEID.hAAEA atrivat, alr'€LP ddes sorkndiw i6tR
Pput to any SUFEEireifet TR (Fepodiad AR STV o Bfope”C L
The CCR is ar tAfalBdjusbas taxoudd forchmposite Yaite)ttp deferming if dielcel Should bersentt -
line my be cenpemielof @ BEXCWBABAEhosHe voice). For purposes of the immediately.

10 following discussion, the cells are assumed to be message based, and destined for an
IWU. Otherwise the cells would have been loaded into the (composite cell) CWB.
The CLP moves the cells to the SM IWU, or the SS7 IWU cell buffer 1170, .
(discussed below) or to the inter-PSU IWU. (This cell buffer 1170 is not the
CWB 620 used for the composite voice.)

15 The flow of signaling, control and other narrow band messages are an
example of data flowing from the ATM-CM to the SM (the opposite of the direction
illustrated in FIG. 29). The SM (intra-switch) IWU AALP copies frames from the
its cell buffer into queues that exist on a per message basis. Multiple message
segments (cells) may be received concurrently, so that the identifiers in the cells are

20 used to separate the cells into complete messages. After assembly, the messages are
shipped back on DSOs on the NCT bus through the space switch in the ATMU.

The SM IWU has a cell buffer because there must be sufficient buffering
to be able to receive a burst of cells if "cell bunching" occurs. This means the "ATM
front end" of the IWU must be able to receive cell bursts at facility rates for short

25 periods of time. The cell buffer 1170 is circularly organized (FIFO), and holds the
entire ATM header plus 48 bytes of data, unlike the CWB for composite cells which
does not store the ATM header. (In the composite cell case, the CLP processes and
discards the ATM header for composite cells since the header serves no logical  -.
function once the frame is in the CWB. In the message case, the ATM header is

30 further processed to assemble a complete message from the ATM cells.)

Simulation studies and/or field experience can be used to determine the
optimum minimum depth of local cell wide buffering. Normally, the traffic intensity
is minimal compared to the throughput of the SM IWU, since the SM IWU only
processes frames for one SM, and does not have to perform the processing to

35 actually terminate the LAPD protocol as do its sources, the PSU Protocol Handlers
or Message Handler.
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any cell of the output line. The SM ATMJ and CCR control nenories are
updated on each new call. In contrast, the ATM CM has the function of

connecting any cell of any input to any -g&d of any output |ine.
Consequently, the control nenory contents of the ATMCM are relatively

static for the conposiie R PVPs, and .ar han . jt 1S
necessary to activate °§f’§h§?ﬁ%§"r%ﬂ%‘°&a‘?‘hafm?% u@féﬁ%’hﬁ%ﬁé@%z@?h%‘ﬁn t hen
serve 42 or 4plusab deplicate) dre nedded éd an ATAEY Thid is becayse deradare anlyxwad CM
control mechanlss RS ey f tuiggual circuits which may
be activat ed%g&gxsneecﬁaagpas tte _8fﬂg§%gggﬁéuafl§xo&('_an ATM- CM whi ch are
connected to the CCR Becaus¢ the haadwidty raguired forrinteaSM vignelingehanneis is I n t he

Ut put  cormeariural NCToRE eEing MchliAg thadiel e B R 8 L T
t he connecti dit®t Cm%@%gﬁmﬁgﬁ-o %mg%ﬂ?sé@‘{% t he
same or anot lgschdibinGhéaes 4 BrRsOctupling betweeh hive KOT, bused froithi@sihicy kwiteh)
o1t LoD 00, A ISR i B o RIS b s Sl BP0
of the CCR In the CORjuitsraye &ertted by pasitymhiecks on tha NED buses fronothespgcecel |, -
10 switch, as well as the internal error checking means normally used with processors
and controllers, such as parity checks on memories and sanity timers.

' A separate type of fault tolerancy function regards message transport
impairment. Two types exist, ATM impairment, and Message Handler DSO channel
impairment. Impairment means excessive cell or message error rates. The SM IWU

15 indicates message error conditions to the ATMU CC, such as corrupted frames from
the MH/PSU, or corrupted messages from the ATM network, if they exceed a certain
threshold. This is detected in either the ATM header, CRC-4, the CRC check in the
LAPD frame from the PSU PH or MH, or the CRC within the message as it is
transported within ATM Connection Oriented Network Service (CONS). In the

20 event of high ATM error rate, the ATMU CC can switch the SM IWU to the spare
LPU (i.e., a facility protection switch) or take actions to diagnose the hardware
between the SM IWU and the LPU (including the SM IWU). In the latter case, an
ATMU side switch or SM IWU may be in order, depending on the coupling between
the MLD and the space switch.

25 SMIWU Control :

The ATMU CC communicates with the SM IWU via a control output
bus connected from the ATMU CC to many of the units of the ATMU. In operation,
the ATMU CC provisions virtual path destination addresses via this bus, and -
provisions DSOs through the space switch into the IWU. The ATMU CC does this

30 as directed by the SMP. Provisioning is also performed in the CLP to load the AAM
with the virtual paths that carry the messages. After this is provisioned, inter-
SM/AM intra-switch messages can be sent at will by the SMP/MH, without any
ATMU CC intervention, to any inter-SM/AM intra-switch destination.
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may be switched to any position of any cell of the output of the CCR
Further, since the outputs of the CCR go to the ATM transm ssion network,
there is no further need to carry along the E-bit associated with
each PCM sanpl e. Not e t hat wﬁ;/re in the preferred enbodi nent,
the CCR has only one physical ATMinput stream and one physical ATM out put
stream futur8SZHWides in technol ogy may nake it desirable to provide,

effectively, two stageg AdsPRPPAs similar to the SM IWU, and occupies a positon in the
MLD that is parallel to the SM IWU. Therefore this section will primarily highlight
the differences between the SM IWU and the S§7 TWU. The major difference

§ Dbetween the SM IWU and the SS7 IWU are:

- $87 IWU terminates SS7 link protocol, but SM IWU only processes bit level
LAPD to be able to read SM destination address '
- 87 IWU is variably equipped, so that, as discussed above, it may or may not be
present. Furthermore, the SS7 TWU allows a variable number of Signaling Data

10 Links to be supported, in order to allow a SESS switch Global SM to be supported
on one ATMU.

As stated in the section on ATM and Protocols, the SS7 TWU terminates
the SS§7 link (SDL, level 2) protocol as received from the PSU Protocol Handlers or
Message Handlers on the NCT bus between the space switch and the MLD. The SS7

15 TIWU then associates a virtual path with the MTP point code, assembles the packets
into cells, and transfers them out to the ATM network. At the destination switch, the
CLP routes the celis to the S§7 IWU which then assembies them back to packets,
inserts them into a SS7 signaling data link frame, and sends them back on the NCT
bus to the space switch towards the PSU Protocol Handlers or Message Handler.

20 The ATM network is used only as a transport mechanism for MTP packets as was
the case for the intra-switch messages processed by the SM IWU.

The design of a S§7 IWU and a SM IWU is very nearly identical. The
NCT bus side of the IWUs are both HDLC based, and controllers that process Bit
Oriented Protocol (BOP) can also process the SS7 SDL protocol. AT&T

25 manufactures a controller set (2 devices, the ATT 7115 and ATT 7130) that perform
this function for 32 channels with all channels at full utilization for SS7 SDL. The
ATM front end and interaction with the CLP is likewise identical, and will not be
repeated here. Primarily, the MTP Point Code is used in place of the SM destination
for purposes of virtual address association.

30 In one alternative architecture, the SS7 and SM IWU are located on the
same IWU. Throughput is not an issue, only the number of DSOs to be supported on
one hardware card. Given the NCT bus size of 512 time slots, and the use of double
size cards, more than 32 time slots may be supportable in one card, making the use
of a single IWU attractive in cost.
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di vision switching, one in the ATMCM and one in the CCR, by providing the
CCR with several input and output data streans. Simlarly, and especially
in viewof the limtation on capacity |npb@sed on the ATMJ by the speed of
its signal nenory 620 (FIG 24), it may desirable to provide the ATMJ
with only a single ATM ou gut stream The present configuration assunes
that the ATM CM can sWhe 8§87 §WU bas a fanitaolgrangp design diffeyens ditoputhe SMdVWadch

ATMJ i s conn t f T‘ﬂ@j AWM out put
streans fr omﬁéﬁg&XTﬁuﬁ:nﬁltﬁﬁ%?gg?e t ﬁlgéa\lt{cﬁ dHefeA W pr ovi ded the

singl e out putresindag MlPisNp f"ﬁ‘&ﬁé‘la@@‘a altovnafiNeout s
from t he ATMdrrangement, the redundand/is N¥2 a- access svm tch caII (a call which
does not i%iﬁf\f the use of the CCR) a control nechanismwhich is either a
swi t chi ng ocessor or an adm nistrative nodule for the switch

selects first a hal f - ae 5SBEWMEbas similancongioh issiespssives tiei S\ IWALUTRe SMP t he
ATM CM and t?@&,ﬁﬁ ablishes the other half-path between the ATM CM and the
term nating sw I'ig modul e. Usual |y, the aththroughthe ATMCM wi | | be

an activated pre- préimeslondmmite Massage Han wcalddendlers throngh
nodul e and provi dege sgaceRiWitbR ¥Lthe HSFTRFTO! (S) are used for

10 - Maps in the SS7 IWU that associate Point Codes with virtual paths
- Virtual paths in the CLP.
Inter-PSU IWU
The Inter-PSU IWU works in essentially the same way as the inter-SM
IWU, except that it switches packets supplied by PSU 519, packets which, in
15§ general, originate from and terminate to users. The IWU is transparent to the user
level protocol being used.
ATMU Control
The NCT links connect the ATMU to the SM. Therefore, the same type
of controller that is used in a digital trunk unit (DTU) or SONET Interface Unit
20 (SIU)is used in the ATMU. '
The ATMU CC operates and maintains the ATMU hardware as
discussed in all the above sections, and therefore will not be repeated here.
The ATMU CC is 1+1 spared, and is in a separate failure group from the
rest of the ATMU. Since the ATMU CC is a modified version of the SIU/DTU
25 controller, no further discussion of the fault tolerancy aspects of the controller is
required. :

In the SESS switch, a protocol handler (message handler (MH)) is used

to interface between the SMP and the TSI; control and signaling messages can then- .
be transmitted between the TSI and the ATMU’s MLD. This Message Handler in

30 the SESS switch is used to communicate with the ATMU CC. This communication
is via time slots that arrive on the links, and that carry LAPD based messages which
ultimately originate from the SMP. The ATMU CC processes the LAPD, and
executes the commands. Certain special functions such as processor reset are put
into the special NCT link time slot used to transmit control messages to the

35 ATMU CC if ATMU CC sanity is lost altogether for either side. Special bits in a
predesignated control channel are reserved on the the NCT link to implement these
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controlling the path establishnment in the SMand the ATMJ, occasionally a
new pre-provisioned virtual path nust be activated, deactivated, or two
activated pat hs consol i dat ed. An interswitch call via a transit
crossconnect, requires the use of a CCR #&P -each hal f-path. The hal f-path
for the originating end i.s provided with the identification of a circuit
group cell in AdM CM that connects the ATMJU with the sel ected CCR and

this hal f-pat |s°establ i shed in essenti al Ii( t he sane vva% that a hal f-path
for an intrasw tch cal#spevianshidisessed, herATMY carbe locaed widethsat TMonl y to

find an avail @@hemqmﬁameiseltﬂe anmoed mcﬁonhbﬁed\wh%ﬁ@merwh tfehaTH-d8gt | ned
for the desti 23£ : gE‘ < The des"E)l ?agh(-)ln nmust be infornmed of the
identity of t the cell that is carrying the
particul ar gonversati cTheaSMP Ineerdention icypabilify thad the &M abdsito hesenan ﬁrsm:edur e
mter-sui ten SN VAl Bow ARERb b URBRF SE05 YAER e AM conugls penftes®
modul e and a ©@ich laamdwamatomoumshmnn dte CongraldameS1otd CIW) of ther§CHoil e
2;;) cessor) an@;idae fYaP6eRiOdestn it i eliRatle MEMEsShES W itch, MRAULS0RRP mukl &
emulated by some combination of the ATM-CM and the ATMU. This capability is
10 implemented as follows:
- Special virtual paths from the AM to the ATMU carry cells with multi-byte
patterned data. These are repeatedly sent to the ATMU by the AM via the
APH 1240 to perform CPI. ATMU hardware (the Facility Shift Registers) is able to
detect the condition, and is hard wired to the space switch, which then generates the
15 CTS CPI bit pattern to reset the SM. This multi-byte pattern data can be a long
pseudo random Sequencc that has essentially zero probability of ever being
generated, within cells that should never be sent except to reset a specific SM. The
ATM-CM is provisioned with these virtual paths berween the AM and individual
SMs. ‘
20 AM and ATM-CM Operations, Administration, Maintenance,
and Provisioning (OAMP) Platform
) The AM serves to support the entire SESS switch and ATM-CM
(including ATMUs) OAMP needs. These include download and control of the
ATM-CM, craft graphical display, and communication via ATM with SMs. FIG. 19
25 shows the AM/ATM-CM system architecture as comprising the following
components:
- ATM Management Module (AMM) including directly connected terminal.
This is an adjunct fault tolerant processor that is an extension of the existing -
SESS switch AM, and serves to provided added processing throughput for
30 new ATM-CM and ATMU capabilities.
- Ethernet Bus to interconnect AM/AMM with Graphic Unit Interface (GUI.
ATM Packet Handler (APH), and ATM-CM.
- Small Computer System Interface (SCSI, an industry standard) peripherals
for disk, tape, and CD ROM on-line documentation: These augment the
35 existing AM non-volatile peripherals.
- GUI workstation terminals that supports existing SESS switch equipment.
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- 25 - control the termnation of the two ends of the half path. For

an intra-switch call, the two ends of the path are term nated at the
swi tching nodul es, and the switch nodul e processor (SMP) of these nodul es
control the term nation of the path. -70 - Since the signals

I nt erconnecting the S\, ATIVUs, ATM -CM CCRs and tr ansic t bcr oss;:]onne_ct S
o A S dnal s, caRE AR AT L ed over optic fiber the units
- ATM Packet Handler provides the AM/AMM with the ability to
communicate via ATM over SONET to the SMs. The SMs terminate the
APH’s ATM in their ATMU MLD’s. To communicate with SMs, the
5 AM/AMM sends messages via Ethernet to the APH which performs the
message to cell conversion and transmittal to ATM-CM over SONET.
The GUIT and non-volatile memory are commercial components whose control
resides in AMM software. The design of the AMM and APH components are
expanded in the following sections.

10 ATM Management Moduie

The AMM is a high capacity processing element of the AM:
- Processors: AMM The processors are N+K redundant connected by a
Future Bus(+) technology, IEEE 896 Standard. Automatic hardware and
software fault detection, and restart capabilities are built into the processor

15 modules. The AMM itself is supported by the Administrative Module (AM)
which is used to create a high reliability environment for the AMM
processors.

- Memory Modules: The N+K processors share common memory modules
that are used to store static and check-pointed data. Automatic hardware

20 error detection capabilities are built into the memory modules. The memory
modules are redundant, with data being stored in two memory modules; only
the active module responds to read accesses. The memory modules connect

- to the processors via Future Bus(+).
- SCSI Peripheral Interface: There are two SCSI controllers in the

25 AM/ATM-CM Platform. In addition to mirrored disks, there is a carridge
tape drive for loading the AMM and a CD ROM is optionally equxpped to
store on-line documentation.

- Ethernet Transceivers: The ATM-CM and GUI workstations are connected
through duplicated Ethernet interfaces to the AMM.

30 - Dedicated AMM Terminal: A terminal directly to the processor complex,
in order to access the core in the event both terminal controllers or Ethernet
transceivers fail. This terminal does not have a GUI, and is intended for Man
Machine Language (MML) commands only.
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CCR may gather traffic froma group of SMs that are scattered over a
relatively wide area. Wiile a CCR could be colocated with a transit
crossconnect instead of being col ocated W|th ATM CM the arrangenent in the
preferred embodi nent has the advant age of 7lecating the CCR near its source
of control information, i.e., the controls of the ATMJ ATM CM and CCR The

obj ect of thigpyype of network configuration is to mnimze the nunber of

cases in whichrrturther_resw.tching is required. For cases in which there is
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10 CCR
FIGS. 42-45 are four configurations of the CCR. While the preferred
embodiment relates to ATM signals, a more general version of a CCR is a composite
packet remap (CPR) unit, which remaps contents of composite packets in any packet
system.

1§ FIG. 42 is for a CCR handling cells with 48 single byte DSOs per cell,
both in and out. E-bits are simply not involved here. An example of the 48-byte to
48-byte mode is in the use of the CCR as shown on FIG. 11, where the CCR
connects two transit ATM crossconnects, and in the central CCR of the example of
FIG. 4. The input as previously noted, comprises 53 byte cells, each cell

20 containing 48 single byte segments and a 5-byte header. A demultiplexor
(demux 4002) receives the input and transmits the 48 bytes to the data rearrangement
block 4010 and the 5-byte header to the ATM header processor 4006. The ATM
header processor 4006 delivers the virtual circuit identifier (VCI) and virtual path
identifier (VPI) to address generator 4020, shown in detail on FIG. 46. The address

25 generator 4020 generates addresses for the RAM 4014 which receives the 8-bit bytes
from the input stream and delivers 8-bit bytes at its output. Between the
demux 4002 and the RAM 4014 is a serial-to-parallel converter 4012 for generating
sequentially the 48 byte wide inputs to RAM 4014. Between the RAM 4014 and the.
multiplexor (mux) 4004 is a parallel-to-serial converter 4016 to take the single byte

30 output of the RAM and generate a serial bit stream. Mux 4004 also receives input
from the ATM header assembler 4008 which represents the 5-byte header of the
outgoing cell.

FIG. 43 represents a CCR for receiving 42 segments of data in each cell
(the 42 segments representing each one PCM sample byte and one E-bit) and

35 delivering 48 bytes of data per cell. An example of the use of the configuration of

FIG. 43 is for a CCR which is receiving inputs from an ATMU (switched through an
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(The latter facility is not really needed since the ATM CM can sw tch any

I nput to any output.) The ATM CM perforns switching of cells fromany of
its input ATM streams to any of its output ATM streans, but w thout

changi ng the payl oad contents of individd&- cells, i.e., PCMsanples are
not switched fromone cell to another. The CCR can nove PCM sanpl es between
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Cour so. 1 ef oPaaA-Vhgn fe aage Belsresind, e Sxiarhal CORBLS Setfied kA SHonge i n i n
t he same accgﬁgersmdnch are restricted-only to
FIG. 44 is for.a CCR whose input comprises cells having 48 bytes of
10 data per cell, each byte representing one PCM sample and whose output comprises
cells having 42 segments of data (each segment including a one-byte PCM sample
and an E-bit). The right CCR of FIG. 3 performs this function. The E-bit is inserted
in every ninth position of the payload that is generated for the output by parallel-to-
serial converter 4016. The configuration of FIG. 44 includes an E-bit generator 4024
15 which contains a RAM (not shown) with E-bit values to be applied for each read
address. The contents of the E-bit RAM are updated from the external control.
Finally, FIG. 45 shows a CCR for accepting a signal stream comprising
cells carrying 42 segments of input data per cell and delivering 42 segments of
output data per cell, each segment including an 8-bit PCM sample and a single E-bit.
20 The CCR of FIG. 2 performs this function. The only difference between the
configuration of FIG. 45 and that of FIG. 42 is that the RAM is one segment wide (9
bits) instead of being one byte wide (8 bits). Alternatively, it is possible to provide
a 42-bit to 42-bit CCR which terminates the input E-bit on an E-bit processor and
generates a new E-bit using an E-bit generator. This has the advantage of
25 terminating the section of a call at the CCR. The configuration of FIG. 45 would be
used for any cases in which it was found desirable to switch ATMU to ATMU
connections within a common access switch through a CCR; the E-bit (and probably
other comparable bits) are not normally transmitted out of an access switch.
FIG. 46 shows details of the address generator 4020. Input
30 configuration RAM 4030 is used to address RAM 4014 for writing new inputs into
that RAM the new inputs being the data from 8-bit bytes or 9-bit segments from the
ATM input cell stream. In this preferred configuration, the input is stored in RAM
locations arranged arbitrarily, and the output is read sequentially one byte or segment
(FIG. 45) at a time. The input VPI/VCI (from the header) is examined by the cell
35 address translator 4028 to determine an internal cell address in the range of 1-180 for
the cell. The VPI and/or VCI can be directly coded to indicate this cell address or an
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- 26 - having the sw tching nodul es or systems connected to a single ATMJ
as their common destination. Simlarly, those cells which are swi tched by

the ATMCMto a CCR that is connected direggtly to another access switch
wi t hout passing through a transit crossconnect, have, as thelr comon

destination, wi,tch.) The cells at.the outp CCR, _whi ch
output is al s%‘tb%r?n iuki E‘ngguﬂ: by psegd EE&B ﬁ‘é‘H‘(m’ﬁ%{va&i@ h@.rpe%{aﬂsmn
destinati on a(CAMI lslm‘eqmrmd inro tfaGEel] a0deess utpslatonf (Ndre tiehe stel VIBE arehVCER i s

et e A, O gtk B R TBHRLE el IneWe bF B Fuclked RRHIGR 1SR BF B0 1© @
question.) The input configuration RAM 4030 is addressed by the ceil ID and by a
5 segment counter 4032 which counts from 1 to 48 and is reset at the begmnmg of
each cell after the cell header has been received. :
The output configuration RAM 4040 is driven by the cell counter 4042
and byte counter 4044. In addition, the cell counter drives the output header
store 4046 which contains the outpui virtual path identifier and virtual circuit
10 identifier and which serves as one of the inputs of Mux 4004 (FIG. 45). The output
configuration RAM 4040 then drives RAM 4014 whose output is delivered to a
parallel-to-serial converter 4016 which delivers 8 byte data into Mux 4004. The cell
and byte counter are reset at an 8 KHz rate.
Alternatively, a 48 byte wide output could be delivered from the
15 RAM 4014, driven only by the cell counter 4042; this would halve the operating
speed of the RAM, but would require 48 x 8 output circuits in the RAM 4014
(instead of 8). While the preferred embodiment shows two addressing memories,
alternatively, either one could be replaced by a counter so that the CCR could work
by having sequential load, random (i.e., control memory directed) unload, or random
20 load sequential unload.
For the case of FIG. 43, the CCR receives from the ATM-CM composite
CBR cells containing 42 9-bit segments each comprising an 8-bit PCM sample and a
single E bit, and transmits composite CBR cell outputs and which either goes
directly to another CCR or to a transit ATM crossconnect contain 48 8-bit PCM
25 samples in each cell. At first glance this may appear to be wasteful. However, it is
important to remember that the input cells and the output cells are frequently not
fully packed. Since the CCR performs rearrangement of data within the cells, it will
frequently happen that there is an imperfect mapping between the number of cells
required at the output and the numbser of input cells. This situation is greatly
30 alleviated if the output cells can transmit more samples than are received in each
input cell. If the maximum number of samples in each input cell were to equal the
maximum number of samples in each output cell, blockage would be likely to occur
during periods of peak traffic. With this arrangeniem, blockage is sharply reduced.
As mentioned earlier, the cell layout of FIG. 17 is the present standard
35 for communicating voice signals using ATM. While this arrangement does have the
disadvantage of introducing a 6-millisecond delay required to accumulate the
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The topol ogy of the switching plan can al so be understood by exam ning the
contents of different types of ATMcells. FIG 13 shows the transport of
DSO s using the three types of CBR conposjste cells. The tineslots between
SMs of one access switch are transported using single destination conposite
cells (SDCCs). Tineslots destined for other access switches are tranEported

i nternal |y wistEPIes 497 SAch packesyif mal beingcessTy iapleastiainaily 10 FOMTEBIRK VI

cells
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whereas for the composité' cell described elsewhere herein, only one, two or three (in
order to handle jitter) frames of data need to be stored. Once the counter, memory
and cell ID translator have been expanded, the CCR performs its remapping function
in the same way as previously described.

The CCR can also be used to transmit wideband data transparently
since, while it is capable of performing the remap function, it is also capable of
executing the remap function by simply taking the contents of incoming cells and
generating them as outgoing cells without changing the payload contents. Thus, a
CCR can be used in conjunction with performing a transit switching function on the
standard format composite cells and importantly, can handle a mix of standard and
proposed format cells.

Call Scenarios

This section describes the use of broadband switching of composite cells
between and originating and terminating ATM-CM offices. To facilitate the
examples, it is assumed the two SESS offices provide a tandem call connection
between two LEC offices whose access is T1 and N-ISUP, as shown in FIG. 21.
Also, for the sake of simplicity, the scenarios in this section assume that the ATMU
is part of the ATM-CM.

Below is a high-level scenario for an incoming narrowband ISUP to
outgoing broadband ISUP call in an originating switch. It is followed by the
corresponding incoming broadband ISUP to outgoing narrowband ISUP scenario in
the terminating switch. Both a message diagram and a description of the tasks for
each message is included. Other scenarios with various combinations of broadband
and narrowband accesses and trunk have been derived, but are not included here.

The call flows are based on the current SESS International trunk-trunk
call model. A similar model can be derived for US SESS.
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case the switching nodules are used for providing-connectivity to other

| ocal switches. The ATM CM provi des access via the CCRs and network 10 to
ot her access switches. Wen the ATM CM acts as a crossconnect, separate
segregated ATM facilities can be connecte@iSto other |ocal switches fromthe
ATMCM The SMin FIG 13 is either a Switching Mbdul e of a 5ESS switch or

a Swi tchi ng Modul e- 20 i [ . +372- . "5ESS- 2000",
July 1993, avail abl e ﬁgnﬁgﬁg{n&%ﬁgéndé?ggﬁ#o@% %ﬁl%ecﬁ%%%gf AT&T, but both
wi |1 be refery &elid Bnesewish npper case font reprrsentEmrannalimessagds) provi des an

i nterface betwweetid Anébith PbdrehseAonRYrdsBf iNEMEMesdhes SM i nterface to the
ATMJ i s an NCT | carryl sequence of 1| ndependent, single byte, 64
kbps time slot §?h£§"?§e‘§’é$/?“E‘gﬂ%“ﬁrﬂ’ﬁ@@b@%‘ﬁﬁde%‘é@fF /WIdESh byte enhanced
by ei ght addi+ dashad linestepedsein domposite vellsng the E-bit previously descri bed.
The MXC,  SDCCqoRfiA ANESIHE NCT Brbdhl e, E-bits).
' NISUP-BISUP Call Scenario - Originating ATM.CM Switch (FIGS. 34-37)
of an Originating Cail
This section describes the implementation for one preferred

10 embodiment.

1. The originating narrowband call control processing in the SM receives the

incoming Initial Address Message (TAM) and performs digit analysis. The IAM is
sent to the terminating switch. If there are intermediate crossconnects, the IAM is
passed through without processing. If there are intermediate tandem switches, the

15 tandem switch processes the IAM and forwards an JAM toward the terminating
switch. The originating SM is one such intermediate tandem switch for a call
originating in a local switch 2 (FIG. 6). The IAM arrives at the originating SM via
the normal narrowband signaling processor, a packet switch unit, or, for the AT&T
network, a CNI ring. Digit analysis results indicate that the call does not terminate

20 on another narrowband trunk served by this switch, but instead, must be routed to
another node in the toll network. The digit analysis results would identify the node
in the network the call should be routed to.

2. N-ISUP call control in the SM sends a routing request to the AM over the NCT
link as normal.

25 3. Based on the results of initial routing in the SM, the AM recognizes the call as an
inter-switch call to be transported via ATM. The AM selects a timeslot on the
originating NCT link, and requests path hunting and setup from Connection Control
in the ATM-CM. "
Connection Control in the ATM-CM maintains all the status information regarding

30 VPs/VCs between local SMs, CCRs, and other nodes in the network. Connection
Control is also responsible for maintaining the composite cell mapping information
for all ATMUs and CCRs in the office. Data is kept which associates SDCC/MDCC
bytes with DSO timeslots (a copy of which is kept in the ATMU), and of MDCC-to-
TDCC (Tandem Destination Composite Cell) remapping (copied into the CCR). In

35 addition, Connection Control maintains data which associates destinations in the
network with active and inactive VPs to those nodes, and also the CCRs associated
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27 (TDC) signals shown in FIG 13 are described further wwth respect to
FIGS. 14-17 FIG 13 al so shows a conposite cell remap unit (CCR) for

form ng CCR out put conposite cells each of which has as a destination a
single CCR 4000 (FIG 42), or a single act®ss switch 1 connected to such a
CCR, but each such CCR output conposite cell may carry channels that go to
di fferent ATMdsh tHos@V@#ssti nati on access switch. In order to handle the

i tohi ng. modul esy. t GEORERERTUebEl terkkbRaS BObhichihe VP Byl opdfe Wlaron,
fromthe nor mogenéioanemonglmlmémayﬂmw several iifRsstotchosecrom t¢ THACh thtescr i bed
Wi th respect l\%egmﬁ noﬁ@ %ﬂd select an a acnve VB B LD CE Wil Fradbik Slots.

conposite AT s are a
5 If an active composite cell VP is avaﬂable, Connecnon Control reserves a slot in the

composite cell. If no active composite cell VP exists, Connection Control activates a
new VP if bandwidth (i.e., space for an additional CBR cell per frame) is available.
If no bandwidth is available, Connection Control determines an alternate VP. The
alternate VP may not be a direct VP to the destination node, but may be a VP which

10 is routed via a switch at another node. Connection Control also determines the
signaling VP associated with the composite cell VP to be used for the cail.

Connection Control then allocates a slot in the MDCC between the
originating ATMU and the CCR. If no active MDCC exists, a new one is activated.
4. Connection Control updates the timeslot-to-MDCC mapping information in the

15 ATMU.

5. Connection Control updates the MDCC-to-TDCC remapping information in the
CCR. The CCR takes MDCCs from many ATMUs with calls destined for the same
destination to be remapped (multiplexed) into one (or as many as needed) TDCCs to
the destination node.

20 6. Connection Control sends a termination request message to B-ISUP call control
in the BB-CP. Broadband call control is involved because the call is going out of the
office on a broadband facility (broadband ISUP) to another node in the network.
Broadband call control acts as the outgoing haif call. The message contains the
VPY/VCI (Virtual Path Identifier/Virtual Circuit Identifier) and NCT timeslot to be

25 used for the call. It also identifies the outgoing signaling VP/VC and DSO byte to be
used. -

7. The BB-CP performs Broadband ISUP (B-ISUP) call control. B-ISUP call
control formats and sends the IAM to the terminating office via BB-SP. BB-CP  -.
performs all ATM Adaptation Layer (AAL), MTP layer 3 signaling, and Global Title

30 Translation (GTT) for broadband signaling. All SS7 signaling VCs to other switches
terminate on the BB-SP.

The 1AM contains the VPI/VCI and DSO cell byte position. The BB-CP
serves as the "terminating half-call” for the call.
8. B-ISUP in the BB-CP sends a "path_close" message to the ATM-CM.

35 9. For a SESS switch, the ATM-CM updates the CCR in order to turn on the E-bit

for the call in the MDCC between the CCR and the ATMU.
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interfacing to the network there is the option of using either conposite
ATM cells or conventional packet voice ATMcells. The payload in conposite
cell's consists of 64 kbps sanples fromup-sto 48 separate calls, whereas a

conventi onal packet voice ATMcell contains 48 sanples froma single call.
- _Single Destination Conposite Cell

1l
(800 % M E0.,Rb sk TSR e b sbe MBCESs rpbety e spFaRdm NSk on
Cel | (TDC). 1L B-ISUPmtl‘PJ BB- CPSGH'M Q@ﬁ@%&ﬁp\lé:&%ﬂemge e atif
W|t the e | s

Since there %‘l‘ﬁgH vel gﬁﬁmsgﬂtlse qqg&;vy%

general ly a |6t 6F
represent an tofte usedfdior the ealhf bandwi dt h. FI G 14 |s a

t t h SM
A bt mm o 1 4%%%&%“%@ 508 R chnSbREbb PR BTRLRSE M
payl oad) is oCEENPOREL"sIUP TormplarNIIessags, itsends Fwitdmths selectet tiesiott he

13. In a SESS switch, the ATMU takes the received E-bit and maps it into the
MDCC to the CCR. _
14. In a SESS switch, the ATM-CM detects a change in the E-bit for the call -from
10 the CCR, and sends a "path_set" message to the BB-CP. B-ISUP call control in the
BB-CP completes setup of the call.
15. The ACM is received from the far end switch.
16. B-ISUP call control in the BB-CP sends a "buildup complete” message 1o N-
ISUP call in the originating SM.
15 17. N-ISUP call control in the SM sends an ACM message to the narrowband LEC
switch. :
18. The Answer Message (ANM) is received from the far end switch.
19. B-ISUP call control in the BB-CP sends a "answer charge” message to N-ISUP
call control in the SM. |
20 20. N-ISUP call control in the SM sends an ANM message to the narrowband LEC
switch. The call is now in the taiking state.
Assuming originating party disconnect, the call clearing scenario is as

/s

follows:
1. A narrowband ISUP RELEASE message is received by N-ISUP call control in
25 the SM. N-ISUP call control begins clearing the call by sending a "release” message
to the far half-call (i.e., the BB-CP), in a SESS switch, turning off E-bit on the
timeslot, and sends a RLC message to the narrowband switch to complete the ISUP
disconnect sequence. ‘ .
2. In a SESS switch, the ATMU maps the timeslot E-bit into the appropriate MDCC
30 tothe CCR.
3. In a SESS switch, the ATM-CM detects E-bit discontinuity in the CCR, and sends
a "path release" message to the BB-CP.
4. B-ISUP call control in the BB-CP clears its end of the call by sending a clearing
message to the ATM-CM in order to release the SM timeslot and the virtual
35 resources (VCs and/or composite cells) in the ATMU and CCR, and also begins the
REL/RLC (Release/Release Complete (SS7 signals)) sequence with the far end.

This Sheet Has Been Replaced




sanme destination ATMJ into the sanme cell. FIG 14 is an exanple
of a mx of tine slot nunbers which go to the sane ATMJ. The tine slots are
not necessarily in any order within the ¢cegl since tine slot nunbers change
as calls are set up and torn down. Sone byte locations (i.e., time slots)

in the cell Y10 a nformatlo since t el
necessarily P%l ?Qe }\Tgmﬁ Qaﬁ%ﬁheﬁt?“?p&ﬁ}é? C§ hﬁﬁpa@gﬂrﬁ &Odh'ifg*mm i ons
to/fromthe dESRination ATMJ, ~Al'though within the switch, SDCCs

make efficiengy i3 ﬁ 1 A% n&‘n&é‘ﬁévgﬁchc i to

ot her sw t ches may
have very litl I ’Ehc mmmmg y@ad@pnddm xsarmmd via thenBB & todwbadbandiaall control

5 inthe BB-CP. All SS7 signaling VCs to other switches terminate on the BB-SP.

The incoming BISUP call control processing in the BB-CP performs
digit analysis. Digit analysis results indicate that the terminating trunk group is
served by this switch, and that it is a narrowband trunk group. Contained in the IAM
is the identity of the virtual path used for the composite cell, as well as the identity

10 of the byte used in the composite cell. This identifies the CCR which will be used
for the call. -

2. Based on the results of initial routing in the BB-CP, BISUP call control sends a
routing request to the AM. Included in the routing message is the composite cell
information received in the IAM.

15 3. The AM performs a trunk hunt, determines the destination SM, and selects a
timesiot. The AM requests network path setup from the ATM-CM. Included in the
request is the composite cell information received in the IAM.

4. As described in the previous scenario, Connection Control in the ATM-CM
maintains all the status information regarding VPs between local SMs, CCRs, and

20 other nodes in the network.

Based on the terminating SM and the composite cell information,
Connection Control determines if a MDCC virtual paih is currently active between
the ATMU serving the terminating SM and the incoming CCR. If no active virtual
path exists (or if all cells on existing paths are full) Connection Control activates a

25 new MDCC virtal path. Connection Control allocates a byte in the MDCC to be
used for the incoming call.

5. Connection Control updates the timesiot-to-MDCC mapping information in the

ATMU. .

6. Connection Control then updates the TDCC-to-MDCC remapping information in
30 the CCR.

7. Connection Controi sends a path acknowledgement message back to the AM.

8. The AM sends a termination request to the destination SM. The message

contains the identity of the selected trunk, and the timeslot selected by the IAM.

9. N-ISUP call control in the SM formats and sends the IAM to the terminating LEC

35 switch and sends E-bit on the NCT.

10. In a SESS switch, the ATMU in the ATM-CM takes the received E-bit and maps
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- 28 - woul d still have to use a path capable of carrying 42 channels
with the result of having many enpty (unused) slots in the cell. In order
to conmuni cate nore efficiently froman-ZAMJ to the Conposite Cell Remap
(CCR) function, tine slots which are destined for nultiple swtches

accessible fr. ggR urce access switch via a transit
crossconnect, 19%@&&:'&:@9@5 lﬁftogﬁ into a 21% Mil tiple Destination
Conposi te Celll. (Imaciﬁss sxm;h 1 €RBvis thehéTM-lGVi regtsta ghange inqbe Boitiof) Be
fﬁérk?w“ifvadsﬁiﬁ*?‘%“@” e agl B B B t“etﬂis'réab"gty o
t he SDCC. ”—Igb?"geﬁﬁé%gg’c ﬁnrra?% SQﬂdstahé%‘B mep "W%SS?%C té? ﬁgr{;ﬁ

of the ori @i rMitid mgssage Rizatifizy the timeklie séleeted bg CunnecidnsCotttol irkhMAS@CRS S
switch, or CCR destép%t‘i%g@and the nunber of time slots going to a

particul ar sweEHSF ion of traffic
13. When B-ISUP call control in the BB-CP receives the "setup complete” and

"path_set" messages in a SESS switch, it requests the ATM-CM to set the E-bit in
the composite cell to the ATMU.
10 14. In a SESS switch, the ATM-CM updates the CCR in order to turn on the E-bit
for the call in the MDCC between the CCR and the ATMU.
15. In a SESS switch, at the ATMU, the E-bit in the MDCC is mapped to the
appropriate NCT timeslot.
16. In a SESS switch, N-ISUP call control in the SM detects the E-bit and completes
15 the path setup.
17. The ACM is received from the LEC switch.
18. N-ISUP call control in the SM sends a "buildup complete” message to B-ISUP
call control in the BB-CP.
19. B-ISUP call control in the BB-CP sends an ACM message to the far end ATM-
20 CM switch.
20. The ANM is received from the LEC switch.
21. N-ISUP call control in the SM sends a "answer charge” message to B-ISUP call
controi in the BB-CP.
22. B-ISUP cail control in the BB-CP sends an ANM message to the far end ATM-
25 CM switch. The call is now in the talking state.
Assuming A-part disconnect, the call clearing scenario is as follows:
1. A broadband ISUP RELEASE message is received by B-ISUP call control in the
BB-CP. B-ISUP call control begins clearing the call by sending a RLC message to
the far end ATM-CM switch to complete the broadband ISUP disconnect sequence,
30 and by sending a "release” message to the SM.
2. B-ISUP call control in the BB-CP sends a reset E-bit message to the ATM-CM in
order to turn off the E-bit in the composite cell to the ATMU.
3. The terminating ATMU maps the E-bit change in the MDCC to the terminating
NCT link.
35 4. N-ISUP call control in the SM detects E-bit discontinuity, and begins the N-ISUP
REL/RLC sequence with the terminating LEC switch.
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conditions and wi'll vary from ATMJ to ATMJ. The NMDCC i npl ementation all ows
reduced bandw dth between the ATMJs and the CCR because sparsely filled
conposite cells to/from ATMJs in ot her acscess swi tches are avoi ded by
packing the tinme slots into an MDCC. Pat hs carrying Tandem
Destination Cells (TDC) are used to provide connectivity between CCRs.
These TDCs c3&n NESUPicallepbnaorinthoSM slso eéddsfacummotaelemrmesmgeanahe packet

cell (48 sa t format as shown in

FI GS. 16 anﬂﬁﬁe&ﬁr&d&p&%&%*ﬁ%&ﬁgﬁ thhe conposite cell

f or mat shomam|mewmmmmsmbhenmmmmc efTtheand
aggr egat es ”&Qﬁ‘éﬂdtilsdﬁfearsésr@eﬁnﬁgsﬁnex'[ racted fromall received MDCCs from
all the AT In the access tch to formconpposite si e K\;ﬂ% atlon
ATM cel | s.? These conp0$PFe&! Yémﬁgvﬂhﬁ'eé?"f?dmi@&i?@&‘%“‘?%gg using

destinati on age fjuledefpHsicahprokimity, dtishouldir begicogssirgttoassa SONEMr mﬁ the
CCR is neceszgﬁx# tQ gorrel attgéeggé%ﬁgsposmlon in the ATMcell with the

desti nati on 'é’ﬁ“ae E-bits or CRC check are needed for
inter switch connectuwmyethnpdesmpﬁbnshasme‘hvmwss theprignary narivew bendcsigmil by

the example, narrowband data (64 KB or less), facsimile and other narrowband signals
10 can be switched in the same way.

It is to be understood that the above description is only of one preferred -
embodiment of the invention. Numerous other arrangements may be devised by one
skilled in the art without departing from the scope of the invention. The invention is
thus limited only as defined in the accompanying claims.

_—
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conposite TDC ATM cel | even if the switches used are 5ESS switches. Sone

DSO positions may be enpty depending on traffic conditions.
CCR can al so be used to convert the conposite cell
the switch to "conventi onal
switches as shown in FIG 17.

The
structure used inside
packet voice'8§ITDCs for transm ssion between
In order to carry out this function, the CCR

accunul ates 48 voi ce sanples from ea@ﬁ%&al |s (active tinme slots) in

the MDCCs, buffers them and then sen
The -conventi onal

10

15

20

30

to the destination swtch.

cell TDC can al so be used for packetized dat a.
ACRONYMS AND ABBREVIATIONS
AAL ATM Adaprtation Layer
AALP ATM Adaptation Layer Processor
AAM ATM Address Mapper
AM Administrative Module
AMD Advanced Memory Devices
AMM ATM Management Module
ANM Answer Message
AP Administrative Processor
APH ATM Packet Handler
ASU ATM Switching Unit
ATM Asynchronous Transfer Mode
ATMU ATM Interface Unit
ATMUCC ATMU Central Controller
BB Broad Band
B-ISUP Broadband ISUP
BOP Bit Oriented Protocol
CAM Content Addressable Memory
CBP Common Broadband Platform
CBR Constant Bit Rate (traffic)
CCB Composite Cell Byte
CCITT Consultative Committee on International Telephone
) and Telegraph Standards
~CCR Composite Cell Reuiap
CD ROM Compact Disk Read Only Memory -
CLP Cell List Processor
CM Communication Module
CNI Common Network Interface
" CONS Connection Oriented Network Services
CP1 CBP Processor Intervention
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- 29- ATMJ : The primary purpose of the ATMJ is the mappi ng of
single byte PCMtine slots into 53 byte ATMcells as well as providing the
i nverse function. The output of the ATMJ_towards the ATMCMis ATM cells
and toward the SMit consists of singl e‘ﬁ?t‘e time slots. FI G
18 shows the mappi ng between NCT PCMtinesl ot data and an SDCC or NDCC.
FIG 18 shows th@PRip to 42C&mpoditeMabkademaps from 42 distinct calls, plus

NDOC conpos e cOHC The ciGTal Ry GHEC"e0 ¢, o' Po el ear y an o
i mpl ement ation cl@f&e and aComtrajdimelSlaenmal | er CRC, or no CRC, could be

I npl enment ed, as @;@d ot her QAL such as framng or parity
i nformati on. CCR Cél}‘lt %hésg\{}gﬂr3 inefficient if each ATMJ on one

access swi% ch redAEds Digital Access Crossconnect System

DCC Digital Communications Channel
DSO A 64 kilobit/second PCM single channel signal
Ds1 A signal composed of 24 DSO signals
DTU Digital Trunk Unit

10 EOC Embedded Operations Channel
FAX Facsimile
FSR Facility Shift Register
GSM Global SM
GTT - Global Title Translation

15 GUI Graphical User Interface
HDLC High-level Data Link Controller
HDTV High Definition Television
IAM Initdal Address Message
ISDN Integrated Services Digital Network

20 ISUP ISDN User Port
Iwu Inter-Working Unit
LAPB Link Access Procedures (type) B
LAPD Link Access Procedures (type) D
LEC Local Exchange Carrier

25 LPU Line Processing Unit
MCTSI - Module Controller Time Slot Interchange
MDCC Muitiple Destination Composite Cell
MHZ Megahertz , -
MLD Message Layer Device

30 MML Man Machine Language
MTP Message Transfer Part
N-ISUP Narrow Band ISUP
NCT Network Control and Timing (link)
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dedi cated conposite ATMcells (53 bytes each) to each ATMJ in all the other
I's connected. This inefficiency gets
geonetrically worse with increasing nunbergg .of ATMJs in an access sw tch.

It also requires an Operation, Adm nistration, M ntenance and Provi sioning

t ver. an ATMJ is added in any switch. In
Tm&ﬁg“ Rﬁcellstothe Conmposite Cell Remap

access switches to which it

(OQAMP) update for

vlery SWi

the preferred enbo I ment

(CCR) function mNNJelr acceNsmmkNokiﬁImerfaggregate the tine slots from all

ATMUs in that sw i,

Anaghi ch

cells and send the 0 the

pr| mary. functions

CCRs ar

d I on access Sw

'remaps” i3t ernal pgmposite P‘@iﬂhéraﬂ @oﬁu@ﬁxﬂf'ﬁﬁhng AldiS

done by the CCR
functions for int

BHL cui t on rEPRORLRRED,

is involved in th®S¥ type 0fPackéd$v1tM§Unito the call
34-41 for nore der regarcﬁgg Eé‘n%\F b|t ur%tcuons of the CCRs.

10

15

20

30

RASU
REL/RLC
SCCP
SCSI
SDCC
SDH
SDL
SIU
SM
SMDS
SMP
SONET
SP

SR
S§7
ST™M
STP
STS
TDC
TDCC
TSA
TSI
TSIU

Remote ATM Switching Unit

f@gfm ARHEAEERE MAeh il 483 PriAlibRfAg 11O ATM
ergnomﬁum%yqtm nmust be performed which

This remapping is

e CCRs aI o) ioerformthe E-bit
br oadband calls, since only one SM

scenari os of FIGS.

Release/Release Complete (SS7 signals)
Signaling Control and Connection Part
Small Computer System Interface (an Industry standard)

Single Destination Composite Cells
Synchronous Digital Hierarchy
Signaling Data Link (SS7)

SONET Interface Unit or SM Interface Unit

Switch Module

Switched Megabit Data Switch
Switch Module Processor
Synchronous Optical NETwork
Signaling Processor

Shift Register

Signaling System (Number) 7
Synchronous Time Multiplex
Signal Transfer Point
Synchronous Time Signal
Tandem Destination Cell
Tandem Destination Composite Cell
Time Slot Assign

- Time Slot Interchange

Time Slot Interchange Unit
User Network Interface
Variable Bit Rate (traffic)

_
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The CCR takes DSCs that are destined for the sanme access switch (CCR) from
possibly multiple MDCCs and places theminto one or nore TDCs that are
switched to the given destination access switch as shown in FIG 19.

At the destination access switch, an inve4e process occurs. In this case.
DSCs fromthe TDCs are mapped by the CCR into MDCCs that are internally

swi tched by the AVIZ CM to t RErid @ittt R Vikidal CRGn&TMJ.  As previ ously
di d with t to F CCI}é t ted I
tlrzﬁgisfe W re§eﬁc (o} k/Gmajl]Cucuu enuﬁeerl n erconneE: go E)I’I marily via

Virtual Channel Identifier
VP Virmal Path
5 VPI Virmal Path Identifier
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crassconnects. The foregoi ng conposite ce tlined
t he mechani sm by which DSGs are transported bet vveenU,Hﬂ”ﬂﬂ"'mumm The -
signaling procedures work in concert with the conpo e to
negotiate and set up conposite cell ATMp3ths and conposite &l f DSO

| ocat i ons. As in the case of the SDCC cells discussed earlier,

a plurality ofldimscti ve virtual paths are initialized in the transit
ever _no _channel s are avail abl e

crossconnecL Wth

bet ween a parti cul ar'§0ﬁf@8¢°@“@ﬁ@%§ﬁvﬁﬁ CBRPEEREDr switch, an inactive
virtual path is seized ;ﬂmlhtymfetccesmwanhesceachacmssSw’ad:h ¢otprisig¥harieadtonar e
sei zed on act ' c,ﬁﬁiﬁ avai | abl e channel . For NMDCCs,

whi ch connectéoﬁ%géggﬂiebﬁmﬁ asst nrrent of a channel is perforned not
when the virtual pathpaekmwvlanams CopeecHing s4id aceass ewiehast cation is
requested. Any acti vat»ﬁﬁmmeﬁ%mh%e@ﬁgmﬁanls Rk &avéfaﬁﬁmngexed

destination, wt | east one, avall abl e channel can be assigne
and MDCCs, %WBHWB%WWE“&%@%%F% epeedfignaly haymERackess Laghs; s,

packet destined for one CPR unit of said access switch, wherein each channel of said
input signals is switched into an arbitrary position of an arbitrary packet of one of

10 said packet signals;

wherein packetized signals being switched in said access switches and
said packet switching means comprise periodically transmitted packets each of
which carries a plurality of communication signals from arbitrary channels of one or
more of said input signals;

15 wherein each CPR unit of said each access switch uses communication
signals, received in one of said packetized signals, of said each access switch to
generate CPR packetized output signals each of whose packets contains only
communication signals destined for a common CPR circuit of another access switch;

wherein said packet switching means comprises at least one packet

20 crossconnect for interconnecting a plurality of CPR units, said packet crossconnect
for switching packets of a plurality of incoming packetized signals from said
plurality of CPR units to a plurality of output packetized signals to said plurality of
CPR units.

