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Description 

Technical  Field 

This  invention  relates  to  arrangements  for  estab-  s 
lishing  digital  telecommunications  connections,  and 
more  specifically,  for  establishing  such  connections  us- 
ing  broadband  networks  and  switching  systems. 

Problem  10 

The  provision  of  large  quantities  of  toll  telephone 
service  continues  to  be  expensive.  While  there  have 
been  major  breakthroughs  in  the  cost  of  provisioning  of 
high  capacity  transmission  systems  using  fiber  optics,  15 
the  access  to  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  20 
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  5ESS®  25 
switch,  a  fairly  large  system  has  been  devised  using 
switching  modules  of  substantial  capacity  interconnect- 
ed  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  switch-  30 
ing  system  or  cluster  of  systems  for  simultaneously  han- 
dling  substantial  quantities  of  telephone  traffic,  low 
speed  telecommunications  data  traffic,  and  high  speed 
telecommunications  data  traffic. 

A  new  standard  has  been  implemented  for  trans-  35 
mitting  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  40 
bytes  consisting  of  a  5  byte  header  and  a  48  byte  pay- 
load.  When  a  125  microsecond  ATM  frame  is  transmit- 
ted,  each  of  the  cells  may  be  headed  for  a  separate  des- 
tination,  the  destination  being  identified  in  the  cell  head- 
er.  ATM  standards  under  consideration  specify  how  to  45 
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  milli- 
second)  delay  for  filling  the  cell  with  the  samples,  and 
requires  a  large  amount  of  storage  for  the  samples  prior  so 
to  their  transmission  and  after  their  reception.  No  sound 
proposal  has  been  made  public  for  the  economic  use  of 
ATM  for  transmitting  voice  signals  from  an  ingress  node 
to  a  network  to  a  multiplicity  of  egress  nodes  of  the  net- 
work  without  incurring  this  delay.  While  the  ATM  stand-  55 
ard  is  finding  increasing  use  in  broadband  networks,  es- 
pecially  those  using  fiber  optic  transmission  facilities,  no 
economic  solution  has  been  made  public  to  the  problem 

of  designing  a  communications  network  for  transmitting 
a  large  multiplicity  of  narrowband  voice  signals  from  any 
of  a  multiplicity  of  ingress  nodes  of  the  network  to  any 
of  a  multiplicity  of  egress  nodes  of  the  network  using  the 
ATM  standard  without  incurring  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  inter- 
connected  cluster  of  smaller  switching  systems. 

The  above  problems  are  partly  solved  in  accord- 
ance  with  the  teachings  of  a  prior  patent  application  In- 
ternational  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 
moduiated  (PCM)  channeis  on  a  piurality  of  PCM  lines, 
each  channel  for  one  telecommunications  call,  are 
switched  by  ATM  interface  units  (ATMUs)  onto  ATM  sig- 
nal  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  Communica- 
tion  module  (ATM-CM)  (called  a  common  broadband 
platform  in  the  cited  application)  which  is  used  for 
switching  ATM  cells;  such  composite  cells  are  transmit- 
ted  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  switch- 
ing  module  or  switching  system  or  to  the  ATM-CM  of 
another  access  switch.  This  solution  avoids  the  6  milli- 
second  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  particular 
ingress  and  egress  module  changes,  but  such  paths 
need  to  be  activated  or  deactivated  only  when  an  addi- 
tional  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  switch- 
ing  module  to  any  access  switch  of  a  network  requires 
that  all  access  switches  be  informed,  thus  presenting  a 
significant  operational  and  administrative  problem. 

EP-A-0  225  714  discloses  arrangements  for  as- 
sembling  composite  packets  that  include  data  for  a  plu- 
rality  of  communications  having  different  destinations 
and  transmitting  these  packets  to  a  packet  assembler/ 
disassembler;  in  the  packet  assembler/disassembler, 
composite  packets  from  a  plurality  of  sources  are  com- 
bined  to  generate  composite  packets  containing  a  plu- 
rality  of  communications  destined  for  a  common  node 
and  transmitting  these  packets  to  that  common  node. 
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The  nodes  are  connected  to  terminals  and  to  trunks  con- 
nected  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  intro- 
duced  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  com- 
munications  destined  for  a  common  destination  CCR; 
this  is  accomplished  by  switching  the  individual  chan- 
nels  within  each  cell  of  the  input  ATM  signal  to  cells 
headed  for  the  appropriate  destination  CCR  in  the  out- 
put  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  out- 
going  ATM  streams.  This  transit  crossconnect  is  equiv- 
alent  to  the  network  of  crossconnects  used  today  in  long 
distance  synchronous  voice  networks.  Advantageously, 
using  this  kind  of  an  arrangement,  a  transit  crosscon- 
nect,  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  switch- 
es,  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  com- 
posite  cells  of  the  CBR  PVCs  are  transmitted  at  a  rate 
of  one  cell  per  1  25  microseconds  (u.s).  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  in- 
tra-access  switch  traffic  the  cells  go  to  the  ATMU  con- 
nected  to  the  destination  switch  module.  For  inter-ac- 
cess  switch  traffic,  the  cells  go  to  a  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  di- 
rectly  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),  then  the 
traffic  that  can  be  placed  in  a  cell  is  any  traffic  destined 
for  the  terminating  access  switch.  For  the  more  general 
case,  in  which  the  CCR  that  is  the  destination  of  the  cell 
is  connected  to  a  transit  crossconnect,  the  cell  from  the 
ATMU  may  contain  traffic  for  any  of  the  access  switches 