2. The network of claim 1 wherein said multiplexed periodic
25 communication signals are pulse code modulation (PCM) signals.

3. The network of claim 1 wherein said packetized signals are .-
asynchronous transfer mode (ATM) signals and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

4. The network of claim 3 wherein said packet switching means
30 comprise an ATM crossconnect.

5. The network of claim 4 wherein groups of communications are
transmirted through said ATM crossconnect through a virtual path through said
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and channels wthin the virtual paths are assigned on a per call basis.

FIG 20 shows functional block diagramof a call b . or i gi nati-ng and
term nating access switch, show ng signaling and vj&ﬂﬁiﬂ”@jmﬂmﬂn

channel s. In the figure, the-8®!1ow ng es and
associations are indicated: - SM termnates NI SUP (Narrow Band | SUP)

si gnal i ng and :H/téé Dy g&gl Exchange Carrier (LEC) switch, and provides
mappi ng between SO and a tinmeslot to the ATMJ, - ATMJ. provi des

mappi ng between SMtineslots and SDCC/ MDCC ATM pat hs and DSO byte | ocation

in the selected cell @fTidierb flééﬁlmﬂ?d@hereuﬁ@&%uﬁé&&'ﬂﬁ%dﬁappl ng from
its incomng port, Virtual Pathlu&gntlfler tual Crcuit

| dentifier ( pRicagan ygrals e pulis ede pedulagan W SIERASVPl and VCl refers
to standard ATM terminol ogy, for identifying a virtual path in the

of an ATV sl | - oo PRyt oR i Vbt B mehl B b ol
DSO byte 5 aplurality of asynchronous transfer mode units (ATMU) each for receiving at least

one signal stream comprising PCM-samples and for generating at least one ATM

signal, said signal comprising said PCM samples of said at least one PCM input

stream, said at least one ATM signal comprising cells, each cell for transmission to

one of the CCR units of said each access switch.

10 . 8. The network of claim 7 wherein said each access switch comprises an
ATM communications module (ATM-CM) for distributing cells from ATM output
streams of said at least one ATMU to ATM input streams of said at least one CCR.

9. The network of claim 7 wherein said at least one ATM signal
generated by an ATMU further comprises cells for transmission to one of said
15 plurality of ATMUs of said access switch.

10. The network of claim 9 wherein said each access switch comprises
an ATM communications module (ATM-CM) for distributing cells from ATM
output streams of said at least one ATMU to ATM input streams of one of the
ATMU:s of said each access switch.

20 11. A telecommunications network comprising:
a plurality of access switches; and
packet switching means for interconnecting said access switches; -
wherein each access switch comprises:
means for converting a plurality of multiplexed periodic communication
25 input signals into packetized signals, wherein each multiplexed channel of said input
signals is switched into an arbitrary position of an arbitrary periodically transmitted
packet of one of said packetized signals;
a communications module for switching packets of input signals of
packetized signals from said means for converting to at least one packetized output

30 signal, each of ones of said packetized output signals for transmission to a composite
At
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locations. - BB-CP: establishes TDC ATM path and DS©-byte—teeati-on—between
two ATM CM of fices. The Initial Address Message (| AMJM m ’
the Signaling System (Number) 7 (SS7) signali ng VI rt mmummlml lthe

VP, VC and byte location in the cell. -87-

Si nce conposite cells are used inter-switch, an addltlonal pararreter

must be i ncl upmiteﬂ rermiapCPR) kit gl Nessage to the far-end ATM CM of fi ce.
Thi's at least one CPR unit for switching segments within a payload of each
packet cell of packetized input signal to said CPR unit into packets for conveying
data via said packet switching means to a common destination of said packet
5 switching means;
wherein said packet switching means comprises a crossconnect for
switching individual packets received from a CPR unit of an access switch to one of
a plurality of output packet streams each connected to a CPR unit of another access
switch; and _

10 wherein data of said multiplexed input signals is switched through a
means for converting, a communications module, a CPR unit of one access switch
and said packet switching means from an input to said means for converting of said
one access switch to an input of a CPR of another access switch.

_ 12. The network of claim 11 wherein said multiplexed periodic
15 communication signals are pulse code modulation (PCM) signals.

13. The network of claim 11 wherein said packetized signals are
asynchronous transfer mode (ATM) signals and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

14. The network of ciaim 13 wherein said packet switching means
20 comprise an ATM crossconnect.

15. The network of claim 14 wherein groups of communications are
transmitted through said ATM crossconnect through a virtual path through said
ATM crossconnect.

16. The network of claim 14 wherein said multiplexed periodic
25 communication signals are pulse code modulation (PCM) signals.

17. The network of claim 16 wherein said communications module is
further used for crossconnecting cells of ATM signals from an ATM network to a
switching system.

18. A telecommunications network comprising:
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associ ated Lo et VT the catt - Thie adai ti onall IMEARLISITIR] IIII“e =0

identified as CCB (Conposite Cell Byte) i tle Ftnitial Address
Message shown in FIG 20 above. -88 - ‘ Per manent vi rtual
circuits are used in the portions of the path wherein only

cells are switched, i aq:lumﬁdymfAIéﬂsEWi&hdsh@cﬂthsse switch djaapﬁsiag holﬁaamessd

swi t ches and S The term"virtual circuit"” as use
her ein éo@?po%ft@@?&ﬂe:&{uga% WS‘P i nnel and is thus equivalent to a
"virtual channel".) | patket siisthing means for intergonnagting paitilascess switshiezbl i shed in

the ATMJ connect ed 1 0 g eat c@'@gwﬁtgﬁco prises means fMﬁk{%&E%’biﬁﬁﬁ)} on,

and in the of. .t he source an estl natlo access swt
an intra- aécg E&Pﬂ pefiqdic pemmupicatien input sigRals inte packetizedsignals bavingol ved

so t hat packets eadhifacRér destied o 61 CPRrunitadf saﬂtdaaesarswcmﬁﬁeraﬁtéacﬁnd out
of the ATM ere i1s uest to estgblls

Th
path, the so 3858%‘/@ %‘P@”P.‘%&“%’Peﬁé‘?‘ﬁéﬂeﬂﬁ osition of anArPY@EY pat h
i nt er connect ipagketiof onp pf sgid patket gighdls;and CCR and connects the

The oo Enanne )y bt bRl bl g B iciln St anfisd Wi gt

appropri al@ #8idrRacketwitshingmeans comprise periodieallyrisansmittadpaskets ¢ach ofn t he
ATM CM to a GfHlith edrried & phivilitydf eshbminiiatibh 8iphhls from arbitrary channels of one or

more of said input signals;
wherein each CPR unit of said each access switch uses communication
signals, received in one of said packetized signals, of said each access switch to
15 generate CPR packetized output signals each of whose packets contains only
communication signals destined for one access switch or for CPR circuits of a group
of access switches;
wherein said packet switching means comprises at least two packet
crossconnects for interconnecting a plurality of CPR units, said packet crossconnects
20 for switching packets of a plurality of incoming packetized signals from said
plurality of CPR units to a plurality of output packetized signals to said plurality of
CPR units, and further comprises at least one CPR for interconnecting two of said
crossconnects and for converting groups of packets each containing communication
signals destined for a group of access switches into groups of packets each
25 containing communication signals destined for one access switch.

D'o-'

19. The network of claim 18 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals. -

20. The network of claim 18 wherein said packetized signals are
asynchronous transfer mode (ATM) signals and said composite packets are
30 composite cells, and said CPR unit is a composite cell remap (CCR) unit.

21. The network of claim 20 wherein said packet switching means
comprises at least two an ATM crossconnects.
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crossconnect. Simlar actions are perforned in the d | on acc _
swi tch. For-an i ntra-access switch call, E!tl m" m’mﬁ CM of
t he access switch is sel ected ﬁlm ch i nte

connected to the source PCM channel and ATI\/U connect ed to

t he destination PCM channel. These two ATMJs (which may be the

sanme ATMJ) are then d33.ethenetworkesftciiin 2hwhermimgreaps of cdnrhusieatidisarsour ce

The per manent SSTTAaT chpre i AT RRSEERER dutlin®s it AN gt i

way circuits. ASMEESsERANAAM si gnal s themsel ves are unidirectional, this

nmeans t hat a pair of PVPs is assi gned for a specific
comuni cati on or, 51 case f corr . cells, for a group of
communi cat i ons. V\hen pAmsgh WEMIPBHX?%PW‘QWUHIC&OH to a

posi 1 0ne. i thin 1 h el ot Lo m““‘“ g T conpose t he
EI directional PVP. For %’E‘Eﬁgﬂ &ﬁf‘ﬁﬁi 5“55‘&%‘?%8”35?%51%%? ggt ionis
bei ng pluralisy pépaqlcum:u sng:mlsearthtcempnmgrﬁma:mmmsmpadke:shwhl firyt or
Swi tches and SRl paBker includips 2 pluralt of oDlriRofcafE Wil Bor & Birglior
communi cati o ncqmmaweam%e&thﬂf sgidfisst compesite parkets toihe rawted througina obmanoRVP
10 source composite packet remap (CPR) unit;
switching first composite packets of said plurality of packetized signals
each to one of a plurality of source CPR units;
in said source CPR units, switching the communication signals in
received first composite packets to form packetized output signals comprising
15 second composite packets each second composite packet including only
communication signals destined for one of a plurality of destination CPR units;
switching second packets of packetized output signals of said source
CPR units to form packetized signals each destined for one of said destination CPR
units.

20 24. The method of claim 23 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals.

25, The method of claim 23 wherein said packetized signals are
asynchronous transfer mode (ATM) signals, and said first and second packets are
first and second cells, and said CPR unit is a composite cell remap (CCR) unit.

25 26. The method of claim 25 wherein said step of switching second cells
of packetized output signals comprises switching said second cells in an ATM
crossconnect.

27. The method of claim 26 further comprising transmitting said second
cells over a virtual path through said ATM crossconnect.

30 28. The method of claim 26 wherein said multiplexed periodic
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nmerely requires that the active nenory of the swtﬁm Wﬂ'ﬂﬂﬂﬂ:ﬂﬂt '
PVP but does not in itselt’y of

cont ai ns t hat ) e U
resources, the additional resour ces bei ng “ut I*l | zed

addi ti onal

only when cells for that PVP are actuall yggéi ng transmtted.
FIG 21 shows a signaling network overview (omtting the ATMJs for
sinplicity) ofrearansiittedepenundicaliy] whereinceadH ipefiddivally sanshrittédhpackertomprises

architecture

t he

10

15

20

25

30

+ sighfl Yl foF e NARE Birafidy uife S cohh G R&RmEOMTUNI Cat e Wi th

40. The network of claim 37 wherein said packetized signals are
asynchronous transfer mode (ATM) signals and said first and second packets are
ATM cells, and said CPR unit is a composite cell remap (CCR) unit.

41. The network of claim 40 wherein said packet crossconnect is an
ATM crossconnect and said second packets are transmitted over said ATM
crossconnect through a virtual path.

42. The network of claim 41 wherein at least one of the plurality of CCR
units are for generating third composite cells, each third composite cell comprising a
plurality of signal values for different communications each destined for one of a
group of CCR units;

further comprising at least one more ATM crossconnect and at least one

additional CCR unit for interconnecting two of the ATM crossconnects wherein said
additional CCR unit receives groups of said third cells and transmits groups of said
second cells, each second cell for transmission by an ATM crossconnect to one of
said plurality of CCR units.

43, A distribution network for switching asynchronous transfer mode

(ATM) signals, the signals comprising composite cells, each cell having individual
PCM signals for a plurality of communications destined for a plurality of
destinations comprising:

a plurality of composite cell remap (CCR) means each for receiving an
ATM signal comprising first cells each cell having individual PCM signals for a
plurality of communications destined for a plurality of destinations and for switching.
individual PCM samples of said first cells of said ATM input signal to second cells
of an ATM output signal, wherein each of said second cells has PCM signals having
a common destination CCR means; and

an ATM crossconnect for switching second cells of the output signals of
a plurality of said CCR means, without changing payload contents of cells received
from said CCR means, to signals connected to the inputs of said plurality of CCR
means.
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access switch using Narrowband | SUP (N-1SUP) signali mmnmmm i nat e
on narrowband SMs in the originating access switch. Iil m”ﬂ"r
previously, the originating access switch _converts the DsSA sahplses *i nt o
conposite cells which are transported t o Ptre far-end access switch, .via
direct interfaces on the ATMCM As shown in FIG 21, alternate routes can

be established via thgs,CPre dasbutiblynetworifiof chiifier wigsktignaé CCRmeasalso

itches. A sinpler, ' fe tabl i '
a0 i nt or e aSERERS KR Rt iciei S PlsTnlothind cells. R vAR: ARG
SMs ar e i nvol PEMisignalsaiesdndd for 2 ghoulr eftdestindtionsCCR eneans\further comprising: Shown
in FIG 22 is the arch;ttlg&E ﬁéfo&g{pﬁ-ﬁ%sycénm&g ed narr owband/ br oadband
ewor

access swtch. aspect's_of is architecture are: -
Broadband nktwork and ardeast pne eteBCER means faninteropnneRdng\ frstand 2 segondé ATM

Swi t Ichi ngt Un} e A‘?%e@éﬁks&ﬂﬂe%axﬁ'dﬁ?%&ﬁﬁng’fﬁird &ufls B uﬁm:c?fm cl:r5§b‘éoﬁrééci
C e O ek tamdminp qessan ey ASkina B3 oy e LR bR S5 oo
ATM crossconnect for subsequent transmission to said only one CCR means.

45. An access switch for generating packetized signals for distribution by
10 a packet signal transmission/crossconnect network, said network comprising means
for interconnecting a plurality of said packetized signal streams without disturbing
the payload contents of cells of said packetized signal streams, the access switch
comprising: _
means for converting multiplexed periodic communication input signals
15 comprising periodic communication input channels destined for switches accessed
via a plurality of composite packet remap (CPR) units into packetized signals, said
packetized signals comprising first cells each for transmitting data for a plurality of
separate communications, each cell for transmission to a single CPR unit;
_ packet switching means for switching said first cells to one of a plurality
20 of CPR units without changing the payload of the switched first cells; and
a plurality of CPR units each for receiving said first cells and
rearranging payload data of said first cells to generate an output stream comprising
second composite cells each second cell containing payload data destined for a
single CPR of another access switch.

25 46. The access switch of claim 45 wherein said multiplexed periodic
communication signals are puise code modulation (PCM) signals. -

47. The access switch of claim 45 wherein said packetized signals are
asynchronous transfer mode (ATM) signals, and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

30 48. The access switch of claim 47 wherein said packet switching means
comprise an ATM packet switch.

-
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- The broadband conponents can be conmon with ot her
ATMJs are |located in the ATMCM - Conposi te cells a m mﬂrlmﬂmum" s
within the switch, between ATMJs and CCRs f-or incom ng/loutgoimg s * )
nar r owband-t o- br oadband cal | s, as well as9between ATMJUs for intra-swtch

narrowband calls). - Br oadband | SUP is the signaling protocol used between

switches. - E-bits an | I t.0.t he
conposite cell segman? [Téfél gesg\%%rf’éﬁ a@f?%ﬁlﬁgﬁ?@s Qfﬁmﬁag{égﬁ'{s}’ alg?l no
change to t hmsmttedrihmbsmdgATM packersvEichrbrough arvimia path: thravgh saidand
call's, E-bitsy —PMEP &SARKt ed in the conposite cells between the ATMJ and

t he CCR E-bit processing I1s then perfornmed by the CCR The CCR renbves
E-bits for outgoing calls. Further, E-bit processing in the CCR m nmics that

whi ch woul d be done kg, mcmesssmaxbmmgahs WS&&W@Q&W egiodit t he SM

Is not affgcted t he int duct ans that it
shoul d be réﬁ%‘*&?ﬁ“ﬁ‘o‘ F’ﬁ&’@&ﬂﬁ%‘dg t there is not
another SM (i.e., the CCR mani puI at es the E-bit just as an SM woul d). Thus,

‘tﬂﬂg“ 3, conneet on ar 8ES Thh BEceS-RvitH SEc1Rbl 56 WheFeil sdid m¥ahefor CBiV&RYg 2l | OWs
comprises a plurality of asynchronous transfer mode units (ATMU) each for
receiving at least one signal stream comprising PCM samples and for generating at
least one ATM signal, said signal comprising said PCM samples of said at least one
10 PCM input stream, said at least one ATM signal comprising cells, each cell for
transmission to one of the CCR units of said access switch.

52. The access switch of claim 51 wherein said each access switch
comprises an ATM communications module (ATM-CM) for distributing cells from
ATM output streams of said at least one ATMU to ATM input streams of said at

15 least one CCR unit. |

§3. The access switch of claim 52 wherein said at least one ATM signal
generated by an ATMU further comprises additional cells, said additional cells for
transmission to one of the ATMUs of said access switch.

54. The access switch of claim 53 wherein said ATM packet switch
20 further distributes said additional ceils from ATM output streams of said at least one
ATMU to ATM input streams of one of the ATMUs of said access switch.

§5. A composite packet remap (CPR) circuit comprising: -
means for receiving a packetized input signal comprising composite
packets, each composite packet having individual periodic communication input
25 signals destined for a plurality of destinations;
means for switching the individual periodic signals of individual
composite packets of said packetized input signal to different composite packets to
form a packetized output signal, wherein said packetized output signal comprises
composite packets each of which has individual periodic signals having a common
30 destination; and i
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-33 - to recognize the loss of continuity to the far
transported in the cells between CCRs. The [’Uiﬁ
di stribution anmong the conponents is as fQllows: - The Al tpro. or-t

(punping, initialization control, etc.) T§ “the ATM CM the SMs, the ATM
Packet Handl er (APH), and the CCRs in the swtch. In addition, the AM
performs call procesd%dHeuapphtatiussofclaiin 68 wherein saidusdadigee signalk ioalsinyde

bit representing a supervisory state of a channel.

70. The apparatus of claim 66 wherein each of said means for converting
further comprises means for converting between said input or output signals and a
5 plurality of second packets transmitted periodically, on said first packetized output

signals, each second packet comprising segments derived from periodic

communication signals and associated signals of said signal streams and each second

packet comprising signals for channéls destined for a switching system outside said

telecommunication switching system or cluster;

10 wherein said means for switching further comprises means for switching -

- said second packets to a third packetized output signal for transmission to ones of the

outside switching systems.

\u
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switch, such as trunk hunting and NCT tinmeslot selection.®”The AM provides
information to the ATM CM necessary for per-call path setup when a
narrowband term nation is involved in the ggal |- For this
preferred enbodi nent, the AMis required to be a relatively high speed
processor such as AT&T's 3B21D in order to support the Futurebus+

extensi on. Thi s pATM NETWORKSFOR NARROWH ANDOHG OMM IGNEC ATIORS cessor

(BB- SP), a B%ﬁd Control Processor (BB-CP), Broadband QAMP System
(BB-AP) and B d Term nal Servers to be attached directly to the AM

and the ATM CM - ThePdB: Cedp Mandulasiont(REMirsigmib smeintsadre comaxtedsiteg and
subscri ber ser, SR

and B-1SUP Br‘%ggﬁgﬁg&f S{J@ E 5%5)( 481'|M)tc‘°ef.l§rf &gin%al ﬁt%?%ls?he sg&bscrl ber
profile for CEARRYBISARO weqba@ashsﬁus#@esysq BeM smpieipfinpl te 48 |
processing sofdiffaem voice GnBEidER, ﬂhetvafcé%hﬁecdbhbbéxhg sl O RBA e PN da

Pt ocessor - and BERRUpRR ey BRYS HSoPBR SRS EHUORT s A PR AR e Layer
(AAL) layers, ATM vimudi paths, édchwarttkerddstsitting one cell every 125 us. The ATM signals
are switched by units for switching cells (cell switching), while keeping their
10 payload contents intact, and by units for switching the signals for individual voice
connections between cells of an ATM signal (cell remapping). Advantageously,
ATM transmission systems interface with PCM systems without adding appreciable
delay and without requiring additional buffering. Advantageously, new voice paths
can be established most of the time by using available slots in the cells of existing
15 virtual paths. Advantageously, large telecommunication networks can be
implemented usihg a small number of switching units.

Advantageously, a central communications network comprising stages
of cell remapping interconnected by one or more stages of cell switching provides
flexibility for interconnecting large access switches; the cell remapping stage may be

20 made part of the access switch. Advantageously, an access switch comprising a cell
mapping or distribution stage for assembling cells comprising PCM samples headed
for a common output of the access switch are switched in a cell switch to a cell
remap unit for collecting PCM samples headed for a common destination into
individual cells of an ATM output stream, provides output signals that can be readily

25 and efficiently switched by a transit network for distribution to other access switches
of a large network. Advantageously, such a cell remap unit provides a key element
to the implementation of an efficient large ATM voice network.

For use with PCM switches, it is desirable to provide supervisory -
signals accompanying the PCM data. Advantageously, this arrangement permits

30 supervisory signals to be passed within an access switch thus simplifying
compatibility with existing switching systems.
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Interface (NNI) and the User-Network Interface (UNI). - The BB- AP handl es
all OAMP activities related to the broadband conponents of the switch. This
i nciudes integrity and recovery of the BB—%QBB— SP, and Renote ASUs. - The
Term nal Server supports asynchronous t iAal s gand i nterface access units
for broadband Operations Support Syste T 6s)f. - The ATMCM i s the
switching fabric for switching cells bdiRR}@R 4RT} erent ATM input and out put

bit streans. The ATMCM terminates the |owest |ayerg fof the UNI and NNI

ATM CM i s responsible for t I ntegritysgad

interfaces. It is al SD‘T‘E’S‘p’OTTSi"bI‘E"T‘OT‘& T er-cart —ant
provi sioned Virtual Hath (VEE connect i & %ﬂg BSH bandwi dtjlmal | ocafion. The

8CPVe of thg ATMJUs.| - The
CCR remaps internal clo s to g x?gpnc}-t—q&%a-edls. The
external cell to conposite cell/t:yte Mppi ng tabk®s in|the CCR are
mai nt ai ned by the ATM Cl LS-al SO _possi to carr flunction in
majntainec by I %twt,&ohﬁoéﬁs AT Y | ¥dhpbSfe |
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- 34 - CCR echo canceling.
conversi on between NCT ti nesl

- The ATMU, as described earlier,
ots and ATM conposite cells. The tineslot to

provi des

conposite cell/byte mapping tables in the 2A88U are maintained by the

ATM CM
conprised of an
over an ATMfacility. - The
suppl ement ary
Cal |

call control
this docunent.

- The RASU (Renbote ATM Switching Unit) is an optional
ASU- 2000 fabric,

processing in

uni t

of the type used in the ATM CM renoted

SM 2000 or other SM provide all the narrowband
servigﬁz(gnd fepat ures, as described earlier in

_ _ o
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SMs interworks with broadband call control in the BB-CP for connections

bet ween narowband and broadband subscribers. - For International
applications, the GSM 2000 (a gl obal versi og/gh SM 2000) directly
termnates the |lower layers (i.e., Message ¥r&aHsfer Part (MIP)) of the
narrowband Signaling System No. 7 interoffice signaling protocols. For the
AT&T network switches, a CNI (Common Network Interface) Ring perforns this
function. - The APH is an optional unit which is present if an RASU is
equipped in the system The APH per FOf (b, S ternination and ATM
Adaptation (AAL) layers functions, and provides,a communication mechani sm

for accessing unl‘ s-ys—t-e-m—wh—n—e a-r—e-—#eét—eel ) such as the
RASU. In the prefeérred ﬁe45bod| ment AGREBBISSWITOH CCRs recej ve cont’rol
i nformati on over ¢contro nks 541 , ect [ v{q@ (see|FIG 18)
fromthe call contr lln‘fq ( i e, Br&adband Cal |
Control, Broadbanfl Si gnal I ng, This is|in contrast to
t he SM which rece|vds, _control time sIoEZ of the NCT
| i nks connect i E% t he [EOMFOSETE cription
PCH CELL CELL | __ATM
GENERATOR| - REMAP
(ATHU) (cR) \

4000
600 \
ATM
COMPOSITE CELL
SWITCH AT™ CELL SWITCH
(TRANSIT REMAP (TRANSIT
CROSS- (CCR) CROSS-
CONNECT) CONNECT)

4000 540
§ §
\ COMPOSITE | coMPOSITE
AT 1| cEl | CELL | IPCM
REMAP RECEPTION [ 1
(CCR) (ATMU)

This Sheet Has Been Re placed

LT




FIG 23 is a block diagram of an access switch 1. The 5ESS[err] sw tch,
manuf actured by AT&T, and extensively descriped in AT&T Techni cal Journal,
Vol : 64, No. 6, Part 2, July-August 1985, éf@s 1303-1564, is the switch
described for use with applicants' invention. includes a plurality of
swi tching nodul es. The input fromthe | ocal svmtches 2 (FIG 6) are
termnated on switching nodule 510. This swi tching nodule conprises both
circuit and packet switching units, such a nodule is described in M W
Beckner, J. A Davis, E. J. Gausmann, T. L. Hiller, P. DD dson and G A
VanDi ne: "Integrated Packet Switching and Circuit Swtching Systenf, U S.
Pat ent 4,592,048. This nodule is controlled by a swi tching nodul e processor
511 which conmuni cates with a nessage handl er 513 for receiving and
transmtting nmessages. The T-carrier inputs fromlocal switches 2 are
termnated on digital interface 515 and are switched by tinme sl ot

I nterchange 517. Since the signals

FIG. §
FUNCTIONAL DIAGRAM OF CENTROL STAGES OF NETWORK
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signal s
Digrtal

t he SM 510.

arriving at the digital

(for exanpl e,

i nterface al so contain packet swtched
signals fromthe D channels of Integrated Services

Net work (I SDN) sources) a packet swﬁyQQing unit 519 is al so
provi ded. The outputs of this packet switchi'ng unit are sent to the tine
slot interchange unit for further switching onto output digital

In addition,

| i nks of
a SONET interface unit 521 is provided for

interfacing with PCM signals carried over SONET facilities fromthe | ocal

swi t ches.

contr ol

link signals are carried over optic fib
| ong enough to allow a SMto be renotel

and timng links (NCT 523,...,

FlCn o 6"

links is then term nated in an Asynchronous

up to 20).

The outputs of the switching nodule 510 are a group of network
524) (typically,

The NCT

d can readily be made
< A subgroup of these 20
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Transfer Modde interface Unit, (ATMJ) 540 which can also term nate NCT |inks
fromother SMs. O her subgroups fromthis SM can al so be connected to ot her
ATMIJs, the latter al so being connected to ATMCM 550. The out put of the
ATMJ is a plurality of SONET/ATM signals tﬁyyit%e comon broadband pl atform
(ATM CM 550. The AMM an extension of the adm nistrative nodule (AM 530,
is used to control sw tching connections in the ATMCM 550 and to carry out
common functions for a plurality of sw tching nodul es connected to a
particular ATM CM 550. The ATMCMis al so used to switch signals between
different swi tching nodul es 510 connected to ATMCM 550 in order to handle
tandem cal |l s between | ocal switches 2 that are not connected to a common
swi t ch nodul e. FIG 23 shows a configuration wherein the ATMJ
can be separated physically fromboth the ATMCM and the SM both the NCT
link and the SONET/ ATM link are arranged to transmt signals over |onger
di stances. Cearly, if the ATMJ abuts orgi artgof either the SMor the
FIG>8

ATMCM these facilities can be sinplifi As an ATM
crossconnect unit, the ATMCMis able to performthe
- : 123 us —
CER CELL|CER CELL|CER CELL]  |VBR CELL|VER CELL|VER CELL
FIG. 9
CBR CELL VER CELL
CHi1] .. |CHn CH X
SIGNAL |~ """ sicnap [HEADER} SIGNAL HEADER
FIG. 10
DIVIDING -
POINT
OUTGPING & INCOA!ING
CH1|CH2 |-+« |[CHn|CHn#t--"- «+|CH 47 | CH 48 |HEADER

\ 7

2-WAY TRAFFIC CBR CELL
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function of connecting ATM cells between ATMinlets and ATMoutlets. To
ensure that the conposite CBR cells that carry voice traffic are not

del ayed or lost, the CBR cells are given hlghhbglorlty They are sent on
facilities that are selected to have sufficient bandwi dth to support their
transport. and buffering is always able to accommpdate these cells.

Si mul ati ons have denonstrated that the probability of a queuing del ay
across an ATMCM in excess of 50 [err]s for a CBR cell, even when
facilities are fully loaded, is less that 1 x 10[err]. Narrowband VBR
signaling and other priority cells are guaranteed transport via margins of
bandwidth in the facilities that are reserved for this purpose. Those VBR
cells use buffers that are separate fromthe CBR cells, even though they
are on the sane facility. Broadband

FIG. 11
s 10
~ SONET/ATM SIGNAL
TRANSMISSION /CROSSCONNECT
1 NETWORK 1
4
1 76 N L
g Raws Y O !
. /86
ACKESS o AT CROSS et ol ACCESS
CONNECT
|
ACCESS TRANSIT 6 | ACCESS
SWITCH f= ATM CROSS- —={ SWITCH
2 CONNECT 1
[ f 6 o -
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-36- connections use separate facilities comng directly into the
ATM CM These broadband signals use different buffers in the ATM CM t hat
are separate fromthe narrowband CBR and VBR buffers. The
ATMCMis connectable via CCRs to a transit network 10, and is also used to
i nterconnect a group of ATMJs and their cof ted SMs to forma single
giant switching systemor switching system'cluster, the giant system or
cluster being connected to other switching systens via a network connected
to the SMs. During a transitional period, the existing tinme mnultiplexed
switch (described in the AT&T Technical Journal reference, for exanple, on
pages 1425-1426) can continue to carry Rart of the inter-SMtraffic and the

ATMJs and ATM CM can carry tha rest. Wiile in this specific
enbodi ment, the inputs to AT a group ¢f switching nodules of a
singl e switc%ng syst e8¢ such
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5ESS swi tch, the teachings of appli
i f separate switching systens,
to ATMJs.

Transfer Modde Interface Unit (ATMJ)

cants'

pr ovi
e

I nvention are equally applicable

I nstead of sw tching nodul es,
The bl ock diagramof FIG 23 is a specific enbodi nent
of the invention based upon the 5ESS switch architecture.

Th

comruni cati on nodul e for
an ATM crossconnect for clonnection
Switch Modul e nornmal format for voi
time slot. The ATMCM forlmat is a §

swi tchi ng nodul e and t he fﬂ}&&l&_Jb
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interfaces to the ATM CM over Synchronous Digital H erarchy (SDH) or its

U. S. version, Synchronous Optical Network (SONET), |inks. The SDH or SONET
links transport ATMcells. If, as in the preferred enbodi nent, the ATMJ is
part of a physical unit containing the ATMCM there is no need to provide
ei ther SDH or SONET functionality; in thisfgagg the ATMJ interfaces with
the ATMCM via ATMcells. By providing voice and data swtching the ATM CM
elimnates the need for the time multiplexed switch used in the

comuni cati ons nodul e of the prior art 5ESS system In this preferred
enbodi nent, the switch nodule (SM is an

FIG., 14
42 TIME SLOTS sDec DESTINATION
NI
n |4 136{ 18 | 73 TO ATMU
FIG, 15
42 TIME SLOTS upce DESTINATION
o, .. lsTO l 10 7’ T0 T0 SOURCE
SW k S CCR x
FIG. 16
48 DSOs - 1 SAMPLE ¢ DESTINATION
0so]  |pso] DSO[DSG]  |DSO|TO DESTINATION
48 k 43 1 CCR k
FIG. 17
1 DSO - 48 SAWPLES  '°C DESTINATION
a6 e TO DESTINATION
48 | 47 | 46 s (a4 |3]201 ey
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- 37 - SM-2000, previously referred to, larger than that described in the
AT&T Techni cal Journal reference to take advantage of the hi gher speed
cireuitry avail able today. The di mensions of the SM are di scussed bel ow, as
appropriate. While in this enbodiment the ATMCM interfaces via the ATMJ
with switching nodul es of one switching syt it can equally readily
interface with one or nore stand-al one switching systens.

Al t hough not currently planned for the preferred enbodi nent, the ATM CM

al so could provide SM nmessage routing to both the Adm.nistration Mdul e
(AM (of the 5ESS switch), and to other SMs, thus elimnating the need for
intra-switch nessage router. The ATMJ could convert the SM nessages from
Message Handl ers and/or the Packet Switching Unit (PSU) of the 5ESS Switch
Module to a format suitable for routing across the ATMCM A standard ATM
Adapt ati on Layer could be used for this purpose. The ATMJ al so provides
transport for the ATM CM Processor Intervention (CPl) function that can be
used to force a

FIG. 18

| 8BTS , 8BTS | B8BTS , 8BNS | B8BTS , 8BTS |

| PcM ' ABCDEFGP | PCM ' ABCDEFGP | PCM ' ABCDEFGP |

NCT TIMESLOTS ‘
N

ATMU
PROCESSING
sncc\/}uocc l
TS 42)TS 41f - cvvevrnnnns TS 2| TS 1| CRC|  ATM HEADER
-— 42 9-BIT BYTES »{§ BITSke~ 5 8-BIT BYTES —»
- 53 8-BIT BYTES ——a
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a situation arises that
1;}17 (SS7) messages are handl ed by virtual
thus providing switch to switch nessagi ng without the

requires a reset.

pat hs of the

rven| ng STP for routing msz %g (An STP, at | east
i1l desirable for use in A8¢ S|ng dat a bases, by providing
data base access to the signal transm ssion network 10.) The ATI\/U
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di rect I"y controlled to accept ATMinputs and to switch such inputs to a

desired destination. This arrangenent is useful, for exanple, for

swi t chi ng~such broadband signals as high definition TV (HDTV) signals,
Whi This SheYBas®Beba g4t h t hat nakes di rect nection to the ATMCM nore
econ or anot her speci al ssor can be used for

cont Bwﬂﬂw Mﬂ abl i shnent of ATM pat hs for these servi ces.

The made herein that conmputers or other termnals that

send or receive data have reserved adequate bandw dth for sending and

recei ving such data before making a reque for a connection through an
ATM CM FIG 24 is a block dlﬁrm of an asynchr onous
transfer node interface unit (ATMJ) 540. ATMJ i s under the overall
control of an ATMJ Central Controll er (A.Tﬁj C), which receives control
signals over control links 541 from$ t eCAIMECM  The I nputs are froma
time slot interchange unit 517 of on& or nﬂg; swi t chi ng nodul es 510. The
outputs are to the cqg dband ﬁﬁt’forngAT CM 550. The ATMJ i s
consi dered an ingr ngde” of \heSDbvéral | net wor k, and a PVC
I nterconnects t : [ ws traffNc™f om sever al
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SMs to be collected for transm ssion over one PVC fromone ATMJ to one
ATMU. The outputs of tine slot interchange units 517, which are groups
of NCT links, enter space switch 610 which has 42 outputs leading to
cell wide buffer 620 (C\B). Cell wi de Pu;éﬁ: stores 9 bit segnents, each
segnent conprising an 8-bit PCM sanpl e %/ one E-bit for the associated

channel . Each NCT link carries 512 16-bi {~tTTE slots every 125 [err]s.
The 16 bits include 8 PCME user datg b|t s§& n} ernal control bits,
i ncludi ng a supervisory si ing bi @(t e &Wijthz and one parity bit. Al
but the 8 PCM bits and E- bi efore an ATMcell is
formed. CWB 620 i ncl ude® 42 sedarate seﬁ-or ani zed menories whose
out puts can then be used J o tormtheg 48-byte payl oad of an
ATM cel | . The space svvitcl; SWTC out puts of the NCT
links to the appropriate tHe 42 vyirtual Qc AR S
621,...,625. The £8-byte parall ut put and a 5- e out puty *-r-ppFesenti ng-
a header, fromthELell |igadr 630 ent Df | fit-rdgisters
651. ..., 652. Tﬁ@art cEY | bgi st er i sge: ane qf the
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f FIGS. 28 and 29.
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havi ng,
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of NCT |inks which can be term nate

ATM crossconnect sw tch,

(LPU), each LPU generates a SONET/ ATM data stream These 8 data streans are
then switched in ATMCM unit 550. The term ATM CM as used herein refers to
out put s.
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is limted by the speed of the CWB nenories and the Cell

(CLP). If several SMs are term nated on one ATMJ it is desirable to

maxi'm ze the quantity;
nunber,
FIG 25 iIIustrates
controlled by a cont
of the inconm ng NCT°
menories that form

but a |l arger

sanple plus the E-bit
42 positions in the,ce
control of control
rate data incl udi ngglgn
670 (M.D) (FIG 13) %

transmtted by

into one of the|LPUs

been transmtte U
the cell. wide bl

24

FIG.
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menories, 621, 622,...,623 each conprising a 9-bit by N buffer 801 and a
control nmenory 802, where N represents the depth (i.e., nunber of cells

t hat- can be stored) of the buffer. In accordance with well-known principles
of the prior art, in order to preserve fra@' tegrity, the transmt cell
wi de buffer is a duplex buffer, one part n%d]l oaded while the other is
unl oaded; the receive cell wde buffer is triplex to solve jitter and frane
integrity problenms. The control nenory steers bytes fromthe incom ng NCT
bus to the appropriate position in the buffer. In addition, the systemis
arranged to transmt a pseudo randomcode in idle DSO tine slots to test
continuity of DSO channels over ATMf?rlgtieg n one enbodi nent, the
control nenory of a CWB is arranged t ért™and to detect the presence of
t he code under the control of the ATMJ CC. Alter nativsy , tones fromtone
sources in the SMcan be transmtted over DSO chan%ﬁ nd detected at the

far end. FIG 27 illudtrat gE‘%@W“ I 9t Processor (CLP) 630,
Facility Shift Register (FSR) 651,] and™Li rocessor{ Unit (LPU 661. The
CLP 630 si nmul t aneously, t,he GVWB 620 whil g ﬁ)ntrdl ling the Sel ector
653. This causes one Zlﬁéjﬁ(-@-cau—t“&.ﬁ? en ijnto the SR 651. In
addition, the CLP outlputs the . .
NCT LINK n
NCTUNK L I L NCT BUS 1.
NCT UNK n+1: :
NCT UNK n+m 1 708
: CONTROL :
MEMORY . T0
! : i : | CELL WIDE
: BUFFER
620
FROM | NCT LINK 1 702 :
SWITCHING . :
MODU . .
To | Nerunkn o N
evom——————— et
NCT LINK n+1- NCT BUS 42 °
NCT LINK n+m 704
| CONTROL ,
MEMORY
NCT LINK 1 710
' : TO0
NCT LINK n - MESSAGE
SEL NCT BUS 49, L™ LaveR
NCT UNK n+1:, | DEVICE
: 670
NCT LINK n+m il
CONTROL
MEMORY
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5 byte header into the SR at the sane tinme. Thus a full

| oaded into the SR The cell
sel.ector 663. The

661 transnmits the cell onto t

53 byte cell is
is now shifted into the LPU 661 via CBR VBR

- 40 -
he SONET f aci

bl/§¥ to the ATM -CM
FIG 28 shows the Message Layer Device 626. he M.D 620 receives nessages
on NCT tinme slots fromthe Space Switch 610 into Interworking Units

1020, 1022

. _NCT 1

1024. These nessages coul d be inter-SM nessages,

SS7

FIG. 26
620

G WIDE BUFFER

i [ N SEGMENTS/ u
| | earmmoN” |
s-ary |

NCT BUS
FROM

SPACE ] _NCT 2

- WIDTH
; BFR .

| 1 o8

. CONTROL '
MEMORY

822 N\ 1

! - I
N 9-BIT SEGMENTS/

10
[ FSR

SWITCH

PARTITION

S

623
N\

-

o N -8 SEGMENTS/

NCT 42

PARTITION 42 '

1

|
CLP 630
ACCESS
BUS

" This Sheet Has Been Replaced

[

LPU



messages or user generated nessages such as CCITT X 25 nessages. The
Inter- Working Units (IWJs ) determ ne the correct pre-provisional ATM
Virtual Circuits identifier, and segnents the nessage into ATM cel | s per
CClI TT specifications using the determned VC identifier and other header
fields as described by CCTT ATM Adapt at i @@/@yer speci fications. These
cells are subsequently shifted out of the Interworking Unit into the

CBR/ VBR sel ector and LPU 661 shown in FIG 16, under the control of the
CLP. In the preferred enbodi nent, theﬁ@utsg? j oined and sent to one or
nore of the CBR/ VBR sel ectors. 29 shows an | nterworKking
Unit 1020. NCT tinme slots are connected via th§ gelector 1110 tegyhe data
link controller 1120. A Data Link Controll 50 pr 86®sse ' IeveI
protocol that includes, flags, bit insertifon,}and A sé¢cond controller

1140 processes SS7 or link access protocolf wifhin t ss
1130 determnes the Virtual path to be dge%pr t he % Eépm’?%

the ATM Adapt ation Layer (Ajt§20roce T NBR i nto
ATM cel I's. The ATM_cklf aced, junder] the Eont R 8EL of MﬂMT apt At i on
Layer Processor (AALPY 1160, intjo .th Cée_l_ Bt }3653- noti
' . . 3 10
CELL 1 . -
WIDE —>{ SEL : Do raﬁgi‘a‘éila
: : : 550
42 | ICBR; LINE
ggf& $ fj_ SR —| VR — PROC A%
) 652~ SEL UNIT
SWITCH 5 SCNET/ATM
810 - L
$ 664 \ §62
—e SEL
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confused with Cell Wde Buffer 620 (FIG 24)) where they are | ater
transmtted under control of the CLP 630(FIG 16) into the CBR/ VBR sel ector
663 (FIG 27). High priority cells are inserted into Cell Buffer 1170
before low priority cells. Cells fromthe cell buffer 1170 (FIG 29)
constitute the VBR cells showmn in FIG 8 EH{39125 [err]s frame). The cell
buffer nmay have to be several cells deep to take care of VBR cell bunching
fromthe ATM CM The AM serves to support the entire 5ESS
switch and ATM CM (i ncl udi ng ATMJs) QAMP needs. These include downl oad and
control of the ATMCM craft graphical display, and comunication via ATM
wth SMs. FIG 30 shows the AM ATM CM system architecture as conprising the

fol |l owi ng conponents: - ATM Managenent Modul e (AMM i ncl udi ng
directly connected termnal. This is an adjunct fault tolerant
processor that connects to the existing 5ESS switch AM and serves
to provi ded added processing throughput for new ATM CM and ATMJ
capabilities. - Ethernet Bus to interconnect AMAMM w th G aphical
User Interface
FIG. 28
620
MESSAGE LAYER DEVICE
’[1010
NCT BUS ' | FaN oUT - , |
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e 1020 ’f 1022 !7 024
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-41 -7 GUJ), ATM Packet Handler (APH), and ATM CM

Smal | Conputer SystemInterface (SCSI, an industry standard) peripherals
for- di sk, tape, and Conpact Di sk Read Only Menory (CD ROM on-line
docunent ati on: These augnment the existing AMnon-volatile peripherals.

- QU workstation termnals that supports22X3®ting 5ESS switch equi pnent.
ATM CM and ATMJs. - ATM Packet Handl er provides the
AM AM with the ability to -

FIG. 28
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comuni cate via ATM over SONET to the SMs. The SMs term nate the

APH s ATMin their ATMJ M.Ds. To conmuni cate with SMs, the

AM AMM sends nessages via Ethernet to the APH which perforns the
nmessage to cell conversion and transm’tta:‘?‘:i/gﬁ TM CM over SONET.

The GUI and non-vol atile nmenory are comme conponent s whose control
resides in AMM software. The desi gnﬁ nd APH conponents are
expanded in Section 5 of the

FIG 31 illustrates the ci rcuﬁ)ﬁuﬁ' ?ﬁgﬁt“ﬁ%ﬁ?@ﬁw&f perfornmed by a
swi t chi ng nodul e jorocessor 511 —orother - p* %&t-a—a-bem t he
status of PVPs AMOOAM&R mmem ,SUEPDRT) kTHe stination of the

call. This procegs - - —fe6ees—a- f&e-t—r-eﬁ—b+ock 1200)
and det erm nes (pe%t 1202) | r e AMM: PERI HERALS m ava Q g dircuits
(channel s) on difjeqgt agt

e desti |on
of the path requestl. [IT so] the able cijrquity is sel ect gqd (
bl ock 1204) RIRROREPEYS q0€e i SASERIDGE. |t e node (téﬁl cdl liy,' a
processor for angthen AThldysat t otlhér dénd CDoROMt i fly It hat node
that a circuit has'bden establighdon DRIMES i cdl ar Sl ot of ! a
particul ar active CBH - ,

action

| |
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TRANSCEIVERS
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If no available circuits on direct active CBR PVPs are found in
test 1202, then test 1208 is used to determne if there are any avail abl e

circuits on alternate active CBR PVPs. If so, then an avail able
path from one of these alternate active virual paths is selected
(action block 1210) and the node at the ot3#f3%nd is notified

(action block 1206). (An alternate active virtual path is an active virtual
path using an alternate route which is a route that uses at |east two |inks

i nst ead of the single link direct route.) If no circuits are
avai | abl e on active virtual paths for this circuit request, then
a request is nade to allocate an additional virtual path (action
bl ock 1212). This request is sent to the adm nistration nodule 530 (FIG

12) whi ch actlvates an additional virtual path as described in
FIG 32. Eventually, t 1 adm ni strative nodul e responds to SMP
511 with a success or allure |nd|cat|on and In the case of a

success indication, the identity ofggghe allocated virtual circuit.
Test 1214 is used t© OETERPAFE L1l juccess or failure. If the allocation

request has CIRCUIT REQUEST

r1204

SELECT ~
AVAILABLE CIRCUIT

AVAILABLE CIRCUNS T L1210

ON ﬁk}%&’f_“}ﬁﬁ;“’ E AVAILABLE CIRCUIT ]
1212 v 1206

REQUEST ALLOCATION NOTIFY i

OF VIRTUAL PATH OTHER END NODE |

1207
s 1214 END
NO 1216
ALL PATHS BUSY
TREATMENT

i i!Zﬂ
(LEND)
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-42 -  been successfully responded to (positive output of test 1214), then
test 1202 is reentered in order to performthe process of selecting an
avai-lable circuit. If the allocation process was unsuccessful (negative

out put of test 1214) then an all paths busy treatnment is given to the call.
for which the path request was originally2 ¢b€|ved I n bl ock 1200.

It is assuned in this discussion that the controlling processor, such as
the switching nodul e processor maintains a |ist of active CBR virtual paths
for carrying traffic outgoing fromits associated sw tching nodul e and

mai ntains an activity state for each channel of such a virtual path. It is,
of course, also possible to

FIG. 32
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maintain this informati on el sewhere such as in the adm nistrative nodul e,
but the suggested arrangement mnimzes the time required for establishing
nost calls. Further, it is possible to use virtual CBR circuits with

t wo-way channel s but such an arrangenent le it allows for nore
efficient use of the virtual channels, éé/bgs negoti ati on between the two
endpoints in order to prevent "glare" (| e., a situation wherein the sane
channel is seized concurrently by the two end nodes connected to the
channel ). FI G 32 describes the process of activating a
virtual CBR path, or for a split path, a group of channels. Many nore
virtual CBR paths are provisioned (i.e., stored in nenories of the network)
than can be active at any one tine. Basically, virtual CBR paths are

provi sioned to handl e the peak traffigﬁp tﬁée y pair of nodes. Virtua
CBR pat hs are consi dered activated wh jf 233?avallable for carrying
traffic. The process of activation is designed tggggure that the physical
ATM facilities carrying the virtual T over | oaded and t hat
no defective physical ATMfacilitidgs._a Ny traffic. In case of
a failure, for exanple, all virtual C%&g %&Qﬁgﬁe the failed facility
must be deacti vat ed. : - -

1402
NO

CHECK
FOR PARTIAL FILL
PYP

CONSOLIDATE INTO
TARGET CELLS, FREEZE
CELL TO BE ELIMINATED

V1412
SEND MESSAGE TO FAR
END NODE WITH VP's,
CHANNEL RE-ORDERING

¥ 1414
COPY ELIMINATED
CELL'S DSO's TO
CONSOLIDATED CELLS
:
|
v 1418
RECEIVE POSITIVE
ACKNOWLEDGEMENT

v 1418

DEACTIVATE PYP OF
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OR CONVERT INTO

INCOMING PYP
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In this specific enbodinent,
CBR paths is anal ogous to the process of seizing individual
accordance with the teachi
described in G R Ash et
| ess heavily
rOne
descri bed herein which

traffic over
SONET/ ATM facilities.

routing traffic over in@vidual trunks is the use of split groups,
illustrated in FIG 10, &.e , active virtual CBR paths.a. partian. of.uwhpse.
channel s are used for going traffic in one direction and anot her pd‘tion
of whose channels arejuggd for outgoing traffic in the other direction
Such split groups are] &= especially efficient for use in carrgry b
traffic between two nddes for which the |evel g::‘ g
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-43 - of trafficis relatively low Another difference is that nore |inks
may be required for alternate routed traffic so that the | oad of several
| inks may have to be considered in selecting an alternate route PVP for
activation. Athird difference is that PVPs using an internediate CCR, as
shown in the mddle CCR of FIG 4 and of 23/@9 11, can be wused as alternate
routes, equivalent to "2-link routes" of the cited patent; such alternate
routes are rel ag vely i nexpensive since they do not require traversal of an
i nternedi ate acéess swtch. An admi ni strative nodul e receives
an allocate req@st froma switching nodule processor 511 (action block,
1300). The admi & strative wodul e fitst determnes (test 1302) it there any
virtual CBR patp_.;; carrying split traffic (i.e.,
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outgoing fromthe two end nodes). If so, the adm nistrative nodul e

determ nes how many channels are currently busy in each direction and
checks if there is adequate margin in the split group to allow for an
additional few channels to be allocated in the direction associated with
the allocate request. The channel s of spﬂ?i/@ﬁoups are arranged so that
the first n channels are hunted in one direction and the remainder in the
ot her direction,and that the hunt for a channel is performed in such a way
as to keep thegn ddl e channel s avail abl e whenever possible. If mddle
channels are ag®ilable and |f the nunber of these available channels is

- sufficiently | ag@é& ¢ alrTogy ~for };nn}enent “of "tHe divi'sion point’ o

(positive resul gdof gest 1304) then the split point is moved (bl ock 1306)
and the two end&ho ar o informed (action block 1308). The requesting
node is infornmed ofg su% Ss in réspomse to the allocate request and when
the requesting SMP ré¢trieSjtest 1202 apd 1208, one of these will now pass.
In this enbodigpnt $plit groups aje checked first simulation studies may
show that the &htermative¥of. .checking.lfor. avail abl e.additional. PyPs. first,
isS nore optinu ] j If n¢ spliit grouffs are avail abl e (negative

result of test 1302) of if tWhere i ¢ inadequatejmargin in the split group(s)
(negative result of teit 130{) theI test 1320
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,
deternines if there is an available idle provisioned direct virtual CBR
path. If so, it is necessary to check whether activation of an additional
CBR PVP wi ||l cause congestion on any link carrying that PVP. |If such
congestion is found, that idle provisi oneg gjgect virtual CBR path is
rejected and not activated, and test 1324 P ried; if no congestion is
caused, that path is activated (action block 1322) and the two end nodes of
that path are inforned of thias activation (action block 1308). O herwi se,
test 1324 is used to determ if there are any alternate avail abl e virtual
CBR pat hs. I n nmaking the chogce..amng.avail abl.e.alt.ernat.e.CBR.paths.,..the

principles of real time netvi& k routing fare jused by preferably selecting
avai l abl e alternate virtual gBR paths that use relatively lightly or |ess
heavily | oaded ATM =1 =]
=]
: 3
& ° Y
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facilities. In making the determ nation of which facilities are | ess
heavily | oaded. since two link circuits are preferred over 3-link circuits,
t he | oadi ng of the potential 2-1ink circuits can be ascertained by
requesting the admnistrative nodul e con to the ATIMCMthat is
connected to the destination switching no e to report on the | oading of
Its ATMcircuits. Since each activation of a virtual CBR path represents a
| arger utilization of resources (48 channels versus 1 channel) than is the
case for the selection of a single trunk for real tinme network routing, a
| oadi ng threshognglnlt .beyond..whi-ch..vj.r-t-ual...CBR-pat hs:-shoul-d--not---be--- -
activated shoul e applied for any fafility that is used by a gandidate
CBR PVP. The limt is also affected bylthe anount of VBR traff.i ¢ supported
by the ATMfacilities. Cearly, t sé mt is a paraneter whlc§%hould be
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which may be different for different ATMfacilities, and which should be
adj usted as field experience is obtained. Note that in the
preferred enbodi nent, all provisioned PVPs have a predeterm ned path
traversing two end nodes and a vari abl e nunber of internediate nodes.
Alternatively, switched virtual paths coldd’d® provided having a variable
path sel ected at activate tine. If no available alternate CBR
virtual paths are available for assignment, then the allocate system
returns a failure indication to the requesting SMP (action block 1326). If
an avail able altekpate path has been chosen (action bl ock 1328? (the
avai | abl e circuit Bs sél'ected anong arternate circults Wh rel'at]vel'y i ow
| oad) then the alternate path is activated (action plock L330) angd thé end .
node and internediate ATM CM switches are noti f¢ %)f t activation of the
CBR virtual path. The active CBR P s ol i%hti on prbcess will
now be discussed. In the course of normal toll fal®]acti ty, it bsually
happens that different conposite cells between ¥wo ¢nd nofles are hot
conpletely fill ed@Fur.ther.nor.e,...i.t..i.s. a.fregupnBe.octurr.ente,.t-hat...{-he-{-ot al
nunber of DSCs in N active conposite cells is:lgss than or
=- -
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‘equal. to the total nunber of DSGCs supported by N-1 conposite cells (48
N-N)-. In that case it is desirable to consolidate the PVPs carrying these
celts to formnore fully utilized cells that carry the DSGs. The PVP for
conposite cells which no | onger have active DSOs can then be nade inactive,
t hus freeing bandwi dth on one or nore Aﬂ@4%ﬁﬂlities. That freed bandw dth
can then be used for conposite cells between other sources and
destinations. Thus, nore efficient utilization of the network is achieved.
The consolidation process is described in FIG 33.
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In the discussion that follows the conposite cells being consolidated wll
be di scussed as bei ng between ATMJs. and the processing of consolidation is
performed by the ATMCM controller. Alternatively, it is also possible for
the AMor SM processor (SWMP) to control ‘13%? gonsol i dation of conposite
cells instead of the ATMCM Howeves, the '3 essing would be the sane in
either case, only the identity of gue processor woul d be different.

To perform consolidation, pr@.e_sgp& continually check active conposite
cells for a partial fill cepEan ich is defined to be N conposite cells
to the same destination sulh’Eh@ @ he total nunmber of active DSOs within N
cells is less than the total =h@¥eS of DSOin N 1 conposite cell (i.e.,
(N- 1)*48). The anount by vvhﬁ_h th um of the active, channels in the N
cells is less than (N1)*48 is a pay pet er whi ch should be set as a result

of simul ation andr~expe+rt+enee. —I er—s—too ow—Say ZeT T,
t hrashi ng may occgr, If it igtoo hi gh, say 10, ineffi@ent use of
facilities will ogcur. For t@s I SCHSSI a et and i‘_\ﬁcorr spondi ng PVP
are used nore or |less inter eabl3¥. Ea agge cel I s unger
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the control of one connected end node, the end node that originates
outgoing traffic, or, in the case of split traffic cells, a node selected
arbitrarily. When the controlling processor determnes that a partial fill
condition exists, it conmunicates a request to the destination node to

consolidate the N conposite cell s~~The redge¢39 contai ns: - The

I dentity of the N conposite cells=%e.qg., via the Virtual Path Identifier).
N-1 cells are the consoli dat®d celu_ , and one cell is the cell to be

el i m nat ed (since i \5IT~e.arry no DSCs foll ow ng consolidation.)

- Alist of DSO cell re-orﬁﬁlﬁ fgomthe cell to be elimnated to the
consol idated cells. In thi¥ @ iggent, DSOs of the consolidated conposite
cells remain in the same celg ocghidons, and DSCs fromthe elimnated cell
are noved to idle positions Tn th&donsolidated cells. The

ot her node responds with an_acknow g¢dgement to consolidate, During the
consol i dation perniod, new calls that require transport beévveen t hese tjwo

nodes (typically|sw t chi ng Epdule onI yse DSCs frgm t he
consolidated cell}] that are to bgfil tea@ the cel Itfo be I m nat ed.
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gger the activation of a PVP for one conposite cel
-46 -

PVP is being elimnated. This unlikely occurrence is in

whi | e anot her
aceordance with the invention since eventually excessive PVPs are

arrive and therefore tri
el i m nat ed.
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A/ nQuca I _ReEfLALEMENL bel:lb M) x|

eth DSO on an NCT Iiné Qisé?ﬁ‘?rﬁe sﬂ/ %esi’fééﬂ’nfrléﬁ#‘?het%?&?ﬂ

fxtkmes to be placed into two dif ﬁ)ﬁwﬂéﬁl | s pagad (SO paged 3,1
h

The processor perform swinglhat i paged dmbmpaksdt. b
rffodm t hi,s function. After perfor Ustraat act pagad g be paged . 3¢
priocessor_sends ja|nessage to the other node 4 ndicating that the

S5im | ar essage ﬁ.rwoqﬁ

destination processpr comands ) |
elimnated cell. The AIMJ CC causes the ATMJ to read DSGs fromthe buffer

| ocati ons asso%bgg,ggalvp@la the consolidated cells instead of |ocations

associated wit ated cell. The ATMJ CC then renmoves this cell
fromthe CLP's active C%WQ’F‘E@%@HWS@@@WC@F foriesablishingaigddl te cells

are no | onger eitbn@fiuniéRions s6ithecidny, B modd spelEichily, fob Bdtshliskin¥cack he DSOs
are swtched via the ATMJ to t NCT | i pks therels no change “of tine .
eecdignd'sr HORR R e

slots on the NEFPFFRRY WSHE Bing SYSEBThge) . The ot her end

t hen al so. deacProblems the PVP of t he el i m nat ed cell. A problem
arises if a channel fr Oﬁ?c%?f% ot 'lﬁgé ﬁﬁ‘ﬁﬁfu’%ﬁ e thil rgfegh&n: SeFALE continues 0
be expensive. While there have been major breakthroughs in the cost of
provisioning of high capacity transmission systems using fiber optics, the access to
such fiber optc systems and the switching of signals on such fiber optic systems
continues to be costly. Further, the cost of switching the signals from one channel to
another in a tandem-toll switch remains high.

Further, there has been an increasing need for a very large
telecommunications switching system or its equivalent. In the past, this need has
been partially met by the use of smaller switching systems interconnected by
moderate capacity tandem switching systems. In the case of a switching system such
as AT&T's 5£S-S® switch, a fairly large system has been devised using switching
modules of substantial capacity interconnected by a time multiplexed switch. None
of the available solutions, however, have resulted in an economically satisfactory
solution to the need for a very large switching system or cluster of systems for
simultaneously handling substandal quantities of telephone traffic, low speed
telecommunications data traffic, and-high speed telecommunications data traffic.

A new standard has been implemented for transmitting combinations of
broadband and narrower band, packet and circuit signals over broadband facilities.
This standard, the Asynchronous Transfer Mode (ATM) standard, packs data into
frames each frame comprising a plurality of cells, each cell being 53 bytes long, the
53 bytes consisting of a 5 byte header and a 48 byte payload. When a 125
microsecond ATM frame is transmitted, each of the cells may be headed for a
separate destination, the destination being identified in the cell header. ATM
standards under consideration specify how to pack 48 voice samples from one
speech channel into a cell and to ransmit this cell across an ATM network.
However, this incurs an undesirable 48 sample (6 millisecond) delay for filling the
cell with the samples, and requires a large amount of storage for the sampies prior to
their ransmission and after their reception. No sound proposal has been made

public for the economic use of ATM for transmitting voice signals from an ingress



channel in another cell; during the period of transition, this cell would
be witten into the sane channel position of two buffer locations. This
probl em can be overconme in one of three ways: - The speed of the CW\B
can be doubled to allow two wites to occulr-in one i nt erval -
the consolidation can be arranged through software to avoid such a

transition  pode roa ddtoolid t%’lsrhﬁ!nﬁﬂcxr‘ffgf OfedtBilRed br &%eéﬁ?ﬂ%ﬁthoﬁﬂ: fne

freei ng anot her chann ransferred-to c cop I ng busy
channel to th@lﬁ@nly lkutbﬁﬁhfasméﬁﬂlsﬁnmng#@wmwembrq@dbm usly busy

channel , thennézmwsaaeﬁeerammﬂosmsmemas tid fr@Bmission facilifts G dcdRBinid
rel eased to th rel eased the target cel

ann |
two or nore “‘é‘?'b %soqfﬁé&aé’ﬁpf‘ E sﬁ'?mf’lc@quﬁé?‘ 7§ AGOPIBYNIGHIONSt t he SMs
controls the ﬁ&z‘ﬁoﬁeforgmimhngaﬂagc ﬁiulupltdﬁfy&:f&ubirbwbhﬂﬂevdi% signilbEropdmmect ed

T O oo™ 8 SR or Bl A0 SR Sk 8 B RS AT 01,
for i npl ement Rodgsofi hecrpiwotk uking b t’p’l"ﬂcm:udswghwnmmnnc this delay. Further,
no sound economic proposal has been made public for the economic use of ATM for
achieving a very high capacity low delay large switching system or a large highly
interconnected cluster of smaller switching systems.

The above problems are partly solved in accordance with the teachings
of a prior patent application International Application Number PCT/US93/02478
filed in PCT on 18 March 1993. According to the teachings of that application,

signals from a plurality of puise code modulated (PCM) channels on a plurality of
PCM lines, each channel for one telecommunications call, are switched by ATM
interface units (ATMUs ) onto ATM signal outputs such that each of the calls
destined for a common switching module or independent switching system are
packed into a single composite ATM or ATM-like cell; the ATM signals containing
such composite cells are transmitted to and from an ATM Communication module
(ATM-CM) (called a common broadband platform in the cited applicaﬁonj which is
used for switching ATM cells; such composite cells are transmitted at a repetition
rate that is the same or a sub-multiple of the repetition rate of the PCM signals that
represent the voice signals; the cells are transmitted over constant bit rate (CBR)
permanent virtual circuits (PVC) from an ingress switching module or system to the
ATM-CM of that node or access switch, thence, to an egress switching module or
switching system or to the ATM-CM of another access switch. This solution avoids
the 6 millisecond delay because only one sample from a given call is placed into a
composite cell. Permanent virtual paths are provisioned as the traffic betweena
particular ingress and egress module changes, but such paths need to be activated or
deactivated only when an additional group (the group size being determined by the
number of voice channels that are transmitted in each cell) is needed or can be

_released.

A problem with this partial solution is that there is insufficient traffic to

justify permanent virtual paths among the large plurality of ATMUs in a network
having many switching modules. Further, the partial solution has the disadvantage

that the addition of a single switching-meduleto any access switch of a network
|REPLACEMENT SHEET{
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i cnt rols allocation of per manent virtual paths (action

ck A Yebt is made to
THIS SHEET HAS BEEN
- .4755];%term je{t he exi stence of partial fill p=rrranq{gpmbfglt)ual pht hs

rf's \test is perfornmed by chgceking t&—see—tf—ttrere—are N PVPs

A 1 RVPs I d
0 t he searcmubﬁgsmgﬁtafic?%é?%? PF 5‘@5&1 tﬁéﬁ ut%ﬁgssﬁgfrﬁtﬁ%k 1¥| ?In g{/PEr
are nost | i kepgrationdlanfiadministratvesprebldont such a |ISt

Solution

In a departure from the prior art, described in this application, a
composite cell remap (CCR) unit is introduced between ATM cell switching stages.
The access switch is enhanced to include a plurality of CCR units, each of which
converts between cells on an ATM signal received from an ATM-CM, each cell
being from one of a plurality of source switches or switch modules and destined for
that CCR unit, to cells each containing communications destined for a common
destination CCR; this is accomplished by switching the individual channels within
each cell of the input ATM signal to cells headed for the appropriate destination
CCR in the output ATM signal of the CCR. A transit crossconnect is interposed
between CCRs of different access switches, to switch cells of incoming ATM
streams to different outgoing ATM stwreams. This transit crossconnect is equivalent
to the nerwork of crossconnects used today in long distance synchronous voice
networks. Advantageously, using this kind of an arrangement, a transit
crossconnect, in conjunction with a plurality of CCRs in an access switch, can be
used efficiently to interconnect the links of a permanent virtual path between two
access switches, and can link modules of different access switches even when the
traffic between the modules is well below the capacity of a single cell.

In accordance with one specific embodiment, each composite ATM cell
berween CCRs carries one byte of each of up to 48 voice communications, and the
composite cells of the CBR PVCs are transmitted at a rate of one cell per 125
microseconds (is). Advantageously, such an arrangement simplifies the interface to
existing PCM systems.

Virtual paths in the ATMU are assigned to gather traffic that is input to
the ATMU into cells such that each cell goes only to one CCR or ATMU destnation.
For intra-access switch traffic the cells go to the ATMU connected to the destination
switch module. For inter-access switch traffic, the cells go to 2 CCR and are then
transmitted over an ATM link to a transit crossconnect or directly to another access
switch. The access switch that contains the destination CCR, or for intra-access
switch traffic, the destination ATMU, determines the choice of which inputs are
assigned to which cells. In the case of cells destined for a CCR, if the CCR is -
directly connected to another access switch, a situation which may occur when either
there is a great deal of traffic between two access switches or when networks are
initially small (i.e., few access switches) thc_n the traffic that can be placed in a cell

Has Been Replaced

\\\\\l\\ i



RM@L&M estination set is checked if the partial fill condition
oes 1ot exi st} (jnegative result of test 1402). a C”“"lﬁlﬁﬁéﬁﬁdﬁl\égfﬂee | f

clonpl ete (test 1404) and if so, this Ree®of the
_,o?sol gatlon prjocess at this tinme (end hlpck 1406) $ .IULP,E anotter—set of
or the partial fill condition. (In general, it is expected .
one PRVP. car traffic initia Lo A
Ftfe frtintd fonsoé BridpariaBansfin SR S FEriet PR Ppu Blee
el i mi nati ng t hewhichght QER thanisehsddstinsiome’ te celt is cmmnemcﬁ zwfa; ansithese
channel s have be LM ak i e
converting t h&Q égﬁﬁkétn@g ﬁW%W@?%& Iﬁgfo %Q?EQ%HCV%SSPVP but
to a cell of awﬁmmnnsdt@tqmemmmsscommct.lthc ﬁ@& Vil sepveclorsegisERted by t he
ot her end nod e 2o)r cach of the poésfb#@dé%ﬁﬁ%&l adcldd sﬁ?@é@ﬁmb %oﬁxf!é‘éﬁ tfa%@ﬁ' tive

result of test the total traffic caﬁ d over
the route ser%SWﬂF‘ﬁég'@ ansmc%aﬁl%a'ha&@ﬁ%mwogmwtwas g €PVP (to

TR o rmh e T

channel s f ?or’n?%r ﬁ?\w&"g aﬁ?%ﬁ?’ﬂﬂcq H’[‘%g‘#ﬁ ’%%Fg%t E:&c&)clcﬁ ! f‘(ﬁ‘lu %&oc k

1410) . A nessdgeugls thefdestinazion ateess bwittln ATMCMad dle(mcnémmmhamﬂm ng
' and thence to the destination switching module.

The assignment of traffic to cells, i.e., the assignment of traffic to the
virmal paths of the ATMU, is further modified by considerations of reliability so
that, whenever possible; wraffic between access switches may be switched by a
network of crossconnects, e.g., via two different wansit crossconnects. If the amount
of traffic between two access switches is small, then it may normalily be carried over
one of the two transit crossconnects and in case of system failure may then be
switched to a CCR connected to the second transit crossconnect interconnecting the
two access switches.

The assignment of traffic to output cells within the CCR is relatively
strai ghtforward. If the CCR is connected to a transit crossconnect, each output cell
contains traffic destined for a single destination CCR of a destination access switch.
Because the destination access switch also contains a CCR unit and tecause of the
full interconnectivity of the ATM-CM in the destination access switch, there is no
need to scgrg-;gatc traffic destined for switching by different ATMUs in the
destination access switch.

All of the units described herein carry traffic in both directions. In
general, only the outgoing direction is described in detail. Those skilled in the prior
art will readily understand the adaptations necessary for the reverse direction of
transmission and switching. |

While the preferred embodiment uses ATM, the principles of
applicants’ invention apply to any packet network. Implementation is simplified by
the constant length packet size of the ATM cells and the use of ATM standard parts
will make implementation of applicants’ invention economical. The equivalent of an
ATMU and a CCR in a more general packet network are units which can pack and
unpack the contents of the packets over the period of a frame of a multiplexed
periodic communication signal such as PCM or PCM-like (e.g., adaptive PCM)
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traffi n Réglayedi nf or mi ng that node of the new channels to be
occupi I, els fromthe PVP which is to be deactivated (or, in
the ca traffic PVP, to be converted into a one-way traffic

PVP). The outgoing node al so arranges to have traffi mehs of
the cell to be elininated transnmitted to béth the ceITHléfsé ) A e
elimnated and the consolidated target cell (action lbhlack The.

?Ut goi Eg si de sigmiis. t'ﬂ&mqaﬂaleciiubi(')a cmem/;emgdomlcm Qc@@hmdedgg{wudmssage
romthe iInco ode tion 141 onse to that message,
the PVP corre?ﬁgged %’g ﬁg&?}ﬁ}a ﬁ%ﬁ%@%l"%@“f@-\ﬂ ?W‘é‘c?r(“ﬁt’f‘?rﬁr?t bl ock
1418) (or, in crmcmetsommakmswagmﬁy&bmtmah eiViietwerk dfgrackainwirchiag farico an
i ncom ng traffj,e.only PVP). Foll owi ng execution of block 1418, other PVPs
are checked for the partial fill condition (test 1402). Detail ed
Description of ATMU  The subject marigr glairaed inshisdipplicativagelates thihghotabvel

desi gn of theneaymhﬁaa&ugAmfﬁAmwmnhé %Meakﬂfa&cdéswﬁ@.ﬁaman

performthe f g ener a IE %& reverse:
Fransit crossconnect conncct e CCRs for interconnecting the CCRs

between access switches and for directing cells between incoming and ourgoing

ATM streams without changing the payload contents of each cell. Advantageously,
such a network can be used to interconnect a large number of PCM channels over an
ATM network which can simultaneously be used for ransmitting broadband signals
using the very high capacity of the ATM transmission arrangement.
Advantageously, in such an arrangement permanent virtual paths can be established
through the ATM-CM:s and the transit crossconnects for composite cells carrying
individual PCM samples for a plurality of PCM channels; such permanent virmal
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source-destination couplet of the ATM-CM or
transit crossconnect and permanent virtual paths are deactivated only when there is a
substantial reduction in the need for the number of channels required of permanent
virtual paths between a source/destination pair of the ATM-CM or wansit
crossconnect. The permanent virtual paths can also be established for carrying
conventonal packetized voice (see FIG. 17) or packetized data. Advantageously,
viral paths may be consolidated (see FIG. 33) to insure high utlizadon of virtual
paths even between switching modules.

The claimed subject matter of this patent application further relates to
the "network” consisting of the CCR units of all access switches connected to the
larger network plus the transit crossconnects interconnecting the CCR units plus the
occasional direct links between CCR units. This distribution network accepts as its -
inputs ATM signals containing cells carrying PCM channels destined for any access
switch accessible via the transit crossconnect connected to the output of the CCR
(and in the case of a CCR directly linked to another CCR the access switch to which
the latter CCR is connected). The contents of the input cells to these CCRs are
switched into cells each of which contains communications destined for a common
access switch. The output cells of these CCRs are then switched in the transit
crossconrnect to the ATM sweams connected to that destination CCR where the ATM
signal is switched into cells each of which are destined for the same ATMU in the
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MENT SHEE nversi on of DSO Transport to ATM Conposite Cells -
-oR—of—Yal i abl e Length Data Messages to ATM Cell s Thi s

verV|e s|on DSO flow fromthe 5ESS switch to the ATM network (CBR
&‘@ggce itch A bl ock diagramof the ATMJ is shown in

FIG 24 Net k {Control and Timng (NCT). lgi.nks frcwﬁﬁ@%ﬂﬁgmf
| nterchange TSI 317 are shown | REPLACED

“destination access switch. Advantageously, the combination of the CCRs and the
ansit crossconnect yields a distribution network of enormous capacity with low
blockage for serving a large number of very high capacity access switches. In
theory, the CCRs can be associated with either the access switches or the ansit
network. In the preferred embodiment, the control information required by the CCR
comes naturally from the control of the access switch, thereby making a co-location
of access switch and CCR more natural.

Advantageously, in such an arrangement permanent virtual paths can be
established through the ansit crossconnects for composite cells each carrying
individual PCM samples for a plurality of PCM channels. Such permanent virtual
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source/destination couplet of the transit
crossconnect and are deactivated only when there is a substantial reduction in the
need for the number of channels required of permanent virtual paths between such a
source/destination pair of the transit crossconnect.

The claimed subject marter in this application further relates to the
access switch including at least one ATMU, an ATM-CM and at least one CCR.
Advantageously, such an access switch can gather traffic from a large number of
sources and bundle this traffic into composite cells carrying PCM samples for a
plurality of communications wherein each of the composite cells at the output of an
access switch contains traffic destined for a single destination access switch. The
access switch can also be used advantageously for carrying conventional packetized
voice (see FIG. 12) or packetized data from and to the switches and modules that are
part of or are connected to the access switch.

The subject matter claimed in this application further relates to the CCR.
Advantagcbusly, a unit such as the CCR allows the outputs of a plurality of ATMUs,
or other sources each of whose cells contains PCM sémples destined for a plurality
of destination switches, to be gathered into cells each of which are destined for a
single destination access switch. Each CCR takes output cells from a plurality of
ATMUs, each ourput cell containing taffic destined for any of the access switches
connected to a transit crossconnect that terminates the output of the CCR and
rearranges the contents of these cells into cells each of which contain traffic destined
for a single destination access switch. At the destination CCR, these composite cells
are unpacked and rearranged into cells containing PCM samples destined for a single
ATMU. Advanwageously, such an arran gement allows all taffic within the access
switch that is destined to a particular desunanon access sztEl'TﬁTbanathercd into
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term nated on a space switch within the ATMJ. The purpose of the space
switch is to fan out the NCT links to 42 internal |inks. These |inks
termnate on an array of cell nenory devices, called the Cell Wde Buffer
(CWB) in FIG 24, that store the 42 DSO PCM sanples and E-bits of a
conposite cell. Thus, the space switch sefves to route tine slots (DSCs) to
the correct corrposite byte | ocation on the input of the CAB." Cell Wde

Buf f er functi o he I e Buffer

nasenbl e t he RS GHERFECRBTRE <ol Por iy Those PP s37 tAcA BAPY DRAVERASHT dvi
them E) of ]E)e s imansit acreoris to/the dastinatibn ecess savm%\:ﬂhm lm:w%/dxsmd:csm ”{r?de\AB
is a buffer S ne ce not counti ng header
bytes). The % %n@tﬁ&&éﬁ&e de%%naggg TS SWHChsed herein, is an 8-bit
byte plus an E-bit, ahke subgectopithr dqmuldsntths appﬂzdnaondtﬁnhnm’eiueswthcve
virtual  pat hge| 'm‘taﬁsl?qﬁmﬁtpth@&bséss %u@flg{ Bl J@%coéﬁol%l%oh withthe 24

each of the E%/«s e positions 1n the ¢ nto sepa (S
menories eac JmPieh WhsB 2icoRrgsaian énwithini the aeesss switchs i lnghe spegificcach nenory
address in t Beb6ditme, the SufplhaRB9tirbdata RREGpbMEsor) SigHA refidted 1o RGN OF
E-bir, the name used for this signal in the SESS switch of the preferred embodiment.
Instead of simply switching individual PCM samples, an extended segment is
switched for all samples pertaining to a particular call, the extended segment
containing an 8 bit PCM sample and the E-bit. The same basic principles can be
used for transporting any other control information which it is important to retain
with the call signal data in any other switching system. In accordance with the
principles of this invention a segment (in contrast to a byte or other entity containing
only a communication signal such as a PCM sample) is switched through the access
switch for all communications that use the composite cells described herein. If the
segment is transmitted to a CCR, the CCR discards the control information portion -
and derives its output cells only from the communicaton signal, e.g., the PCM
sample. If the composite cell is internally switched within the access switch by the |
. ATM-CM back to the source or another ATMU, the segment is retained. The
ATMU operates on the segments in performing its composite cell creation function.
The ATM-CM simply switches the cells received from an ATMU to an output, i.e.,
an ATMU or a CCR. Advantageously, this arrangement permits control information
required within an access switch for intra-access switch calls to be transported along
with the communication signal in composite cells.
Brief Description of the Drawing
FIGS. 1-4 are high-level network configuration diagrams whose
configuration is in conformance with the principles of this invention;
FIG. 5 is a functional diagram of central stages of a network, an ATM
distribution nctwork designed in conformance with the pnncxples of apphcants
invention;

FIG. 6 is a block diagram showing a network of interconnected access
switching networks;

FIG. 7 illustrates the connections to the access switches of such a
network;
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t hese byte nenories has a control nmenory that maps individual tinme slots
(only the PCM part plus the E-bit) to one virtual path segnent |ocation in
the CA\B. Since the control nenory for each segnent nenory is independent,
each active time slot on the 42 links is able to go to any virtual path
menory |location in the buffer. Thus, byteg-.on the 42 |inks that appear at
the sanme tine at the input to the CAB can be stored in different virtual

path nenory | ocations_ i r_respectdve.buffer nof,i es us
assenbled into differ Eﬁ‘?%/f s B‘S"t ﬁﬁcéf fr@eﬁ?ﬁ@ﬁéﬁ% Fﬁg}ggg‘g}n&r ol nenory
is abl e to blabbkeviations isfound htnielend ef thef DemniledeDescyipiibn peqmaprising i plurd®d on
an NCT link i [ s , . | , (el |
st Processcrt Cok af'pialipfhe CHR Lol 808liskal O HAE (CBR) SR MRV Mg vall
are witten ishapnelnaresenieyeedld My | ocations of their selected virtual path

cel | . Conposite cellspases [1R3Marks 2MATIM séghénthdBdiRp A IR QU AN A RridiRE ] S
under contr Olbi?;ate:[ {V‘axgﬁ':én; Li st Processor

FIG. 10 illustrates one CBR cell for carrying traffic that is initiated from
both of the two access switches communicating via the CBR cell;

FIG. 11 illustrates the Synchronous Optical Network (SONET)/ATM
signal transmission/crossconnect network of FIG. 6;

FIG. 12 illusmrates the access switch structure and the position of a
composite cell remap (CCR) function relative to the communication network;

_ FIG. 13 presents an overview of how cells are transmitted from a source
switch module to a destination switch module;

FIG. 14 illustrates a single destination composite cell format of the type
which would be used for communications between switching modules of one ATM-
CM switch;

FIG. 15 illustrates 2 muitiple destnation composite cell (MDCC) format
of a type used for communicating between a switching module and 2 composite cell
remap unit;

FIG. 16 illustrates the format of a cell used for communicarting between
CCR blocks; " |

FIG. 17 illustrates a tandem destination cell arranged to communicate
with a packetized voice destination;

FIG. 18 illustrates the mapping performed between incoming time slots
to an ATMU and an SDCC/MDCC (Single Destination Composite Cell/Multiple
Destination Composite Cell) cell;

FIG. 19 illustrates the remapping function performed in the CCR; -

FIG. 20 illuswzates the overall mapping process from source Switch
Module (SM) to desdnadon SM for communications using a composite cell remap
function;

- FIG. 21 illustrates the signaling used between ATM switches and
between ATM and between toll and local exchange carrier switches;

FIG. 22 is a block diagram of an ATM switch for supporting both
broadband and narrow band ATM communications in conformance with applicants’
invention;
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(CL,P) ﬁaar“shem__fwﬁ-ﬂ G 24. The CLP has a list of active conposite cells
{,_ﬁwﬁﬁﬁ #H41 i nked list. The linked list stores the ATM virtual
def} dits, and the CWB address that holds the virtual path's

ILP li.st only stores the virtual paths for which active

Pt averses the |ist oncg every 125 [err]s, thereby

ppesi tle cell to be transmtted. After the CBR cells are
ds VBR cells (if any are queue fromthe Message
023152 blgck glagmm pha ?qﬂ?cﬁsfﬁé”lmyf)a Grfis interval, as

illiustrated in FIG 8. Fxcomwewmaek B g 61irP AS¥chidddRs lmiﬁsfe@ Ve EMake
Unit (ATMU) for interfacing between PCM signals and ATM signals;

FIGS. 25-29 illustrate various blocks of the ATMU:;

FIG. 30 illustrates the control complex of an ATM Communications
Module ATM-CM unit for switching ATM cells;

FIGS. 31-33 are flow diagrams illustrating the processes of selecting a
channel for a communication activating permanent virtual circuits and combining
traffic of partially loaded permanent virtual circuits;

FIGS. 34-37 illustrate the operation of a call at the originating end:

FIGS. 38-41 illustrate the operation of a call at the terminating end:;

FIGS. 42-45 are block diagrams of four versions of a CCR; and

FIG. 46 is a block diagram of an address generator for a CCR.

Qverview

The telecommunications network described herein uses, packers, and in
the preferred embodiment ATM cells, to switch PCM sources supplied from local
switches. According to the principles of this invention, which can be followed in
FIG. 12 for the purposes of this overview, the network not only uses ATM signals as
a broadband means of transporting PCM signals and of switching different PCM
streams to different destinations through the use of an ATM switch fabric 'capable of
switching different cells to different ATM destinations, but also includes facilities
for switching differen: PCM samples within a cell to other cells. The result is that
PCM streams, each containing communications destined for a large number of
different destinations, can have their contents rearranged and switched among a
plurality of ATM streams each containing cells destined for different destinations.
ATM cell switches are described in Journal of High Speed Networks, Vol. 1, No. 3,
pp. 193-279, 1992,

In accordance with the principles of this invention, input PCM streams - -
from one or more switching modules 510 are mansmitted to an ATM interface unit
(ATMU) 540 of FIG. 23. In the specific embodiment these PCM streams are seat on
Nerwork Control and Timing (NCT) links and are generated by a switching module
of a SESS switch which has inputs (not shown in FIG. 12) from local switches and
from telephone stations connected to the switching module. The SESS switch and
switching module are extensively described in AT&T Technical Journal, Volume 64,
No. 6, July/August 1985, pp. 1303-1564. The ATMU takes PCM streams from a
plurality of such switching modules and generates ATM streams each containing




Ctdrall de buffer is the width (data part) of an ATMcell, an
#*Ican be read fromthe cell wide buffer in one access.

bl conversion is inplenented by neans of parallel-in
iregisters 651,...,652 which are selected by neans of the
BR) Sel ector 653,...,65410nder control of the CLP 630. The
Mt h ATM header data fromthe CLP is | oaded into a shift

regi ster thabelGQORere! for batntceBQANRF thePCM Sampies erefdeenddior a comfifod. 1 n the
The SONET acvFpoyiehilarpa (R Hbk FoddHEE: 42) 5t 82 REPRMER MR cont ol
The control oM ieesiMionsa plurlityl ofl ATMU S areAfavisinitesat wan ATHL rol | er (ATMJ
Siots i nt or cEoPEyIERRAE ML (M50 320, (oipbpL TN SMER TR L 7
dedi cat ed coswiteltesisalls fraot thetplwrality ghaT¥bsrreants intess plyeality P CCORammiwi t t ed
LT ra"s holRas R Begearacia AV ks o s CPS s amle (S
CC are contains only PCM samples for that 2
The output of the CCR is a single ATM stream which is transmitted to a
wransit ATM crossconnect 600 (FIG. 11) which, like the ATM-CM, switches cells
among different ATM streams, but keeps the payload content of each cell intact.
The CCR performs the function of re-packaging the cells of its input stream so that
each cell in its output stream contains PCM samples destned for a single CCR unit
at a destination access switch. The transit crossconnect can then take the inputs from
- aplurality of CCRs and gather those cells destined for a CCR in a particular
destnation access switch into a single ATM stream for wansmission to that
destination access switch CCR. The transit crossconnect switches the cells in its
input ATM streams but does not switch parts of the payload data of one ceil to two
or more different cells.
At the destinadon access switch, the process is simply reversed. The
CCR gathers samples destined for a common ATMU into cells and transmits its
output sream to an ATM-CM. The ATM-CM sends the cells received from a
plurality of CCRs of the destination accsss switch and desdned for a particular
ATMU to that ATMU. That ATMU then forms PCM streams 10 its connected
switching modules from the contents of the ATM streams that it has received. The
ATMU can take individual PCM samples from within the cells of its input ATM
streams and direct these samples to different PCM output sweams. In this preferred
embodiment, the ATMU generates and receives a plurality of ATM streamss, while
the CCR operates on only one ATM stream; clearly this is a matter of design choice_
and the ATMU can be arranged to interface with a single ATM stream and/or the
CCR can be arranged to interface with a plurality of ATM streams.
For the case in which the access switch acts as a tandem switch between
local offices connected thereto or an intraoffice call between lines directly connected
to switching modules of the access switch, the ATM-CM acts to connect output
streams of an ATMU to input streams of the same or another ATMU. For
compatibility reasons it is desirable in this case that addidonal information
associated with each PCM sample, in this case a supervisory indicator or E-bit, be




distributed in the ATMJ over a group of control buses. The Space Switch 610
I's provided with path set up and nessagi ng control nenory information,
active link selection and active side selection. Link selection is used to
determ ne which NCT |inks fromthe SMare active. Alternatively, the
E-bits, discussed hereinafter, can be usédto I dentify the active |links
since E-bits are only active for active paths. Link selection is used to
det er m ne whiswirchédithfoughshé RQMUh@b&ch&fceud@iim ATMH id order warovide €irt her

2ctive or ot RaBUreoitg U broHEE krpalEeng SEHE SR b e SRLSERS ™D ¢ he
tinme slots tdncladingan 8bix PSMazhyde atd acBtbinassodiatey therpeish tnd4S ofuhedd hbithe ATM
ol ont o TS R SRR A il
shift regi st &s ther oF pat the gell isconpeeyed o a CCR for further sthchmg and
subsequent transportauon to another access switch. Advantageously, using this
arrangement the E-bit which is mansported over NCT links connecting a switching
module to an ATMU is thereby retained in all connections which do not leave the
access switch. Clearly, this is a matter of design choice and the ATMU and CCR
could be designed to work with different size segments and the number of segments
adjusted accordingly to fit into a 48 byte ATM payload. While in the preferred
embodiment, only the E-bit is switched throixgh in an intra-access switch connection,
it is obvious that additional bits can be switched through using the same principles.
In some applications, other bits may be transmirted on a sampling basis or can be
transmitted via signaling messages. |
FIGS. 1-5 present a high-level overview of telecommunications
networks designed in conformance with applicants’ invention. In all cases, in the
illustrative embodiment, the inputs are PCM streams and the outputs are PCM
streams.

FIG. 1 is based on the teachings of the prior patent application Serial
No. 07/972,789. It shows the trearment of an intra-access switch call. A’ PCM
stream from, for example a SESS switch enters an ATMU where composite cells are
generated, each composite cell containing PCM samples for destinations served by
one ATMU. The cells are switched in an ATM cell switch, the ATM-CM 550,
where inputs from a plurality of ATMUSs 540 are switched to a plurality of outputs to
ATMUs 540. The ATM-CM does not change the payload within each cell, but
simply switches individual ceils on one ATM input stream to one of a plurality of
ATM output sweams. These output streams are received in ATMU units 540 acting; -
in this case, as ATM composite cell receivers and the individual PCM samples of
each received cell are distributed to appropriate positions within the correct PCM
output stream.

FIG. 2 illustrates the case of a two-stage network using composite cells.
This is a network for switching PCM samples on a plurality of PCM input sweams
on one access switch to PCM samples on a plurality of PCM output streams on a
different access switch, wherein the two access switches are directly interconnected
via a link carrying one or more ATM swreams. The PCM input streams enter a
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- 50 - ATMU desi gn, the ATMJ can support nore than one SONET facility,
and so each ATMcell can go to one of the possible 8 Shift Registers. The
CLP is provided with the identity of the proper shift register for each
virtual path. The Inter-Wrking Units (IW) 1020, 1022,...,1024 (FIG 17)
of the MLD are provided with the provisil@ed virtual path destination
addresses al so. The ATMJ CC provi des the nmaintenance control of the ATMJ.

My ntenance UEapBaRSeldlentifion il sS4 SRkh asstitife saéugagfg; et on of the

ATMJ CC are recelv ed cont Jif ering the
space swit chdestined for the Samﬂﬁ'-'eCR\'n\EFRg”ftléhtlﬂdmlS &asepis dirpstiprpanecieddo pr ef er r ed

enbodi ment . Anlegd db%hh%ﬁirb’acc&i&%v/&Wﬁé'llFﬁlﬁSﬁU &tht Gkt p) L dMlEM I'n that
case the ATMJ Control l er receives contro ? he Commoh Br oadband
Platform s ¢ffecavely generates composne cells destined for r.hc second access switch. These

composite cells are wansmitted over one or more ATM soeams o ATM-CM 550
where cells from a plurality of ATMUs entering the ATM-CM are combined into a
single ATM stream for CCR 4000, which is connected to the second access switch.
The CCR remaps the PCM samples within the cells such that all PCM samplcS
 within the same output cell are destined for the same ATMU in the destination
access switch. In the second (bottom) access switch, the output of the CCR 4000
from the first access switch can be directly connected to an ATM-CM 550, which
separates the cells destined for each of the ATMUs 540 of the second access switch.
Each of these latter ATMUS then converts its input ATM streams into PCM streams
in essentially the way previously described for the composite cell reception in
FIG. 1. A problem arises in that the switch containing the CCR needs to know about
the ATMUs of the other access switch. One solution to this problem is to exchange
data messages between the access switches. Another is to equip only incoming CCR
portions in each access switch. Itis also possible to equip CCRs in both access
switches. |
FIG. 3 illustrates the network configuration most likely to be
encountered and the one that is described most fully in this specification. It
illusrates the case of rwo access switches communicaring via a transit crossconnect.
In the first (top) access switch, the ATMU 540 acts as a composite cell generation
unit which generates individual cells, each of which contain samples headed fora
common CCR unit 4000 of the first access switch. The ATM-CM of the first access
switch assembles all cells destined for that CCR into a single ATM stream which it
transmits to CCR 4000. CCR 4000 maps the PCM samples from different incoming
cells, destined for a single access switch, to outgoing cells each containing only
PCM samples destined for one access switch. The output of CCR 4000 is
transmitted to a transit crossconnect 600 which collects all cells destined for a
common destination access switch into an ATM stream and ransmits that ATM
stream to the CCR 4000 of the second (bottom) (destination) access switch. The
switching function executed by ATM crossconnect 600 is the same as the switchin g
function executed by ATM-CM 550. In the destination access switch, the CCR
remaps cells so that each cell contains PCM samples destdned for a single composite
cell reception ATMU 540. The output soeam of CCR 4000 is sent to ATM-CM 550
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Controll er (CBP). The ATMJ provides SMto SM and SMto AM nessage based
communi cation services for the 5ESS switch via interprocessor packets.

Message | nt erwor ki ng The ATMU provides the foll owi ng nessage
based comruni cati on services for the 5ESS switch: - SMto SM and SM
to AMvia interprocessor packets --13SS7 Message Transfer Part (MIP)

packet transport Both of these functions are handled in a simlar manner.
In FIG 24, th ssage Layer Devic ML ' ORpet he SM
via the spac® E\ﬁ!g?&%a%@ﬁﬁé%?éw}t%dﬁf%_ﬁgé i"&ﬁﬁ‘%ﬁ%@s g%? né?s:%’?es are
carried in tgaberstantockiEMnszteants ot ransmissiart © thand T pFot SBOA MRSy s (PH) in
t he Packet Sy L g ;LN a M3h@bies The MLD
cont ai ns thrggkw%{elgll{éd&%Mﬁgmriﬁ%%%pgﬁ%@?ﬁg FS%%% S\?\/{ets h

messagi ng | Viepntained Ssthe|sweamiio s PICGM outross. | While £ @céﬁ%‘?‘ﬁ‘ﬂﬂ%aﬁggi%@gglfrom
the SMP, andciihewidt &ﬁgﬁ??dtsg&nﬁé’&),l?ﬁ‘ﬁfgchwa Wef¥ork ©f Y& croftenmesdgges. The

function of these unit Accept nessages carried fromthe
space swi t chlikely to be used. ]

Finally, FIG. 4 illustrates a connection ‘~herein the path through the
transit network interconnecting the source and destiz:adon access switc_:hes includes
two transit crossconnects connectng through a CCR. The acdons in the source (top)
access switch are essenti'élly the same as described with respect to FIG. 3, except that
in this case, the output of CCR 4000 of the source aczess switch may include cells
which contain samples destined for a plurality of deszination access switches.
Presumably, this would be a case in which there is low waffic to each of the
destination access switches served by this type of corznection. First, the right ATM
transit crossconnect 600 receives inputs from a plurafZry of access switches and
transmits those cells destined for reswitching to transat CCR 4000 interconnecting
the two ATM transit crossconnects. In transit CCR 400, samples destined for a
common destination access switch are assembled into cells to be switched by the
second (left) transit crossconnect of the transit network to that destination access
switch. A second (left) ATM transit crossconnect thezs receives inputs from

' CCR 4000, as well as direct inputs from other access sswitches, and generates output
ATM sweams, each stream containing only cells with 2CM samples destined for a
common destination (bottom) access switch (as well ass output streams destined for
the ATM inter-transit crossconnect CCR 4000 of the s&me type discussed as being
received by the second ATM transit crossconnect). In ‘the destination access switch,
the same types of operations are performed as in the desstination access switch of
FIG. 3. The middle CCR receives special control signatis from the overall nerwork
control or, following exchanges of messages between 122 two access switches,
receives control signals from one of the two, to establise virtual paths and circuits
using that CCR. The configuration of FIG. 4 can also tuzave connections between the
two transit crossconnects 600 in order to allow some ot the CCR output cells to
retum o a crossconnect that may also be connected to a- destination access switch.
(Such a connection is shown as connection 7 in FIG. 11..; As previously stated for
FIG. 3, the wansit crossconnects may each represent an =aterconnected network of

such crossconnect units. %:: QMT SHEE:LE
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destination addrgss. The.deskicnat,

rtual path that connects to the destination identified in
§sage' s header - Perform ATM segnent ati on and

\di fferent than 5ESS switch I nt er processor nessages. For
n} ey processor nessages, the-flgane is relayed in a virtual
at i pn AM or SM The nessages are processed to read the

VIJ uses tOr segment aﬁ%ﬁ(gﬁ%&{)&@%ﬁ “ﬁgr%g]& this %&%m}&{ 1/
only a single direction of flow of information, it is understood that a comparable
opposite flow of informadon is simultaneously taking place in essentially the same
wdy. Each ATMU, for example, acts both as a composite cell generator and as a
composite cell receiver. Similarly, each CCR performs its remap function in both
directions. . ,

FIG. 3 presents another view of the funcdons of the CCR and the ATM
crossconnect. The input to the CCR comprises cells, each of which may have
samples destined for a plurality of the CCRs at the output of an ATM
crossconnect 600. The input CCRs gather these samples into cells, each of which
contains samples destined only for a single output CCR. These cells are placed on
an output ATM sweam which enters the ATM crossconnect 600. The ATM
crossconnect 600 then switches individual cells from all the incoming ATM streams
to outgoing ATM streams such that the outgoing ATM streams each contain cells
only destined for the particular CCR to which the output stream is connected. The
output CCR then takes individual cells, each of which may contain samples fora
plurality of the ATMUs of the access switch of which the output CCR is a part, and
creates cells each of which contain samples destined for only one of these ATMUs.
These cells are then subsequently switched in the ATM-CM of the output access
switch to the appropriate ATMU of the output access switch. An ATM-CM 550 is
basically an ATM crossconnect, enhanced to provide interfaces with other units as
shown in FIG. 22. A diswibution "network" consisting of a plurality of CCR units
interconnected by one or more crossconnects is a very useful element for switching
narrowband signals carried by ATM streams. In the preferred embodiment, such a
diszribution network accepts as its inputs ATM signals containing cells carrying
PCM channels destined for any access switch accessible via the transit crossconnect
connected to the output of the CCR (and in the case of a CCR directly linked to
another access switch, the access switch to which the latter CCR is connected). The.
contents of the input cells to these CCRs are switched into cells each of which
contains communications destined for a common access switch. The output cells of
these CCRs are then switched in the transit crossconnect to the ATM streams
connected to that destination CCR where the ATM signal is switched into cells each
of which are destined for the same ATMU in the destination access switch.
Advantageously, the combination of the CCRs and the transit crossconnect yields a
distribution network of enormous capacity with low blockage for serving a large
number of very high capacity access switches. In theory, the CCRs can be

- Shift data, when instructed by the CLP. The handl i ng of



In the SS7 nessage case, the signaling data link is termnated in the SS7
IWJ, and the MIP nessage is relayed on a virtual path to the destination
toll office. The handling of cell based nmessages com ng fromthe ATM
network and general control and fault tolerancy are discussed in detai

her ei nafter. For inter-PSU nessages, the nessages are processed
to read the destination PSU address; this destination address determ nes

whi ch virtual cir.cui,t .the AT uses for, se ntation into_cells._SM/ATMJ
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i th ATV © & reLONBe b Bk Oty meBias o FRmorcasaeEis bupnanhC0R L
and does not meremammb the digital communications channel (DCC) section
overhead. However, theydyah{z3z@isly, % such an arrangement permanent virtual paths can be
established through the transit crossconnects for composite cells each carrying
individual PCM samples for a plurality of PCM channels. Such permanent virmal
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source/destination couplet of the transit
crossconnect and are deactivated only when there is a substantal reduction in the
need for the number of channels required of permanent virtual paths between such a
source/destination pair of the transit crossconnect.
General Description
This General Description first presents an overview of all of the
diagrams and is followed by a detailed description of special characteristics of
elements of these diagrams for implementing applicants’ invention.
FIG. 6 is a block diagram showing a plurality of interconnected access
switching systems of a network. A group of access switches 1 are connected to an
ATM signal ransmission/crossconnect network 10 in accordance with the principles
of this invention. Such a nerwork is a nerwork of ATM crossconnects for
interconnecting a plurality of Composite Cell Remapping (CCR) units and for
switching cells of the ATM stwreams generated by the connected access switches.
Each access switch contains a CCR that receives an ATM signal from the ATM-CM
of the access switch, comprising a plurality of Constant Bit Rate (CBR) composite
cells each carrying signals destined for the network, i.e., for a CCR connected to the
network, and dismributes the individual PCM channel signals carried in each input
cell to a CBR composite output cell having a common access switch as a destination.
The composite output cell is then switched in the network of ATM crossconnects to -
a CCR of that destination access switch. The access switch contains an ATM
interface unit (ATMU) for forming composite cells from PCM samples of inputs to
the access switch and sending the composite cells on ATM signals to an ATM
Communications Module (ATM-CM) which switches the individual cells of the
ATM signal from the ATMU to the correct CCR of the access switch. Each
composite cell of the output of an ATMU is destined for a single CCR of the access
switch or for the same or for inter-access switch communicating for another ATMU
of the access switch. Constant bit rate (CBR) cells are used to carry PCM voice




facility is
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crossconnect. The memory is used for switching cells having the virtual path
identfication as their header, in the ATM-CM and ATM crossconnect and for
identfying the cells to the ATMU and CCR for their operations. The virtual circuit
information is retained in the ATMU and CCR in order to steer PCM samples
berween the correct cells or between the correct cells and correct PCM stream and
positon in that stream. A virtual path is activated only when actually used to carry
communications. The number of provisioned permanent virmal paths can therefore
be much greater than the number of activated permanent virtual paths. A permanent
virmal circuit is similarly activated when the specific circuit (or channel), of an
activated permanent virtual path, is used. If a cell of a virtual path is full and another
channel is needed, then another, previously provisioned, permanent virtual path is
activated to carry that channel over a virtual circuit of the newly activated permanent
virmal path. Note that this is inconsistent with standard ATM terminology but such
terminology does not have to deal with composite cells for carrying a plurality of
communications. Applicants have chosen to call the byte or segment position of a
cell for carrying each such communication a virtual circuit since it carries,
essendally, a circuit switched communication.