connected  to  the  transit  crossconnect;  the  CCR  will 
serve  to  segregate  traffic  for  each  of  the  possible  desti- 
nation  access  switches  of  the  connected  transit  cross- 
connect  into  different  cells.  The  transit  crossconnect 

5  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 
switch  ATM-CM  to  the  correct  ATMU  for  that  cell,  and 

10  thence  to  the  destination  switching  module. 
The  assignment  of  traffic  to  cells,  i.e.,  the  assign- 

ment  of  traffic  to  the  virtual  paths  of  the  ATMU,  is  further 
modified  by  considerations  of  reliability  so  that,  when- 
ever  possible,  traffic  between  access  switches  may  be 

is  switched  by  a  network  of  crossconnects,  e.g.,  via  two 
different  transit  crossconnects.  If  the  amount  of  traffic 
between  two  access  switches  is  small,  then  it  may  nor- 
mally  be  carried  over  one  of  the  two  transit  crosscon- 
nects  and  in  case  of  system  failure  may  then  be 

20  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  straightforward.  If  the  CCR  is  connect- 
ed  to  a  transit  crossconnect,  each  output  cell  contains 

25  traffic  destined  for  a  single  destination  CCR  of  a  desti- 
nation  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  ac- 
cess  switch,  there  is  no  need  to  segregate  traffic  des- 

30  tined  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  de- 
scribed  in  detail.  Those  skilled  in  the  prior  art  will  readily 

35  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 

40  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 

45  the  period  of  a  frame  of  a  multiplexed  periodic  commu- 
nication  signal  such  as  PCM  or  PCM-like  (e.g.,  adaptive 
PCM)  signals.  The  equivalent  of  a  CCR  in  a  more  gen- 
eral  packet  network  is  a  composite  packet  remap  (CPR) 
unit.  The  equivalent  of  an  ATM  crossconnect  or  network 

so  of  crossconnects  is  a  packet  switching  fabric  unit,  or  net- 
work  of  packet  switching  fabric  units. 

The  subject  matter  claimed  in  this  application  re- 
lates  to  the  total  network  including  ATMUs,  an  ATM-CM, 
and  CCRs  in  each  access  switch;  and  an  ATM  transit 

55  crossconnect  connected  to  the  CCRs  for  interconnect- 
ing  the  CCRs  between  access  switches  and  for  directing 
cells  between  incoming  and  outgoing  ATM  streams  with- 
out  changing  the  payload  contents  of  each  cell.  Advan- 

3 
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tageously,  such  a  network  can  be  used  to  interconnect 
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  carry- 
ing  individual  PCM  samples  for  a  plurality  of  PCM  chan- 
nels;  such  permanent  virtual  paths  can  be  pre-provi- 
sioned  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  crosscon- 
nect  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 
transit  crossconnect.  The  permanent  virtual  paths  can 
also  be  established  for  carrying  conventional  packetized 
voice  (see  FIG.  1  7)  or  packetized  data.  Advantageously, 
virtual  paths  may  be  consolidated  (see  FIG.  33)  to  insure 
high  utilization  of  virtual  paths  even  between  switching 
modules. 

The  claimed  subject  matter  of  this  patent  applica- 
tion  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  in- 
puts  ATM  signals  containing  cells  carrying  PCM  chan- 
nels  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  communica- 
tions  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  des- 
tination  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  combi- 
nation  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  capac- 
ity  access  switches.  In  theory,  the  CCRs  can  be  associ- 
ated  with  either  the  access  switches  or  the  transit  net- 
work.  In  the  preferred  embodiment,  the  control  informa- 
tion  required  by  the  CCR  comes  naturally  from  the  con- 
trol  of  the  access  switch,  thereby  making  a  co-location 
of  access  switch  and  CCR  more  natural. 