The access switch and transmission/crossconnect network can also be
used for switching and transporting conventional packetized voice as illustrated in
the cell of FIG. 17. The disadvantage of conventional packetized voice is that it
incurs additional packetizing delay and it requires expensive interface circuits to -
assemble, store and transmit the 48 samples of speech that are conveyed in each cell.

The CCR units of the access switches are connected to entities which
gather outgoing waffic and which distribute incoming waffic. The ATM-CM, to
which a CCR is connected, switches individual cells of its input and output ATM

streams between CCRs and Asynchronous Transfer Mode Interface Units (ATMUs),

described further below. This unit distributes intra-cell traffic to a plurality of switch
modules (SMs) of a SESS switch or distributes such traffic to one or more stand-
alone switches. It may be desirable in the future to connect switch modules of more

ot i ng.
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Net wor k El enent. Thus, due to the capabilities of the ATMCM the 5ESS
swtch (i.e., an AM a group of SMs, their associated ATMJs, and an ATM CM
is an SDH SONET Networ k El ement even though the SMby itself is not.
Alternatively, it is possible to associate a group of ATMJs directly with
an ATMCM instead of directly with the SMs. In this case, the NCT |inks
connecting the SMs with ATMJs are |onger as in the well-known case of

opti cal | rempted S or the 5E itch. In that case, a SONNET facilit
an be uged i anonc'g/&sg switchtoanim - 52 . y

Much of the traffic carried through the ATM signal
transmission/crossconnect network 10 is CBR wraffic wherein the individual CBR
cells in each 125 us frame are switched to a destination CCR unit. A CCR unit is
used advantageously for switching toll voics traffic, because the access to a mansit
crossconnect for switching ATM cells provides the CCR with the ability to access a
large number of different destination CCRs with different cells. The provision of
permanent virtual paths (PVPs) to these destination CCRs and the relatively low rate
of actdvation and deactivation of these PVPs allows for a relatively low rate of '
changes of paths in the network 10. The routing pattern for a particular permanent
virmal path (PVP) does not change as long as the PVP is provisioned; the CBR cells
can be routed according to a PVP as long as that PVP remains active. Similarly,
PVPs in the ATMU also have a relatively long life. The dynamic portion of the -
switching of the ATM units in the access switches is primarily associated with the
switching of VBR cells whose headers may be different with each 125 ps frame and
which must be switched accordingly. The PVPs through the ATM-CM also have a
relatively long active life since each PVP represents traffic from an ATMU to a
source CCR, i.e., to a particular wansit crossconnect. The configuration of the
internal ATMU mapping dara and the CCR internal remapping data change more
rapidly as individual PCM voice call connections are established and disconnected.
These units map individual PCM streams into specific locations within a PVP
composite cell. '

FIG. 6 shows the exchange of messages required to complete the
selection of 2 CBR PVP and a PVC within that PVP. The ingress access switch
signals to the egress switch (message 3) the identity of the source and destination
parties, and the identification of the PVP and the PVC of network 10. The
destination node returns with an acknowledgment (message 4) properly confirming
that path. .

The access switches are connected to the central SONET/ATM signal
ransmission/crossconnect network 10 by SONET/ATM access links 6. The term
SONET (Synchronous Optical Network) is used herein to refer to either or both of
the U.S. standard (SONET) or the European standard SDH (Synchronous Digital
Hierarchy). SONET/ATM means SONET or SDH signals used to transport an ATM
signal stream carrying ATM cells. Although not shown in FIG. 6, but shown in the
details of block 10, FIG. 11, it is also possible to have links directly connecting the
access switches within the network for those cases in which there is a large volume

REFLACEMENT SHEET|
28 FEB 997




v ignals to the ATMCMin essentially the same way as
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facilides or the European 32 channel systems for carrying PCM signals, which
signals are converted in the access switches to CBR cells of ATM signals. The CBR
cells discussed herein are primarily composite cells, each cell carrying data for a
plurality of communications, _

FIG. 8 illustrates one 125 us frame of a typical ATM signal that appears
at the output of an Asynchronous Transfer Mode Interface Unit (ATMU) (FIG. 24).
A 125 ps frame consists of a number of CBR cells and a number of VBR cells. For
convenience, these are shown as being grouped at the beginning and end of each
frame, but it is also possible to intersperse VBR cells among groups of CBR cells.
The advantage of grouping the CBR cells in the indicated manner is that priority of
CBR cells can be assured and the design of the cell list processor (FIG. 26,
block 630) is simplified. Signals coming into an ATMU are interspersed CBR and
VBR cells. CBR cells are transmitted from an ATM-CM (block 550, FIG. 23) as
soon after they are received as possible, thus giving them priority over VBR cells;
the output of an ATM-CM connected to an ATMU therefore is more likely to have
CBR and VBR cells interspersed. :
FIG. 9 illustrates the content of a composite CBR cell and a VBR cell of

a type used, for example, for ransmission of signals across the ATM _
Tansmission/crossconnect nerwork 10. The content of a CBR cell includes signals
for a plurality of channels. Since an ATM cell comprises a 5 byte header and a 48
byte payload, one attractive arrangement is to have the 5 byte header identify the --
pardcular virtual circuit represented by the CBR cell, and to have the CBR cell
payload contain the individyg| bytes (PCM samples) of 48 voice channels (64 kilobit

PCM single channel DSO signals). That is the format of a CBR cell between CCR
units.

In the preferred embodiment, a CBR cell as generated in the ATMU and
ransmitted between the ATMU and the ATM-CM carries PCM samples plus a
supervisory signaling bit for only 42 separate channels in the 48-byte payload of an
ATM cell. The transport of this supervisory bit, named the E-bit herein in
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~ The VBR cell illustrated in FIG. 9 comprises a header and a payload,
wherein the payload is associated with a single channel and a single destination. In
effect, a VBR cell represents part of a packer of data being mransmitted from a source
access switch to a destination access switch of the toll network.

It is, of course, also possible to have a CBR cell ail of whose payload is
devorted to a single communication, if the communication is 2 communication such
as the 1.5 megabit/sec. signal required for a compressed television signal. A similar
type of CBR cell, operating at a much lower repetition rate, can also be used for
transmitting packetized voice signals, wherein 48 samples of a single voice channel
are transmitted in one cell. For broadband signals, such as High Definition
Television (HDTV) signals, it is more convenient to connect these signals directly to
the ATM-CM. Based on the use selected for the CBR PVP as selected by the
originating access switch, the payload in each cell is used as selected, with the same
disposition being made for all cells ransmitted over the CBR PVP for the duration
of the existence of that PVP. ‘

FIG. 10 illustrates one CBR cell carrying two-way traffic, the first
n bytes carry channels 1 to n of outgoing traffic, and bytes (n plus 1) to 48, carry (48
minus n) channels of incoming traffic. As discussed further hereinafter, the
permanent virtual paths of this preferred embodiment are two-way, that is they
consist of two-paired oppositely directed uni-directional PVPs. The two-way taffic
described herein is the composite cell traffic that is originated from the two ends of a
connection between a source and a destinatdon. The object of the layout of time slots
in a cell, such as that shown in FIG. 10 is to allow each direction of traffic to seize a
time slot within a composite cell without encountering the concem that the other end
is seizing the same time slot at the same time ("glare™). Since an egress CCR assigns
a channei, the bytes for outgoing wratfic are seized by one CCR, those for incoming
traffic by the other CCR. This avoids "glare” problems wherein a channel is seized




term nat ed/ generated. 5. Support Central Processor Intervention (CPl) This

Is a function that sends special bits on the NCT link that wll reset the
SM s processor, in case that processor |oses sanity. 6. Support inputs from
a plurality of SMs. _ - 53 -

7. Support inter-PSU user to user nessagellraffic.

simuitaneously for different cells from the two ends and where some back-out
procedure is required. Since assignment of idle channels is upward from 1 for
outgoing waffic and downward from 48 for incoming traffic, if many fewer than alil
of the channels are active, it will generally be possible to move the dividing point,
set in this case berween channel n and channel n plus 1, in the direction of addidonal
requests for channels. The two-way traffic CBR cells are particularly useful for
carrying raffic between a source and a destination CCR when there is relatively little
such traffic being offered. One-way maffic CBR cells are useful when there is
substantial traffic, because seizure is always from one end and "glare” problems can
be avoided naturally.

Because of the large number of switches that are required in, for
example, the AT&T toll network, it is desirable to provide for an arrangement to
switch cells from a plurality of CCRs in a transit ATM crossconnect 600 (FIG. 11).
The transit ATM crossconnect is a switch which receives CCR inputs from a
plurality of access switches and switches cells from these inputs for transmission
over an ATM facility 1o CCRs of the plurality of access switches. As a result, in
general, a CCR would have in its output individual CBR cells each of which carries
signals destined for a single CCR, but the stream may have cells destined for a
plurality of CCRs, the plurality being the CCRs to which the transit ATM
crossconnect is connected. The CCRs connected to the transit crossconnects are full
duplex CCRs for switching timeslots among cells in both the incoming and outgoing
ATM data streams. Each such CCR is terminated not on another CCR but on a unit,
the transit crossconnect, which switches cells to different ATM strearms thus
generating totally different ATM streams in contrast to the directly connected CCRs
which bypass a transit crossconnect. For a CCR thart is connected to only a single
CCR, one of the CCRs, or one direction of each CCR can be simplified.

The transit crossconnects 600 have the function of switching cells from
a plurality of ATM input data streams to a plurality of ATM output streams. Thus, -~
the primary function is the same as the ATM-CM. One candidate for the transit
crossconnect, therefore, is an ATM-CM. A second possibility is an ATM digital
access and crossconnect system (ATM-DACS) which system is used primarily not as
an active switch but as a means for providing generally long term connections
among ATM facilities. The choice between an ATM-DACS and a unit like the
ATM-CM depends on the rate at which new connections must be established and old
connections removed in order to serve dynamic waffic adequately; the ATM-CM
generally must establish virtual circuits more rapidly in order to accommodate
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the ATMJ (with a%p\ﬁéb\-ls:parc c ga%?tyafﬂ hl'\A-C\/I for a first access switch can be used for
providing crossconnects between a plurality of other access switches, i.e., it can
provide the functionality of one of the blocks 600 of FIG. 11. In additon, as
discussed with respect to FIG. 4, two crossconnects may be connected through a
CCR 4000. Such a CCR may require more dynamic control than the ransit ATM
crossconnects shown in FIG. 11. Further, to create greater access for access switches
which have only a few cells destined for a partcular destination access switch, an
ATM inter-crossconnect link 7 may be provided to connect two crossconnects
without performing cell remapping or to return a remapped cell to an ATM
crossconnect; such connections also provide greater reliability in casé of ATM link
failures. The blocks of FIG. 11 are controlled by a centralized network control
system (not shown) of a type used for controiling crossconnect systems.

FIG. 12, discussed in the Overview, is a diagram showing the
relationships among the various blocks connected to an ATM network. In the
exemplary embodiment, the inputs are switching modules which are connected to
T-carrier facilities as well as analog trunks and analog or digital lines, and subscriber
loop carrier systems. The outputs of the switching modules are SESS switch
Nerwork Control and Timing (NCT) links, each comprising PCM samples for a
multiplicity of telephone conversations. Each NCT link is connected to one ATMU.
The plurality of NCT links from each SM are connected to one or more ATMUs. In
the ATMU, the PCM samples are packaged into cells of a plurality of ATM outputs.
The ATM outputs of an ATMU are connected to one ATM Communication Module
(ATM-CM) which keeps cells intact. The signals within each cell, destined fora
single CCR, thence a single transit crossconnect, have access to a large number of
access switches of a telecommunicarions network.

The output of the ATM-CM is connected to'a group of CCRs 4000.
Each CCR is controlled by ATM management module (AMM) 1202 (FIG. 30) for
recording and controlling the virtual connections established within the controlled
CCR. Each of the CCRs 4000 in an access switch 1 (FIG. 11) performs acell
remapping function, for switching any channel on any cell on its input ATM bit
stream to any channel of any cell on its ATM output steam. The CCRs 4000 are
part of access switches | connected to a SONET/ATM signal

srnimas
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The space switch interconnects NCT |ink DSGs fromthe SM Modul e Control |l er
Time Slot Interchange (MCTSI) with NCT bus DSCs to the Cell Wde Buffer
(CWB) and the ATM Message Layer Device (M.D). The nunber of NCT buses to
the CWB is 42. There also is one NCT bus to the MLD. By convention, NCT
buses on the "SM MCTSI side" are called lLisAks, buses on the "CWB side" are
cal l ed NCT buses. Anywhere from2 to 24 NCT links (i.e., up to 10,000

trunks) (or nore in .a pext generation SM, can, ported t he space
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o o Lan) be’ Beal Dot Sptprk Kputing atrangement, used in the ATET ol Retwork and 0
described in U. S. Patent No. 5,101,451, issued March 31, 1992, can be used for
selecting an optimum (i.e., relatively less heavily loaded) "2-link" circuit out of a
plurality of such circuits. This is especially true where the expected CBR voice
traffic between two access switches is much less than one cell per time frame, (i.c.,
less than 48 channels). The "two link" circuit shown in FIG. 21 requires traversing
two CCRs and an ATM-CM at the intermediate node, and is equivalent to a five
stage connection in the terminology of FIGS. 1-4. An alternative for providing an
alternate route is a "four-stage" switch as discussed with respect to FIG. 4, using a
CCR in network 10 as shown in FIG. 11.

In the exemplary embodiment, the ATM signals between the ATMU
and the ATM-CM carry 9-bit segments for each conversation, an 8-bit PCM sample
and the E-bit for that channel. Inputs from an ATMU to an ATM-CM may be
switched back to the same or a different ATMU, or be switched to a CCR. Within
the ATM-CM, individual cells of an ATM stream are switched to one of a plurality
of ATM streams, but the content of each cell is kept intact. Since PCM signals that
are switched back to the ATMU or from one ATMU to another require, in the
preferred embodiment, the maintenance of the E-bit, the ATM signals passing
through the ATM-CM maintain the E-bit signal associated with each PCM sample.
including those signals passed from the ATM-CM to the CCR. In the preferred
embodiment, each ATMU is connected to only one ATM-CM; this simplifies the ~~
provisioning of permanent virtual circuits. Alternative arrangements wherein an
ATMU is connected to two or more ATM-CM:s for reliability or for greater waffic
flexibility are also possible.

When the digital facilities themselves carry packetized data, then this
packetized data is processed by a Packet Switch Unit 519 (FIG. 23) within a
switching module (SM) 510 of a digital switch, sent via the Time Slot [nterchange
Unit (TSIU) 517 of that SM to the ATMU 3540 where it is converted to VBR ATM
cells and transmitted over VBR PVPs 10 an ATM Comrmunication Module (ATM-
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__of the byte |locations in the cell wide buffer or the MD.
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?Lf]\mﬁ*\g‘r' '-%u) The NLIs present a synchroni zed set of backpl ane buses to
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% J%(S] eTﬁg %%%I-CM has as its inputs and outpurs a plurality of ATM bit

" streams, and has the capability of switching individual ATM cells from one of these
bit streams to another; unlike the CCR, the ATM-CM does not unpack data within
the payload (48 bytes) of an ATM cell, but only switches complete cells. In
addition, signaling channels are weated as C3R or VBR channels and are
transported, accordingly, in CBR cell channels or smgle channel VBR cells of the
type described below. Significantly, by ransporting signaling channels through the
ATM network, the necessity for a separate signaling network, using Signal Transfer
‘Points (STP), is avoided. -For example, signaling information can be sent from a
source switching module to a destination switching module over the physical paths
shown in FIG. 20. _

Thus, the SM is arranged so that any input of an incoming PCM stream
may be placed in any time slot of any output NCT link. The ATMU is arranged so
that any time slot on any NCT link input may-be placed in any slot of any cell of any
ATM output of the ATMU. Each ATMU is connected to a single ATM-CM in the
preferred embodiment. The ATM-CM can switch any cell on any input to any cell
on any output, but cannot switch data internal to cells. The CCR is arranged so that
any channel (slot) of any cell of the input line may be connected to any channel of
any cell of the output line. The SM, ATMU and CCR control memories are updated
on each new call. In contrast, the ATM-CM has the function of connecting any cell
of any input to any cell of any output line. Consequently, the control memory
contents of the ATM-CM are relatively static for the composite cell CBR PVPs and
are changed only when it is necessary to activate a transmission path (which
transmission path can then serve 42 or 48 calls). It is therefore desirable to provide
an ATM-CM control mechanism with a repertory of permanent virtual circuits which
may be activated as needed.

Those outputs of an ATM-CM which are connected to the CCR do still
carry 9 bits for each voice channel. In the preferred embodiment, each CCR has one-.
ATM input connection and one ATM output connection, (treating the connection to
the ATM-CM as the input and the connection to the SONET/ATM signal
transmission network 10 or to the same or another ATM-CM as the output). In the
CCR, only time division switching occurs. The contents of each composite cell are
disassembled and reassembled in new time positions within a plurality of destination
cells of the CCR. In the CCR, any PCM input sample in any position of any cell,
may be switched to any position of any cell of :he output of the CCR. Further, since
the outputs of the CCR go to .th'e ATM ransmussion network, there is no further need
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these nultiplexors connect to NLIs that then cross couple to SM MCTSI

har dwar e. The core fabric of the space switch interfaces to the
NCT Iinks via the NLI cards. The NCT |inks2&re dupl ex, neaning they
originate fromeach side of the SMMCTSI. In order to cross couple to the

SM MCTSI, the Wﬁﬁ&gﬁ%gﬁi‘%ﬁﬁﬂ%ﬂl g@%ﬁg'l’ e Npls are part of the core

fabric failure group, each _ connects with one
mul ti pl exor fabric si déYoghhat Mbils imthe prefepred ambodimann the CER ds anfieosM s

TSI, but attac I.gle AP L =6l S e
fabri o si de. capy b TIA M Sigtfin fha bOEPRRRAFATP bl stbify, Sl \an gl
connect di r ect {efhiclophmaymake imdesiraple to proVidepeiissivelyabve stagesef SV are al F
in the sane fadivision SWitkhing)\oné i e SSPM-OM 41 orehf tieettRL by brdvidif g BOCCRS

also in this sa fail.ure grqup. Fr.om a systempeyspective, the Cros
coupl ed NCT i SEVSFH TREYE S sgwpaF e%ﬁ&" %P BEW iR
whi ch hasjja splimisaten on bagakirg impesedioatthel ATMU \bxriee spred of its sigralhdinont 620

The NCT :- UT S @16, SOUR!HEY Md GesiiBle T8 PtV Are®r S oy six-@g ARl output

stream. The present configuration assumes that the ATM-CM can switch cells from
any input to any output,'and each ATMU is connected to only a single ATM-CM;
therefore, multiple ATM output streams from the ATMU do not increase the "reach”
of the ATMU, provided the single output has as many cells per frame as a plurality
of ATM outputs from the ATMU.

For an intra-access switch call (a call which does not involve the use of
the CCR) a conrol mechanism which is either a switching module processor or an
administrative module for the switch selects first a haif-path between the originating
switching module and the ATM-CM and then establishes the other half-path between
the ATM-CM and the terminating switching module. Usually, the path through the
ATM-CM will be an activated pre-provisioned virtual path known to the
administrative module and provided to whichever processor(s) are used for
conrrolling the path establishment in the SM and the ATMU;; occasionally a new
pre-provisioned virtual path must be activated, deactivated, or two activated paths
consolidated.

An interswitch call via a ransit crossconnect, requires the use of a CCR
for each haif-path. The half-path for the originating end is provided with the
identification of a circuit group cell in the ATM-CM that connects the ATMU with
the selected CCR and this half-path is established in essentially the same way that a
half-path for an intraswitch call is established. In the CCR, it is necessary only to _
find an available channel in any cell of the ATM output which is destined for the
destination CCR. The destination CCR must be informed of the identity of the cell
and channel within the cell that is carrying the particular conversation and the same
type of path establishment procedure is then carried out at the terminating access
switch.

For an inter-switch call, each access switch half path is berween a
switching module and a CCR, and the processor of the module (a switching moduie
proccssbr) and the processor of the CCR (Administradon Module 530, F1G. 23)
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Since the signals interconnecting the SMs, ATMUs, ATM-CM, CCRs
* and transit crossconnects are all signals capable of being transmitted over optic fiber,
the units need not be in the same location. For example, an ATM-CM, thence a
CCR may gather traffic from a group of SMs that are scattered over a relatvely wide
area. While a CCR could be colocated with a transit crossconnect instead of being
colocated with ATM-CM, the arrangement in the preferred embodiment has the
advantage of locating the CCR near its source of conwol information, i.e., the
controls of the ATMU, ATM-CM and CCR. The object of this type of network
configuration is to minimize the number of cases in which further reswitching is
required. For cases in which there is relatively little waffic between two regions, a
single ATM facility to a single ransit crossconnect such as the top unit 600 in
FIG. 11 (or two geographically diverse ATM facilities to two different transit
crossconnects to provide backup) may be used to interconnect all traffic that has
been gathered from a large region and ransmitted to another crossconnect such as
the bottom unit 600 in FIG. 11 for connection to the large region at the other end for
subsequent redistribution. _

. In this network, the ATMU can arrange different PCM samples into
different cells and, since the ATMU has a plurality of ATM outputs, can also
perform space division'switching to place any particular cell on any of the outputs.
(The latter facility is not really needed since the ATM-CM can switch any input to
any output.) The ATM-CM performs switching of cells from any of its input ATM
streams to any of its output ATM streams, but without changing the payload contents
of individual cells, i.e., PCM samples are not switched from one cell to another. The
CCR can move PCM samples between different cells but in this embodiment
performs no space division switching since it has only one physical ATM input
stream and one physical ATM output soream. The transit crossconnect performs
switching function similar to that of the ATM-CM, namely, any input cell can be
moved to any output ATM stream, but PCM samples are not moved from cell to cell.
Consequently, individual cell outputs of the ATMU are such that any given cell has
as its destination a single CCR which is connected to a single transit crossconnect;
therefore, all PCM samples in a cell generated by the ATMU have as a common
destination a given transit crossconnect. (This, or course, refers only to interaccess
switch cells since cells which remain in the same access switch are restricted only to



- 55 - There are two operational uses of the space swtch,
both of which require space switch nenories to be witten by the ATMJ CC,
nanely call circuit swtching and provisioning of nessage DSCs from
message sources in the SMto the MD. For  call circuit swtching, when a
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CCR that is connected directly to another access switch without passing through a
transit crossconnect, have, as their common destination, that access switch.) The
cells at the output of a CCR, which output is also an inpur to a transit crossconnect,
have as their common destination a single destinadon CCR. The output of the
- destination CCR is cells each containing PCM samples of switches or modules
connected to a single ATMU. '
The topology of the switching plan can also be understood by examining
the contents of different 'tjrpcs of ATM cells. FIG. 13 shows the ransport of DS0’s
using the three types of CBR composite cells. The timeslots between SMs of one
access switch are ransported using single destination composite cells (SDCCs).
Timeslots destined for other access switches are transported internally within an
access switch via multipie destination composite cells (MDCCs). In the particular
embodiment using a SESS switch, only 42 PCM samples (time slots) are transmitted
in each SDCC or MDCC. The other 6 bytes are used to transmit an E-bit for each
channel (representing the supervisory state of that channel) and to transmit a Cyclic
Redundancy Check (CRC) code. For SDCC cells ransmitted toward another SM of
the same SESS switch as the transmitting SM, the E-bit is preserved and transmitted
back. For MDCC cells leaving the access switch, the E-bits and CRC are stripped
prior to generating a TDC (Tandem Destination Cell) cell comprising 48 PCM
samples. .
FIG. 13 is a block diagram showing an access switch using an ATM-
CM for providing connectivity between SESS Switch Switching Modules; in this
case the switching modules are used for providing connectivity to other local
switches. The ATM-CM provides access via the CCRs and network 10 to other
access switches. When the ATM-CM acts as a crossconnect, separate segregated
ATM facilities can be connected to other local switches from the ATM-CM. The
SM in FIG. 13 is either a Switching Module of a SESS switch or a Switching
Module-2000, described in Document 015-372-101, "SESS-2000", July 1993,
available from the Customer Information Center of AT&T, but both will be referred
to herein as an SM. The ATM Unit (ATMU) provides an interface between a SESS
Switch SM and the ATM-CM. The SM interface to the ATMU is an NCT link
carrying a sequence of independent, single byte, 64 kbps time slots, as described in
the following section, each byte enhanced by eight additional control bits including
the E-bit previously described. The MDCC, SDCC, and tandem destination cell
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mul ti pl exor nmenory to route that DSO signal to the correct CWB byte

| ocation. Cell wide buffer hardware then noves the DSO signal to the
correct virtual path cell in the nenory. The SMP provi sions
DSO channels to carry nessages fromthe I\/Essage Handl er or PSU, through an
MCTSI slice to the space switch. The SvPZhen orders the ATMU CC to wite
an appropriate nultiplexor location that routes the DSO channel (s) to the
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cells (SDCC) differ from the more general single destination composite cells (TDC)
described with respect to FIGS. 16 and 17.
" Interal to the switch, composite ATM cells are always used, butin
interfacing to the network there is the option of using either composite ATM cells or
conventional packet voice ATM cells. The payload in composite cells consists of 64
kbps samples from up to 48 separate calls, whereas a conventional packet voice
ATM cell contains 48 samples from a single call.
The three types of composite cells are:
- Single Destination Composite Cell (SDCC),
- Multiple Destination Composite Cell (MDCC),
- Tandem Destination Cell (TDC). |

ATMU to ATMU connectivity uses the SDCC format. Since there are a
relatively smail number of ATMUs in a switch there is generally a lot of traffic
between all ATMUs. Thus, paths carrying SDCC represent an efficient use of
bandwidth.

FIG. 14 is a representation of the SDCC format. The cell destination is
another SM.

A maximum of 42 simultancous calls (and their associated E-bits) (48
byte payload) is accommodated. The ATMU maps the time slots which have the
same destination ATMU into the same cell.

FIG. 14 is an example of a mix of time slot numbers which goto the
same ATMU. The time slots are not necessarily in any order within the cell since
time slot numbers change as calls are set up and tom down. Some byte locations
(i.e., ime slots) in the cell may not contain any information since the cell is not
necessarily full, i.e, there may be fewer than 48 voice or data connections to/from the
destination ATMU.

Although within the switch, SDCCs make efficient use of bandwidth the
same is not true for cells going to other switches. For example, a particular ATMU

ol may have very little traffic going to an ATMU in another switch and
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serial NCT link signals shown in FIG 26 are converted into segnents prior
to being stored in buffer 801). The unl oadi ng of the C\B
towards the ATMCM is under control of the Cell List Processor (CLP) 630.
The CLP nakes requests synchronously to the CAB by sending an address and a
read request. An entire cell payload portiZdmr is read at once in one nenory
access into a shift register. At the sane tine, the CLP | oads the cell

header into theo@ilishll hiRdoSiseh pa Bﬁl_ﬁl&%ﬂ’ciﬁﬁh%&@chhﬁn&é"ﬁ:ﬁ% Rty b0 an
SDH SONET facilit / Line Processi rsg nl.twg__LPH) 61,...,662. CLP read
oper ations of Wﬁﬁgﬁme%@mwé slpts 17 fesells dB Qrder ¢ CORBURSALBORFY ol | ed

writes from t heffidiently frodisan ATMU to the Composite Cell Remap (CCR) function, time slots
which are destined for multiple switches accessible from a single CCR of the source
access switch via a transit crossconnect, are packed by the ATMU into a single
Multiple Destination Composite Cell (MDCC). FIG. 15 shows the cell soucture. |
The MDCC also carries 42 voice channels instead of 48 because of the desirability
within the ATMU of generating a single output format, set by the requirements of
the SDCC.- : :

The destination of these MDCC cells is a single CCR of the originating
access switch. The mixture of cells with ATMU, access switch, or CCR destdnations
and the number of time slots going to a particular switch is a function of traffic
conditions and will vary from ATMU to ATMU. The MDCC implementation
allows reduced bandwidth between the ATMUS and the CCR because sparsely filled
composite cells to/from ATMUs in other access switches are avoided by packing the
time slots into an MDCC.

Paths carrying Tandem Destination Cells (TDC) are used to provide
connecdvity between CCRs. These TDCs can use either a composite cell format or
conventional packet cell (48 samples of one conversation in one packet) format as
shown in FIGS. 16 and 17.

For implementation of the composite ceil format shown in FIG. 16 the
CCR extracts the time slots from the MDCC and aggregates them with the time slots
extracted from all received MDCC:s from all the ATMU: in the access switch to
form composite single CCR destination ATM cells. These composite cells have a
single access switch (i.e., CCR) destination as specified in the header. Messaging
between the SMs and the CCR is necessary to correlate the DSO position in the ATM
cell with the destination switch identity. Since no E-bits or CRC check are needed
for inter switch connectivity, up to 48 simultaneous calls can be handled by the - -
composite TDC ATM cell even if the switches used are SESS switches. Some DSO
positions may be empty depending on traffic conditions.

The CCR can also be used to convert the composite cell saucture used
inside the switch to "conventional packet voice” TDCs for ransmission between
switches as shown in FIG. 17. In order to carry out this functon, the CCR
accumulates 48 voice samples from each of the calls (active time slots) in the
MDCCs_. buffers them and then sends them out to the destination switch. The
conventional cell TDC can also be used for packetized data. :
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directions of the paths, all segnments of a particul ard i?gnput cell to tih
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Then, the CAB is | oaded from t he shift req ster into the bufifer.
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jitter of cells can oceys, fhighdwd theREPPing berween NCT PCM timeslot data‘and an
SDCC or MDCC. FIG. 18 shows that up to 42 8-bit PCM samples from 42 distinct
calls, plus their corresponding E-bits, plus a 6-bit CRC check field make up an
SDCC or MDCC composite cell. The choice of a 6-bit CRC field is clearly an
implementation choice and a larger or smaller CRC, or no CRC, could be
implemented, as could other functions such as framing or parity information.
CCR :

It is very inefficient if each ATMU on one access switch requires
dedicated composite ATM cells (53 bytes each) to each ATMU in all the other
access switches to which it is connected. This inefficiency gets geometrically worse
with increasing numbers of ATMUs in an access switch. It also requires an
Operation, Administration, Maintenance and Provisioning (OAMP) update for every
switch whenever an ATMU is added in any switch. In the preferred embodiment,
ATMUs send ATM cells to the Composite Cell Remap (CCR) function in their
access switch, to aggregate the time slots from all ATMUs in that switch which have
the same access switch destination into ATM cells and send them to the destination
access switch.

The primary functions of CCRs are:

1. An operation must be performed which "remaps" internal composite cells into
external cells. This remapping is done by the CCR.

2. For a SESS switch, the CCRs also perform the E-bit functions for inter-switch
narrowband-to-broadband calls, since only one SM is involved in these type of calls.
Refer to the call scenarios of FIGS. 34-41 for more detail regarding the E-bit -
functdons of the CCRs.

The CCR takes DSOs that are destined for the same access switch (CCR)
from possibly multiple MDCCs and places them into one or more TDCs that are
switched to the given destination access switch as shown in FIG. 19.

At the destination access switch, an inverse process occurs. In this case.
DS0s from the TDCs are mapped by the CCR into MDCCs that are internally
switched by the ATM-CM to the proper terminating ATMU. As previously
discussed with respect to FIG. 11, CCRs are interconnected primarily via transit
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for the Channels are seized on active virtual paths having an a.vaﬂable channcl For
MDCCs, which connect ATMUs and CCRs, the assignment of a channel is
performed not when the virtal path is activated but when the par'ticuiar
communication is requested. Any activated MDCC and TDC, interconnecting
source and destination, with at least one available channel can be assigned. For
SDCCs and MDCCs, new virtual paths are activated as needed on a per call basis,
and channels within the virtual paths are assigned on a per-call basis.
FIG. 20 shows functional block diagram of a call between an originating
and terminaring access switch, showing signaling and virtual paths and channels.
In the figure, the following functional entities and associations are
indicated:
- SM: terminates N-ISUP (Narrov;a Band ISUP) signaling and T1 from Local
Exchange Carrier (LEC) switch, and provides mapping between LEC DS0 and 2
timeslot to the ATMU, '
- ATMU: provides mapping between SM timeslots and SDCC/MDCC ATM paths
and DSO byte location in the selected cell of the virtual path.
- ATM-CM: provides mapping from its incoming port, Virtual Path Identifier
(VPD), and Virmal Circuit Identifier (VCI) to its outgoing port, VP, and VCI. The
VPI and VCI refers to standard ATM terminology, for identifying a virtual path in *~
the terminology of this application. VPI and VCI are transmitted in the header of an
ATM cell.
- CCR: provides mapping between MDCC and TDC ATM paths and DSO byte
locatons.
- BB-CP: establishes TDC ATM path and DSO byte location between two ATM-CM
offices. The Initial Address Message (IAM) message carried on the Signaling
System (Number) 7 (SS7) signaling virtual path contains the VPI, VCI and byte
location in the cell.
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same with the call. This additional parameter is identified as CCB (Composite Cell Byte)
in the Initial Address Message shown in FIG. 20 above.

Permanent virtual circuits are used in the portions of the path wherein
only cells are switched, i.e., the ATM-CM in the source and destinaton access
switches and the transit crossconnect. (The term "virtual circuit” as used herein
refers to a single channel and is thus equivalent to a "virmal channel”.) Individual
virtual paths are established in the ATMU connected to the source and the
destination station, and in the CCR of the source and destination access switch. For .
an intra-access switch call, no CCR and no transit crossconnect is involved so that
the only permanent virtual paths are those into and out of the ATM-CM. Thus, when
there is a request to establish a path, the source access switch finds a permanent
virtual path interconnecting the appropriate ATMU and CCR and connects the
source PCM channel through the ATMU to the selected CCR in the ATM-CM of the
source access switch and directs the CCR to make the appropriate connection of that
channel as received from the ATM-CM to a cell of the PVP through the transit
crossconnect. Similar actions are performed in the destination access switch. For an
intra-access switch call, a PVP in the ATM-CM of the access switch is selected
which interconnects the ATMU connected to the source PCM channel and the
ATMU connected to thc destination PCM channel. These two ATMUs (which may
be the same ATMU) are then directed to establish a connection between the source
or destination PCM channet and the selected PVP of the ATM-CM.

The permanent virtual circuits in this preferred embodiment are two-
way circuits. Since the ATM signals themselves are uni-directional, this means that
a pair of PVDPs is assigned for a specific communication or, in the case of composite
cells, for a group of communications. When a particular communication is assigned
to a particular PVP carrying composite cells, it is assigned to corresponding
positions within the cell for the two uni-directional PVPs that compose the
bidirectional PVP. For the case in which a packetized data communication is bein g
established where data communication may be heavily or entirely uni-directional,
this simply means that the ATM switches and crossconnects will send fewer cells for
that communication in one direction than in the other. The activation of a PVP

merely requires that the active memory of the switch or crossconnect contains that
PVP but does not in itself require the use of additional resources, the additional



- 57 - partition, and causes the CLP to read fromthe partition that is
furthest in tine fromthe current build-out partition. DSO Path

Moni t ori ng/ Test Monitoring circuitry is provided to determ ne
that conposite cells are being received by the ATMJ every 125 [err]s on
average. To achieve this, the CLP maintaid$-a counter for each conposite
cell virtual path that is active. Every tine a cell arrives, the counter is
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wransported to the far-end access switch, via direct interfaces on the ATM-CM. As
shown in FIG. 21, alternate routes can be established via the CCRs and ATM-CM of
other designated access switches. A simpler, less 'expcnsive alternate route iS
established using an intermediate CCR as shown in FIG. 11. In all cases, only 2
narrowband SMs are involved in the call. '
2.2 Architecture Qverview
Shown in FIG. 22 is the architecture for a fully integrated
' narrowband/broadband access switch. _
Noteworthy aspects of this architecture are:
- Broadband network and user interfaces terminate on the ATM-CM.
- Remote ATM Switching Units (RASUs) can be supported off the host ATM-CM.
- The full complement of existing narrowband interfaces, signaling protocols, and
features are supported by the SMs. '
- The broadband components can be common with other applications.
- The ATMUs are located in the ATM-CM.
- Composite cells are used internally within the switch, between ATMUs and CCRs
for incoming/outgoing narrowband-to-broadband calls, as well as between ATMUSs
for intra-switch narrowband calls).
- Broadband ISUP is the signaling protocol used between switches.
- E-bits are transported over the NCT links, and mapped into the composite cell
segment by the ATMU. For SM-to-SM calls, this results in no change to the E-bit ..
processing in the SMs. For narrowband-to-broadband calls, E-bits are transported in
the composite ceils between the ATMU and the CCR. E-bit processing is then
performed by the CCR. The CCR removes E-bits for outgoing calls. Further, E-bit
processing in the CCR mimics that which would be done by an SM, since the call
processing software in the SM is not affected by the introduction of the ATM-CM.
This means that it should be wansparent to the one SM in the connection that there 15
not another SM (i.e., the CCR manipulates the E-bit just as an SM would). Thus,
when a connection drops, the CCR turns off the E-bit, which thereby allows the SM

s
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For this preferred embodiment, the AM is required to be a relatively
high speed processor such as AT&T’s 3B21D in order to support the Futurebus+
extension. This permits the connection of a Broadband Signaling Processor (BB-
SP), a Broadband Control Processor (BB-CP), Broadband OAMP System (BB-AP)
and Broadband Terminal Servers to be attached directly to the AM and the ATM-
M.

- The BB-CP provides the broadband call processing and subscriber services for the
switch. It terminates layer 3 B-ISDN (Q.93B) and B-ISUP (Broadband ISUP)
(Q.764) signaling, and maintains the subscriber profile for the broadband subscribers
on the system. Broadband call processing software in the BB-CP interworks with
the narrowband call processing and features on the SMs.

- The BB-SP is the broadband signaling processor and performs the termination of
the ATM and ATM Adaptaton Layer (AAL) layers, for both the Network-Node
Interface (NNI) and the User-Network Interface (UNI). '

- The BB-AP handles all OAMP activities related to the broadband components of
the switch. This includes integrity and recovery of the BB-CP, BB-SP, and Remote
ASUs.

- The Terminal Server supports asynchronous terminals and interface access units
for broadband Operatdons Support Systems (OSSs).. -
- The ATM-CM is the switching fabric for switching cells between different ATM
input and output bit streams. The ATM-CM terminates the lowest layers of the UNI
and NNT interfaces. It is also responsible for control of the per-call and provisioned
Virtual Path (VP) connections and all bandwidth allocation. The ATM-CM is
responsible for the integrity and recovery of the ATMUS. ) )

- The CCR remaps internal composite cells to standard external ATM cells. The
external cell to composite cell/byte mapping tables in the CCR are maintained by the
ATM-CM. Itis also possible to carry out the function in units associated with the
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space switch and CLP and the MLD. The LPUs are cross coupled to the
facility shift registers (FSRs) and CWB. Thus a CWB can receive cells from
either of the duplicated LPUs. Wi ch of the two LPUs is being used is under

control of the ATMJ CC. 3 The primary error detection

method in the CAB is parity over: 34NCT buses fromthe space switch
CCR echo canceling,
- The ATMU, as described earlier, provides conversion berween NCT timeslots and
ATM composite cells. The dmeslot to composite cell/byte mapping tables in the
ATMU are maintained by the ATM-CM.
- The RASU (Remote ATM Switching Unit) is an optional unit comprised of an
ASU-2000 fabric, of the type used in the ATM-CM remoted over an ATM facility.
- The SM-2000 or other SM provide all the narrowband call conmol, supplementary
services and features, as described earlier in this document. Call processing in the
SMs interworks with broadband call control in the BB-CP for connections between
narrowband and broadband subscribers.
- For International applications, the GSM-2000 (a global version of SM 2000)
directly terminates the lower layers (i.e., Message Transfer Part (MTP)) of the
narrowband Signaling System No. 7 inter-office signaling protocols. For the AT&T
network switches, a CNI (Common Network Interface) Ring performs this function.
- The APH is an optional unit which is present if an RASU is equipped in the
system. The APH performs SDH termination and ATM Adaptation (AAL) layers
functons, and provides a communication mechanism for accessing units in the
system which are remoted over ATM, such as the RASU. In the preferred
embodiment, ATMUs and CCRs receive control information over control links 541

~ and 551, respectively (see FIG. 18) from the call control units (Administration
Module, Broadband Call Control, Broadband Signaling, Broadband OAMP, etc.)
This is in conmrast to the SM which receives control messages over control time slots
of the NCT links connecting these units to a message switch.
Detailed Description

FIG. 23 is a block diagram of an access switch 1. The SESS® switch,

manufactured by AT&T, and extensively described in AT&T Technical Journal,
Vol. 64, No. 6, Part 2, July-August 1985, pages 1303-1564, is the switch described
for use with applicants’ invention. It includes a plurality of switching modules. The
input from the local switches 2 (FIG. 6) are terminated on switching module 510.
This switching module comprises both circuit and packet switching units, such a
module is described in M. W. Beckner, J. A. Davis, E. J. Gausmann, T. L. Hiller,
P.D. Olson and G. A. VanDine: "Integrated Packet Switching and Circuit Switching
System", U.S. Patent 4,592,048. This module is controlled by a switching module
processor 511 which communicates with a message handler 513 for receiving and
transmitting messages. The T-carrier inputs from local switches 2 are terminated on
digital interface 515 and are switched by time slot interchange 517. Since the signals
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The outputs of the switching module 510 are a group of network control and timing

links (NCT 523,...,524) (typically, up to 20). The NCT link signals are carried over

optc fiber links and can readily be made long enough to allow a SM to be remotely
located. A subgroup of these 20 links is then terminated in an Asynchrohous

Transfer Mode interface Unit, (ATMU) 540 which can also terminate NCT links

from other SMs. Other subgroups from this SM can also be connected to other

ATMUs, the latter also being connected to ATM-CM 550. The output of the ATMU

is a plurality of SONET/ATM signals to the common broadband platform (ATM-

CM) 550. The AMM, an extension of the administrative module (AM) 530, is used

to control switching connections in the ATM-CM 550 and to carty out common
functions for a plurality of switching modules connected to a particular ATM-

CM 550. The ATM-CM is also used to switch signals between different switching
modules 510 connected to ATM-CM 550 in order to handle tandem calls between

local switches 2 that are not connected to a common switch module.

FIG. 23 shows a configuration wherein the ATMU can be separated
physically from both the ATM-CM and the SM; both the NCT link and the
SONET/ATM link are arranged to transmit signals over longer distances. Clearly, if
the ATMU abuts or is part of either the SM or the ATM-CM, these facilities can be
simplified. :

As an ATM crossconnect unit, the ATM-CM is able to perform the
functon of connecting ATM cells between ATM inlets and ATM outlets. To ensure
that the composite CBR cells that carry voice waffic are not delayed or lost, the CBR
cells are given high priority. They are sent on facilities that are selected to have
sufficient bandwidth to support their ransport, and buffering is always able to
accommodate these cells. Simulations have demonstrated that the probability of a
queuing delay across an ATM-CM in excess of 50 us for a CBR cell, even when
facilities are fully loaded, is less that 1 x 10~ !! . Narrowband VBR signaling and
other priority cells are guaranteed transport via margins of bandwidth in the facilities
that are reserved for this purpose. Those VBR cells use buffers that are separate
from the CBR cells, even though they are on the same facility. Broadband
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During a transitional period, the existing time multiplexed switch (described in the
AT&T Technical Journal reference, for example, on pages 1425-1426) can continue
to carry part of the inter-SM traffic and the ATMUs and ATM-CM can carry the rest.

While in this specific embodiment, the inputs to ATMUs are from a
group of switching modules of a single switching system, such as the modules of a
SESS switch, the teachings of applicants’ invention are equally applicable if separate
switching systems, instead of switching modules, are connected to ATMUs.

The block diagram of FIG. 23 is a specific embodiment of the invention
based upon the SESS switch architecture. The Asynchronous Transfer Mode
Interface Unit (ATMU) provides the interface berween a switching module and the
ATM-CM. The ATM-CM acts as a combination communication module for
interconnecting connected switching modules and as an ATM crossconnect for
connection via ATM links to other ATM-CMs. The SESS Switch Module normal
format for voice and dara wansport is a single byte time slot. The ATM-CM format
is a 53 byte cell containing 42 9-bit segments, each segment containing an 8-bit
PCM sample and one E-bit, for voice and data transport, and 5 bytes for overhead.
The ATMU provides the conversion between the single segment time slots and the
33 byte ATM cells. It also provides arrangements for ransmitting the multiple time
slots required, for example, for a 384 kilobit/second channel, into different segments
of a single ATM cell. The SESS Switch Module interfaces to the ATMU over
Network Control and Timing (type 1 or type 2) (NCT) links and the ATMU ..
interfaces to the ATM-CM over Synchronous Digital Hierarchy (SDH) or its U.S.
version, Synchronous Optical Network (SONET), links. The SDH or SONET links
transport ATM cells. If, as in the preferred embodiment, the ATMU is partof a-
physical unit containing the ATM-CM, there is no need to provide either SDH or
SONET functionality; in this case, the ATMU interfaces with the ATM-CM via
ATM cells. By providing voice and data switching the ATM-CM eliminates the
need for the time multiplexed switch used in the communications module of the
prior art SESS system. In this preferred embodiment, the switch module (SM) is an
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AT&T Technical Joumnal reference to take advantage of the higher speed circuitry
available today. The dimensions of the SM are discussed below, as appropriate.
While in this embodiment the ATM-CM interfaces via the ATMU with switching
modules of one switching system, it can equally readily interface with one or more

stand-alone switching systems.

Although not currently planned for the preferred embodiment, the
ATM-CM also could provide SM message routing to both the Administration
Module (AM) (of the SESS switch), and to other SMs, thus eliminating the need for
intra-switch message router. The ATMU could convert the SM messages from
Message Handlers and/or the Packet Switching Unit (PSU) of the SESS Switch
Module to a format suitable for routing across the ATM-CM. A standard ATM
Adaptation Layer could be used for this purpose. The ATMU also provides transport
for the ATM-CM Processor Intervention (CPI) functon that can be used to force a

restart of an SM if a situation arises that requires a reset.

Signaling System 7 (SS7) messages are handled by virtual paths of the
transit network 10, thus prowdmg switch to switch messaging without the need for
an intervening STP for routing messages. (An STP, at least initially, is still desirable
for use in accessing data bases, by providing data base access to the signal '
transmission network 10.) The ATMU implements this function by assembling
packets into ATM cells, associating a virtual path with each switch SS7 Point Code
and then transferring the cells to the toll ATM network over the designated virtual

path.

The preferred embodiment described herein takes the view that the
ATMU is closely associated with the ATM-CM, since that appears to be the most
useful from the toll network point of view. An alternative wherein the ATMU is
closely associated with the SM is also possible. If the ATMU is closely associated
with the ATM-CM, then the ATMU receives its control from the ATM-CM’s --
controller and the AM. In the event that the ATMU is closely associated with the
ATM-CM, conrrol signals are sent over a control link 541 via the ATM-CM from the

AM to the ATMU central controller (ATMU CC).

As shown in FIG. 23, the ATM-CM is under maintenance control and
circuit control of the AM. The AM acts as the ultimate maintenance master for the
the ATM-CM. In this embodiment, the ATM-CM serves only as an ATM
crossconnect, and provides no processing for either video broadcast, frame relay, or
Switched Megabit Data Switch (SMDS). Alternatvely, the ATM-CM can be
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FIG. 24 is a block diagram of an asynchronous tansfer mode interface
unit (ATMU) 540. The ATMU is under the overall control of an ATMU Central
Controller (ATMU CC), which receives control signals over control links 541 from
the ATM-CM. The inputs are from a time slot interchange unit 517 of one or more
switching modules 510. The outputs are to the common broadband platform (ATM-
CM) 550. The ATMU is considered an ingress and egress node of the overall
network, and 2 PVC interconnects two ATMUs. This allows traffic from several
SMs to be collected for transmission over one PVC from one ATMU to one ATMU.
The outputs of time slot interchange units 517, which are groups of NCT links, enter
space switch 610 which has 42 outputs leading to cell wide buffer 620 (CWB). Cell
wide buffer stores 9 bit segments, each segment comprising an 8-bit PCM sampie
and one E-bit for the associated channel. Each NCT link carries 512 16-bit time-
slots every 125 ps. The 16 bits include 8 PCM or user data bits, 7 internal control
bits, including a supervisory signaling bit (the E-bit) and one parity bit. All but the
8 PCM bits and the E-bit are discarded before an ATM cell is formed. CWB 620
includes 42 separate segment-organized memories whose outputs can then be used in
paralle] to form the 48-byte payload of an ATM cell. The space switch is used to
switch the outputs of the NCT links to the appropriate one of the 42 virtual path
memories 621,...,625. The 48-byte parallel output and a 5-byte output, representing--
a header, from the cell list processor 630 enter one of 8 shift registers 651....,652.
The particular shift register is selected by one of the select units 653,....654 under the
control of cell list processor 630. The output of each of these shift registers goes via
one of the CBR/VBR selectors 663....,664 to a Line Processing Unit 661,....662
(LPU), each LPU generates a SONET/ATM data stweam. These 8 data streams are
then switched in ATM-CM unit 550. The term ATM-CM as used herein refers to an
ATM crossconnect switch, having, in this case, ATM/SONET inputs and outputs.
The treatment of VBR cells is discussed further below. Details of the treatment of
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array technol copimeiied by atcofitrohmemory 703,...,704 are used to switch the outputs of the
incoming NCT links to the appropriate one of the 48 virtual path memories that form
a cell wide buffer. Each 9-bit switched segment (1 PCM sample plus the E-bit) in
each of the NCT links may-go to any one of the 42 positions in the cell wide buffer.
In addition, selector 710, under the control of control memory 711, is used to steer
(packetized) variable bit rate data including signaling and other messages to Message
Layer Device 670 (ML.D) (FIG. 13). The MLD converts messages into ATM cells
which are ransmitted by the cell list processor 630 a CBR/VBR selector 663,...,664
into one of the LPUs 661.....662 into the ATM-CM after the CBR cells have been
transmitted for a given 125 ps.

FIG. 26 illustrates the cell wide buffer 620. It comprises 42 9-bit wide
memories, 621, 622,...,623 each comprising a 9-bit by N buffer 801 and a contol
memory 802, where N represents the depth (i.e., number of cells that can be stored)
of the buffer. In accordance with well-known principles of the prior art, in order to
preserve frame integn'fy, the transmit cell wide buffer is a duplex buffer, one part
being loaded while the other is unloaded; the receive cell wide buffer is triplex to
solve jitter and frame integrity problems. The control memory steers bytes from the
incoming NCT bus to the appropriate position in the buffer. In addition, the system
is arranged to transmit a pseudo random code in idle DSO time slots to test condnuity
of DSO channels over ATM facilities; in one embodiment, the control memory of a
CWB is arranged to insert and to detect the presence of the code under the control of-
the ATMU CC. Alternatively, tones from tone sources in the SM can be transmitted
over DSO channels and detected at the far end.

_ FIG. 27 illustrates the Cell List Processor (CLP) 630, Facility Shift
Register (FSR) 651, and Line Processor Unit (LPU) 661. The CLP 630
simultaneously reads the CWB 620 while controlling the Selector 653. This causes
one 48 byte CBR cell to be written into the SR 651. In addidon, the CLP outputs the
5 byte header into the SR at the same time. Thus a full 53 byte cell is loaded into the
SR. The cell is now shifted into the LPU 661 vig.CBR/AB. 631 The
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-60 - Texas Instrunents 't hat can al so run 100 MHz plus. ATM Congesti on

Test Function One function of the ATMJUis to be able to
determ ne whether or not a conposite cell virtual path that is about to be
pl aced into the active state will experi erh(be congestion, and thus prevent

such congestion from occurring.

LPU 661 wansmits the cell onto the SONET facility to the ATM-CM.
FIG. 28 shows the Message Layer Device 620.. The MLD 620 receives
messages on NCT time slots from the Space Switch 610 into Interworking
Units 1020,1022.,...,1024. These messages could be inter-SM messages, SS7
messages, or user gcheratcd messages such as CCITT X.25 messages. The Inter-
Working Units (WU s ) determine the correct pre-provisional ATM Virtal Circuits
identifier, and segments the message into ATM cells per CCITT specifications using
the determined VC identifier and other header fields as described by CCITT ATM
Adapration Layer specifications. ;I'hese cells are subsequenty shifted out of the
Interworking Unit into the CBR/VBR selector and LPU 661 shown in FIG. 16, under
the conwol of the CLP. In the preferred embodiment, the outputs are joined and sent
to one or more of the CBR/VBR selectors.
FIG. 29 shows an Interworking Unit 1020. NCT time slots are
 connected via the selector 1110 to the dara link controller 1120. A Dara Link
Controller 1120 processes bit level protocol that includes. flags, bit insertion, and
CRC. A second conoller 1 140_proccsses'SS7 or link access protocol within the
messages. A processor 1130 determines the Virtual path to be used for the message,
and commands the ATM Adaptation Layer (AAL) Processor 1160 to segment the
message into ATM cells. The ATM cells are placéd, under the control of ATM
Adaptation Layer Processor (AALP) 1160, into the Cell Buffer 1170 (not to be
confused with Cell Wide Buffer 620 (FIG. 24)) where they are later transmirted
under control of the CLP 630-(FIG. 16) into the CBR/VBR selector 663 (FIG. 27).
High priority cells are inserted into Cell Buffer 1170 before low priority cells. Cells
from the cell buffer 1170 (FIG. 29) constitute the VBR cells shown in FIG. 8 (the
125 ps frame). The cell buffer may have to be several cells deep to take care of
VBR cell buncting from the ATM-CM.
The AM serves to support the entire SESS switch and ATM-CM
(including ATMUs) OAMP needs. These include download and control of the
ATM-CM, craft graphical display, and communication via ATM with SMs. FIG. 30
shows the AM/ATM-CM system architecture as compriﬁing the following
components:
- ATM Management Module (AMM) including directly connected terminal.
This is an adjunct fault tolerant processor that connects to the existing SESS
switch AM, and serves to provided added processing throughput for new
ATM-CM and ATMU capabilities.

®
- Ethernet™ Bus to interconnect AM/AMM with Uses-tmerface
R AT RN Sty
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communicate via ATM over SONET to the SMs. The SMs terminate the

APH’s ATM in their ATMU MLDs. To communicate with SMs, the

AM/AMM sends messages via Ethernet to the APH which performs the

message to cell conversion and ransmittal to ATM-CM over SONET.
The GUI and non-volatile memory are commercial cox:iponents whose control
resides in AMM software. The design of the AMM and APH components are
expanded in Section 5 of the Detailed Descripton.

FIG. 31 illustrates the circuit (channel) hunt which is performed by a
switching module processor 511, or other processor having data about the status of
PVPs from the connected ATMU to the destination of the call. This processor
receives a path request (action block 1200) and determines (test 1202) if there are
any available circuits (channels) on direct active virtual CBR paths to the destination
of the path request. If so, then an aviilable circuit is selected (action block 1204)
and a message is sent to the node (typically, a processor for another ATMU) at the
other end to nodfy that node that a circuit has been esrabhshed on a partcular slot of
a pamcular active CBR PVP.

If no available circuits on direct active CBR PVPs are found in
test 1202, then test 1208 is used to determine if there are any available circuits on
alternate active CBR PVPs. If so, then an available path from one of these alternate
active virtual paths is selected (action block 1210) and the node at the other end is
notified (action block 1206). (An alternate active virtual path is an active virtual
path using an alternate route which is a route that uses at least two links instead of
the single link direct route.) If no circuits are available on active virtual paths for
this circuit request, then a request is made to allocate an additional virtual path
(action block 1212). This request is sent to the administration module 530 (FIG. 12)
which activates an additional virtual path as described in FIG. 32. Eventually, the
administrative module rcsponds to SMP 511 with a success or failure indication and.
in the casc of a success indication, the identity of the allocated virtual circuit.

Test 1214 is used to determine that success or tailure. If the allocadon request has



CLP is ordered bv the ATMJ CC to set the congestion bits on a |ink known
not to be congested. Downstream ATMCMs will not affect already set bits,
so the far end ATMJ shoul d detect the set bits. .The ATMJ CC t hen orders the
bits to be cleared. The receiving ATMJ shoul d detect that the bits are
cleared. Such a test can be used to verify2t-he detection circuitry of the
mar ked ATM cells, and the ability of the network to transport these bits

after they ar Qeémidé@é%sfully y respanded w0 (Bbﬁueéaaﬁpuyépt,ee‘ﬁm RON@eSidoans bi ts has
not been determnm ned t In the arr genent descri bed herein,
these bits arEFaese 1’%°’9%‘r‘1°f HRdbE B‘Pﬁe”isr‘l’ ée W&WB’@(‘H@%O fithe frane

mar tl ng ?I gor aﬂdmnus@cbcess Ewmuﬁ’e&ssfm (riggﬁﬁve%ﬂpﬁd dthesrdosthed aiRS phdigt are
marked i f con e re not ed. since the
e 1 OB e B S 5o e i SRESES SR "
is part of thm@&ﬁblmﬂlure group as the space switch and CVWB. A fault in

the CLP causes a si dey WdteRe®n hieiéhbhon W0T Be Gl Rbedsis, AENYCC

the switching module processor maintains a list of active CBR virtual paths for
carrying traffic outgoing from its associated switching module and maintains an
activity state for each-channel of such a virwal path. It is, of course, also possible to
maintain this information elsewhere such as in the administrative module, but the
suggested arrangement minimizes the time required for establishing most calls.
Further, it is possible to use virtual CBR circuits with two-way channels but such an
arrangement, while it allows for more efficient use of the virtual channels, requires
negotiation berween the two endpoints in order to prevent "glare” (i.e., a situation
wherein the same channel is seized concurrently by the two end nodes connected to
the channel).
FIG. 32 describes the process of activating a virtual CBR path, or for a

split path, a group of channels. Many more virtual CBR paths are provisioned (i.c.,
stored in memories of the network) than can be active at any one time. Basically,
virtual CBR paths are provisioned to handle the peak wraffic between any pair of

- nodes. Virtual CBR paths are considered activated when they are available for
carrying wraffic. The process of activation is designed to ensure that the physical
ATM facilities carrying the virtal CBR paths are not overloaded and that no
defective physical ATM facilities are used to carry wraffic. In case of a failure, for
example, all virtual CBR paths that use the failed facility must be deactivated.

In this specific embodiment, the process of activating additonal virtual

CBR paths is analogous to the process of seizing individual trunks in accordance
with the teachings of the real time routing arrangement as described in G. R. Ash et
al.: U.S. Patent 5,101,451, by routing additional traffic over less heavily loaded
transmission facilities, in this case, SONET/ATM facilities. One special
characteristic of the arrangement described herein which is not'analogous toa
situation encountered in routing traffic over individual trunks is the use of split
groups, illustrated in FIG. 10, i.e., active virtual CBR paths a portion of whose
channels are used for outgoing maffic in one direction and another portion of whose
channels are used for outgoing maffic in the other direction. Such split groups are

: y efficient for use in cgrrying raffic between two nodes for which the level

28 FEB 1997




f—r-

cause

Addi ti onal hardware such as a tinmer that checks for WL%CEM;%?%@&E1 ock
The CLP is controlled by the ATMJ CC. Real sters exi
directly of waffic is relatively low. Another difference is that more™titt

an intermediate CCR, as stown in the middle CCR of FIG. 4 and of FIG. 11, can be

-61- Parity is used on all list and sequencer. driven nmemmries.
conditions are also enployed. The nenory driven seque
downl oaded by the ATMJ CC as part of CLP initializatj % %
22 BEBTR7
the CLP to nodify information in the |inkéd |ist tabll d.
Addr ess Mapper (AAM. In effect, the CLP sinply witles ATIVU CC data
alternare routed traffic so =2z the load of several links may have to be considered in
selecting an alternate route ?VP for activation. A third difference is that PVPs using
used as alternate routes, equivalent to "2-link routes” of the cited patent; such-
alternate routes are relativeiy inexpensive since they do not require raversal of an

intermediate access switch.

An administrative module receives an allocate request from a switching
module processor 511 (acgon block 1300). The administrative module first
determines (test 1302) if there any virmal CBR paths carrying split maffic (i.e.,
outgoing from the two end nodes). If so, the administrative module determines how
many channels are currently busy in each direction and checks if there is adequate
margin in the split group to allow for an additonal few channels to be allocated in
the direction associated with the allocate request. The channels of split groups are
arranged so that the first n channels are hunted in one direction and the remainderin
the other directon and that the hunt for a channel is performed in such a way as to
keep the middle channels available whenever possible. If middle channels are
available and if the number of these available channels is sufficiently large to allow .
for a movement of the division point (positive result of test 1304) then the split point

" is moved (block 1306) and the two end nodes are so informed (action block 1308).
The requesting node is informed of a success in response to the allocate request and
when the requesting SMP retries test 1202 and 1208, one of these will now pass. In
this embodiment split groups are checked first; simulation studies may show that the
alternative of checking for available additional PVPs first, is more optimum.

If no split groups are available (negative result of test 1302) or if there is
inadequate margin in the split group(s) (negative result of test 1304) then test 1320
determines if there is an available idle provisioned direct virtual CBR path. If so, it
is necessary to check whether activation of an additional CBR PVP will cause "=
congestion on any link carrying that PVP. If such congestion is found, that idle
provisioned direct virtual CBR path is rejected and not activated, and test 1324 is
tried; if no congestion is caused. that path is activated (action block 1322) and the
two end nodes of that path are informed of this activation (action block 1308).
Otherwise, test 1324 is used to determine if there are any alternate available virtual
CBR paths. In making the cheice among available alternate CBR paths, the
principles of real time networic routing are used by preferably selecting available
alternate virral CBR paths thaz use relatively lightly or less heavily loaded ATM



to those nenories, but at a tinme that is synchronized with other CLP
activities. The FSR request bits are inhibited by registers accessible
directly to the ATMJ CC. Ot her communi cations such as marked cel
information, or control to mark cells is handled through registers 921
shar ed betmeen the CLP and the ATMJ CC. Any conpl ex processing that does
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In operation, after the SMP has connected a DSO t hrough a gi ven SM MCTSI
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case for the selection of a single trunk for real fime nerwork routing, a loading

threshold limit beyond which virtual CBR paths should not be activated should be

applied for any facility that is used by a candidate CBR PVP. The limit is also

affected by the amount of VBR traffic supported by the ATM facilities. Clearly, this

limit is a parameter which should be under control of the network administrators,

which may be different for different ATM facilides, and which should be adjusted as

field experience is obtained.

Note that in the preferred embodiment, all provisioned PVPs have a
predetermined path traversing two end nodes and a variable number of intermediate
nodes. Alternatively, switched virtual paths could be provided having a variable
path selected at activate time.

If no available alternate CBR virtual paths are available for assignment,
then the allocate system returns a failure indication to the requesting SMP (acton
block 1326). If an available alternate path has been chosen (action block 1328) (the
available circuit is selected among alternate circuits with relatively low load) then
the alternate path is activated (action block 1330) and the end node and intermediate
ATM-CM switches are notified of the activation of the CBR virtual path.

The active CBR PVP consolidation process will now be discussed. In
the course of normal toll call actvity, it usually happens that different conipoéitc
cells between two end nodes are not completely filled. Furthermore, it is a frequent
occurrence that the total number of DS0s in N active composite cells is less than or
equal to the total number of DSOs supported by N-1 composite cells (48 N-N). In =~
that case it is desirable to consolidate the PVPs carrying these cells to form more
fully udlized cells that carry the DSOs. The PVP for composite cells which no
longer havp active DSOs can then be made inactive, thus freeing bandwidth on one or
more ATM facilities. That freed bandwidth can then be used for composite cells
between other sources and destinations. Thus, more efficient utilizadon of the
network is achieved. The consolidation process is described in FIG. 33.

st
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The ATM Message Layer Device (M.D) (FIG 28) provides variable |ength
nmessage to ATM conversion for the 5ESS switch for the follow ng three
comuni cati on systens: - SMto SM and SMto AM conmuni cati ons

- SS7 Network: SMto SM comunications in the toll network -

| nt er- PSU packet conmmuni cati ons By provi-didng t hese interworking services,
the ATM network can be used for nessage transport, thereby sinplifying

i nt er-SM nessage eXChg!}ﬁﬁd\ém t hl&hh@#%%éﬁﬁécaﬁg s‘?@’c gégg c@,}(gcmeai ng the

use of STPs for nessa ches I n e tol ne t Wo STPs. used
for point of m]etmed:mssen!raslmsg berwesn AT Yo aﬂﬁ@qm@qssﬂgwﬁﬁgw&lamq'bﬁs are

not affected pé%}éf %-Bl: N?‘d’gl colNer Al:(eﬂﬁﬁ%lwﬁ 10§15 IR fdrake AbOUt a
SV O SM proce COSt vvare %o n?auon f composite cells instead of the

or SM processor (SMP) to control the consoli ) p

ATM-CM. However, the processing would be the same in either case, only the

idendty of the processor would be different.

To perform consolidation, processors continually check active
composite cells for a partial fill condition which is defined to be N composite cells to
the same destination such. that the twotal number of active DSOs within N cells is less
than the total number of DSO in N-1 composite cell (i.e., (N-1)*48). The amount by
which the sum of the actve channels in the N cells is less than (N-1)*43 isa
parameter which should be set as a result of simulation and experience. If the
parameter is too low, say zero, thrashing may occur; if it is too high, say 10,
inefficient use of facilities will occur. For this discussion a cell and its
corresponding PVP are used more or less interchangeably. Each active cell is under
the control of one connected end node, the end node that originates outgoing traffic,
ar, in the case of split traffic cells, a node selected arbitrarity. When the controlling
processor determines that a partial fill condition exists, it communicates a request 10
the destination node to consolidate the N composite cells. The request contains:

- The identity of the N composite cells (e.g., via the Virtual Path Identifier).
N-1cells are the consolidated cells, and one cell is the cell to be eliminated
(since it will carry no DSOs following consolidation.)
- A list of DSO cell re-ordering from the cell to be eliminated to the
consolidated cells.
In this embodiment, DSOs of the consolidated composite cells remain in the same
cell locations, and DSOs from the eliminated cell are moved to idle positions in the
consolidated cells.

The other node responds with an acknowledgement to consolidate. -
During the consolidation period. new calls that require ransport between these two
nodes (typically switching modules) will only use DS0s from the consolidated cell
that are not to be filled from the cell to be eliminated. It is possible that calls could
arrive and therefore trigger the activation of a PVP for one composite cell while
another PVP is being eliminated. This unlikely occurrence is in accordance with the
invention since eventually excessive PVPs are eliminated. I yeeeriey
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Further, I n accordance with the teachings presented

‘ef erred enbodi ment, the Message Switch within 5ESS switch

the ATMU tran

bus is

xanpl e, in the AT&T Technical Journal reference on pages

function is provided as, di scussed below in Section 4.6.
he M.D are the SS7 I nt er*fvier ki ng Unit (SS7 |WJ) (1020)
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or SS7 messages

Within the ATMU, a DSO on an NCT link from the SM is read from the memory at
two discrete times to be placed into two different cells and DSO locadons.

The processor performing consolidation commands the ATMU CC to
perform this function. After performing this action, the processor sends a message to
the other node indicating that the aforementioned copy action has transpired. The
other node must send a similar message to the original node. Upon reccptiori of this
message, the destination processor commands the ATMU CC to deactivate the PVC
of the eliminated cell. The ATMU CC causes the ATMU to read DSOs from the
buffer locations associated with the consolidated cells instead of locations associated
with the eliminated cell. The ATMU CC then removes this cell from the CLP’s
actve composite cell list. The eliminated cdmpositc cells are no longer sent or
processed into DSOs on the NCT links. Since the DSOs are switched via the ATMU
to the NCT links, there is no change of time slots on the NCT links to the SM TSI
(Time Slot Interchange). The other end then also deactivates the PVP of the
eliminated cell.

A problem arises if a channel from one cell is transferred into the same
channel in another cell; during the period of wansition, this cell would be written into
the same channel position of two buffer locations. This problem can be overcome in
one of three ways:

- The speed of the CWB can be doubled to allow two writes to occur in one
interval

- the consolidation can be arranged through software to avoid such a
transition '

- the transition can be made in two stages, first by freeing another channel of
the transferred-to cell by copying a busy channel to the idle position and then
releasing the previously busy channel, then by transferring the channel from
the cell being released to the newly released channel of the target cell.

If two or more SMs are connected to one ATMU, either the SMP of one
of the SMs controls the PVP being deactivated or, preferably, the AM of the
connected ATM-CM controls the PVP. In either case, only a single processor
controls the consolidation process at the controlling node.

A flow chart for impicmcntin g the consolidadon process is shown in
FIG.33. Atsome point, the consolidadon process is started by the processor which
controls allocation of permanent virtual paths (action block 1400). A test is made to



dupl ex, having a source in each of the duplicated portions of the space
swwtch. Wthin the MLD, the bus is fanned out (via backplane) to the SS7,
SM and inter- PSU | Ws. The outputs of the M.D on the ATM side
are serial shift registers that are essegti.ally in parallel with the shift
registers of the CWB. This can be seen in FIG 18 which shows a bl ock
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biock 1406). If not, another set of PVPs is checked for the pardal fill condidon. (In
general, it is expected that no more than one PVP would carry traffic initiated from
both ends. A PVP carrying such traffic can be eliminated in two steps by first
eliminating the outgoing channels from one direction and after these channels have
been eliminated in the process described hereinafter, converting the cell to be
eliminated, not to a cell of an inactve PVP, but to a cell of a PVP carrying the affic
that is now fully controlled by the other end node.)

If a pardal fill PVP set is found (posidve result of test 1402), and it is
found that the total traffic carried over the route served by these PVPs can be
adequately served by one less PVP (to eliminate excessive shuttling of PVP
activation-consolidation), then the controlling node (carrying outgoing traffic for that
PVP) consolidates channels from a cell to be eliminated into the target cell (action
block 1410). A message is then sent to the far end node (the node with incoming
traffic for that PVP) informing that node of the new channels to be occupied by the
channels from the PVP which is to be deactivated (or, in the case of a two-way
traffic PVP, to be converted into a one-way traffic PVP). The outgoing node also
arranges to have traffic from the channels of the cell to be eliminated transmitted to
both the cell of the PVP to be eliminated and the consolidated target cell (acdon
block 1414). The outgoing side node then waits to receive a positive
acknowledgment message from the incoming mraffic node (acdon 1416). In response
to that message, the PVP corresponding to the eliminated cells is deactivated (action
block 1418) (or, in the case of a two-way PVP, that PVP is then converted into an
incoming traffic only PVP). Following execution of block 1418, other PVPs are
checked for the partal fill condition (test 1402).

Detailed Description of ATMU

This secton discusses the high level design of the Asynchronous
Transfer Mode Unit (ATMU) that is used to perform the following two general
functions and their reverse:
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Space Switch

A block diagram of the ATMU is shown in FIG. 24. Network Control
and Timing (NCT) links from the SM Time Slot Interchange TSI 517 are shown
terminated on a space switch within the ATMU. The purpose of the space switch is
to fan out the NCT links to 42 internal links. These links terminate on an array of
cell memory devices, called the Cell Wide Buffer (CW'B) in FIG. 24, that store the
42 DSO PCM samples and E-bits of a composite cell. Thus, the space switch serves
to route time slots (DS0s) to the correct composite byte location on the input of the
CWB.
Cell Wide Buifer

The function of the Cell Wide Buffer (CWB) is to assemble the
segments of the virtual path cells in a format which allows them to be
simultaneously read out in a single memory read cycle. The CWB is a buffer whose
width is the size of one ATM cell (not counting header bytes). The width is 42
segments (2 segment, as used herein, is an 8-bit byte plus an E-bit, and the depth
equals the number of unique active virtual paths that needs to exist at a given
moment. As shown in FIG. 24 each of the PCM byte positions in the cell is written
into separate memories each of which has independent write control circuitry. Each
memory address in these memories corresponds to a specific virtual path. Each of
these byte memories has a control memory that maps individual time slots (only the
PCM part plus the E-bit) to one virtual path segment location in the CWB. Since the
control memory for each segment memory is independent, each active time slot on
the 42 links is able to go to any virtual path memory location in the buffer. Thus,
bytes on the 42 links that appear at the same time at the input to the CWB canbe --
stored in different virmal path memory locations in their respective buffer memories
and thus assembled into different virtual path cells in the CWB. The control
memory is able to block a write to the byte buffcr memory if a particular DS0O on an
NCT link is not active i.e., not presently in use for a any call.
Cell List Processor

During every 125 us interval all active DSOs are written into the
assigﬁed byte locations of their selected virtual path cell. Composite cells are read
from the cell wide buffer every 125 us under contol of the Cell List Processor
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once every 125 us, thereby causing each composite cell to be ransmitted. After the
CBR cells are mansmirted, the CLP reads VBR cells (if any are queued) from the
Message Layer Device (MLD) 670 to use up spare dme in the 125 ys interval, as
illustrated in FIG. 8. ‘

Conversion to Synchronous Time Multiplex (STM)

Since the cell wide buffer is the width (data part) of an ATM cell, an
entire ATM cell can be read from the cell wide buffer in one access. Parallel to
serial conversion is implemented by means of parallel-in serial-out shift
registers 651,...,652 which are selected by means of the Shift Register (SR)
Selector 653,...,654 under control of the CLP 630. The read data along with ATM
header data from the CLP is loaded into a shift register that connects to a SONET
facility interface 661,....,662. In the case of a 46 byte cell, the two byte index is also
provided by the CLP 630. The SONET facility interface connects directly to the
ATM-CM.

ATMU Control
The conrrol of the ATMU is provided by the ATMU central controller

S X

" (ATMU CC) 601. Control messages are received in the ATMU CC from dedicated

time slots intercepted in the space switch and transmirted to the ATMU CC over a
dedicated control bus (not shown). The control messages are ransmitted from a
switching module processor (SMP) 511 of the SESS switch module (SM) 510 via a
Message Handler 513 in the SM. The control signals from the ATMU CC are
distributed in the ATMU over a group of control buses. The Space Switch 610 is
provided with path set up and messaging conrol memory information, active link
selection and active side selection. Link selection is used to determine which NCT
links from the SM are active. Altemnatively, the E-bits, discussed hereinafter, can be
used to identify the active links since E-bits are only active for active paths. Link
selection is used to determine which NCT links from the SM are active. The links
can be either active or standby. The side selection determines which side of the
ATMU is active or standby. The Cell Wide Buffer is provided with the mapping of
the tme slots to virtual paths and allocation of byte positions within the ATM cell.

The Cell List Processor is provided with active virrual path information and provides

the Shift Register Selector 653,...,654 with shift register address informaton. In this
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t he ATM CM before entering the space switch. _
The ATMU is controlled by the SM in the preferred embodiment.
Alternatively, the ATMU can be controlled by the ATM-CM. In that case the
ATMU Controller receives control from the Common Broadband Platform’s
Controller (CBP). The ATMU provides SM to SM, and SM to AM message based
communication services for the SESS switch via interprocessor packets.
Message Interworking
The ATMU provides the following message based communicarion
services for the SESS switch:
- SM to SM, and SM to AM via interprocessor packets
- S87 Message Transfer Part (MTP) packet transport
Both of these functions are handled in a similar manner. In FIG. 24, the Message
Layer Device (MLD) receives messages from the SM via the space switch. Variable
length SESS switch and SS7 messages are carried in time slot channels that originate
from protocol handlers (PH) in the Packet Switching Unit (PSU) or from the SM
Message Handler. The MLD contains three types of Inter-Working Units (IWU), the
SESS switch messaging IWU, the SS7 IWU whose function is to reconsttute
messages from the SMP, and the inter-PSU IWU for handling user to user data
messages. The function of these units is to:
- Accept messages carried from the space switch
- Associate a virtual path that connects to the destination idendfied in the
message’s header
- Perform ATM segmentation and reassembly
- Shift data, when instructed by the CLP.
The handling of SS7 is slightly different than SESS switch interprocessor messages.
For 5ESS switch interprocessor messages, the frame is relayed in a virtual path to the
destination AM or SM. The messages are processed to read the destination address.
The destination address determines which Virtual Circuit the ATMU uses for
segmentation to cells.
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The same Ak angepgnt is used for SS7. The ATM network relays SS7 MIP
;{ﬁkﬂi.é‘t NpRlf hpteieg7 i gnal Processors which are in the various swtches of
hE" network. An {SY7 inpl enentation features a single point to point link
spe 2 FEB ¥hdndar|d Q 703) that usually connects to an STP, not used

hefei n. However,| the SS7 network is poimdko multi-point, at the MIP | ayer.
[o=rattonmarTZe (hej point to point ATM I ayer with the point to many point

pat ure of MIP,_thel ATHKHeeSIT Medsse ¢438, thé Si3ahlin®ddh ki iPahinaddn w987 at es
T Dok D, S Bl skt bl o SRS ) Lhe
over the ATM Tiet handking Af cdihieased sfeksages coming from the ATM network and general

control and fault tolerancy -are discussed in detail hereinafter.

For inter-PSU messages, the messages are processed to read the
destinaton PSU address; this destination address determines which virtual circuit the
ATMU uses for segmentation into cells.

SM /ATMU Remoting via SDH/SONET .

, In this embodiment, the ATM-CM and ATMU are connected via intra-
office SDH/SONET (Synchronous Digital Hierarchy/Synchronous Optical
NETwork) facilities that carry ATM. The SM with ATMU is not a Network
Element as viewed by the SDH or SONET network, and does not terminate the
digital communications channel (DCC) section overhead. However, the intra-office
facility is optcal, so that an SM with ATMU can be remoted from the ATM-CM. If
the SM with ATMU connects directly to the ATM-CM, then only fibers (and, where
appropriate, repeaters) are needed for such remodng.

In the event that an SM with ATMU is remoted via the general
SDH/SONET network, then SDH/SONET multiplexors or crossconnects that
support Synchronous Time Multiplex-1 (STM-1) and multiplexed STM-1 are used in
order to properly terminate section DCC at the SM end. In this general case the
SONET/SDH facility at the SM end must be terminated by a SONET/SDH
multiplexor in order to provide an intra-office SONET/SDH facility directly to the
ATMU. This will make it unnecessary to develop separate SDH/SONET DCC
Operations Administration Maintenance Provisioning (OAMP) functions in the SM
and avoid the possible confusion of having both the CBR and the SM performing
SONET/SDH OAMP processing in the same office.

The above discussion applies only to the SM to ATM-CM links
(assuming that the ATMU is part of an SM). The ATM-CM terminates section DCC.
for interoffice trunks, and is viewed by the SDH/SONET network as a general
Network Element. Thus, due to the capabilities of the ATM-CM, the SESS switch
(i.c., an AM, a group of SMs, their associated ATMUs, and an ATM-CM) is an
SDH/SONET Network Element even though the SM by itself is not.

Alternatively, it is possible to associate a group of ATMUs directly with
an ATM-CM instead of directly with the SMs. In this case, the NCT links
connecting the SMs with ATMUs are lon gf:r as in the well-known case of opdcally
remoted SMs for the SESS switch. In that case, a SONET facility can be used to

p—




-64 - the MIP packet is re-assenbled. and a |ocal si gnaling data |ink
| ayer entity is used to send the SS7 packet back to the Message Handl er or

PSU Pr ot ocol

switch (as was the case in the SMIWJ). This approach hel ps mnimze the

Handl er via DSGs on an NCT bus that connects to the space

i npact of the renoval of STPs on a 5ESS sW2t-ch or other switches since t
ATMJ essentially enmul ates the behavior of an STP (as viewed fromthe
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This secton summarizes the functonal reladonship of the ATMU to the
ATM-CM and SM. The ATMU is wreated by the connected SM(s) as an intelligent
peripheral unit that receives contol messages from the SMP(s) in the same way that
other intelligent units do. The purpose of the ATMU is to provide:
1. SM time slot to ATM.composite cell conversion assuming fixed, provisioned
virtal paths. Up to about 10,000 time slots (20 NCT links) are supported using
present technology. (An NCT link transmits 512 multiplexed DSO0 bit streams, and
uses optic fiber transmission.) The ATMU can route any incoming time slot to any
byte position of any connected active CBR virtual path. The active CBR virtual
paths are a proper subset of a large number of pre-provisioned virtual paths, most of

~ which are not active at any one time.

2. Inter-SM and SM to AM and/or SS7 variable length message to ATM cell virtual
path conversion, using fixed provisioned VBR paths. Because of the high priority of
SS7 messages, it is desirable to pre-allocate VBR bandwidth for the SS7 signal
paths. The ATMU transports inter-SM Link Access Procedures (type) B (LAPB)
frames without any termination of LAPB protocol. In the case of S§7, the ATMU

. terminates the SS7 Level 2 (High-level Data Link Contoller (HDLC Part)), and

transports MTP/SCCP (Message Transfer Part/Signaling Control and Connectdon
Part) messages. The MTP protocol is nct terminated at the ATMU.

3. An SDH/SONET facility access to the ATM-CM is provided for the virtual path
cells. The rates are STS-3 (Synchronous Time Signal) to STS-12 and STM-1to
STM-4 for SONET and SDH.rcspecrively, and a sufficient number of these facilities
is provided to meet outgoing composite cell needs for an SM supporting up to
10,000 trunks. For more or fewer trunks, more or fewer facilities can be equipped. - -

4. Handling of NCT A-G bits (bits that are sent with each PCM sample from the SM

to the ATM-CM) that is as transparent as possible to the SM, including E bit
(supervision of a time slot) functions. Time slot parity on the NCT is also
terminated/generated.

5. Support Central Processor Intervention (CPI)

This is a function that sends special bits on the NCT link that will reset the SM’s
processor, in case that processor loses sanity.

6. Support inputs from a plurality of SMs. ' RE}LA&“’%T SHERT
2 8 FEB 1997
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nore inportantly, to renove bit stuffing fromthe nmessage so as to be able
to read the SM destination address. Only after the bit oriented protocol
(BOP) is processed and the "bit stuffing"” is renoved can the SM desti nation
address be read. To acconplish the above, the SMIW receives

I nter-SM LAPD nessages on a provi sioned +8per of tinme slots (e.g., 12 DSGCs
or 768 kil obit/second) on the NCT bus fromthe ATMJ space switch into an
HDLC devi ce HDLC devi ce stores the

I nt er-SM frarr%lezé)ur?pgﬁ &pf}:%b '?%ﬁl%eﬂqe%%gcg ress (and CRC check result)
can be read M&Q&M@ternal controller. The controller associates

W th LAPD headar 1§ o m e B O U e o Or ot edl

wi th LAPD head SS ed intq A
Net wor k Ser vi"é‘gé %%tﬁ@mma@edarae@mﬁgﬁ e with the ATM Adapt ati on
Layer specified in c‘E‘IgvStgarsiard | . 363. As a brief summary, these

procedures invol ve ﬁwﬁ%% - Abit field that indicates first
[ I “fgeé'g?rﬂgnt

segment (i.e., cell and | ast : segnent of the
message _ A CelListRroedssar 638di cat es t he i nt egrity of the overall
nessage - S§S7 message Inter-Working Unit 1022

- Inter-SM/AM message Inter-Working Unit 1020

- ATMU Central Controller (ATMU CC) 601
The first three blocks of the ATMU listed involve DSO to composite ceu conversion.
The next two blocks involve variable length message to ATM cell conversion. For .
purpose of architectural discussions, the SS7 and intra-switch IWU are considered to
be part of the Message Layer Device.

Discussed after the ATMU CC section are altemanves for implementing

the CBR Processor Interventdon capability of the ATMU (with CM-ATM).
Space Switch '
: The space switch interconnects NCT link DSOs from the SM Module
Controller Time Slot Interchange (MCTSI) with NCT bus DSOs to the Cell Wide
Buffer (CWB) and the ATM Message Layer Device (MLD). The number of NCT
buses to the CWB is 42. There also is one NCT bus to the MLD. By convendon,
NCT buses on the "SM MCTSI side” are called links, buses on the "CWB si
called NCT buses. Anywhere from 2 to 24 NCT links (i.e., up to 10,000 trunks) (or
more in a next generation SM) can be supported by the space switch. The internal
design of the space switch is shown in FIG. 25. The fabric is the core of the design,
and consists of multiplexors that accept up to 24 NCT links. These multipiexors
have a control memory that selects one of the up to 24 NCT links for each of the 512
locations on the NCT link. The selected NCT link’s time slot is then the output of
the multiplexor for the given time slot period. The number of multiplexors is equal’ )
the number of segments in the composite cell (i.e., 42 multiplexors) plus one more
multiplexor to create the NCT bus to the MLD. Thus there are a total of 43
multiplexors depending on the composite cell chosen for the overall system. In this
manner, any of the 512 time slots on any of the NCT links can be connected to any
of the byte locations in the cell wide buffer or the MLD. _REPLA Chl EEI\T
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- Alength field that indicates the nunber of bytes in the nessage -
An index that binds all the cells of a given nessage together. In the above
list, the term"nmessage” is used synonynously with LAPD frane. The assenbly
to cells is acconplished by a nodified direct menory access processor, the
ATM Adapt ati on Layer Processor (AALP) th3#-generates the cells, bit fields
etc. The output of the AALP is connected to an LPU (FSR) that connects to

the CLP. Curr ent I y orrlhg ‘R’f‘?hﬁﬁ%‘r&ﬁx‘%ﬂé‘m {c&nﬁl,ugl dxthe RIS Link IntepRodst ed by
each | W0 sip %ﬂ?s, ger}zt];rsorrxrc]:hggnexz;dagelt of %Xc‘m?ane%uscs 16 the sptacr:lfj1 gwuc ichis
necessary. gre Y
tnulnplexors so that all multiplexors are switched synchronousiy. The multiplexors
then present a set of synchronized buses to the CWB and the MLD. - -
In the reverse direction (i.e., from CWB towards SM MCTSI) the space
switch operates operates in exactly the same manner. Bytes from the CWB
terminate at fabric multiplexors driven by control memories. The output of these
multiplexors connect to NLIs that then cross couple 1o SM MCTSI hardware.
The core fabric of the space switch interfaces to the NCT links via the
NLI cards. The NCT links are duplex, meaning they originate from each side of the
SM MCTSLI. In order to cross couple to the SM MCTSI, the NLIs themselves are
duplicated. The NLIs are part of the core fabric failure group, so that each side of a
NLI connects with one multiplexor fabric side. The NLIs are coupled to both sides
of the SM’s TSI, bur attach to only one side of the space fabric. Thus, either space
fabric side can reach either SM TSI side. The multiplexor fabric cards connect
directy to the CWBs. The NLI, mulitipiexor fabric, and CWB are all in the same
failure side. As discussed below, the Cell List Processor is also in this same failure
group. From a system perspective, the cross coupled NCT links terminate two
common sides of the ATMU, each of which which has a space switch plus associated
hardware to form the ATM cells.
The NCT buses are coupled via the space switch to the MLD. The MLD
is cross coupled with the space switch, and is in its own failure group.
The space switch (with NLI) uses the following error detection methods:
- Parity on NCT time slots
- Parity on control memories
- Parity on control buses from the ATMU CC
- Loss of clock and synchronizaton
Errors from these detectors are send to the ATMU CC, which then executes fault -
management procedures.
Space Switch Control
The control memories in the multiplexors, as well as other control
registers used to select active NCT links and ATMU sides. are all under control of
the ATMU Central Controller. The space switch hardware has no firmware or
software; all control is provided via buses from the ATMU CC.

5 FEB BT |




- 65- ready for transfer, hardware in the CLP will transfer from
the IWJ FSR to the LPU. No cell w de buffer is needed in the
outgoing direction, due to the relatively | ow bandw dt h
requirenents (as conpared to the conposite voice case).

In the reverse direction fromthe ATM network, the CLP reads the ATM
header in the FSR that connects to the LPU That FSR receives cells for
both the co site nenory (CWB) and_ M D. At ceg‘ll, rrival, the CLP
does not know if the Lhereare rweoptmiignal usesebiye SPAFSSHIGY: ROGhPO¥NICB. The CLP

uses its ATM rddirespackipsieh memories to be Addden(yudie STMUICOQaksbly &dll ciegHRoSi t e
{he One (compueiiale g apvisiing rimguae BOF Hom msemes sargps 8 e S e °
fol I owi ng di sMid3i Ber, callhaircuisisivitching, whem el ixsebepsigmifer beesPS) nausdbe
UeeL T | hnen o e iy G s LSO AT ERIARE"C,
| WJ, or the S%ithigAND) detssines the virmal path byte locaronito ysesfnsdadieDS0igoal. t o t he
inter-PSU | Wirhd IWiFscaueds cabl Y signhl tb béplaeéd ini®an NCT link time slot using an
MCTSI TSI slice, and then orders the ATMU CC to write the appropriate
multipiexor memory to route that DSQ signal to the correct CWB byte locaton. Cell
wide buffer hardware then moves the DSO signal to the correct virtual path cell in the
memory.
The SMP provisions DSO channels to carry messages from the Message
Handler or PSU, through an MCTSI slice to the spé.cc switch. The SMP then orders
the ATMU CC to write an appropriate multiplexor location that routes the DSO
channeli(s) to the MLD.
_ In the above scenarios, the duplicated space switches are written with
identical information.
Cell Wide Buffer (620) (FIG. 26)
One of the two output destinations of the space switch is the CWB 620
(FIG. 26). Each segment location in the CWB has a control memory called a Time
Slot Assign (TSA) that loads the virmal path segment for each NCT time slot |
received (FIG. 26). The TSA can also be programmed to not accept a given time slot
on the NCT bus. Thus, each cell wide buffer location can, on a per NCT slot basis, .
independently load a different (or identically same) virtual path composite cell. (The
serial NCT link signals shown in FIG. 26 are converted into segments prior to being
stored in buffer 801).
The unloading of the CWB towards the ATM-CM is under control of
the Cell List Processor (CLP) 630. The CLP makes requests synchronously to the
CWB by sending an address and a read request. An entire cell payload portion is
read at once in one memory access into a shift register. At the same time, the CLP
loads the cell header into the shift register. The shift register is shifted out to an
SDH/SONET facility Line Processing Unit (LPU) 661,...,662. CLP read operations
of the shift registers are interlaced with the TSA controlled writes from the NCT
links.
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directon can be stored). However, the buffer must be two or three times as deep
(depending on direction) due to the following reasons:
- The fundamental namre of ATM is that jitter of cells can occur due to random
internal queuing within the ATM-CM.
- CWB loading and unloading from the shift registers must be synchronized with
CLP reads and writes to/from the shift registers to avoid cells being sent that have
DS0s from different NCT 125 ps frames. Such frame misalignment could disrupt
the continuity of N*DSQ0 services being transported by the composite cell.

To solve this problem, in the direction from the SM MCTSI towards the

ATM-CM, the CWB is double deep (two partitions). This means that the space
switch loads one half of the CWB, while the CLP reads from the other half. After
one partition is written the CLP and space switch access the other partition. Each
half (partition) is identical in composition (i.e., has the identical number of virtual
circuit composite cells supported). In the direction from the ATM-CM towards the
SM TSI, the CWB is of triple depth (three partitions) in order to allow 125 us of
"build-out”. Build out is used to keep the CWB from "under-running”, and amounts
to 125 s of fixed delay. Under-run occurs if cell jitter occurs to the extent that no
new DSO0 exists in the CWB when the NCT bus time slot must read that location.
Thus, two of the "partitions” of the CWB provide the buffering to account for the
jitter, and the third partition accounts for the time to read the DSOs from the CWB
without interference from cell writes due to incoming cells. The control memories in
the TSA of the CWB automatically cycle through the CWB buffer partitions. The
CLP determines into which partition an incoming cell from the ATM-CM a cell
should be written. The partition varies from virtual circuit to virtual circuit due to

the fact that jitter can cause (e.g.) zero, one or two cells to arrive in a given 125 us
interval. If cells are lost, then the triple buffer CWB can wrap around (in effect an
underrun). This is detected if the space switch and CLP ever access the same



further prochessed to assenble a conplete rressage fromthe ATMcells.)
Simul ation studies and/or field experience can be used to determ ne the
opti mum m ni num depth of |ocal cell wide buffering. Normally, the traffic

intensity is miniml conpared to the throughput of the SM I W),
since the SM1W only processes-Jfames for one SM and does not
have to performthe processing to actually term nate the LAPD
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the current build-out parttion.
DSO Path Monitoring/Test ,

Monitoring circuirry is provided to determine that composite ceils are
being received by the ATMU every 125 us on average. To achieve this, the CLP
maintains a counter for each composite cell virtual path that is acdve. Every dme a
cell arrives, the counter is incremented. The counter increments on average every
125 ps. The counter may not increment exactly every 125 us due to jirter of ATM
cells resulting from random queuing in the ATM-CM. This jitter is a fundamental
aspect of the ATM-CMs. The CLP determines every 10 milliseconds (ms) whether
the counter has incremented approximately 80 times. This will have a variaton of
plus or minus 3 due to near term jitter, and very low probability cell loss and
insertion. If the counter is further from this value, the ATMU CC is notified which
is able to read the counter to determine if virtual path loss has occurred. The counter
is able to reach 8000 plus or minus 4. The counter is then checked after one second
1o determine if it has reached 8000 plus or minus 4. The 8000 count is used to
determine if a high cell loss per second has occurred.

A direct test of circuit continuity is designed into the ATMU. ATMU
CWB memory devices at the source (towards the ATM network) insert a code
(possibly multi-byte) into a byte location of a cell. This occurs before a talk path is
connected. At the destination end of the connection, the cell wide memory devices
read the pattern and detect a match. This byte code can be changed as part of the test
to cause bits in the DSO to toggle. This toggling can then be recognized within the
ATMU CWB and reported to the ATMU CC. The ATMU CC can then cause E bits
on (path continuity bits thar are internal to a 5ESS switch and not transmitted over
inter-switch facilities) on the NCT link that carries the DSO signal to toggle, as well
as send messages to the SMP that indicated that continuity has been established.
(E-bit use is described in E. H. Hafer et al.: U.S. Patent 4,280,217).

The CWB is in the same failure group as the space switch, as discussed
above so that failures in the cell wide buffer result in a side switch of the CWB,
space switch and CLP and the MLD. The LPUs are cross coupled to the facility shift
registers (ESRs) and CWB. Thus, a CWB can receive cells from either of the
duplicated LPUs. Which of the two LPUs is being used is under control of the -
ATMU CC.
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The SMIWJs are spared on a si npl e duplication basis, since only one (plus
l.i.catey=gre needed in an ATMJ. This is because there are only two
ig fromthe MH to the other SMs and AM Because
uired for inter-SMsignaling channels is small, an NCT
signal i ng channel s can3%e served by a singl e IW . The
which SMIWJ is active. The MLD NCT bus fanout nechani sm

jea s cpupl Imﬂ?ﬁﬁa&%&o{eb&e&%%ﬁ&m FHRCWIBELs pRASLoverd t Ch, so
t K578l t her SM |V %%Eel active regardl ess of which space switch side is

IR RRYA - sesFom g PaseWVRR parity checks on the NCT buses
fromthe space sw t (Virruabpatk bleaserhdigesi Nt ernal error checki ng neans
normal Iy used with pﬁ)&r@s 1S and.controllers, such as parity checks on
menories and sanity £ Imemones™ A separate type of fault tol erancy
function regards medSengeel busasdromn thei XPMU €6nt Two types exist, ATM

I mpai r ment sage Handl er DSO channel inpairnent. |npairnent nmeans
excessi ve ce?ggt'}r{\ﬁ?ressage error rates. The SM I WJ i ndi cates nessage error

condi tions to the ATMFNeCWa isisonmoliast st el YihGEs Thems no irmware or

software in the CWB hardware.

From an operational point of view, the CWB is used to map a given
composite cell byte location to a particular virtual path. The-SMP routes a DSO
channel through the SM MCTSI, and then causes the ATMU CC to connect a DSO
through the space switch 1o a given byte locadon on the CWB. The control memory
in the CWB for that byte is then written with an address associated with the virtual
path. This occurs in TSA control memories for both directons. At this point in
time, a connection exists from an SM MCTSI DSO0 and a given composite byte
(DS0) on a given virtual path.

All other functdons are likewise under control of the ATMU CC,
including error detection control associated with DS0 continuity test and monitoring,
and LPU state control.

Cell List Processor (FIG. 27)

The CLP 630 (FIG. 27) is responsible for moving ceils between the
CWB 620 and the Facility Shift Registers (FSR) 651,...,652 (FIG. 24.) Towards the
ATM network, the CLP has a linked list of records that store the CWB location for
each active virmal path. Every 125 us the CLP traverses this list and causes the
CWRB to load all active cell into the FSRs. In the other direction, the CLP has an
address look-up function that is used to load the CWB with cells incoming from the
FSR. As stated in the description of the CWB, the CLP keeps track of the CWB
partition to be accessed for signal transmission in both directions. -

The FSRs connect to the facility Line Processing Unit (LPU) |
(661,...,662) which is the actual hardware device (circuit card) that transforms bits
for ransmission to the physical media, and that performs facility related
thaintenance functions. Thus the LPU card supports optics, synchronization, and
SDH/SONET overhead processing circuitry such as Byte Interieaved Parity, etc.

FIG. 27 shows the internal design of the CLP. The sequencer 920 reads
service request bits from the FSR. The request bits can be inhibited if an FSR does

not connect to an equipped or otherwise In-Service LPU. The sequencer responds to
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entry from the list, loads the FSR with the header informadon that is stored in the list

entry, and causes the CWB to load the 48 bytes into the FSR.

Active virrual paths are made inactive by removing entries from the list
of active virtual paths associated with an FSR. The ATMU CC has a buffer 921 it
shares with the sequencer that the sequencer uses to add and delete entries from
actve lists at idle times while cells are being transferred out of the FSRs.

The forgoing was described in a sequential manner. However, in reality,
significant overlap of operations exist. For example, the checking of FSR request
bits overlaps with the accessing of previously checked FSR requests, as well as with
the sending of read orders to the CWB.

In the direction towards the SM (from the ATM network), cells are
clocked into the FSRs from the LPUs, and request bits are set. The CLP services
these bits by first mapping the virmal path address in the composite cell header to a
CWB locadon. This functon is accomplished by the ATM Address Mapper
(AAM) 940 within the sequencer which translates the ATM header address to a
physical address in the CWB memory devices. The AAM also uses the an index
associated with the FSR so that the same ATM cell headers can be used on the
different facilities, otherwise the headers would have to be different on all facilides.
Then the sequencer loads the cell in the FSR into the CWB locaton. All FSRs are
on a parallel bus to the CWB, so that only one can be loaded at a time into the CWB.
In the preferred embodiment, the AAM is implemented using a Content Addressable-
Memory (CAM). _

The design of the sequencer 920 is based on the use of high speed logic
(programmable logic) that runs at over 100 MegaHertz (MHz) and scans shift

~ registers request bits, operates the CAM, reads the linked list, gates data between the
CWB and shift registers, and counts the cell arrivals. Examples of such logic are the
PAL logic circuit family manufactured by Advanced Memory Devices (AMD) that
uses parts such as the 22V10 device provided by many manufacturers. Another
component is the PLC14 by Signetics. Other gate array technologies exist from
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ATM Congestion Test Function

One funcdon of the ATMU is to be able to determine whether or nota
composite cell virmal path that is about to be placed into the active state will
experience congestion, and thus prevent such congestion from occurring.
Congestion is defined as occurring if the utlization of the path increases above some
threshold along any segment.

Alternarively, when congestion occurs, cells are marked by one or more
ATM-CMs along the path. The marking concept uses congestion control bits in the
ATM header to test the 6ccupancy of links berween the source and destdnation.
When the occupancy is above a threshold, the ATM-CM (and other intermediate
ATM-CM) will mark the cell. The ATMU must note this and report the event to the
ATMU CC, which then reports the event to the SM. In order to provide a static
indication, the cells should all arrive marked over a period of a predetermined
number of cell arrivals. Upon reception of a cell from an FSR that has request bits
set, the CLP will transfer the congestion control bits and the virtual path identdifier to
a memory that is accessible by the ATMU CC. The ATMU reads this memory and
reports the result to the SMP. If congestion occurs, new CBR PVCs are not
actvated if they use the congested link, and PVC consolidation (FIG. 22) is
accelerated. ;

A diagnostic to test this mark detection mechanism is as follows: The
CLP is ordered by the ATMU.CC to set the congestion bits on a link known not to
be congested. Downstream ATM-CMs will not affect already set bits, so the far end
ATMU should deect the set bits. The ATMU CC then orders the bits to be cleared.
The receiving ATMU should detect that the bits are cleared. Such a test can be used
to verify the detecion circuitry of the marked ATM cells, and the ability of the
network to transport these bits after they are marked.

The =xact use of the congestion bits has not been determined by the
CCITT. In the arangement described herein, these bits are used to verify bandwidth
in 2 manner analcgous to the frame marking algorithm used in Frame Relay. That
algorithm drops Zxmes that are marked if congestion occurs. However, ATM cells
are not dropped s=ce the marking threshold is below the capacity of the channel.

The C_P is part of the same failure group as the space switch and CWB.
A fault in the CL2 :auses a side switch of the ATMU, under control of the
ATMU CC.
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transport mechani
Address Mapper (AAM). In effect, the CLP simply writes ATMU CC data directly

to those memories, but at a time-that is synchronized with other CLP activities. The
FSR request bits are inhibited by registers accessible directly to the ATMU CC.

' Other communicarions such as marked cell information, or control to mark cells is
handled through registers 921 shared between the CLP and the ATMU CC. Any
complex processing that does not have to be done on a cell by cell basis is performed
by the ATMU CC.

In operation, after the SMP has connected a DSO through a given SM
MCTSI slice onto a NCT link, and has caused the ATMU central controller
(ATMU CC) to connect the DSO through the space switch into the correct virtual
path memory in the CWB, at the time a virtual path is activated, the ATMU CC
causes the virtual path address to be added to the list of active cells associated with -
the facility (FSR) the virtal path. At this point in time, the composite cells are
transferred to the ATM network, and DSO continuity exists (at this end). The
ATMU CC then performs various actions discussed above to test and monitor DSO
continuity.
ATM Message Laver Device (FIG. 28) ]

The ATM Message Layer Device (MLD) (FIG. 28) provides variable
length message to ATM conversion for the SESS switch for the following three

‘communication systems:

- SM to SM, and SM to AM communications

- §S87 Network: SM to SM communications in the toll network

- Inter-PSU packet communications
By providing these interworking services, the ATM network can be used for
message transport, thereby simplifying inter-SM message exchange within in the
SESS switch, and/or climinating the use of STPs for messaging between switches in
the toll network. STPs used for point of presence for local carriers to the
interexchange carrier are not affected by this use of ATM. However, reduction of

STPs brings about a savings in operations cost and hardware costs.
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(1020) and the SM Inter-Working Unit (intra-switch IWU) (1022), and the inter-PSU
Working Unit (1024) as shown in FIG. 17. A NCT bus from the space switch of the
"ATMU transports one or more DSO based channels that contain either SM or SS7
messages from the Message Handler and/or PSU to the MLD. This NCT bus is
duplex, having a source in each of the duplicated portions of the space switch.
Within the MLD, the bus is fanned out (via backplane) to the SS7, SM, and inter-
PSU IWUs.

The outputs of the MLD on the ATM side are serial shift registers that
are essentially in parallel with the shift registers of the CWB. This can be seenin
FIG. 18 which shows a block diagram for an IWU. The CLP services requests from
the MLD and interieaves the ATM based message cells with composite voice cells.
The algorithm for interleaving is that composite cells are ansmitted first (every 125
Hs and then ATM based message cells. The 125 pus interval should not be
overlapped with the next 125 ys interval for composite cells. The ATM based
messages can be assumed to always have bandwidth on the facilities; facility usage
is allocated in a way that guarantees that messaging bandwidth is always available.
Simulations and/or field experience are required to determine a minimum adequate
margin for sending messages on facilities for which composite cells are also
transported.

In the incoming direction from the ATM network, the CLP translates
ATM virtual path headers, determines whether the cell is a S§7, a SM, or an inter-
PSU message based virtual path, and directs the cells to the correct one of the IWUs
within the MLD. The [WUs receive cells and commence message re-assembly.
Subsequently, the re-assembled messages are ransmirted in DSOs on the NCT bus to
the space switch of the ATMU. The IWUs must be able to associate a cell from a
given virtual path with a given DSO, or set of DSOs for N*DS0 pipes.

_ An alternative to the above would be to have the SM, SS7, and inter-
PSU IWU connect to the ATM-CM directly via SDH/SONET facilities. However,
this would use up limited facilities on the ATM-CM for traffic loads that are a tiny
fraction of the facility’s throughput. For this reason the slight overhead of having
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multiplexed back into the SESS switch SM, and the NCT buses and links are :he

most economical arrangement for so doing.

An assumpdon is that at least one SM IWU is always equipped, since
that is the only mechanism an SMP has to communicate with the AM or other SMPs.
The §57 IWUs are optionally equipped, so that they may or may not be present,
depending on the application. For example, in international SESS switches, the SS7
links are often clustered in only one SM, and this SM may direct all of its SS7 affic
to one ATMU. In addition, the MLD design allows for a variable number of SS7
Signaling Data Links (SDL). This may imply variable number of SS7 IWUs,
depending on the number of SDLs that one SS7 IWU can handle. This flexibility
help specialized applications such as the SESS switch’s International’s Global SM
(GSM), (the SM which has all the SS7 links). The GSM which has a centralized SS7
PSU that can generate a large number of individual SS7 SDLs, so that an ATMU that
is able to terminate a significant number of SDLs may minimize the software impact
on existing SESS switches.

ATM and Protocols :

The interaction of ATM and intra-switch and SS7 protocols is first
discussed and compared. A basic concept of ATM is that ATM provides wransport
level services only. To adhere to this concept, the SM IWU only relays intra-switch
frames. It does not perform protocol processing in the usual packet switching sense.
For example, retransmissions are not supported by the SM IWU. Protocol
processors (i.e., PSU Protocol Handlers and/or Message Handlers) process Link
Access Procedures (type) D (LAPD) protocol end-end over the ATM network. In
essence, the SM TWU identifies the SM destination in an High-level Data Link
Conmoller (HDLC) frame, assembles cells with the correct virtual path that
corresponds to the destination SM, and then transmits the cells into the ATM-CM.

The same arrangement is used for SS7. The ATM network relays SS7 - -
MTP packets between SS7 Signal Processors which are in the various switches of
the network. An SS7 implementation features a single point to point link (see
CCITT standard Q.703) that usually connects to an STP, not used herein. However,
the SS7 network is point to muld-point, at the MTP layer. To rationalize the point to
point ATM layer with the point to many point nature of MTP, the ATMU terminates
the signaling link layer, and associates MTP packets with a virtual path to a
destnation that corresponds with the "MTP Point Code". The messages are
assembled into cells, and then relayed over the ATM network. At the destinaton,
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SM IWU
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The function of the SM IWU is to associate LAPD frames with
provisioned virtual paths, and then convert the frames to cells. As stated above, the
SM IWU does not execute procedural LAPD on the inmra-switch messages.
However, the bit oriented LAPD protocol of the intra-switch messages must be
processed to verify message integrity via Cyclic Redundancy Check (CRC), and
more importantly, to remove bit stuffing from the message so as to be able to read
the SM destination address. Only after the bit oriented protocol (BOP) is processed
and the "bit stuffing” is removed can the SM destination address be read.

To accomplish the above, the SM IWU receives inter-SM LAPD
moessages on a provisioned number of time slots (e.g., 12 DSOs or
768 kilobit/second) on the NCT bus from the ATMU space switch into an HDLC
device 1120, (FIG. 18) on the SM IWU. The HDLC device stores the inter-SM
frame in a buffer from which the address (and CRC check result) can be read by the
SM IWU internal controller. The controller associates the destination SM address
with the correct virtual path. Then the frame with LAPD header is assembled into
ATM cells using the Connection Oriented Network Services (CONS) procedures in
accordance with the ATM Adaptadon Layer specified in CCITT Standard 1.363. As
a brief summary, these procedures involve the use of:

- A bit field that indicates first segment (i.e., cell), middle segment, and last

segment of the message _

- A CRC that also indicates the integrity of the overall message

- A length field that indicates the number of bytes in the message

- An index that binds all the cells of a given message together.
In the above list, the term "message"” is used synonymously with LAPD frame. The
assembly to cells is accomplished by a modified direct memory access processor, the
ATM Adaptation Layer Processor (AALP) that generates the cells, bit fields etc.
The output of the AALP is connected to an LPU (FSR) that connects to the CLP.
Currently only one FSR (connected to duplex LPUs) is supported by each IWU since
the bandwidth from one facility is far beyond that which is necessary. When a cell 1»



rest of the ATNU Since the ATMU CCis a nodified version of the SIU DTU

comur.oldlf_gfgm__ - Her di scussion of the-fault tolerancy aspects of the
cd@\j’-{_j‘",,; 3 Hried. In the 5ESS switch, a protocol handl er
( Mesgage—handc T )) is used to interface between the SMP and the TSI;
coptt WWW g nmessages can then be transmtted between the TSI and
the | D. Thi s| Message Handler in tf&-5ESS switch is used to

co e ' el ATMU CC. This conmunication is via tinme slots that

_'Ye on theréaw . @ﬁrth&%rzﬁmédﬂD\m%aﬂs@ﬁ@msmmdmwtuer@atteL y
n exe es e

g(rjln’mands Cer tsﬁlcﬁﬁ%gplbﬁé e’&ﬁ-ﬁrﬁ‘&% r Ocsizg%gggtg\ﬁch ‘b i nto
the special Neandwidth rt:qmiBerﬁéxﬂi (ds sothphredits #rescbrhposite voiok c:me)ssages to the
WG LT AT O Sl e el G AT R 4 CER TR A
i npl ement t hebeader in the FSR that connects to the LPU. That FSR receives cells for both the
composite memory (CWB) and MLD. At cell arrival, the CLP does not know if the
cells are message based or composite. The CLP uses §_t§__éTM Address Mapper
(AAM) (just as it would for composite voice) to determine if the cell should be sent
to an IWU, or to the CWB (composite voice). For purposes of the immediately
following discussion, the cells are assumed to be message based, and destined for an
IWU. Otherwise the cells would have been loaded into the (composite cell) CWB.
The CLP moves the cells to the SM IWU, or the S§7 IWU cell buffer 1170,
(discussed below) or to the inter-PSU IWU. (This cell buffer 1170 is not the
CWB 620 used for the composite voice.)

The flow of signaling, control and other narrow band messages are an
example of data flowing from the ATM-CM to the SM (the opposite of the direction
illustrated in FIG. 29). The SM (intra-switch) IWU AALP copies frames from the
its cell buffer into queues that exist on a per message basis. Multiple message
segments (cells) may be received concurrently, so that the identifiers in the cells are
used to separate the cells into complete messages. After assembly, the messages are
shipped back on DSOs on the NCT bus through the space switch in the ATMU.

The SM IWU has a cell buffer because there must be sufficient buffering
to be able to receive a burst of cells if "cell bunching"” occurs. This means the "ATM
front end” of the IWU must be able to receive cell bursts at facility rates for short
periods of time. The cell buffer 1170 is circularly organized (FIFO), and holds the
entire ATM header plus 48 bytes of data, unlike the CWB for composite cells which
does not store the ATM header. (In the composite cell case, the CLP processes and
discards the ATM header for composite cells since the header serves no logical .. '
function once the frame is in the CWB. In the message case, the ATM header is
further processed to assemble a complete message from the ATM cells.)

Simulation studies and/or field experience can be used to determine the
optimum minimum depth of local cell wide buffering. Normally, the traffic intensity
is minimal compared to the throughput of the SM IWU, since the SM IWU only
processes frames for one SM, and does not have to perform the processing to
actually terminate the LAPD protocol as do its sources, the PSU Protocol Handlers
or Message Handler.

"C
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Because the bandwidth required for inter-SM signaling channels is

small, an NCT link carrying such signaling channels can be served by a single IWU.
The ATMU CC determines which SM IWU is active. The MLD NCT bus fanout
mechanism creates a cross coupling between the NCT buses from the space switch,
so that either SM IWU can be active regardless of which space switch side is active.

Faults are detected by parity checks on the NCT buses from the space
switch, as well as the internal error checking means normally used with processors
and controllers, such as parity checks on memories and sanity timers.

' A separate type of fault tolerancy function regards message transport
impairment. Two types exist, ATM impairment, and Message Handler DSO channel
impairment. Impairment means excessive cell or message error rates. The SM IWU
indicates message error conditions to the ATMU CC, such as corrupted frames from
the MEH/PSU, or corrupted messages from the ATM network, if they exceed a cerain
threshold. This is detected in either the ATM header, CRC-4, the CRC check in the
LAPD frame from the PSU PH or MH, or the CRC within.the message as it is
transported within ATM Connection Oriented Network Service (CONS). In the
event of high ATM error rate, the ATMU CC can switch the SM IWU to the spare
LPU (i.e., a facility protection switch) or take actions to diagnose the hardware
between the SM IWU and the LPU (including the SM IWU). In the latter case, an
ATMU side switch or SM IWU may be in order, depending on the coupling between
the MLD and the space switch.

SM IWU Control

The ATMU CC communicates wuh the SM TWU via a control output
bus connected from the ATMU CC to many of the units of the ATMU. In operadon,
the ATMU CC provisions virtual path destinaton addresses via this bus, and
provisions DSOs through the space switch into the IWU. The ATMU CC does this
as directed by the SMP. Provisioning is also performed in the CLP to load the AAM
with the virmal paths that carry the messages. After this is provisioned, inter-
SM/AM inwra-switch messages can be sent at will by the SMP/MH, without any
ATMU CC interventon, to any inter-SM/AM intra-switch destinatdon.

REPLACEMENT SHEET
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present. Furthermore, the S§7 IWU ailows a variable number of Signaling Data

Links to0 be supported, in order to allow a SESS switch Global SM to be supported

on one ATMU.

As stated in the section on ATM and Protocols, the SS7 IWU terminates
the 387 link (SDL, level 2) protocol as received from the PSU Protocol Handlers or
Message Handlers on the NCT bus between the space switch and the MLD. The SS7
IWU then associates a virmal path with the MTP point code, assembles the packets
into cells, and transfers them out to the ATM network. At the destination switch, the
CLP routes the cells to the S§7 IWU which then assembles them back to packets,
inserts them into a SS7 signaling data link frame, and sends them back on the NCT
bus to the space switch towards the PSU Protocol Handlers or Message Handler. -
The ATM network is used only as a transport mechanism for MTP packets as was
the case for the intra-switch messages processed by the SM IWU.

The design of a SS7 IWU and a SM IWU is very nearly identical. The
NCT bus side of the IWUs are both HDLC based, and controllers that process Bit
Oriented Protocol (BOP) can also process the SS7 SDL protocol. AT&T
manufactures a controller set (2 devices, the ATT 7115 and ATT 7130) that perform
this function for 32 channels with all channels at full utilization for SS7 SDL. The
ATM front end and interaction with the CLP is likewise identical, and will not be
repeated here. Primarily, the MTP Point Code is used in place of the SM destination
for purposes of virtual address association.

In one alternative architecture, the SS7 and SM IWU are located on the
same [WU. Throughput is not an issue, only the number of DS0s to be supported on
one hardware card. ‘Given the NCT bus size of 512 time slots, and the use of double
size cards, more than 32 time slots may be supportable in one card, making the use
of a single IWU atractive in cost. )
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Control
' The SS7 IWU has similar control issues as does the SM IWU. The SMP
provisions:
- Time slots from the Message Handler or PSU Protocol Handlers through
the space switch to the S§7 IWU
- Maps in the SS7 IWU that associate Point Codes with virtual paths
- Virtual paths in the CLP.
Inter-PSU IWU

The Inter-PSU IWU works in essentially the same way as the inter-SM
IWU, except that it switches packets supplied by PSU 519, packets which, in
general, originate from and terminate to users. The IWU is ransparent to the user
level protocol being used.

ATMU Control

The NCT links connect the ATMU to the SM. Therefore, the same type
of controller that is used in a digital runk unit (DTU) or SONET Interface Unit
(SIU) is used in the ATMU.

The ATMU CC operates and maintains the ATMU hardware as
discussed in all the above sedtions, and therefore will not be repeated here.

The ATMU CC is 1+1 spared, and is in a separate failure group from the
rest of the ATMU. Since the ATMU CC is a modified version of the STU/DTU
controller, no further discussion of the fault tolerancy aspects of the controller is
required.

In the SESS switch, a protocol handler (message handler (MH)) is used
to interface between the SMP and the TSI; control and signaling messages can then- .
be ransmitted between the TSI and the ATMU’s MLD. This Message Handler in
the SESS switch is used to communicate with the ATMU CC. This communication
is via time slots that arrive on the links, and that carry LAPD based messages which
ultimately originate from the SMP. The ATMU CC processes the LAPD, and
executes the commands. Certain special functions such as processor reset are put
into the special NCT link dme slot used to ransmit control messages to the
ATMU CC if ATMU CC sanity is lost altogether for either side. Special bits in a
predesignated control channel are reserved on the the NCT link to implement these
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comuni cate with SMs, the AM AMM sends nessages via Ethernet to the
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CM, in which case the ATMU CC is conrrolled by a controller of the ATM-CM.

- CBR Processor Intervention (CPI)

The SMP Intervention capability that the AM uses to reset an insane
'SMP will now be discussed. In the current SESS switch, the AM controls message
switch hardware to source bits in the Conmrol Time Slot (CTS) of the NCT link.
Since a goal of this design is to eliminate the Message Switch, the capability must be
emulated by some combination of the ATM-CM and the ATMU. This capability is
implemented as follows:
- Special virmal paths from the AM to the ATMU carry cells with muit-byte
patterned data. These are repeatedly sent to the ATMU by the AM via the
APH 1240 to perform CPI. ATMU hardware (the Facility Shift Registers) is able to
detect the condition, and is hard wired to the space switch, which then generates the
CTS CPI bit pattern to reset the SM. This muld-byte pattern data can be a long
pseudo random sequence that has essentally zero probability of ever being
generated, within cells that should never be sent except to reset a specific SM. The
ATM-CM is provisioned with these virrual paths between the AM and individual
SMs. '
AM and ATM-CM Operations, Administration, Maintenance,
and Provisioning (QOAMP) Platform
The AM serves to support the entire SESS switch and ATM-CM

(including ATMUs) OAMP needs. These include download and control of the
ATM-CM, craft graphical display, and communication via ATM with SMs. FIG. 19
shows the AM/ATM-CM system architecture as comprising the following
components:

- ATM Management Module (AMM) including directly connected terminal.

This is an adjunct fault tolerant processor that is an extension of the existing

SESS switch AM, and serves to provided added processing throughput for

new ATM-CM and ATMU capabilides.

- Ethernet Bus to interconnect AM/AMM with Graphic Unit Interface (GUD,

ATM Packet Handler (APH), and ATM-CM.
- Small Computer System Interface (SCSI, an industry standard) peripherals
for disk, tape, and CD ROM on-line documentation: These augment the

existing AM non-volatile peripherals.
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- Processors: AWM The pfocessors are N+K redundant connected by a
Future Bus(+) technol ogy, | EEE 896 Standard. Automatic hardware and
software fault detection, and restart capabilities are built into the
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The GUI and non-voladle memory are commercial components whose control

resides in AMM software. The design of the AMM and APH components are

expanded in the following sections.

ATM Management Module

The AMM is a high capacity processing element of the AM:

- Processors: AMM The processors are N+K redundant connected by a
Future Bus(+) technology, IEEE 896 Standard. Automatic hardware and
software fault detection, and restart capabilities are built into the processor
modules. The AMM itself is supported by the Administrative Module (AM)
which is used to create a high reliability environment for the AMM
processors.
- Memory Modules: The N+K processors share common memory modules
that are used to store static and check-pointed data. Automatic hardware
error detection capabilities are built into the memory modules. The memory
modules are redundant, with data being stored in two memory modules; only
the active module responds to read accesses. The memory modules connect
to the processors via Future Bus(+). |
- SCSI Peripheral Interface: There are two SCSI conwollers in the
AM/ATM-CM Platform. In addition to mirrored disks, there is a cartridge
tape drive for loading the AMM and a CD ROM is optionally equipped to
store on-line documentation.
- Ethernet Transceivers: The ATM-CM and GUI workstations are connected
through duplicated Ethernet interfaces to the AMM.
- Dedicated AMM Terminal: A terminal directly to the processor complex,
in order to access the core in the event both terminal controllers or Ethernet
transceivers fail. This terminal does not have a GUI, and is intended for Man
Machine Language (MML) commands only.

| REPLACENENT SHEET]
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The APH is a modified IWU from the ATMU-MLII Tris shown in
FIG. 30. The Rate Adapt and BOP conrmoller are removed and are replaced by an
Ethernet Conmoller and Transceiver. The Ethernet controller places message into the
buffer. The processor determines the proper ATM header (Virmal Circuir). The
AALP performs the functions of converting the message to cells. Unlike the MLLD
IWU, the Cell Buffer connects directly to an LPU that transforms bits to SONET
media as soon as the segments are available. There is no CLP to gate the
transmission of the cell to. the LPU.

CCR

FIGS. 42-45 are four configurations of the CCR. While the preferred
embodiment relates to ATM signals, a more general version of a CCR is a composite
packet remap (CPR) unit, which remaps contents of composite packets in any packet
system.

FIG. 42 is for a CCR handling cells with 48 single byte DSOs per cell,
both in and out. E-bits are simply not involved here. An example of the 48-byte to
48-byte mode is in the use of the CCR as shown on FIG. 11, where the CCR
connects two transit ATM crossconnects, and in the cenmral CCR of the example of
FIG. 4. The input as previously noted, comprises 53 byte cells, each cell
containing 48 single byte segments and a 5-byte header. A demultiplexor
(demux 4002) receives the input and transmits the 48 bytes to the data rearrangement
block 4010 and the 5-byte header to the ATM header processor 4006. The ATM
header processor 4006 delivers the virtal circuit identifier (VCI) and virtual path
identifier (VPI) to address generator 4020, shown in detail on FIG. 46. The address
generator 4020 generates addresses for the RAM 4014 which receives the 8-bit bytes
from the input stream and delivers 8-bit bytes at its output. Between the
demux 4002 and the RAM 4014 is a serial-to-parallel converter 4012 for generating
sequentially the 48 byte wide inputs to RAM 4014. Between the RAM 4014 and the -
multiplexor (mux) 4004 is a parallel-to-serial converter 4016 to take the single byte
output of the RAM and generate a serial bit sweam. Mux 4004 also receives input
from the ATM header assembler 4008 which represents the 5-byte header of the
outgoing cell.

FIG. 43 represents a CCR for receiving 42 segments of data in each cell
(the 42 segments representing each one PCM sample byte and one E-bit) and

' delivering 48 bytes of data per cell. An example of the use of the configuraton of

FIG. 43 is for a CCR which is receiving inputs from an ATMU (switched through an
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FIG. 44 is for.a CCR whose input comprises cells having 48 bytes of
dara per cell, each byte representdng one PCM sample and whose output comprises
cells having 42 segments of data (each segment including a one-byte PCM sample
and an E-bit). The right CCR of FIG. 3 performs this functon. The E-bit is inserted
in every ninth position of the payload that is generaied for the output by parallel-to-
serial converter 4016. The configuration of FIG. 44 includes an E-bit generator 4024
which contains a RAM (not shown) with E-bit values to be applied for each read
address. The contents of the E-bit RAM are updated from the external control.

Finally, FIG. 45 shows a CCR for accepting a signal stream comprising
cells carrying 42 segments of input data per cell and delivering 42 segments of
output data per cell, each segment including an 8-bit PCM sample and a single E-bit.
The CCR of FIG. 2 performs this function. The only difference between the
configuration of FIG. 45 and that of FIG. 42 is that the RAM is one segment wide (9
bits) instead of being one byte wide (8 bits). Alternatvely, it is possible to provide
a 42-bit to 42-bit CCR which terminates the input E-bit on an E-bit processor and
generates a new E-bit using an E-bit generator. This has the advantage of
terminating the section of a call at the CCR. The configuration of FIG. 45 would be
used for any cases in which it was found desirable to switch ATMU to ATMU
connectons within a common access switch through a CCR; the E-bit (and probably
other comparable bits) are not normally ransmitted out of an access switch. = -.

FIG. 46 shows details of the address generator 4020. Input
configuration RAM 4030 is used to address RAM 4014 for writing new inputs into
that RAM the new inputs being the data from 8-bit bytes or 9-bit segments from the
ATM input cell sweam. In this preferred configuration, the input is stored in RAM
locations arranged arbitrarily, and the output is read sequentially one byte or segment
(FIG. 45) at a ime. The input VPI/VCI (from the header) is examined by the cell
address translator 4028 to determine an internal cell address in the range of 1-180 for
the cell. The VPI and/or VCI can be directly coded to indicate this cell address or an
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store 4046 which contains the outpur virtual path identifier and virmal circuit
identifier and which serves as one of the inputs of Mux 4004 (FIG. 45). The ourput
configuration RAM 4040 then drives RAM 4014 whose ourput is delivered to a
parallel-to-serial converter 4016 which delivers 8 byte data into Mux 4004. The cell
and byte counter are reset at an 8 KHz rate.
Alternatively, a 48 byte wide output could be delivered from the
RAM 4014, driven only by the cell counter 4042; this would halve the operating
speed of the RAM, but would require 48 x 8 ourput circuits in the RAM 4014
(instead of 8). While the preferred embodiment shows two addressing memories,
alternatively, either one could be replaced by a counter so that the CCR could work _
by having sequentdal load, random (i.e., control memory directed) unload, or random
load sequendal unload.
' - For the case of FIG. 43, the CCR receives from the ATM-CM composite
CBR cells containing 42 9-bit segments each comprising an 8-bit PCM sampie and a
single E bit, and transmits composite CBR cell outputs and which either goes
directly to another CCR or to a transit ATM crossconnect contain 48 8-bit PCM
samples in each cell. At first glance this may appear to be wasteful. However, itis
important to remember that the input cells and the output cells are frequently not
fully packed. Since the CCR performs rearrangement of data within the cells, it will
frequently happen that there is an imperfect mapping between the number of cells
required at the output and the number of input cells. This sitation is greatly
alleviated if the ourput cells can transmit more samples than are received in each
input cell. If the maximum number of samples in each input cell were to equal the
maximum number of samples in each ourput cell, blockage would be likely to occur
during periods of peak waffic. With this arrangement, blockage is sharply reduced.
As mentioned earlier, the cell layout of FIG. 17 is the present standard
for communicating voice signals using ATM. While this arrangement does have the
disadvantage of introducing a 6-millisecond delay required to accumulate the

AKX N -l 3




Lo

FIG 43 represents a CCR for receiving 42 segnents of data in each cell

(the 42 segnents representing each one PCM sanpl e byte and one E-bit) and

delivering 48 bytes of data per cell. An exanple of the use of the
configuration of FIG 43 is for a CCR which is receiving inputs from an
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units which observe this standard. When it is necessary to create such cells, the CCR
is ideally equipped to do so. All that is required is to expand the size of the counter
by a factor of 48:1 and to expand the size of the memory by the same factor, so that
48 dmes as many different cell addresses may be accommodated (for the case in
which all of the output traffic s of the FIG. 17 formar). The cell ID translator 4028
similarly must be expanded from one to 180, to one to 48 times 180 and the CAM of
that identifier must be similarly increased in size. For generating the standard formar
composite cell, 48 frames of inputs must be stored, requiring 48*180 cells of storage
whereas for the composité cell described eisewhere herein, only one, two or three (in
order to handle jitter) frames of data need to be stored. Once the counter, memory
and cell ID translator have been expanded, the CCR performs its remapping function '
in the same way as previously described.

The CCR can also be used to transmit wideband data transparently
since, while it is capable of performing the remap function, it is also capable of
executing the remap function by simply taking the contents of incoming cells and
generating them as outgoing cells without changing the payload contents. Thus, a
CCR can be used in conjunction with performing a transit switching function on the
standard format composite cells and importantly, can handle a mix of standard and
proposed format cells.

Call Scenarios

This section describes the use of broadband switching of composite cells
between and originating and terminating ATM-CM offices. To facilitate the
examples, it is assumed the two SESS offices provide a tandem call connection
between two LEC offices whose access is T1 and N-ISUP, as shown in FIG. 21.
Also, for the sake of simplicity, the sccna.nos in this secdon assume that the ATMU
is part of the ATM-CM.

Below is a high-level scenario for an incoming narrowband ISUP to
outgoing broadband ISUP call in an originating switch. It is followed by the
corresponding incoming broadband ISUP to outgoing narrowband ISUP scenario in
the terminating switch. Both a message diagram and a description of the tasks for
each message is included. Other scenarios with various combinations of broadband
and narrowband accesses and trunk have been derived, but are not included here.

The call flows are based on the current SESS International trunk-trunk
call model. A similar model can be derived for US SESS.

REPLACEMENT SHEET
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segnent s of embodiment.
1. The originating narrowband call conrtrol processing in the SM receives the
incoming Initjal Address Message (IAM) and performs digit analysis. The IAM is
sent to the terminating switch. If there are intermediate crossconnects, the IAM is
passed through without processing. If there are intermediate tandem switches, the
tandem switch processes the IAM and forwards an IAM toward the terminating
switch. The originating SM is one such intermediare tandem switch for a call
originating in a local switch 2 (FIG. 6). The IAM arrives at the originating SM via
the normal narrowband signaling processor, a packet switch unit, or, for the AT&T
network, a CNI ring. Digit analysis results indicate that the call does not terminate
on another narrowband wunk served by this switch, but instead, must be routed to
another node in the toll network. The digit analysis results would identify the node
in the network the call should be routed to.
2. N-ISUP call control in the SM sends a routing request to the AM over the NCT
link as normal.
3. Based on the results of inital roudng in the SM, the AM recognizes the call as an
inter-switch call to be transported via ATM. The AM selects a timeslot on the
originating NCT link, and requests path hunting and setup from Connection Control
in the ATM-CM. -
Connection Control in the ATM-CM maintains all the status information regarding
VPs/VCs between local SMs, CCRs, and other nodes in the network. Connection
Control is also responsible for maintaining the composite cell mapping information
for all ATMUs and CCRs in the office. Data is kept which associates SDCC/MDCC
bytes with DSO timeslots (a copy of which is kept in the ATMU), and of MDCC-to-
TDCC (Tandem Destinadon Composite Cell) remapping (copied into the CCR). In
addition, Connection Control maintains data which associates destinations in the
network with acdve and inactve VPs to those nodes, and also the CCRs associated
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Connection Control then allocates a slot in the MDCC berween the
originating ATMU and the CCR. If no active MDCC exists, a new one is activated.
4. Connecton Control updates the timeslot-to-MDCC mapping information in the
ATMU. .
5. Connection Control updates the MDCC-to-TDCC remapping information in the
CCR. The CCR takes MDCCs from many ATMUs with calls destined for the same
destination to be remapped (multiplexed) into one (or as many as nesded) TDCCs to
the destination node. '
6. Connection Control sends a termination request message to B-ISUP call control
in the BB-CP. Broadband call control is involved because the call is going out of the
office on a broadband fziciliry (broadband ISUP) to another node in the network.
Broadband call control acts as the outgoing half call. The message contains the
VPY/VCI (Virtual Path Identifier/Virtual Circuit Identifier) and NCT timeslot to be
used for the call. It also identifies the outgoing signaling VP/VC and DSO0 byte to be
- used.
7. The BB-CP performs Broadband ISUP (B-ISUP) call control. B-ISUP call
control formats and sends the IAM to the terminating office via BB-SP. BB-CP
performs all ATM Adaptation Layer (AAL), MTP layer 3 signaling, and Global Title
Translaton (GTT) for broadband signaling. All SS7 signaling VCs to other switches
terminate on the BB-SP. |
The IAM contains the VPI/VCI and DSO cell byte position. The BB-CP

serves as the "terminating half-call” for the cail.
8. B-ISUP in the BB-CP sends a "path_close" message to the ATM-CM.
9. For a SESS switch, the ATM-CM updates the CCR in order to turn on the E-bit
for the call in the MDCC between the CCR and the ATMU.

out put data per cell, each segment including an 8- bift=Bey st !
g i ‘ 2 BEPEACEMHNE SHEET
o]




address transl ator 4028 to determ ne an internal
of 1- 180 for the cell. The VPI an
coded to indicate this cell address or an

-73- arbitrary VPI/VC value can be use
addressabl e nenory (CAM is incorporated7/nto th
(Note that the VPI and VCI together are 28 bits

| ndexed memony ig L1t M5t HRMVDCES chdlipdhs
1 a

addr essed by

he range
ectly

28 FEBPA i dn jcont ent
ell address. itriansl at or.
ofg so that the e of an
' i 4030 is

the cée a '
11. B-ISUP in the BB-CP sends a "setup complete” message to the originating SM.

The message idendfies the timeslot selected by Connection Conooi in the ATM-CM
to be used for the call.
12. In a SESS switch, when N-ISUP call control in the SM detects E-bit, and
receives the "setup complete” message, it sends E-bit on the selected timeslot.
13. In a SESS switch, the ATMU takes the received E-bit and maps it into the
MDCC to the CCR.
14. In a SESS switch, the ATM-CM detects a change in the E-bit for the call-from
the CCR, and sends a "path_set” message to the BB-CP. B-ISUP call control in the
BB-CP completes setup of the call.
15. The ACM is received from the far end switch.
16. B-ISUP call conmol in the BB-CP sends a "buildup complete” message to N-
ISUP call in the originating SM. '
17. N-ISUP call control in the SM sends an ACM message to the narrowband LEC
switch. _ '
18. The Answer Message (ANM) is received from the far end switch.
19. B-ISUP call control in the BB-CP sends a "answer charge" message to N-ISUP
call control in the SM.
20. N-ISUP call control in the SM sends an ANM message 1o the narrowband LEC
switch. The call is now in the talking state.

) Assuming originating party disconnect, the call clearing scenario is as
follows:
1. A narrowband ISUP RELEASE message is received by N-ISUP call control in
the SM. N-ISUP call control begins clearing the call by sending a "release” message
to the far haif-call (i.e., the BB-CP), in a SESS switch, turning off E-bit on the
timesiot, and sends a RL.C message to the narrowband switch to complete the ISUP
disconnect sequence. ' .
2. In a SESS switch, the ATMU maps the timeslot E-bit into the appropriate MDCC
to the CCR.
3. In a SESS switch, the ATM-CM detects E-bit discontinuity in the CCR, and sends
a "path release” message to the BB-CP.
4. B-ISUP call control in the BB-CP clears its end of the call by sending a clearing
message to the ATM-CM in order to release the SM timeslot and the virrual
resources (VCs and/or composite cells) in the ATMU and CCR, and also begins the
REL/RLC (Release/Release Complete (SS7 signals)) sequence with the far end.
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;jcc ntains the output virtggl. path identifier and virtual
t identijifi

).

The out pyt

and whi ch serves as one of the inputs of Mux 4004 (FI G
onf L.gu I on M 4040 then, drives M 4014 ut
AT irares 41 CoORRRSIE GPU FAB ALk ot Bos VB 8 Gt o

into Mux 4004CCRie cel |l and byte counter are reset at an 8 KHz rate.

Al ternati Vqulﬂﬁw guﬁce%ﬁg : ;&ﬁﬂh&'ﬁg éﬁew,' Fi cHt §§h‘t§ﬁ fralery ﬂgfrm' 4014,

driven only b

speed

of the RAM bt ‘Nxoun@nnagbmadbmi 1AM iptauted vigithe BB-SP tnbroadbard vkl 0dskrol
(instead of 8}, glih&nBS fsfmh Rl ?@Qg gﬁ?repJRé’& aR S B

menories. al ternatlv
the CCR coul d work by ¢all qonga! progessing ini

e|t er one coul Léea coun?er' so t hat

BBcGRpedbrmenor y

di rected) unl afgitanerysfsafﬂigff‘ahﬂ%ﬁsmmm&dtc tHak Bterminating trunk group is

served by this switch, and that it is a narrowband trunk group. Contained in the IAM
is the idendry of the virral path used for the composite cell, as well as the identty
of the byte used in the composite cell. This identifies the CCR which will be used
for the call.
2. Based on the results of initial routing in the BB-CP, BISUP call control sends a
routing request to the AM. Included in the routing message is the composite cell
information received in the IJAM.
3. The AM performs a runk hunt, determines the destination SM, and selects a
timeslot. The AM requests network path setup from the ATM-CM. Included in the
request is the composite cell information received in the IAM.
4. As described in the previous scenario, Connection Control in the ATM-CM
maintains all the status information regarding VPs between local SMs, CCRs, and
other nodes in the network.

Based on the terminating SM and the composite cell information,
Connection Control determines if a MDCC virtual path is currently active between
the ATMU serving the terminating SM and the incoming CCR. If no active virtual
path exists (or if all cells on existing paths are full) Connection Control activates a
new MDCC virtual path. Connection Conrtrol allocates a byte in the MDCC to be
used for the incoming call. '
3. Connection Control updates the timeslot-to-MDCC mapping information in the
ATMU. i
6. Connection Control then updates the TDCC-to-MDCC remapping informadon in
the CCR. .
7. Connection Control sends a path acknowledgement message back to the AM.
8. The AM sends a termination request to the destination SM. The message
contains the identity of the selected trunk, and the timeslot selected by the IAM.
9. N-ISUP call control in the SM formats and sends the [AM to the terminatdng LEC
switch and sends E-bit on the NCT.
10. In a 5ESS switch, the ATMU in the ATM-CM takes the received E-bit and maps



For the case of FIG 43, the CCR receives fromthe WWEWSSHEEE R
cells containing 42 9-bit segnents each conprising anj8-birt PCM3ampl g and
a single E bit, and transnmts conposite CBR cell ou pjtggwmh i ¥ her
goes directly to another CCR or to a transit ATM crpsgconnect contaj nf 48
8-bit PCM sanples in each cell. At first-@ ance thip hey—eppear—tobe
wast eful However, it is inportant to renenber that fhe input cells and the

out put cells ;a0 ched]id?ﬂbEit&/c&PEo &,gld(yR_packed Si nce The CCR perforns-

rearr angenent of | frequentl

there |g an |1ere[Pf“e{Eta55w§b‘ﬁ %égﬁoég ﬁé’%ﬁ%ﬂ&r‘: %c':z‘laF Wéﬁg 8%05?&‘:[ he

O]lc.lt pﬁt and t haipudbendoh "mege:'Cmbisagc thihe BB-TPation is greatly alleviated
t he out put a rans Q

nput ol 1 1 SR RARS B rE SM SRTR  Sed PRpRIS dESf!Gnd BRECH

equal the nax'l'lmmssagdaeiennﬁemqpmm selectedh bmﬁqnacctmal(rqnmll tcthegS Wil d be

likely to ocgyr ds of peak traffic. Wth this arrangement,
bl ockage is gﬂ%ﬂgé&% ZHB As nentioned earlier, the cell

| ayout of FI@3.7 F%Brmw's@qntr%pamaﬁ%@?om@aﬁﬁ% "sevp FRmplsIt andi gnal s
using ATM . W&hhﬁ séthinfesdges RO FESS sHANER, 1@3&?35@&1&4&@@&[\{@@?&@5 -bit in

I nt roduci ng a:he ctrgﬂl})(l);ﬂseeceﬁr}g tt(lzleel Meqw re o0 accumul ate the -
14. In a SESS switch, the ATM-CM updates the CCR in order to turn on the E-bit
for the call in the MDCC berween the CCR and the ATMU.

15. In a SESS switch, at the ATMU, the E-bit in the MDCC is mapped to the
appropriate NCT timeslot. _
16. In a SESS switch, N-ISUP call contol in the SM detects the E-bit and completes
the path setup.
17. The ACM is received from the LEC switch.
18. N-ISUP call control in the SM sends a "buildup complete” message to B-ISUP
call control in the BB-CP.
19. B-ISUP call control in the BB-CP sends an ACM message to the far end ATM-
CM switch.
20. The ANM is received from the LEC switch.
21. N-ISUP call control in the SM sends a "answer charge" message to B-ISUP call
control in the BB-CP. |
22. B-ISUP call control in the BB-CP sends an ANM message to the far end ATM-
CM switch. The call is now in the talking state.

Assuming A-part disconnect, the call clearing scenario is as follows:
1. A broadband ISUP RELEASE message is received by B-ISUP call control in the
BB-CP. B-ISUP call control begins clearing the call by sending a RLC messageto
the far end ATM-CM switch to complete the broadband ISUP disconnect sequence.
and by sending a "release” message to the SM.
2. B-ISUP call contol in the BB-CP sends a reset E-bit message to the ATM-CM in
order to turn off the E-bit in the composite cell to the ATMU.
3. The terminating ATMU maps the E-bit change in the MDCC to the terminating
NCT link.
4. N-ISUP call control in the SM detects E-bit discontinuity, and begins the N-ISUP

REL/RLC sequence with the terminating LEC switch.

(D




- 74 - sanples for each packet, it may be necessary at least initially to
comuni cate with units which observe this standard. Wien it is necessary to
create such cells, the CCRis ideally equipped to do so. Al that is '
required is to expand the size of the counter by a factor of 48:1 and to
expand the size of the nenory by the sam@g0f-actor, so that 48 tinmes as nany
different cell ‘addresses nay be accommpbdated (for the case in which all of

the out put tgaif isisbRaiPboddis if e So1aldclelBl § imblfo: fefddse bRdsidp@ RS hat or 4028
ATM-CM in order to release all network path resources.
6. The ATM-CM updates the mapping table in the ATMU and CCR involved in the
call, and also releases the tdmeslot.

As previously stated, where two units communicating using ATM cells
are in close physical proximity, it should not be necessary to use a SONET or SDH
facility to communicate these signals;

While this description has used voice as the primary narrowband signal
example, narrowband data (64 KB or less), facsimile and other narrowband signals
can be switched in the same way. '

It is to be understood that the above description is only of one preferred -
embodiment of the invendon. Numerous other arrangements may be devised by one
skilled in the art without departing from the scope of the invention. The invention is
thus limited only as defined in the accompanying claims.

28 FEB 1997




simlarly nust be expanded fromone to 180, to one to 48 tines 180 and the
CAM of that identifier nust be simlarly increased in size. For generating
the standard format conposite cell, 48 frames of inputs nmust be stored,
requiring 48*180 cells of storage mhereas for the conposite cell described
el sewhere herein, only one, two or three-8ln order to handle jitter) franes
of data need to be stored. Once the counter, nenory and cell 1D translator
have been expanded, the CCR performns Apegﬂgﬁggnlng function in the sane way
as previously described. The CCR can al so be used to transmt

w deband data transparently since, while it is capable of performng the
remap function, it is also CACRONYMS aMNTT WBBREVIETIONMSP function by :
sinply taking the contents of incomng cells and generating them as

out going cells wi thout changing the payl oad contents. Thus, a CCR can be
used in conjuncti&dlwi t h peXAviridagrasiondayst t swi t chi ng function on the

standard format cg
standard and propose

ite cg‘ﬁlf?&gdggqu z@xnf’llo&ss&an handl e a m x of

f or mat

cenaril os

descri bes the useAéMproadb R?F conposite cells
AM Adm:mstrauve Moduie
AMD Advanced Memory Devices
AMM ATM Management Module
ANM Answer Message
AP Administrative Processor
APH ATM Packet Handler
ASU ATM Switching Unit
ATM Asynchronous Transfer Mode
ATMU ATM Interface Unit
ATMU CC ATMU Central Controller
BB Broad Band |
B-ISUP Broadband ISUP
BOP Bit Oriented Protocol
CAM Content Addressable Memory
CBP Common Broadband Platform
CBR Constant Bit Rate (traffic)
CCB Compdsitc Cell Byte
CCITT Consuitative Committee on International Telephone
" and Telegraph Standards |
CCR Composite Cell Reniap
CD ROM Compact Disk Read Only Memory
CLP Cell List Processor
M Communication Module
CNI Common Network Interface
CONS Connection Oriented Network Services
CPI CBP Processor Intervention
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bet ween and originating and termnating ATMCM offices. To facilitate the
exanples, it is assuned the two 5ESS offices provide a tandem call
connecti on between two LEC offices whose access is T1 and N-1SUP, as shown
in FIG 21. Also, for the sake of simplicity, the scenarios in this section
assume that the ATMJ is part of the ATM G- Below is a

hi gh-1 evel scenario for. an incom ng narrowband | SUP to outgoi ng broadband

I SUP call in an ogpgi nati ng cydosite Phdiet Reﬁﬁb' owed by the corresponding

i ncom ng br oadbana | SUP to %tcm ng a | SUP scenario in the

term nating swit chRCBoth a f¥sd ‘éﬂdgﬂ adescrlptlon of the tasks
for each nessage CgSi ncl udemon&rrefmgssmaarl 0os with various conbi nati ons of

br oadband and nar and ac trunk have been derived, but are not
i ncl uded here. &WQ ?ﬁ%@‘c‘&ﬁ aﬁl’&ﬁf\/\s are based on the current 5ESS

| nt ernati onal trubDAGS unk c&igialvdekss Crossconhent Systeml can be derived for US

SESS. DCC Digital Communications Channel
DSO A 64 Kdlobit/second PCM single channel signal
DSl A signal composed of 24 DSO signals
DTU Digital Trunk Unit
EOC Embedded Operations Channel
FAX Facsimile
FSR Facility Shift Register
GSM Global SM |
GTT - Global Tite Translaton
GUI Graphical User Interface
HDLC High-level Dara Link Controller
HDTV High Definition Television
IAM Inidal Address Message
ISDN Integrated Services Digital Network
ISUP ISDN User Port
wu Inter-Working Unit
LAPB Link Access Procedures (type) B
LAPD Link Access Procedures (type) D
LEC Local Exchange Carrier
LPU Line Processing Unit
MCTSI - Module Controller Time Slot Interchange
MDCC Multiple Destdnation Composite Cell
MHZ Megahertz .

MLD Message Layer Device

MML Man Machine Language

MTP Message Transfer Part

N-ISUP Narrow Band ISUP ,

NCT Network Control and Timing (link)
REPLACEMENT SHEET
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The follow ng conventions are use in the |ine diagrans: lines with
upper case font represent external nessages, - solid lines with | ower case
font represent internal nmessages. - solid lines with italic font represent
hardware regi ster read/wites, - dashed |lines represent conposite cells, -

dotted lines represent NCT information (i-®; E-bits). N SUP-BISUP Call

Scenario - Oiginating ATMCM Switch (FIGS. 34-37) of an Oiiginating Call

NLI
NNI
OAMP
0SS
PCT
PH
PSU
PVC
RASU

REL/RLC

SCCP
SCSI
SDCC
SDH
SDL
SIU
SM
SMDS
SMP

SONET

SP
SR
S§7
ST™M
STP
STS

TDCC
TSA
TSI
TSIU

NCT Link Interface

Network Node I[nterface

Operations Administration Maintenance and Provisioning
Operadon Support System

Peripheral Conmol and Timing (link)
Protocol Handler

Packet Switching Unit

Permanent Virtal Circuit

Remote ATM Switching Unit
Release/Release Complete (SS7 signals)
Signaling Control and Connection Part
Small Computer System Interface (an Industry standard)
Single Destination Composite Cells
Synchronous Digital Hierarchy
Signaling Data Link (SS7) _
SONET Interface Unit or SM Interface Unit
Switch Module

Switched Megabit Data Switch

Switch Module Processor

Synchronous Optical NETwork
Signaling Processor

Shift Register

Signaling System (Number) 7
Synchronous Time Multipiex

Signal Transfer Point

Synchronous Time Signal

Tandem Destination Cell

Tandem Destination Composite Cell
Time Slot Assign

Time Slot Interchange

Time Slot Interchange Unit

User Nerwork Interface

Variable Bit Rate (traffic)

REPLACEMENT SHEET
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This section describes the inplenentation for one preferred enbodi nent. 1.
The originating narrowband call control processing in the SMreceives the
incomng Initial Address Message (I AM and perforns digit analysis. The | AM
is sent to the terminating switch. If there are internedi ate crossconnects,

the AMis passed through wi thout processing4-If there are internediate
tandem switches, th andem swi tch processes the I AM and forwards an | AM

toward the term nating svmtcthﬁhtﬂGifdugl d't@gl s one such internediate
tandem switch for aVEall ori gimal ra.%glnal | gkh 2 (FIG 6). The | AM
arrives at the originating SMvia tfetHddengfienar r owband si gnal i ng

processor, a packet. switch uthrFuabChaﬁmm é,T&T network, a CNl ring.

Digit anal ysi s restW®s i ndi castr p% t he caﬁfa does not term nate on anot her
narrowband trunk serpted by t SWI t%h but instead, must be routed to

anot her node in the toll net Icthngﬁer analysis results would identify -~
the node in the network the call should be routed to. 2. N-1SUP call

control in the SMsends a routing request to the AMover. the NCT |ink as
nor mal .
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REPIRAGEMENT SHEETpsults of initial routi ng in the SM the AMrecogni zes the

cfftT—as an tnitef-pwitch call to be transported via ATM The AM sel ects a

t ) fozhe| of i gi nating NCT link, and requests pathr huntimg—and—setup

f g?oginEnBe)ctgi?on pntrol in the ATMCM Connection Cont ”mlmumm)mms
Ht-aRs—al-—t-he| st at us i nformati on reg_aég_i ng VPs/ VCs I )

CCRs, and other npdes in the network Conn€ction Control *is®al'so" edpohsi bl e

Sfor-TmErTrarmy-The conposite cel |l mapping information for all ATMJs and
CCRs in the ofhims: Data is kept which associates SDOC/ MDCC bytes with DSO

timeslots (a copy of mhi edledoinkBmbaddhs nB&vaiit ¥obnorising: of MDCC-to- TDCC
(Tandem Desti nati on Conposite Cell) remappin copied into the L ln
addi tion, Connection GJRYREW m"ﬁ?éisﬁé‘d&% ?C&iﬁgﬁﬁgéﬁgﬁt&?%@‘ gﬂ%ﬁt"f‘%ns
i n the networdonipdsite aaéiey eerddpt GPRYQInity @nd/PS t o t hose nodes, and al so the
CORs associ at ed packet switching means for interconneciing said access switches;
wherein each access switch comprises means for convertng multiplexed
periodic communication input signals into packetized signals having packets each
packet destined for one CPR unit of said access switch, wherein each channel of said
input signals is switched into an arbitrary position of an arbitrary packet of one of
said packet signals; - :
| wherein packetized signals being switched in said access switches and
said packet switching means comprise periodically ransmitted packets each of
which carries a plurality of communication signals from arbitrary channels of one or
more of said input signals;
wherein each CPR unit of said each access switch uses communication
signals, received in one of said packetzed signals, of said each access switch to
generate CPR packetized output signals each of whose packets contains only
communication signals destined for a common CPR circuit of another access switch;
wherein said packet switching means comprises at least one packet |
crossconnect for interconnecting a plurality of CPR units, said packet crossconnect
for switching packets of a plurality of incoming packetized signals from said
plurality of CPR units to a plurality of output packetized signals to said plurality of
CPR units.

2. The nerwork of claim 1 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals.

3. The network of claim 1 wherein said packetized signals are -
asynchronous transfer mode (ATM) signals and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

4. The network of claim 3 wherein said packet switching means
comprise an ATM crossconnect.

5. The network of claim 4 wherein groups of communications are
wansmirted through said ATM crossconnect through a virmal path through said

This Sheet Has Been Replaced




- 76 - Connection Control determ nes an
out goi num“ H Er ilal destination node. Connection Control may have
0S

several ¥Pscto c

komto reach the destination_node, and \/\nul d_sel ect

an active VP with a TDCC with available slots. |If an actlve 0Sj tﬁ cell
VP is avail able, Connection Control reser8&s a slot i cel I .

If no active conposite ceI | VP exists, Connection Cont new
VP i f bandw d‘g\w& ce for an additional CBR cel I

avai |l abl e. :r? 68 h is avail able, Connection Oont roI determ nes an
alternate VP The alternate VP may not be a direct VP to the destination

node, ‘but may be a Vi, WjGh J%ﬁﬂ%h&cﬁxs%m&ﬁﬁp@tc&%h%ﬁ node.

Connection Control al so det er m nes

communication signals are pulse code modulation (PCM) signals.

7. The network of claim 6 wherein said means for converting comprises
a plurality of asynchronous transfer mode units (ATMU) each for receiving at least
one signal stream comprising PCM samples and for generating at least one ATM
signal, said signal comprising said PCM samples of said at least one PCM input
stream, said at least one ATM signal comprising cells, each cell for transmission to
one of the CCR units of said each access switch.

8. The netwark of claim 7 wherein said each access switch comprises an
ATM communications module (ATM-CM) for distributing cells from ATM output
streams of said at least one ATMU to ATM input streams of said at least one CCR.

9. The network of claim 7 wherein said at least one ATM signal
generated by an ATMU further comprises cells for ransmission to one of said
plurality of ATMUs of said access switch.

10. The network of claim 9 wherein said each access switch comprises”
an ATM communications module (ATM-CM) for distributing cells from ATM
output streams of said at least one ATMU to ATM input streams of one of the
ATMUs of said each access switch.

11. A telecommunications network comprising:
a plurality of access switches; and

packet switching means for interconnecting said access switches; -

wherein each access switch comprises:

means for converting a plurality of multiplexed periodic communication
input signals into packetized signals, wherein each multiplexed channel of said input
signals is'switched into an arbitrary position of an arbitrary periodically transmitted
packet of one of said packetized signals;

a communications module for switching packets of input signals of
packetzed signals from said means for converting to at least one packetized ourput
signal, each of ones of said packctizcd ourput signals for ransmission to a composite

REPLACEMENT SHEET
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signal ing VP associated with the conposite cel | VP to_be used for the call .
ction CY)ntr—I then allocates a slot in the MDCC bet ween the

0“ 9' nai m "ml I f no acti've MDCC exi st s, sShe il een Replaced - -
acti vat Oont rol updates the tineslot- t(’ CIIE :
t 9

I nformation |ntheAIVU ‘5. Connection G@&Tt+ol updates ,
remappi ng information in the CCR The CCR takes MDCCs from many ATMJs. wi t h

call s desti n nation to be remapped (multiplexed) into
one (or as (r%f/éegs %‘éﬁ&éwq%@hto t he destination node. 6. Connection

Control sends a term h@:mnuc@?emnf?é§wgl8ngé€@t¥wltbﬁl4pm<lﬂeacm t he
BB- CP. Broad E’%Q:éil'of Bl Qédixeutﬁgﬂrt b f xsc&% ggout of

the office o %‘g acl | ISUP anot node~in the
networ k. Br o&@Eefid s |nact§¢;ﬁwr6mn§&=§nagotﬁen@ep@s$%uﬁa|°f seét:pckerhe message
contai ns t he sWichidg méadsy t ual Pat h Identifier/Virtual Crcuit ldentifi er)

o e Ve ey DBAEBRH el g b g2k SRS 01 01
switching mdmdua.l packets received from a CPR unit of an access switch to one of
a plurality of output packet streams each connected to a CPR unit of another access
switch; and _
wherein data of said multiplexed input signals is switched through a
means for converting, a communications module, 2 CPR unit of one access switch
and said packet switching means from an input to said means for converting of said

one access switch to an input of a CPR of another access switch.

12. The network of claim 11 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals.

13. The network of claim 11 wherein said packetized signals are
asynchronous transfer mode (ATM) signals and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

14. The nerwork of claim 13 wherein said packet switching means
comprise an ATM crossconnect.

15. The network of claim 14 wherein groups of communications are
transmitted through said ATM crossconnect through a virrual path through said
ATM crossconnect.

~ 16. The network of claim 14 wherein said multiplexed periodic
- communicaton signals are pulse code modulation (PCM) signals.

17. The network of claim 16 wherein said communicatons module is
further used for crossconnecting cells of ATM signals from an ATM network to a
switching svstem.

I18. A telecommunications network comprising:
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Br oadband | SUP (B-1SUP) cal—t-een{—Fel—B-J—SUP—eal |

cont nds the LAMto the term nati QLo 58 pUd
BB’ mmnmmn" Adapt ati on Layer (AAL), . MTP is Shee ﬁ YdnR ace 3 and

d obal* Tit | & Tran§l ation (GIT) for broadband signal | gnal i ng
VCs to other switches termnate on the B ; SP. cont ai ns
the VPI/VCl and DSO cell byte position. " BB- CP serves as the

"termnating half-call" for the call. 8. B-I1SUP in the BB-CP sends a "path

cl ose" nessage to the afpllmliryMs adcesfowitches EE3shaetdss bwitth eorAgtiding M lepstaine s

the CCRin ordeisdsg 5. the call in the MDCC between the
CCR and the A wc;s cb%&t%m%hh. ;.l'ﬂ{

packet switching means for interconnecting said access switches:

wherein each access switch comprises means for converting a plurality
of multplexed periodic communication input signals into packetized signals having
packets each packer destined for one CPR unit of said access switch, wherein each
channel of said input signals is switched into an arbitrary position of an arbitrary
packet of one of said packet signals; '

wherein packetized signals being switched in said access switches and
said packet switching means comprise pericdically ransmirted packets each of
which carries a plurality of communication signals from arbitrary channels of one or _
more of said inpur signals;

wherein each CPR unit of said each access switch uses communication
signals, received in one of said packetized signals, of said each access switch to
generate CPR packetized output signals each of whose packets contains only
communication signals destined for one access switch or for CPR circuits of a group
of access switches;

wherein said packet switching means comprises at least two packet
crossconnects for interconnecting a plurality of CPR units, said packet crossconnects
for switching packets of a plurality of incoming packetized signals from said
plurality of CPR units to a plurality of output packetized signals to said plurality of
CPR units, and further comprises at least one CPR for interconnecting two of said
crossconnects and for converting groups of packets each containing communication
signals destined for a group of access switches into groups of packets each
containing communication signals destined for one access switch.

19. The network of claim 18 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals. -

20. The network of claim 18 wherein said packetized signals are
asynchronous transfer mode (ATM) signals and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

21. The network of claim 20 wherein smd packct swuchmg means
comprises at least two an ATM crossconnects. P




w, the E-bit - in the NDCCIS rrapped_l_o_t—he—&ppf-epﬂate
g ﬁ“EUP in the BB-CP sends a "setup conp e " é'i,ggedto the
%mlr‘“h%“ he message identifies the tinesl
ntrof in the ATMCM to be used for the a S5ESS
E- |ves t he

svm tch when N-1SUP call control in the g detects
"setup conpl ete" nessage, it sends E-bi t on t he sel ect ed t| nesl ot I

a 5ESS switch, the ATMJ takes the received E-bit and maps it into the

to the CCR  14. |n #5BESAEIWPECIS Claime INFRECH SFRRUREPLCOMBRAIGHECNSHIE he E-blt

for the call ghhefinet MeotEfsaidAdM eRscainetabidbugl b virtieg paGiehicughhaidBB- CP

B-1SUP call cqntrol in the BB-CP conpletes sefup of the call.
QILLI crossconnect. P P

23. A method of wansmitting multiplexed periodic communicaton
signals across a telecommunications network comprising the steps of:

' converting said muitiplexed periodic communicadon signals into a
plurality of packetized signals each comprising first composite packets, each first
composite packet including a plurality of communication signals for a plurality of
communications, each of ‘said first composite packets to be routed through a common
source composite packet remap (CPR) unit;

switching first composite packets of said plurality of packetized signals
each to one of a plurality of source CPR units;

in said source CPR units, switching the communication signals in
received first composite packets to form packetized output signals comprising
second composite packets each second composite packet including only
communication signais destined for one of a plurality of destination CPR units;

switching second packets of packetized output signals of said source
CPR units to form packetized signals each destined for one of said destination CPR
units.

24. The method of claim 23 wherein said multiplexed periodic
communication signals are pulse code modulation (PCM) signals.

25, The method of claim 23 wherein said packetized signals are
asynchronous transfer mode (ATM) signals, and said first and second packets are
first and second cells, and said CPR unit is a composite cell remap (CCR) unit.

26. The method of claim 25 wherein said step of switching second cells
of packetized output signals comprises switching said second cells in an ATM
crossconnect.

27. The method of claim 26 further comprising ransmitting said second
cells over a virtual path through said ATM crossconnect.

18. The method of claim 26 wherein said multiplexed periodic B
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15 _The ACM+ts—received fromthe far end swtch. 16. B-1SUP call control

“““ bui | dup conpl ete” nmessage to N- | BixSheet Hes Boan Replaced
orla iﬁ“lm(ﬂ“ N-1SUP call control in the SM se ds to
t he nar cowban® LEC * switch. 18. The Answer Message ( m
the far end switch. 19. B-1SUP call contP3F in the BB- CP sends a "answer

charge" nessage to N-ISUP call control inthe SM 20. NISUP call control

in the SM sengs AN Cwhidbein AER %E@@dl@d%nsﬁ%é&ﬁhckﬂ&nﬁsks i's
now in the tal klga‘aftate origi.nating party

di sconnect, tHén ?If%ﬁhFﬁngEBﬁ%HWGfidﬁ%mfm CanENS-A narrowband | SUP
RELEASE nessage is received by NISUP call control in the SM NI SUP call

control begins cleari he call, hy,se ele i’ ssage. to the far
hal f-cal | (ie., the o e ngto ’é‘%éé%“%n% ?’gﬁ"“{ %P%%‘%Sﬁae%g’}#ﬁ W the
tinmesl ot andasmnhbnauminsfmsn@dydﬂml hgnaiaanabmélﬁdstsmﬂismnd@admmﬁet e the
I SUP ATM cells, and said CPR unit is a composite cell remap (CCR) unit.

41. The network of claim 40 wherein said packet crossconnect is an
ATM crossconnect and said second packets are transmitted over said ATM
crossconnect through a virtual path.

42. The network of claim 41 wherein at least one of the plurality of CCR
units are for generating third composite cells, each third composite cell comprising a
plurality of signal values for different communications each destined for one of a
group of CCR units; I _

further comprising at least one more ATM crossconnect and at least one

additional CCR unit for interconnecting two of the ATM crossconnects wherein said
additional CCR unit receives gmixps of said third cells and transmits groups of said
second cells, each second cell for transmission by an ATM crossconnect to one of
said plurality of CCR units.

43. A distribution network for switching asynchronous transfer mode

(ATM) signals, the signals comprising composite cells, each cell having individual
PCM signals for a plurality of communicatdons destined for a plurality of
destinations comprising:

a pl’ufa.lity of composite cell remap (CCR) means each for receiving an
ATM signal comprising first cells each cell having individual PCM signals for a
plurality of communications destined for a plurality of destinations and for switching
individual PCM samples of said first cells of said ATM input signal to second cells
of an ATM output signal, wherein each of said second cells has PCM signals having
a common destination CCR means; and

an ATM crossconnect for switching second cells of the output signals of
a plurality of said CCR means, without changing payload contents of ceils received
from said CCR means, to signals connected to the inputs of said plurality of CCR
means.
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disconmect sequence. 2. In a 5ESS switch, the ATMJ maps the tinesio 't

i nt MDCC to the CCR 3. In a 5ESS svm tHﬁsSheehHas/B'EM
detﬂm“ﬁmnﬁﬂmamtl nuity in the CCR and sends a pat
to the BB'CP" 4° B*ISUP call control in the BB-CP clears lr

call by sending a clearing nessage to the %M CMin order he SM

tinmeslot and the virtual resources (VCs and/or conposite ceI ls) in the ATMU

and CCR, and al so begiygs mEQM&QMm&%Ba@@ﬁ@nM ICeiRe me &R also
signals)) seque uc%cs or&‘xer %’C‘%I signals otd said first cells into third cells, said third ceils having
PCM signals destined for a group of destination CCR means, further comprising:
at least one other ATM crossconnect; and
at least one other CCR means for interconnecting a first and a second of
the ATM crossconnects and for receiving third cells from the first ATM crossconnect
and for wransmitting secomd cells destined for only one CCR means to the second
ATM crossconnect for subsequent transmission to said only one CCR means.

45. An access switch for generating packetized signals for diswribution by
a packet signal transmission/crossconnect network, said network comprising means
for interconnectng a plurality of said packetized signal streams without disturbing
the payload contents of cells of said packetized signal streams, the access switch
comprising:
means for converting multiplexed periodic communication input signals
comprising periodic communication input channels destined for switches accessed
via a plurality of composite packet remap (CPR) units into packetized signals, said
packetized signals comprising first cells each for ransmitting data for a plurality of
separate communications, each cell for transmission to a single CPR unit;
_ packet switching means for switching said first cells to one of a plurality
of CPR units without changing the payload of the switched first cells; and
a plurality of CPR units each for receiving said first cells and
rearranging payload data of said first cells to generate an output stream comprising
second composite cells each second cell containing ﬁayload data destined for a
single CPR of another access switch.

46. The access switch of claim 45 wherein said multiplexed periodic
communication signals are puise code modulaton (PCM) signals.

47. The access switch of claim 45 wherein said packetized signals are
asynchronous ransfer mode (ATM) signals, and said composite packets are
composite cells, and said CPR unit is a composite cell remap (CCR) unit.

48. The access switch of claim 47 whcrcm said packet switching means
comprise an ATM packet switch. '




-78 - 5. The ATM CM updates the conposite cel ' apprng—tabte
- . BI'SUP-NISUP Call Scenario - Ter nin@hdelGasSL4
(F rﬁ n&nlllu;ﬂ" The inconmi ng broadband LAMis route '
bﬂlmm I trol in the BB-CP. Al .SS7 signali w
sw*t ches* t €t mi*nat'e on the BB- SP. -94-  The inc
control processing in the BB-CP perforns digit analysis. Digit analysis

| Cndi h ; : ; .
G toh and chat it 9 AiarFonby B Hhe s Yt g Efprudaddlire |
t he identity wansmigedthraughlsajuod TMugaeltet switchhtbrangnposityad pathlthroughk saidl | as

the identity used in the conposite cell. This identifies the
CCR whi ch wi I'?‘Tgi;pgﬁggtdm{c?br the call. 2. Based on the results of initial

routing in the BB-CP, BISUP call control sends a
50. The access switch of claim 48 wherzin said multiplexed periodic

communication signals are pulse code modulaton (PCM) signals.

S1. The access switch of claim 50 wherein said means for converting
comprises a plurality of asynchronous transfer mode units (ATMU) each for
reéciving at least one signal stream comprising PCM samples and for generating at
least one ATM signal, said signal comprising said PCM samples of said at least one
PCM input stream, said at least one ATM signal comprising cells, each cell for
ransmission to one of the CCR units of said access switch.

52. The access switch of claim 51 wherein said each access switch
comprises an ATM communications module (ATM-CM) for distributing cells from
ATM output streams of said at least one ATMU to ATM input sreams of said at
least one CCR unit.

§3. The access switch of claim 52 wherein said at least one ATM signal
generated by an ATMU further comprises additional cells, said additional cells for
transmission to one of the ATMUs of said-access switch.

 54. The access switch of claim 53 wherein said ATM packet switch
further distributes said additional cells from ATM output streams of said at least one
ATMU to ATM input streams of one of the ATMU of said access switch.

55. A composite packet remap (CPR) circuit comprising-:
means for receiving a packetized input signal comprising composite
packets, each composite packet having individual periodic communication input
signals destined for a plurality of destinatons;

- means for switching the individual periodic signals of individual
composite packets of said packetized input signal to different composite packets to
form a packetized output signal, wherein said packetized ourput signal comprises
composite packets each of which has individual periodic signals having a common
desdnation; and

28 FEB 1997




routing Included in the routing nessage is the conposite
cel l |@‘w @“l ed in the | AM 3. The AM perforns a trunk hunt,
det erm fiat4 on SM and sel ects a ti melshrgis sHErr ¥\ BeEgSt S
net work path setup fromthe ATMCM Included in the reqeesicprs the| -
conposite cell information received in tQ? | AM ATAS descrTbedTTt he
previ ous scenari o, Connection Control in’the ATMCM maintains all the
status information regardi ng VPs between |ocal SMs, CCRs, and ot her nodes
in the network. 69. The appardiaseftclam 63 wherimiaidhssociaShsigmil istresingleposi t e

cell inform it?ébr%sepgaggﬁﬁﬁ{r&go%E%a%m nes if a MDCC virtual path is
I'veé be

currently ac servi ng he term nating SM and the
incomng CCR |If no active virtual path exists (or if all cells on

path.  Connection Contt ol "GTAAARL OFULRIRE Aheft LathcfSaid meal tor OREE K e
i nconi ng cal further Sompysasaaeans fongaRyeBing Peprecasaid iapet oroumir sighalyded anappi ng
information phurdlitg of sésbipackets transmitted periodically, on said first packetized output
signals, each second packet comprising segments derived from periodic
communication signals and associated signals of said signal streams and each second
packet comprising signals for channels destined for a switching system outside said
telecommunication switching system or cluster;
wherein said means for switching further comprises means for switching
said second packets to a third packetized output signal for ransmission to ones of the
outside switching systems.
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6. Connection Control
in the CCR -

back to the AM
SM The nessage

timesl ot selected by the I AM

7. Connection Control

t hen updates the TDCC-t o-

and sends the |AMto the termnating LEC

NCT.

E-bit and maps
Abstract

p——

MDCC r emappi ng i nformation
sends a path acknow edgerrent nmessage

8. The AM sends a term nation requesingd f st+rat i on
contains the identity of the selected trngpﬁ Qéﬁ”&*fw
9. N-1SUP%&al I~ cont rof |ut..\,v f.orngts

switch and sends E-bit on the

N 2 SEEPVPNETWORKS FORNARRDW BXNDCOMIRINICETION Ved

Pulse Code Modulation (PCM) signal streams are converted into
Asynchronous Transfer Mode (ATM) cells for switching and transmission across a
telecommunications nerwork. Each cell carries one PCM sample of up to 48
different voice connections, the voice connections being selected from the PCM data
streams because they have a qommdn destination. The cells are ransmitted over
ATM virtual paths, each path transmitting one cell every 125 ps. The ATM signals
are switched by units for switching cells (cell switching), while keeping their
payload contents intact, and by units for switching the signals for individual voice
connections between cells of an ATM signal (cell remapping). Advantageously,
ATM transmission systems interface with PCM systems without adding appreciable
delay and without requiring additional buffering. Advantageously, new voice paths
can be established most of the time by using available slots in the cells of existing
virual paths. Advantageously, large telecommunication networks can be
implemented using a small number of switching units.

Advantageously, a central communications network comprising stages
of cell remapping interconnected by one or more stages of cell switching provides
flexibility for interconnecting large access switches; the cell remapping stage may be
made part of the access switch. Advantageously, an access switch comprising a cell
mapping or distribution stage for assembling cells comprising PCM samples headed
for a common output of the access switch are switched in a cell switch to a cell
remap unit for collecting PCM samples headed for a common destination into
individual cells of an ATM output stream, provides output signals that can be readily
and efficiently switched by a transit network for distribution to other access switches
of a large network. Advantageously, such a cell remap unit provides a key element
to the implementation of an efficient large ATM voice network.

For use with PCM switches, it is desirable to provide supervisory -
signals accompanying the PCM data. Advantageously, this arrangement permits
supervisory signals to be passed within an access switch thus simplifying
compatibility with existing switching systems.

This Sheet Has Been Replaced
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-79 - it into the conposite cell to the CCR 11. In a 5ESS sw tch,
CCRin the ATM CM detects a change in the E-bit for the call, and sends a
"path set" message to the BB-CP. 12. N-ISUP call control in the SMsends a
"setup conpl ete" nmessage to the BB-CP. The nessage identifies the tineslot
sel ected by Connection Control in the ASU-CP to be used for the call. 13.

When B-1SUP call control in the BB-CP recdives the "setup conplete" and

"path set" messages in a 5ESS svvitch,Nil}-.quue?is the ATM-CMto set the
E-bit in the conposite cell to the ATM4 41%. | nf a 5ESS swi tch, the ATM CM

t he

updates the CCR in order to turn on th¢PRIGRt4RTYr the call in the MDCC
between the CCR and the ATMJ. 15. In a 5ESS switch,,dt the ATMJ, the E-bit
in the MDCC i s mappe @W Wém—lﬁ.—mss
switch, N-1SUP call 30””0|5,}0” the SM ¢ AWK E-bit argqacorrpl gt es
% K 550 (
|
t | COMPOSITE COMPOSITE
PCM CELL |ATM CELL | PCM
GENERATOR | RECEPTION
(ATMU) (ATMU)
FIG. 2
_ - rt
i ACCESS SWITCH
540 4000
§ 550 {
COMPOSITE COMPOSITE
PCM1 | CELL |ATM ATM | ceLL !
GENERATOR | ~ REMAP
(ATMU) (CCR)
ATM
- _ct
ACCESS SWITCH
540
28FEB W | | COMPOSITE
A i CELL | PCM
- RECEPTION l
o (ATMU) i




the path setup. 17. The ACMis received fromthe LEC switch.
in the SM sends a "buil dup conpl ete"
in the BB-CP sends an ACM

call control

contr ol

in the BB-CP. 19. B-1SUP call

control

18. N-1SUP

nmessage to B-1SUP cal |-

nessage to the far end ATM CM switch. 20. The ANMis received fromthe LEC

switch. 21. NISUP call control in the SM sends a "answer ‘charge" nessage
to B-1SUP call control in the BB-CP. 22. EISUP call control in the BB-CP
sends an ANM nessage to the far end ATM CM switch. The call is nowin the

tal king state.
scenario is as foll
B-1SUP call control

OWS:
in the

Assum ng A-part disconnect,

1. A broadband | SUP RELEASE nessage is received by
begins clearing the
erd ATIYPCI\/I switch to conplete the
| a “release" nessage to

BB- CP. cgl |

RIey

ACCESS SWITCH
r 550

control

4000
\

the call

cl earing

COMPOSITE
CELL
REMAP
(CCR)

call by sending a RLC nessage to t
br oadband | SUP disconnect._sequence _and
the SM |
5 540
| {
!
pCu | | COMPOSITE
' ! CELL
i | GENERATOR
L (ATMU)
[REPLACENENT SHEET
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ATM j
CELL
ATM SWITCH ATM
(TRANSIT
CROSS-
CONNECT)
o
ACCESS SWITCH
4000 540
{ \
COMPOSITE COMPOSITE "
CELL CELL | PCM
REMAP RECEPTION [ [
(CCR) (aTMu) |
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2. B-1SUP call control

in the BB-CP sends a reset E-bit nessage to the

ATMCMin order to turn off the E-bit in the conposite cell to the ATMJ. 3.
The term nating ATMJ naps the E-bit change in the MDCC to the term nating

NCT Iink. 4. N-1SUP call control
begins the N-1SUP REL/ RLC sequence with the term nat

-80 -

3

FIG. 4

in the SM detects E;

COMPOSITE

PCM : CELL

(ATMU)

ACCESS SWITCH

GENERATOR | -

Rty and
K@Mﬂiﬁﬁmm f
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5. NNISUP call control in the SMalso sends a tineslot rel ease nessage to
the ATMCMin order to release all network path resources. 6..The ATM CM

updates the mapping table in the ATMJ and CCR involved in the call, and
al so rel eases the timneslot. As previously stated, where two
units comuni cating using ATMcells are in close physical proximty, it
shoul d not be necessary to use a SONET or SPH facility to comuni cate these

si gnal s. Wil e this descriptionThas used voice as the primry
narr owband si gnal exanple, narrowband data (64 KB or |ess), facsimle and
ot her narrowband signals can be switched in the sane way. It is

to be understood that the above description is only of one preferred
enbodi ment of the invention. Numerous other arrangenents may be devi sed by
one skilled in the art without departing fromthe scope of the invention.
The invention is thus limted only as defined in the acconpanyi ng cl ai ns.

FIG. §
FUNCTIONAL DIAGRAM OF CENTROL STAGES OF NETWORK
1~ 4000
: ! 7 600 |
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I T CELL .
SWITCH
[ |
1~ 4000 ,
. [coMPosITE} - ~ ICOMPOSITE} |
—_—] CEWL Lo CEL [ '
REMAP REMAP | |
(CCR) (CCR) ’
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85 - dains: 1. A tel ecomunications network conprising:
a conposite packet remap ( CPR) unit (4000); and a packet

switching fabric unit (550) connected to said CPR unit; wherein

said CPR unit conprises neans for receiving (4002) conposite packets,

. destined for a plurality of destinations connected to sai'd packet sw tching
fabric unit, assenbling (4006, 4020, 4014) from said received conposite

packets, different conposite packets degjined for a single destination of
sai d packet sw tching
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fabric unit, and transmtting (4004) said different conposite packets to
sai d packet. switching fabric unit; wherein said conposite
packets and said different conposite packets each conprise periodically
transmtted conposite packets (Fig. 9, CBR cell), each for transmtting
signals for a plurality of comruni cation, channels;

Characterized in that sai d 1rRatvvork corrpri ses a plurality of
access switches (Fig. 9, CBR cell), eacFTL'ess switch conprising at | east
one CPR unit and a packetSswi t chi ngfabfi caygiit = and sai d
network conprises a packeggvvl t chi n@rrea&sw(ﬁ(bozor 600, 4000) for

I nt erconnecting said acc W t ‘ g% wherei n each access
switch conprises neans (580) for 'r‘g}tilti | exed periodic

communi cation input signdfs (523), each|input |sigral for transnitting a
plurality of channels ackqti zed stgmatrs eadh packet of said

packeti zed signals deStIILd ﬂ dne CPR_unit of sdi deat—teast one CPR unit

of said access s@itch, [hereir] edch channel of lid ngutgig’ﬁﬁi IS
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arbitrary position of an arbitrary packet of one of said packet signals;
wherein each CPR unit of said each access switch uses comuni cation
signals, received in one of said packetized signals, of said each access
switch to generate CPR packetized output signals each of whose packets
contai_.ns_comuni cation signals destined for a si ngl e CPR circuit of another
one ﬂg}@% Tad frjof access switcheg wher ei n sai d packet
SW t —CuHprilses at | east one ‘packet crgs:sjcgnnect (600) for

inte cannectl ng@g pljurfal ity of CPR units of a Zlarﬁa::ty of access sw tches,
sai df pgc Zorfndct for switchi ng packet s<750§ % urality of incomng
packgt] zed signals flrdmsaid plurality of CPR m*@t&'f.’o a plurality of

out put packetized sigrnals to said plurality of ts.
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conprise an ATM crossconnect. 5. The network of claim4
wherein a plurality of comrunications are transmtted over each of a
plurality of virtual paths through said ATM crossconnect. 6.
The network of claim4 wherein said nultiplexed periodic comunication
signals are PCM (pul se code nodul ati on) signals. 7. The

net rk of f.claim 6 wherein said neans for aconvertl ng conprises a plurality

of Aj s ransfer node unlt) units (540) each for receiving at
| easg @A e m conprising PCM sanpl es and for generating at |east
one ATM i | , said di gnal conprising said PCM sanples of said at |east
one P ~FpUt.c said at | east one ATM signal conprising cells. each
cel I} fQ
FIG. 25
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transm ssion to one of the CCR units of said each access swtch.

8. The network of claim7 wherein said each access switch conprises an
ATM CM ( ATM comuni cat i ons nodul e) (550) for distributing cells fromATM
out put streans of said at |east one ATMJ unit to ATMinput streans of said

at | east one CCR 9. The network of claim7 wherein said at
| east one ATM si ; Ierated by an ATMJ unit further conprises cells for
t ransmi Thienr kb d plurality offgATMJ units of said access switch

10. The:

al M9 wherein said each access switch conprises an

ATN¢CNI( TNIcqgggﬁﬁﬂptﬁo s nodule) for distributing cells from ATM out put
eadt fone ATMJ unit to ATM i nput

streani

streans of one of the

FIG. 26
620

CELL WIDE BUFFER

i [ N SEGMENTS/ l
| | eaRmimoN” |
NCT 1 9‘9”1fw 1
[ —={WIDTH —
. BFR .

; 1‘ 808
| [conRoL] !
MEMORY

1
NCT BUS AN

FROM d TO
SPACE 1 NCT 2 N 9-BIT SEGMENTS/ 2 PSR
SWITCH : PARTITION .

I

523
\

-

| — N 9-BIT SEGMENTS/ =
NCT 42 T PARTITION 42 ‘

F

ey et
CLP 630
ACCESS
BUS



ATMJ units of' sai d each access swi tch.

- 87 -

11.

and

A tel econmuni cati ons network conpri sing:
a conposite packet remap (CR) unit (4000);

a packet

switching fabric unit (550) connected to said CPR unit; wherein
said CPR unit conmprises neans for receiving (4002) conposite
[REPLACENENT SifEF} 20
| | meTERw
i FIG. 27
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packets, destined for a plurality of destinations connected to said packet
swtching fabric unit, assenbling (4006, 4020, 4014) from said received
conposite packets, different conposite packets destined for a single
destination of said packet switching fabric unit, and transmtting ( 4004)
said different conposite packets to said packet switching fabric unit:
wherei n said conposite packets and sai pdifferent conposite packets each
conprise periodically transmtted conposite packets (Fig. 9, CBR cell),
each for transmtting signals for a plurality of comunication channels;

Characterized in that said network conprises a plurality of
access switches (1); and sai d network conprises packet

swi tching neans (600 or 600, 4000) for interconnecting said access

swi t ches; wherein each access switch conpri ses:

means for (540) converting a plurality of nultiplexed periodic

communi cation input signals (523) into packetized signals, wherein each
mul ti pl exed channel of said input signals is switched into an arbitrary
position of an -

FIG. 28
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arbitrary periodically transmtted packet of one of said packetized

si gnal s; a packet switching fabric unit (550) for sw tching
packets of input signals of packetized signals fromsaid neans for
converting to at Ieast one packetized output signal, each of ones of said
pac output—arenal s for transm ssion to one of said CPR units; and
sai REPR\@EME w%’..» £} ching segnents withgn a payl oad of each packet of

pac je rzed |nput SThnpls to said CPR unit into packets for conveying data
ching neans to a common destination of said packet
rreans wherei n said packet sw tching nmeans conpri ses

Vi a

SW

ac or switching mF}]@ual ckets received froma CPR

uni t of an access swi{ch to one of a plurality of output packet streans

each~commected—tT0 a CPR unit of another access swi tch; and

wherein data of said multiplexed input SigRgM s is sw tched through a neans

for converting, a packet sw tching fabrlmNuom a CPR unit of one access

swi tch and said packet sw tching maansB qtnput to said neans for
n_._npu

converting of said one access Ewtch an.Jnput of a CPR of another access
swi tch. t #
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12. The network of claim1l wherein said nultipl exed peri odic
communi cation signals (523) are PCM (pul se code nodul ation) signals

REPLACEMENT SHEET
28 FEB W97 29
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L

13. The network of claim 11 wherein said packetized signals are ATM
(asynchronous transfer node) signals and said conposite packets are
conposite cells, and said CPR unit units are CCR (conposite cell remap)

units. 14. The network of claim 13 wherein said packet

swi tching nmeans conprise an ATM crossconnect. 15. The network
of claim 14 wherein groups of communicat2gpns are transmtted over a virtual
pat h through said ATM crossconnect. 16. The network of claim

14 wherein said multiplexed periodic conmmuni cation signals are PCM (pul se
code nodul ation) signals.

FIG. 31
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17. The network of claim 16 wherein said packet switching fabric unit is
further used for crossconnecting cells of- ATM signals from an ATM net wor k
to a swtching system 18. A tel ecomuni cati ons network
conpri si ng: a conposite packet remap (CPR) unit (4000); and

a packet switching fabric unit (550) connected to said CPR unit:

wherein said CPR unit conprises neans for,,5r ecei ving (4002) conposite
packets, destined for a plurality of dest4“nati ons connected to said packet
switching fabric unit, assenbling (4006, 4020, 4014) from said received
conposite packets. di fferent conposite packets destined for a single
destination of said packet switching fabric unit and transmtting (4004)
said different conposite packets to said packet switching fabric unit;
wherein said conposite packets and said different conposite packets

FIG. 32
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each conprise periodically transmtted conposite packets (Fig. 9, CBR
cell), each for transmtting signals for a plurality of comunication
channel s; Characterized in that sai d network
conprises a plurality of access switches (1), each access switch conprising
at least one CPR unit and a packet switching fabric unit; and

- 39 - 26

FIG. 33
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said network conprises packet sw tching nmeans (600 or 600, 4000) for

i nterconnecting said access switches; wherei n each access
switch conprises neans (540) for converting a plurality of rnultiplexed
periodi ¢ conmuni cation input signals (523), each input signal for
transmtting a plurality of channels, inpe packetized signals each packet
of said packetized signals destined for dhe CPR unit of said at | east one
CPR unit of said access switch, wherein each channel of said input signals
is switched into an arbftrary position of an arbitrary packet of one of
sai d packet signals; wherein each CPR unit of said each access
switch uses connunlcatnsn .si-gnal-s;---r-egei-ved--i-n..one..of. ..sai-d.. packem+zed“ ......
signals. of said each &cess switch to generate CPR packetized out put
signal s each of whosd [Eckets contains only conmmunication signals desti
for one access switchh or for CPR circuits of a group of access swixches

wherei n sai d packet smﬁtching means conprises at |east two packet =%
crossconnects (600) fior, interconnecting a plurality of CPR units of a =
plurality of access svme'bches sai d packet crossconnects for switching| &€
packets Of a pI uralityg .............. ................................................................. Ve .. 9
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i ncom ng packetized signals fromsaid plurality of CPRunits to a plurality
of output packetized signals to said plurality of +4-sy-.and, _f urther

conprises at |east one CPR (4000) for interconnec @ﬁyéﬁﬁsgy
crossconnects and for converting groups of packet

comuni cation signals destined for a group of accks nto gr oups
of packets each containing conmunication signals (d stlned ccess
swi tch. 19. The network of ai m 18 {wtrere+n cq.d nu|t1plexed

20. The network of claim 18 wherein said packetlze Si
(asynchr onous ﬁfansfer node) signals and said conposite packets are
conposite cell ¢ and said CPR units are CCR (conposite cell remap) unit.

whad e eeeateesecnseessrtsemsets vr. seseciiae ssve
o --------------------------------------------------------------------------------------------------
=
[~=] .-.Q‘. s,
= =
o
£ -
. Ss 3
: ................................................ §.§ ............................................... “..:
Q[ 92 =
g £
g :
g 3
—t wn
E LA 5[ ......
ég o -4
al <
S «
£ !?
= S
a |3 5
m i ...... cg.--c'. .-l.-.n---llv".-----l-.-.'.-0.-----3 ----------------------------------- “-- | ------------
[n g = ] -~ ] @
v = s = = gl 3 ™
: 3 & = g 3| 3 °‘
> 3 .
QO -~ = c’| b~ =
— 3 gl &8 a. 3 &
< ' = = ] -~
. 8 .................... !‘ Q. 1 ..o ] . .....’... ..................
- s =l "l '
H sl 2 St
’-‘-: g 2 =l
< ‘|=| = L] :E-l
| § S é::
E; .................................. \ SO R B,
- - : !’ |
- .
B g “HE-Y
] : c: g
> 3 g 3 =i
[z a 3 @ 3
o < E Qs
: ' = 9 :
a .............................................. Y........\. :c §'§ .....................................
R ]
ghe
S 8



21. The network of claim?20 wherein said packet ‘swi t chi ng nmeans conprises

at |l east two ATM crossconnects (600).

22. The network of claim

21 wherein groups of comrunications are transmtted over a virtual path
t hrough sai d ATM crossconnect .

36
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23. A method of transmitti ng nul tipi exed periodic
communi cation signals across a tel econmuni cati ons network conprising the

generating conposite packets (Fig. 9, CBR cell),

st eps of .

st I nat I ons

'Eﬂtted each conposite packet for transmtting signals

rearr

fonmruni cat i on channel s; swi tching said
a a packet sw tchi ngg‘ abric unit (550) to a conposite
init (4000) ; in said CPR unit, receiving

ckets destined for a plurality of |nterrred| ate

ANgi ng 21006, 4020, 4016) the received packets into

a sin@e internediate destination and transmtting

(4004) the rearranged packeg s-t.0--a - packet -sw-t-ehi-ng- f-abri-c--unt-t --f-or-
)

switching to said single iffernediate

est {nation;

Characterized in that the @thod further conprises the steps of:
converting (540) said multi pl exed -pe@ﬁdig communi cation signals into a
=3 I
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second conposite packet including on
one of a plural$ty. of..destination. CPk
sai d second composite packets of sa
source CPR units to packetized signa
destination CPR units.

mul ti pl exed periodi c communi cati
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common source CPR unit;
tets of said plurali

swi t ching (550)

g% of packetized signals each to one
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n received first conposite packets to
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25. The nethod of claim 23 wherein said packetized signals are ATM
(asynghrenﬁusgﬁr sfer node) signals, and said first and second packets are

"\Pnkgﬁ eIIs and said CPR units are CCR (conposite cell renap)
T | 26. The nmethod of claim25 wherein sald step of
té@gpgaqgﬁpn eIIs
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-91 - of packetized output signals conprises switching said second cells in

an[ ATV CROSEG i(600) . 27. The nethod of claim 26 further
co #L&' @ Hiﬁgﬁgi ng said second cells over a virtual path through said
ATM ¢r ossconnect . 28. The nethod of claim 26 wherein said

mul t p@ﬁé’(ﬁ&)mﬁod c] comuni cation signals are PCM (pul se code nodul ati on)

ngls (537). 29. The nethgd of claim 28 wherein said CPR
unift S=are-CCR (conpopite cell remap) uni'ts and said step of converting

rises convertingtin a plurality of ATMJ (asynchronous transfer node
unit) units (540) each for receiving at |east one
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si gnal
si gnal ,

cells,

sai d signha
i nput stream said at

cells conprises switching said first co
( ATM comuni cat i ons nodul e) (550%f or d

streans of said at |east ong AIN@E

31. The method of claim 29

conpri ses converting sai d:rﬁlil
of said ATMJ units into t |‘f’d5

units,

42

FIG.
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32.

.

| east one ATMJ unit to ATMinput streanms of

cells in an ATM CM ( ATM comruni cati ons nodul e) for distributing cells from
conpri si ng:

The nmethod of claim 31 further -conprising swtching said third conposite

for transm ssion to one of said pIuraIity of ATMJ units.

ATM out put streans of said at
one of the ATMJ units.

packets,
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-92- a conposite packet remap (CPR) unit (4000); and
a packet switching fabric unit (550) connected to said CPR unit:
wherein said CPR unit conprises neans for receiving (4002) conposite
packets. destined for a plurality of destinations connected to said packet
switching fabric unit, assenbling (4006. 4020, 4014)rhi Oprsahih LEGERYed
conposi te packets. different copgposite ckets des %{ﬁgﬁ@;i*’“—gﬂss e
destination of said packet switighing fabric unit apdjtransmtting {4p04)
sai d different conposite macket® to said packet swit¢hidl REBI997 uhit;
D

Wiy
—

wherein said conposite paﬁq&t&@d said different ¢ofposite packetp pach
conprise periodically t 2 itﬁg conposi te packet FIrg. 9, CBRTel}),
each for transmtting s#gje%s;;;f a plurality of c ication channgl s;
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Characterized.yn that said network conprises a plurality of
sai d packet switch fabric units (550), each having a plurality of input
signals and a plurality of -output signals; sai d network
conprises a plurality of CPR units (4000); sai d network
conprises a plurality of access sw tChﬁ{?[(l) each access swtch conprising
at | east one packet switching fag@ric u and one CPR unit:

wherein di fferent ones of said zcket switch fabric units are

i nterconnected by said CPFﬁqni.Lyﬁ wher ei n each of said packet
switch fabric units swi tmHE® ete payl oad of each packet of each of
said plurality of incom’Zd"’g s to one of said output signals; and
wherei n ones of the out putaa@nﬂp'oeite cells of one of said CPR units

conpri se comuni cation sigaals (g#ti ned for a plurality of different access
swi tches of the network. 7

W S g
S S Eﬁ $
= = o
e ﬂﬁ \\ xﬁ
- & ?I 0 X sHD
Ll —_—_es | .
=2 « < < L
QO = o
g < =4
na < -
o~ =]
- > - y 3 ;
<]
ol o hd <
- [7Z] B
S, ™ S Soa =
S. s R/ P \ S>> | =
-, % - &
S = \ &
a <= ® o9 000000 (74 ] ><
< |'E ae 3& (]
lO a Lad ~ 'ug
e | = Ld g x5
S o 14 Q : __,L__ﬂ -3
= E I = : as [T
® lo é ‘\Ib "-: ‘J Lol =C
I S zg 3 2 o
S gl Y| 8 T g
= |8 IZ S ' DA
a2 = | S8
o = - &« s :
hz ® & 0 & 9 0 ¢ 4 @ ;3
s= 4 S 2
' S &
= P oa - =
$ g% < x
- Z 3
- - @ [ S
= S < =
z J_s| | " &
S =3 =
na - 1-4% !
S8 : w02 < G
=4 =2
t > (- - 4 (-
N = "o}
g S = W E
-~
- g —-— -—
Lad
= _
Lad
2gs519
L LY A PR TR m
=V EZS BEPLACEMENT SHEET
A—m N _
d ~— D
© =1 28 FEB 1997
2




36. The hetwork of claim

35. The network of claim34 wherein

swi t ches.

“ts are ATM cel |

ai.d.composite packets are conposite ATM cells and said packet switch

34. The network of claim33 wherein said conposite packets for transm ssion
b Lt

froman output of one said CPR units are packets having a common

i nt er nmedi at e desti nati on.
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~93” . 37. A packetized svm tch| ng/transm ssion di st

for interconnecting/a plurality of corrp05| te packetized so rEEBLl‘EUEMENT SHEET |
destlnatlons said netvvork _CoNnpti-5i-Ag a packe t-ehe

fabric | THIS ﬁ%ﬁﬁ&& IBEENplacket ' rema
(4000) ; li al ﬂllel n sald CPREFRACER onprifses neans i&e*%ﬂaw
(4002) destined for a plurality of destln tions

connect ed to said packet switching fabric unit. assenblingj(4006, 4020
4014) fromsaid received conposite pacl&@t di fferent conp
destined for a single destination of said packet switching, fabric unit and

transmtting ogﬂﬁ,?,f?ﬂdb%f’éi&aﬂﬁ drk QURB o8O APASIatich FMPigndle Sai d packet
¢

29. The method of claim 28 wherein said CPR unit is a composite cell
remap (CCR) unit and said step of converting comprises converting in a plurality of
asynchronous transfer mode units (ATMU) each for receiving at least one signal
stream comprising PCM signals and for generating at least one ATM signal, said
signal comprising said PCM signals of said at least one PCM input stream, said at
least one ATM signal comprising first composite cells, each first composite cell for
transmission to one source CCR unit.

30. The method of claim 29 wherein the step of switching first composite
cells comprises switching said first composite packets (cells) in an ATM
communications module (ATM-CM) for distributing cells from ATM output streams
of said at least one ATMU to ATM input streams of said source.

31. The method of claim 29 wherein said step of converting further
comprises converting said multiplexed periodic communication signals in one of
said ATMUs into third cells for transmission to one of said ATMUs, at least one
ATM signal generated by an ATMU further comprises cells for transmission to one
of said plurality of ATMUs.

32. The method of claim 31 further comprising switching said third
composite cells in an ATM communications module (ATM-CM) for distributing
~ cells from ATM output streams of said at least one ATMU to ATM input streams of
one of the ATMUs. |

33. A network for switching composite packets, comprising;:

a plurality of packet switch fabric units, each having a plurality of input
signals and a plurality of output signals; and

a plurality of composite packet remap (CPR) units;

wherein said packet switch fabric units are interconnected by said CPR
units; _

wherein said composite packets comprise periodically transmitted
composite packets, each for transmitting signals for a plurality of communication

channels;
S —

Sheet Has Been Replaced
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switching fabric unit. —Characterized in tha
: acket e REPDACEMENS S@h

gefing laqd—ToT T Ecel vi ng |a

network conprises a plurality of CP ; rg;)ﬂsr-te
part oT"é‘n*acc—ess—sw—t—ch_( 1), and ea
ne fda keéACKPRspg‘mnect

packet i z ﬁ ﬁ and
(600) fo " second packe keti Zed oUlt put S|gnals
recei ved Trdm StO*one of a pl urallty of out puts eac S-ari-¢

plurality of outputs transmtted to one of said pluralit of CPR units;
each of said plurality of CPR units faemMlreceiving packetrzed—sirgnal s
conprising a plurality of first corrposite packets, each first packet

ForTgener ati ng a. pacbiiey et piKR HH ki€ bafe S Corb BB R GE T °"
packets, each Sﬁsnndfwhpmmggplaokletpoognf)salépumusswnﬂs andl ues for
difrerent codffini CaRv'h@&fn%ﬁtdf@ﬁﬁélfﬁuﬁ’ussﬂewe?s%ﬁﬁls%ré mpgral ity of OPR

units. he, net wor k cl ai ereln naI val ues
conpri se PChhannels from composite packets at an input o f'said each CPR unit an

said signals for said plurality of channels into different composite packets for
transmission from an output of said each CPR unit.

34. The network of claim 33 wherein said composite packets for
transmission from an output of said CPR are packets having a common intermediate
destination.

35. The network of claim 34 wherein said composite packets are
composite ATM cells and said packet switch fabric units are ATM cell switches.

36. The network of claim 35 wherein said signals for said
communication channels are pulse code modulation (PCM) signals.

37. A packetized switching/transmission distribution network for
interconnecting a plurality of composite packetized sources and destinations, said
network comprising:

a plurality of composite packet remap (CPR) units, each part of an
access switch, and each for transmitting and for receiving a packetized signal stream;
_ each of said plurality of CPR units for receiving packetized signals
comprising a plurality of first composite packets, each first packet comprising a
plurality of signal values for a plurality of different communications and for
- generating a packetized output signal comprising second composite packets, each
second composite packet comprising a plurality of signal values for different
communications destined for a single CPR unit; and i
at least one packet crossconnect for switching said second packets, of
the packetized output signals received from a CPR, to one of a plurality of outputs
each transmitted to a CPR unit.

38. The network of claim 37 wherein said signal values comprise PCM
samples of a single communication.

39. The network of claim 37 wherein said first and said second packets



sanpl e n| cation. 39. The network of claim 37
-wher ei lﬂ ll Ilﬂlm ai d second packets are | ttep—periodically,
“wher ei y transm ttndsshaaneiaes&mlabeaes si prRAPLAGEWEST TSHEg

plurality of per|0d| cally transmtte Mmm ml S that} rpmarns—ftxed
the duration of said plurality of pe I HE smtted jc a ng.
40. The network of claim 37 wherein si gngl a??%’%ﬁ?ﬁ

e

(asynchronous transfer node) signals and said first and decend _packets ane
ATM cells, and said plurality of CPR units is a pIuraIitM of CCR (conposite
cell remap) -95-

means for transmitting said packetized output signal.

56. The CPR of claim 5§ further comprising:
means for reading contents of a header on each packet of said packetized
input signal;
wherein said means for switching is responsive to the contents of said
header for controlling said switching.

§7. The CPR circuit of claim 55 wherein said common destination is a
CPR circuit of an access switch connectable to a plurality of communication output
signal streams.

§8. The CPR circuit of claim 55 wherein each packet of said output
signal of said CPR circuit is destined for a common destination switching entity.

59. The CPR circuit of claim 55 wherein said packetized signals are
asynchronous transfer mode (ATM) s1gnals, and said CPR unit is a composite cell
remap (CCR) unit.

60. The CPR circuit of claim 55 wherein said periodic communication
signals are pulse code modulation (PCM) signals.

‘ 61. The CPR circuit of claim 60 wherein said means for switching
comprises a signal memory for storing received PCM samples and a control memory
for controlling the addressing of the signal memory for at least one of the operations
of loading the signal memory from said packetized input signal and unloading the
memory to transmit said packetized output signal.

62. The CPR circuit of claim 60 wherein packets of an input to said CPR
circuit comprise packets each containing in its payload a plurality of segments, each
segment comprising an individual PCM signal and A bits of additional data and
wherein output packets containing PCM data derived from said input packets do not
include said A bits of data.

63. The CPR circuit of claim 62 wherein said A bits is a single bit.



94 wunits. 41. The network of claim40 wherein _said packet

~Ccrossconnect is an ATM crossconnect and sai d second pgc ;
transm.tted over said ATM crossq X o [ iﬂsz’f/}\C%'MEENT SHEET
42._Thml whe Iurallty of Cf
units areul gmu“ l“hl rd COmposH=e 24rARR 1997 c¢
conprisin si gnal val ues for di fferent o ni cati ons efc
destined fbr oné of' a°subgroup of said plurality of units;
further conprising at |east one nore A8+ crossconnect—and_ at | east one

—

addi t | onal _ CCR unit for interconnecting two of the ATM crossconnects
wherein said 64. The CPR circuit of claim 63 wherein said single bit is a bit
senting @ supervisory state of a channel associated with an individual PCM

signa].

65. The CPR of claim 55 wherein said means for receiving is further
adapted to receive conventional packets having periodic communication signals for a
- single destination, and wherein said means for switching keeps a payload of a
conventional packet intact when forming a packetized output signal.

66. In a telecommunications switching system or cluster comprising a
plurality of switching modules or siavitching systems, apparatus comprising:

. a plurality of means for converting between a plurality of synchronous
signal streams carrying periodic communication input or output signals, each signal
stream cbmprising periodic communication input signals and associated auxiliary
signals for each channel of a plurality of communications from said plurality of
switching modules or systems, and one or more first packetized output signals, each
first packetized output signal comprising a plurality of first packets transmitted
periodically, each first packet comprising segments derived from periodic
communication input signals and associated signals of said signal streams and each
first packet comprising signals for channels destined for a single means for
converting; and

means for switching first packets of said first packetized output signals
each to one of a plurality of second packetized output signals, said second packetized
6utput signals for transmission to converting means for converting said second
packetized output signals into periodic communication output signals and associated
signals for transmission to said plufality of switching modules or systems.

67. The apparatus of claim 66 wherein said first and said second
packetized output signals comprise Asynchronous Transfer Mode (ATM) signals and
said plurality of periodically transmitteg first packets are a plurality of ATM cells.

68. The apparatus of claim 67 wherein said plurality of ATM cells each
carries a plurality of segments, each segment representing one PCM signal and an
associated signal of one channel, and wherein each of said-plurality of ATM cells

carries only a single segment of any channel. —
| eet Has Been Replaced
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) . PN A
additional CCR unit recei.ves groups of said ‘third cells and tr angﬁ%m@\?ﬁ SH’EET
groups of .;said second cells, each second cell for transm ssionjby an AT™M
crossconnect to one of said subgroup of CCR units. . 48. 162FEB 1998
di stribution network for sw tching ATM (asynchronous transfer pofle)

signals, the signals conprising comp@site cells, each cell hav|ng :
i ndi vi dual Bhites(imtlafierceosawiRdd B Infodmdd, anal festAingh Aphithit Y _Of
communi cati ons de;ltl ed for a pl urakl ty of destinati‘ons®conpri STNgT

a conposi t €95HEKE }“Br?éﬁfuemvmmop §2000) ; and _ a packet

swi tching fabric UnEP-AGP9): TRNHSEHSS dring@nenCRR Mdbling composite
wherein said CPR unit ? ri'ses neans fgr recej ving (4_00%@; osite
packet s, de%‘t‘ﬁ'r%&mf _H?d' %D%H é?fiati%}”@f“}ﬂ% TIARUPISHLONE SANBS et sai d packet
swi tching fdestiamionSiahd tARSHINMY Masd JARE1s40 20028 1et A sehlo@iP didiisSehisteL iy ed
conposite packets, dif erfdnt conposite Backet E,rd‘?ﬁt' ned forlo?_m ngl e

dest i nat | onlHFIKEt S SERCRSAIRssamale T GOREBIICPATRTS TR PUEHIHIOL SPYESS@D04)
sai d di f f ercontbineimpqRint fudodigdsie tpackkas domagieta sivtalishb N chmbhicaidndi t ;

destined for a common node and transmitting these packets to that common node.

The nodes are connected to terminals and to trunks connected to the public switched
telephone network.
Solution

In a departure from the prior art, described in this application. a ,
composite cell remap (CCR) unit is introduced between ATM cell switching stages.
The access switch is enhanced to include a plurality of CCR units, each of which
converts between cells on an ATM signal received from an ATM-CM, each cell
being from one of a plurality of source switches or switch modules and destined for
that CCR unit, to cells each containing communications destined for a common
destination CCR,; this is accomplished by switching the individual channels within
each cell of the input ATM signal to cells headed for the appropriate destination
CCR in the output ATM signal of the CCR. A transit crossconnect is interposed
between CCRs of different access switches, to switch cells of incoming ATM
streams to different outgoing ATM streams. This transit crossconnect is equivalent
to the network of crossconnects used today in long distance synchronous voice
networks. Advantageously, using this kind of an arrangement, a transit
crossconnect, in conjunction with a plurality of CCRs in an access switch, can be
used efficiently to interconnect the links of a permanent virtual path between two
access switches, and can link modules of different access switches even when the
traffic between the modules is well below the capacity of a single cell.
_ In accordance with one specific embodiment, each composite ATM cell
between CCRs carries one byte of each of up to 48 voice communications, and the
composite cells of the CBR PVCs are transmitted at a rate of one cell per 125
microseconds (iis). Advantageously, such an arrangement simplifies the interface to
existing PCM systems.

Virtual paths in the ATMU are assigned to gather traffic that is input to
the ATMU into cells such that each cell goes only to one CCR or ATMU destination.

For intra-access switch traffic the cells go to the ATMU connected to the destination
switch module. For inter-access switch traffic, the cells go (0 a CCR and are then

transmitted over an ATM link to a transit crossconnect or directly to another access
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wherein said conposite packets and sai d dlfferent conposi t e packets—eeaeh

conprise periodically transmtted conposite packets, each for ranglra Hibn?‘?

signal;s for a plurality of comruni cation channels; 98

‘Characterized in that ~said CPRunit is a CCR (conposite cell

remap) neans. and_said network conpri se® a plurality of CCR ngans each for

recei vi ng S¥IAFNMRS 8¢85S TS thal aaglains lthstdes}m:lt.sné&'é%océdrl'nmmqi '

PCM si gnal swiieH wraifiel " [ rality of
gnal swiies raiel ek duaith LOUMY pbﬁ:g%m%\ﬁ &%ﬁ% d?%q?é‘f)irnp@ts%éj

desti nations and SW t
assigned t0 whxch calls. In the case of cells destined fcr 1 CCR.ifthe CCR is

directly connected to another access switeh. a situation which may occur when zither

there is a great deal of traffic betwes=n two access switches or when networks are
initially small (i.e., few access switches), thea the traffic that can be place'd in a cell
is any TafEc destned for the temminading access swich. For fe more genery case,
in which the CCR thar is the destnadon of e cail is connecred to a Tansit
crossconnecs, the ceil Tom the ATMU may conrain zasic for any of the accsss
switches connecied to the wansit crossconnact: the CCR will serve o segregate
rarSc for each of the possible destnaton accass switches of tie connected Tansit .
crossconnect into different cells. The Tansit crossconnec: routss each ceil to the
appropriate destinaton accass switch. Thers, ancther CCR unit will segregarte maffic
for each ATMU of that access switch into different cails. Each czll is thea routed
through the desdnadon accass switch ATM-CM to the correc: ATMU for that cell,
and thencs to the destdnaton switching moedule.

The assignment of maffic to cells, i.e., the assignment of maffc to the
virral paths of the ATMU, is further modified by consideratons of reliability so
that, whenever possiblc; waffic between access switches may bte switched by a
nerwork of crossconnects, e.g., via two different wansit crossconnects. If the amount
of traffic berween two access switches is small, then it may normally be carried over
one of the two transit crossconnects and in case of system failure may then be
switched to a CCR connected to the second transit crossconnect interconnecting the
two access switches.

The assignment of waffic to output cells within the CCR is relatively
straightforward. If the CCR is connected to a transit crossconnect, each output cell
contains waffic destined for a single destination CCR of a destination access switch.
Because the destnacdon access switch also contains a CCR uni: and tecause of the
full interconnecdvity of the ATM-CM in the destinadon access switch, there is no
need to segregate wraffic destined for switching by different ATMUs in the
destdnation access switch.

All of the units described herein carry waffic in both directions. In
general, only the ourgoing direction is described in detail. Those skilled in the prior
art will readily understand the adaptations necessary for the reverse direction of
transmission and switching.

While the preferred embodiment uses ATM, the principles of
applicants’ invention apply to any packet network. Implementadon is simplified by
the constant length packet size of the ATM cells and the use of ATM standard parts
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transmission to a single one of said plurality of CCR neans;
said packet switching fabric unit is an ATM crossconnect ne

ERLACEMENT, p SHEET

ng
a
an

s for
nd{2 FEB 1998

s for

swi tching se ﬁ Qells of the output sigmal of each of said
sai d CCR m¥%

pl
IsengaiangIf IgpliRapks) day anGion erenomicals it eqelivaleat o s, to |

urarity of

I I
38" The 3?&"?@‘%‘3‘3%5?&3 e Ao hs araP e I ot G e

swi t ches oBRBIC

cell s havi
means, fur

her, c
signals. The 3CL.J.V113"[ of 2 CCR in 1 mcre generai facke: network is a cormposite

packez remap (CPR) unit. The squivalent of an ATM =rossconaect or nerwork of
crossconnects is a packer switching fabric unit. or necwork of zacket swirching fabric
units.

The subject matzer claired in this applicaden relates to the wral
network including ATMUs, an ATM-CM. and CCRs in 2ach accass switch: and an
ATM mansit crossconnect conrected to the CCRs for interconnectng the CCRs
berween access switches and for directing cells betwesn incoming and outgoing
ATM streams without changing the payload contents of each cell. Advantageously,
such a network can be used to interconnect a large number of PCM channels over an
ATM nerwork which can simultaneously be used for wansmitdng broadband signals
using the very high capacity of the ATM ransmission arrangement.
Advantageously, in such an arrangement permanent virtual paths can be established
through the ATM-CMs and the mansit crossconnects for composite cells carrying
individual PCM samples for a plurality of PCM channels; such permanent virtal
paths can be pre-provisioned and need be activated only when an additional group of
channels is required for a particular source-destination couplet of the ATM-CM or
transit crossconnect and permanent virtual paths are deactivated only when there is a
substandal reduction in the need for the number of channels required of permanent
virtual paths between a source/destination pair of the ATM-CM or wansit
crossconnect. The permanent virtual paths can also be established for carrying
convendonal packerized voice (see FIG. 17) or packedzed data. Advantageously,
virtual paths may be consolidated (see FIG. 33) to insure high udlizadon of virmal
paths even between switching modules.

The claimed subject marter of this patent application further relates to
the "nerwork” consisting of the CCR units of all access switches connected to the
larger network plus the transit crossconnects interconnecting the CCR units plus the
occasional direct links between CCR units. This distribution network accepts as its
inputs ATM signals containing cells carrying PCM channels destined for any access
switch accessible via the transit crossconnect connected to the output of the CCR
(and in the case of a CCR directly linked to another CCR the access switch to which
the latter CCR is connected). The coatents of the input cells to these CCRs are
switched into cells each of which contains communications destined for a common
access switch. The output cells of these CCRs are then switched in the transit

aneata o8 thefpaskdtsiovdrrhe peivd of 4 frametofiamilipleked said third
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the acces CBTHHS 3{asge Aumber of ““-“"’ ﬂl’“é‘%rﬁﬂ(}éﬁsé syHelest Remap (CPR)
uni t (400Qhecrantle CCR3 can be assccamaﬁ@ket-: i he Reas ERnEdes cefd magfinect ed to
said CPR unit (550)u wherein setl d.CPR.unit conpris é qeans for
recei vi ng "t?oﬁ?)‘ém e treferved embodiment. e € infermaton requirsd Oy me C

cores naturally fom the conwol of the accass swirch, thersby making 2 co-xcc:mon

of access switch and CCR mors aamral.

Advantageously, in such an arrangement germanent virmal paths can be

estatlished through the mansit crossconnects for composite calls each carrying
individual PCM samples for a plurality of PCM channels. Such permanent virwal
paths can be pre-provisioned and need be actdvated only when an additonal group of
channels is required for a particular source/destinadon couplet of the wansit
crossconnect and are deactvated only when there is a substandal reduction in the
need for the number of channels required of permanent virtual paths between such a
source/destination pair of the transit crossconnect.

The claimed subject marter in this applicadon further relates to the
access switch including at least one ATMU, an ATM-CM and at least one CCR.
Advantageously, such an access switch can gather traffic from a large number of
sources and bundle this raffic into composite cells carrying PCM samples for a
plurality of communications wherein each of the composite cells at the output of an
access switch contains traffic destined for a single destination access switch. The
access switch can also be used advantageously for carrying convendonal packetized
voice (see FIG. 12) or packetized data from and to the switches and modules that are
part of or are connected to the access switch.

The subject matter claimed in this application further relates to the CCR.
Advantageously, a unit such as the CCR allows the outputs of a plurality of ATMUs.
or other sources cach of whose cells contains PCM samples destined for a plurality
of desunation switches, to be gathered into cells each of which are destined fora
single destination access switch. Each CCR takes ourput cells from a plurality of
ATMUs, each ourput cell containing traffic destined for any of the access switches
connected to a ransit crossconnect that terminates the output of the CCR and
rearranges the contents of these cells into cells each of which contain affic destined
for a single destinadon access switch. At the destination CCR, these composite cells
are unpacked and rearranged into cells containing PCM samples destined for a single
ATMU. Advanuageously, such an arrangement allows all raffic within the access
switch that is destined to a particular destination access switch to be gathered into



packets, destined for a plurality of destinations connected—to ba d-pac ,_‘
swi tchi ng, fabric unit, assenbiing (4006, 4020, 4014) from SEPHAY F@&‘é\ﬂvé LET
conposi te pacHlIJﬂl mnl)“ﬁu!mmnmlonposi te packets destined flor] a single
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said different corrpo i t'e packets to said packet sw tchind fjabri c unit;

wherei n said conposite packets and sai d8§i-f ferent _corrp05|t' packet-s——eact
conprise periodically transmtted conposite packets, eacH for transmtting

signals for (ﬂaﬁrlé” ality of conmmuni cation channel s;

L. A telecommunications network comprising:

4 composite packet cemap (CPR) unit (4000); and

a packet switching fabric unit {550) connected to said CPR umt

wherein said CPR unit comprises means fcr receiving (4002) Jaomposite
packets, destined for a plurality of destinations connected to said packet swuc‘ung
fabric unit. assembling (4006, 4020, 4014) from said recsived composite packets,
different composite packets destined for a single destination of said packet switching
fabric unit, and transmitting (4C04) said different composite packets to said packet.
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell), each
for transmitting signals for a plurality of communication channels;

Characterized in that

said network comprises a plurality of access switches (Fig. 9, CBR cell),
each access switch comprising at least one CPR unit and a packet switching fabric
unit; and |

said network comprises a packet switching means (600 or 600, 4000) for
interconnecting said access switches;

wherein each access switch comprises means (540) for converting
multiplexed periodic communication input signals (523), each input signal for
transmitting a plurality of channels, into packetized signals each packet of said
packetized signals destined for one CPR unit of said at least one CPR unit of said
access switch, wherein each channel of said input signals is switched into an
arbitrary position of an arbitrary packet of one of said packet signals;

wherein each CPR unit of said each access switch uses communication
signals, received in one of said packetized signals, of said each access switch to
generate CPR packetized output signals each of whose packets contains
communication signals destined for a single CPR circuit of another one of said
plurality of access switches;

wherein said packet switching means comprises at least one packet
crossconnect (600) for interconnecting a plurality of CPR units of a plurality of
access switches, said packet crossconnect for switching packets of a plurality of
incoming packetized signals from said plurality of CPR units to a plurality of 6utput
packetized signals to said plurality of CPR units.
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- cells, and each of said plurality of CPR units is a CCR {composite cell remap) unit.

4. The network of claim 3 wherein said packet switching means
comprise an ATM crossconnect.

S. The network of claim 4 wherein a plurality of communications are
transmitted over each of a plurality of virtual paths through said ATM crossconnect.

6. The network of claim 4 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals.

7. The network of claim 6 wherein said mé:ins for converting comprises
a plurality of ATMU (asynchronous transfer mode unit) units (540) each for
receiving at least one signal stream comprising PCM samples and for generating at
least one ATM signal, said signal comprising said PCM samples of said at least one
PCM input stream, said at least one ATM signal comprising cells, each cell for
transmission to one of the CCR units of said each access switch.

8. The network of claim 7 wherein said each access switch comprises an
ATM-CM (ATM communications module) (550) for distributing cells from ATM
output streams of said at least one ATMU unit to ATM input streams of said at least
one CCR.

9. The network of claim 7 wherein said at least one ATM signal
generated by an ATMU unit further comprises cells for transmission to ene of said
plurality of ATMU units of said access switch.

10. The network of claim 9 wherein said each access switch comprises
an ATM-CM (ATM communications module) for distributing cells from ATM
output streams of said at least one ATMU unit to ATM input streams of one of the
ATMU units of said each access switch.
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48. The access switch aof claim 47 wherein Said packet sw tching neans
conprise an ATM pac%fyclg\ﬁpqu&}?i{ unit comprises means for receiving (4002) composite

packets. destined for a pluraiity of destinations connected tq said packet switching
fabric unit. assembling (4006, 4020, 4014) from said recaived composite parfkets,

different comgosite packets destined for a single destination of said packet switching
fabric unit, and transmitting (4004) said different composite packets to said packet -
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite‘ packets (Fig. 9, CBR cell), each
for transmitting signals for a plurality of communication channels;

Characterized in that

said network comprises a plurality of access switches (1); and

said network comprises packet switching means (600 or 600, 4000) for
interconnecting said access switches;

wherein each access switch comprises:

means for (540) converting a plurality of multiplexed periodic
communication input signals (523) into packetized signals, wherein each
multiplexed channel of said input signals is switched into an arbitrary position of an
arbitrary periodically transmitted packet of one of said packetized signals;

a packet switching fabric unit (550) for switching packets of input
signals of packetized signals from said means for converting to at least one
packetized output signal, each of ones of said packetized output signals for
transmission to one of said CPR units; and

said CPR unit for switching segments within a payload of each packet of
packetized input signals to said CPR unit into packets for conveying data via said
packet switching means to a common destination of said packet switching means;

wherein said packet switching means comprises a crossconnect (600) for
switching individual packets received from a CPR unit of an access switch to one of
a plurality of output packet streams each connected to a CPR unit of another access
switch; and

wherein data of said multiplexed input signals is switched through a
means for converting, a packet switching fabric unit, a CPR unit of one access switch
and said packet switching means from an input to said means for converting of said
one access switch to an input of a CPR of another access switch.
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12. The network of claim 11 wherein said multiplexed periodic
communication signals (S22) are PCM (pulse code modulation) signals.

13. The network of claim [l wherein said packetized signals are ATM
(asynchronous transfer mode) signals and said composite packets are composite
cells, and said CPR unit units are CCR (composite call remap) units.

14. The network of claim 13 wherein said packet switching means
comprise an ATM crossconnect. .

“15. The network of claim 14 wherein groups of communications are
transmitted over a virtual path through said ATM crossconnect.

16. The network of claim 14 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals.

17. The network of claim 16 wherein said packet switching fabric unit is
further used for crossconnecting cells of ATM signals from an ATM network to a
switching system.

18. A telecommunications network comprising:

a composite packet remap (CPR) unit (4000); and

a packet switching fabric unit (550) connected to said CPR unit:

wherein said CPR unit comprises means for receiving (4002) composite
packets, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006, 4020, 4014) from said received composite packets.
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell). each
for transmitting signals for a plurality of communication channels:

Characterized in that

said network comprises a plurality of access switches (1), each access
switch comprising at least one CPR unit and a packet switching fabric unit; and
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plurality of multiplexed periodic communication input signals {323), each input

signal for transmitting a pluraiity of channels. into packetized signals each packet of
said packetized signals destined for one CPR unit of said at teast one CPR uhit of
said access switch, wherein each channe! of said input signals is switched into an
arbitrary position of an arbitrary packet of one of said packet signals;

wherein each CPR unit of said each access switch uses communication .
signals, received in one of said packstized signals. of said each access switch to
generate CPR packetized output signals each of whose packets contains only
communication signals destined for one access switch or for CPR circuits of a group
of access switches;

wherein said packet switching means comprises at least two packet
crossconnects (600) for interconnecting a plurality of CPR units of a plurality of
access switches, said packet crossconnects for switching packets of a plurality of
incoming packetized signals from said plurality of CPR units to a plurality of output
packetized signals to said plurality of CPR units, and further comprises at least one
CPR (4000) for interconnecting two of said crossconnects and for converting groups
of packets each containing communication signals destined for a group of access
switches into groups of packets each containing communication signals destined for
one access switch.

19. The network of claim 18 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals.

20. The network of claim 18 wherein said packetized signals are ATM
(asynchronous transfer mode) signals and said composite packets are composite
cells, and said CPR units are CCR (composite cell remap) unit.

21. The network of claim 20 wherein said packet switching means
comprises at least two ATM crossconnects (600).

22. The network of claim 21 wherein groups of communications are
transmitted over a virtual path through said ATM crossconnect.
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of claim53 wherein said ATM CM further . distributes said addi
to ATMinput streans of one of the ATMPOunits of said access .
55. A CPR (Conposite Packet -Remap) circuit conprising: B 51 1 o A=Y SR
recei ving (4002) c.m.mogsrh&ﬁo@af:éfﬂ{s&i&n@%@n@%@g;eﬁwﬁr: chinp@nfcafigd ¢ uni t,
destined for plurality of destinations connected to sald packet sw tching
signals across a telecommunications network comprising the steps of:
generating composite packets {Fig. 9, CBR czil), periodically
transmitted. 2ach comgosite packet for transmitting signals for a plurality of
- communication channels; | | .
switching said composite packets via a packet switching fabric unit
(550) to a composite packet remap (CPR) unit (4000,
in said CPR unit. receiving (4002) composite packets destined for a
plurality of intermediate destinations, rearranging (4006, 4020, 4016) the received
packets into packets destined for a single intermediate destination and transmitting
(4004) the rearranged packets to a packet switching fabric unit for switching to said
single intermediate destination;
Characterized in that the method further comprises the steps of:
converting (340) said multiplexed periodic communication signals into a
plurality of packetized signals each comprising first composite packets. each first
composite packet including a plurality of communication signals for a plurality of
communications, each of said first composite packets to be routed through a common
source CPR unit; '
switching (550) first composite packets of said plurality of packetized
signals each to one of a plurality of source CPR units;
in said source CPR units, switching the communication signals in
received first composite packéts to form packetized output signals comprising
second composite packets each second composite packet including only
communication signals destined for one of a plurality of destination CPR units;
switching (600) said second composite packets of said packetized output
signals of said source CPR units to packetized signals each destined for one of said
destination CPR units.

24, The method of claim 23 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals (337).

25. The method of claim 23 wherein said packetized signals are ATM
(asynchronous transfer mode) signals, and said first and second packets are first and

second cells, and said CPR units are CCR (composite cell remap) units.

26. The method of claim 25 wherein said step of switching second cells
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cells over a virtal path through said ATM crossconnect.

28. The method of claim 26 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals (537).

27. The method of claim 26 further comprising transmitting said second

'

.

29. The method of claim 28 wherein said CPR units are CCR (composife
cell remap) units and said step of converting comprises converting in a piurality of
ATMU (asynchronous transfer mode unit) units (540) each for rcceiving at least one
signal stream comprising PCM signals and for generating at least one ATM signal,
said signal comprising said PCM signals of said at least one PCM input stream, said
at least one ATM signal comprising first composite cells, each first composite cell

for transmission to one source CCR unit.

30. The method of claim 29 wherein the step of switching first composite
cells comprises switching said first composite packets (cells) in an ATM-CM (ATM
communications module) (550) for distributing cells from ATM output streams of

said at least one ATMU unit to ATM input streams of said source.

31. The method of claim 29 wherein said step of converting further
comprises converting said multiplexed periodic communication signals in one of
said ATMU units into third cells for transmission to one of said ATMU units, and
wherein at least one ATM signal generated by an ATMU unit further comprises cells

for transmission to one of said plurality of ATMU units.

32. The method of claim 31 further comprising switching said third
composite cells in an ATM-CM (ATM communications module) for distributing
cells from ATM output streams of said at least one ATMU unit to ATM input

streams of one of the ATMU units.

33. A network for switching composite packets, comprising:
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packets, different conposite packets destined for a single qiest-.i-nat i on of
said packet switchijg | nit,.and transm tti 004) sard—dirfTerent
conposite packets to%‘ér%%% St ‘%ﬁ?ﬁﬂ‘c#ﬁ' 9" r@ﬁbp@g’&wt: . wherein
sai d conposite packetaskarmwvishing dbfi¢ aneif>Q)aopositddiopankEPR unit;

wherein said CPR unit comprises means for receiving (4002) composite

packets. destined {or a pluraiity of destinaticns connected to said packet switching
fabric unit. assembling (4006. 020, 4014) from said received composite packets.

different composite packets destined for a single destination of said patker switching

fabric unit and transmitting (4004) said differeat composite packets to said packet

switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packeats (Fig. 9, CBR cell), each

for transmitting signals for a plurality of communication channels;
Characterized in that

said network comprises a plurality of said packet switch fabric units

(550), each having a plurality of input signals and a plurality of output signals;

said network comprises a plurality of CPR units (4000);

said network comprises a plurality of access switches (1) each access
switch comprising at least one packet switching fabric unit and one CPR unit:

wherein different ones of said packet switch fabric units are

interconnected by said CPR units;

wherein each of said packet switch fabric units switch a complete
payload of each packet of each of said plurality of incoming signals to one of said

output signals; and

wherein ones of the output composite cells of one of said CPR units

comprise communication signals destined for a plurality of different access switches

of the network.

34. The network of claim 33 wherein said composite packets for

transmission from an output of one said CPR units are packets having a common

intermediate destination.

35. The network of claim 34 wherein said composite packets are
composite ATM cells and said packet switch fabric units are ATM cell switches.

36. The network of claim 35 wherein said signals for said

communication channels are PCM (pulse code modulation) signals (537).




each ly transm tted corrp05| te packets- (Fi QPL BeENT SHEET
cell) tting signals for a plurality of co n| NaYal

chann l!il W ,"H” aracterl zed in that packets of an inguff to sal d CPR
ci r'cu ,}””" each containing in its payload a pldralilg FEB 1998
segnment s, each 'segment conprising an individual PCM signal @and A bits of

addi ti onal data and wherei n out put pacﬂ s containing PCM dagja derived from
said input packets do not include said A bits of data, whereln. A is a

positive integer egual Pﬁ&g@fn wei?cth%olt'g%n'gggg?ﬁ kx%u&xoglnﬁbwork lSor S7.

The CPR circuit of cla erel n sai
58. The CRRICEFNERFHNgF plyrdityobromprsits pﬂckmndapugbearm destisatmnkishid

represent 'r{bgwérkséb‘?ﬁﬁﬁ’s'i@?ry state of a channel associated with an individual
PCM si gnal . T : o
4 packet switching fabric unit (5350); and

a comgosite packet remap (CPR) unit (4000); .

wherein said CPR unit comprises means for receiving (4002) composite
pzi_ckezs. destined for a pluraliiy of destinations connected to said packet switching
fabric unit. assembling (4006, 4020, 4014) from said received composite packets.
different composite packets destine< for a single destination of said packet switching _
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit: |

Characterized in that

said network comprises a plurality of CPR (composite packet remap)
units, each part of an access switch (1), and each for transmitting and for receiving a
packetized signal stream: and

at least one packet crossconnect (600) for switching said second packets,
of the packetized output signals received from a CPR, to one of a plurality of outputs
each of said plurality of outputs transmitted to one of said plurality of CPR units;

each of said plurality of CPR units for receiving packetized signals
comprising a plurality of first composite packets, each first packet comprising signal
values for a plurality of different communications and for generating a packetized
output signal comprising second composite packets, each second composite packet
comprising signal values for different communications destined for a single one of
said plurality of CPR units.

38. The network of claim 37 wherein said signal values comprise PCM
samples of a single communication.

39. The network of claim 37 wherein said first and said second packets
are transmitted periodically, wherein each periodically transmitted packet comprises
signal values for a plurality of periodically transmitted communications that remains
fixed for the duration of said plurality of periodically transmitted communications.

40. The network of claim 37 wherein said packetized signals are ATM
(asynchronous transfer mode) signals and said first and second packets are ATM
cells, and said plurality of CPR units is a plurality of CCR (composite cell remap)
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sai d conpasmiifse packets and said different conposite packet $ each conprise

periodically transmitted conposite packets (Fig. 9, CBR celt)ys—eactrfor

transmtting signals for a plurality of communication channels;

41. The network of claim 40 wherein said packet crossconnect is an
ATM crossconnect and said second packets are transmitted over said ATM

crossconnect through a virtual path.
L]

42. The network of claim 41 wherein at least one of the plurality of CCR
units are for generating third composite cells, each third composite cell comprising a
plurality of signal values for different communications each destined for one of a
subgroup of said plurality of CCR units;

further comprising at least one more ATM crossconnect and at least one

additional CCR unit for interconnecting two of the ATM crossconnects wherein said
additional CCR unit receives groups of said third cells and transmits groups of said
second cells, each second cell for transmission by an ATM crossconnect to one of
said subgroup of CCR units.

43. A distribution network for switching ATM (asynchronous transfer
mode) signals, the signals comprising composite cells, each cell having individual
PCM (pulse code modulation) signals for a plurality of communications destined for

-a plurality of destinations comprising:

a composite packet remap (CPR) unit (4000); and

a packet switching fabric unit (600) connected to said CPR unit:-

wherein said CPR unit comprises means for receiving (4002) composite
packets, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006, 4020, 4014) from said received composite packets.
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite p'ackets and said different composite packets
each comprise periodically transmitted composite packets, each for transmitting
signals for a plurality of communication channels;

Characterized in that

said CPR unit is a CCR (composite cell remap) means and said network
comprises a plurality of CCR means each for receiving an ATM signal comprising
first cells each cell having individual PCM signals for a plurality of communications
destined for a plurality of destinations and for switching individual PCM samples of
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said {irst cells of said ATM input signal to second cells of an ATM output-sigmat:
‘wherein each of said second clls has PCM signals for transmission to a single one
of said plurality of CCR means; and -
said packet switching fabric unit is an ATM crossconnect meadns for
switching second cells of the output signal of each of said plurality of said CCR
means. without changing payload contents of said second cells, to signals connected
to the inputs of each of said plurality of CCR means.

44. The distribution network of claim 43 wherein the CCR means also .
switches other PCM signals of said first cells into third cells, said third cells ha;'ing
PCM signals destined for a subgroup of said plurality of CCR means, further
comprising:

at least one other ATM crossconnect means (600); and

at least one other CCR-means (4000) for interconnecting a first and a
second of the ATM crossconnect means and for receiving third cells from the first
ATM crossconnect means and for transmitting second cells destined for only one of
a subgroup of said plurality of CCR means to the second ATM crossconnect means

for subsequent transmission to said only one of said subgroup of said plurality of
CCR means.

45. An access switch for generating packetized signals for distribution by

a packet signal transmission/crossconnect network, said network comprising means |
for interconnecting a plurality of said packetized signal streams without disturbing
the payload contents of cells of said packetized signal streams, the access switch
comprising:

a composite packet remap (CPR) unit (4000); and

a packet switching fabric unit connected to said CPR unit (550);

wherein said CPR unit comprises means for receiving composite
packets, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006, 4020, 4014) from said received composite packets,
different composite packets destined for a single destination of said packet switching
fabric unit and transmmmg (4004) saxd different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets, each for transmitting
signals for a plurality of communication channels; |
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packetuz=d signals. said packetized signals each comprising first packets each for

transrmuming data for a plurality of separate com_munica_tions. each first packer for
transmSsion to a single CPR unit of said pluraiity of CPR units;

said access switch comprising packet 'switching means comprising a
packer switch fabric unit (550) for switching each of said first packets to one of said
plurality of CPR units without changing the payload of the switched first packets:
and

said plurality of CPR units each for receiving said first packets and
rearranging payload data of said first packets to generate an output stream
comprising second composite packets each second packet containing payload data
destined for a single CPR unit of one other access switch for switching in said one
other access switch to one of a plurality of multiplexed periodic commugication
output Signals comprising periodic communication output channels.

46. The access switch of claim 45 wherein said multiplexed periodic
communication signals are PCM (pulse code modulation) signals (537).

47. The access switch of claim 45 wherein said packetized signals are
ATM (asynchronous transfer mode) signals, and said composite packets are
composite cells, and said plurality of CPR units is a plurality of CCR (composite cell
remap) units.

48. The access switch of claim 47 wherein said packet switching means
comprise an ATM packet switch.

49. The access switch of claim 48 wherein said first packets are
transmitted through said ATM packet switch through a virtual path through said

ATM packet switch.

50. The access switch of claim 48 wherein said multiplexed periodic
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at least one ATM signal, said at least one ATM signal comprising said RCM samples

of said at least one PCM input stream. said at least one ATM signal comprising cells.

each cell of said at least one ATM signal for transmission to one of the plurality of

CCR units of said access switch.

52. The access switch of claim 51 wherein said each access switch
comprises an ATM-CM (ATM communications mo&ule) for distributing cells from
said at least one ATM signal of said at least one ATMU unit to ATM input streams
of said at least one CCR unit.

53. The access switch of claim 52 wherein said at least one ATM signal
generated by an ATMU unit further comprises additional cells, said additional cells
for transmission to one of the ATMU units of said access switch.

54. The access switch of claim 53 wherein said ATM-CM further
distributes said additional cells to ATM input streams of one of the ATMU units of
said access switch.

55. A CPR (Composite Packet Remap) circuit comprising:

means for receiving (4002) composite packets from a packet switching
fabric unit, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006, 4020, 4014) from said received composite packets,
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell}, each
for transmitting signals for a plurality of communication channels;

Characterized in that said means for switching comprises a signal
memory (4014) for storing received PCM samples and a control memory (4020) for
controlling the addressing of the signal memory for at least one of the operations of
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36. A CPR( Composxte Packet R._mao) circuit comprising:

means for racsiving \400") composite packets from.a packet swuchmo
fabric unit, destined for a plurality of destinations connected to said packet sthchmg :
fabric unit, assembling (4006, 4020. 4014) from said received composite packets,
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell), each
for transmitting signals for a plurality of communication channels;

Characterized in that packets of an input to said CPR circuit comprise
packets each containing in its payload a plurality of segments, each segment
comprising an individual PCM signal and A bits of additional data and wherein
output packets containing PCM data derived from said input packets do not include

said A bits of data, wherein A is a positive integer equal to or greater than one (Fig.
45).

57. The CPR circuit of claim 56 wherein said A bits is a single bit.

58. The CPR circuit of claim 57 wherein said single bit is a bit

representing a supervisory state of a channel associated with an individual PCM
signal.

59. A CPR (Composite Packet Remap) circuit comprising:

means for receiving (4002) composite packets from a packet switching
fabric unit, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006. 4020, 4014) from said received composite packets,
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell), each
for transmitting signals for a plurality of communication channels;
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60. An apparatus a telecommunications switching system or cluster
comprising a pluraiity of switching modules or switching systems, said apparatus
comprising: _

a composite packet remap (CPR) unit (4000); and

a packet switching fabric unit connected to said CPR unit (550);

wherein said CPR unit comprises means for receiving (4002) composite
packets, destined for a plurality of destinations connected to said packet switching
fabric unit, assembling (4006, 4020, 4014) from said received composite packets;
different composite packets destined for a single destination of said packet switching
fabric unit and transmitting (4004) said different composite packets to said packet
switching fabric unit;

wherein said composite packets and said different composite packets
each comprise periodically transmitted composite packets (Fig. 9, CBR cell), each
for transmitting signals for a plurality of communication channels;

Characterized in that

said apparatus further comprises a plurality of means (540) for
converting between a plurality of multiplexed synchronous signal streams (537),
each carrying periodic communication input signals for a plurality of channels, each
signal stream comprising periodic communication input signals and associated
auxiliary signals for each channel of a plurality of communications from said
plurality of switching modules or systems, and one or more first packetized output
signals, each first packetized output signal cofnprising a plurality of first packets
transmitted periodically, each first packet (Fig. 18) comprising segments derived
from periodic communication input signals and associated signals of said signal
streams and each of said first packets comprising signals for channels destined for a
single one of said plurality of means for converting; and

means (550) for switching first packets of said first packetized output
signals each to one of a plurality of second packetized output signals, said second
packetized output signals for transmission to converting means for converting said
second packetized output signals into periodic communication output signals and
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associated signals for transmission to said plurality of switching modules or Systems.

61. The apparatus of claim 60 wherein said first and said second
packetized output signals comprise ATM (Asynchronous Transfer Mode) signals and
said plurality of periodically transmitted first packets are a plurality of ATM fells.

62. The apparatus of claim 61 wherein said plurality of ATM cells each
.carries a plurality of segments, each segment representing one PCM (pulse code
modulation) signal of a single channe!l and an associated auxiliary signal of said .
single channel, and wherein each of said plurality of ATM cells carries only a singlé
segment of any channel.

63. The apparatus of claim 62 wherein said associated auxiliary signal of
said single channel is a single bit representing a supervisory state of said single
channel.

64. The apparatus of claim 60 wherein each of said plurality of means for
converting further comprises means for converting between said periodic
communication input signals and a plurality of second packets transmitted
periodically on said.first packetized output signals, each second packet comprising
segments derived from periodic communication signals and associated signals of
said signal streams and each second packet comprising signals for channels destined
for a switching system outside said telecommunication switching system or cluster;

wherein said means for switching further comprises means (4000) for
switching said second packets to a third packetized output signal for transmission to
one or more telecommunications switching systems outside said telecommunications
switching system or cluster.
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ATM NETWORKS FOR NARROW BAND COMMUNICATIONS
Abstract |

Pulse Code Moduladon (PCM) signal soeams are converted into
| Asynchronous Transfer Mode (ATM) cells for switching and ransmission across a
telecommunicadons network. Each cell carries one PCM sample of up to 43
different voice connectons, the voice connectons teing selected from the PCM data
sweams because they have a common destination. The cells are ransmitted over
ATM virmal paths, each path cansmirting one cell every 125 pus. The ATM signals
are switched by units for switching cells (cell switching), while keeping their
payload contents intact, and by units for switching the signals for individual voice
connectons berween cells of an ATM signal (cell remapping). Advantageously,
ATM transmission systems interface with PCM systems withourt adding appreciable
delay and without requiring addidonal buffering. Advantageously, new voice paths
can be established most of the dme by using available slots in the cells of existing
virtual paths. Advanrageously, large telecommunicadon networks can be
implemented using a small number of switching units.

Advantageously, a cenmral communications network comprising stages
of cell remapping interconnected by one or more stages of cell switching provides
flexibility for interconnectng large access switches; the cell remapping stage may be
made pare of the access switch. Advantageously, an a.ccess_swiich comprising a cell
mapping or distribution stage for assembling c,clfs comprising PCM samples headed
 for a common ourput of the access switch are switched in a cell switch to a cell
remap unit for collecting PCM samples headed for a common destination into
individual cells of an ATM ourput stream, provides output signals that can be readily
and efficiently switched by a wansit network for disaibution to other access switches
of a large network, Advantageously, such a cell remap unit provides a key element
to the implementadon of an efficient large ATM voice network.

For use with PCM switches, it is desirable to provide supervisory
signals accompanying the PCM data. Advantageously, this arrangement permits
supervisory signals to be passed within an access switch thus simplifying
compadbility with existing switching systems.

REPLACEMENT SHEET

F 4 MAY 1993J