Advantageously,  in  such  an  arrangement  perma- 
nent  virtual  paths  can  be  established  through  the  transit 
crossconnects  for  composite  cells  each  carrying  individ- 
ual  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 

5  transit  crossconnect. 
The  claimed  subject  matter  in  this  application  fur- 

ther  relates  to  the  access  switch  including  at  least  one 
ATMU,  an  ATM-CM  and  at  least  one  CCR.  Advanta- 
geously,  such  an  access  switch  can  gather  traffic  from 

10  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 

is  switch  can  also  be  used  advantageously  for  carrying 
conventional  packetized  voice  (see  FIG.  12)  or  pack- 
etized  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  fur- 
20  ther  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  sam- 
ples  destined  for  a  plurality  of  destination  switches,  to 
be  gathered  into  cells  each  of  which  are  destined  for  a 

25  single  destination  access  switch.  Each  CCR  takes  out- 
put  cells  from  a  plurality  of  ATMUs,  each  output  cell  con- 
taining  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 

30  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  rear- 
ranged  into  cells  containing  PCM  samples  destined  for 
a  single  ATMU.  Advantageously,  such  an  arrangement 

35  allows  all  traffic  within  the  access  switch  that  is  destined 
to  a  particular  destination  access  switch  to  be  gathered 
into  one  or  more  composite  cells  per  frame.  These  cells 
can  then  readily  be  switched  in  a  transit  network  to  the 
destination  access  switch  which  then  distributes  traffic 

40  within  each  cell  to  all  inputs  to  the  destination  access 
switch. 

The  subject  matter  claimed  in  this  application  fur- 
ther  relates  to  the  transportation  within  the  access 
switch  of  supplementary  control  data  along  with  the 

45  PCM  samples  when  a  connection  is  within  the  access 
switch.  In  the  specific  embodiment,  the  supplementary 
control  data  is  a  supervisory  signal  referred  to  as  an  E- 
bit,  the  name  used  for  this  signal  in  the  5ESS  switch  of 
the  preferred  embodiment.  Instead  of  simply  switching 

so  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 

55  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 

4 
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a  PCM  sample)  is  switched  through  the  access  switch 
for  all  communications  that  use  the  composite  cells  de- 
scribed  herein.  If  the  segment  is  transmitted  to  a  CCR, 
the  CCR  discards  the  control  information  portion  and  de- 
rives  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  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  arrange- 
ment  permits  control  information  required  within  an  ac- 
cess  switch  for  intra-access  switch  calls  to  be  transport- 
ed  along  with  the  communication  signal  in  composite 
cells. 

Brief  Description  of  the  Drawing 

FIG.  16  illustrates  the  format  of  a  cell  used  for  com- 
municating  between  CCR  blocks; 
FIG.  17  illustrates  a  tandem  destination  cell  ar- 
ranged  to  communicate  with  a  packetized  voice 

5  destination; 
FIG.  18  illustrates  the  mapping  performed  between 
incoming  time  slots  to  an  ATMU  and  an  SDCC/MD- 
CC  (Single  Destination  Composite  Cell/Multiple 
Destination  Composite  Cell)  cell; 

10  FIG.  19  illustrates  the  remapping  function  per- 
formed  in  the  CCR; 
FIG.  20  illustrates  the  overall  mapping  process  from 
source  Switch  Module  (SM)  to  destination  SM  for 
communications  using  a  composite  cell  remap  func- 

15  tion; 
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  sup- 

20  porting  both  broadband  and  narrow  band  ATM  com- 
munications  in  conformance  with  applicants'  inven- 
tion; 
FIG.  23  is  a  block  diagram  of  an  access  switch  of 
FIG.  6; 

25  FIG.  24  is  a  block  diagram  of  an  Asynchronous 
Transfer  Mode  Interface  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 

30  Communications  Module  ATM-CM  unit  for  switch- 
ing  ATM  cells; 
FIGS.  31  -33  are  flow  diagrams  illustrating  the  proc- 
esses  of  selecting  a  channel  for  a  communication 
activating  permanent  virtual  circuits  and  combining 

35  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; 

40  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. 

45  Overview 

The  telecommunications  network  described  herein 
uses,  packets,  and  in  the  preferred  embodiment  ATM 
cells,  to  switch  PCM  sources  supplied  from  local  switch- 

so  es.  According  to  the  principles  of  this  invention,  which 
can  be  followed  in  FIG.  12  for  the  purposes  of  this  over- 
view,  the  network  not  only  uses  ATM  signals  as  a  broad- 
band  means  of  transporting  PCM  signals  and  of  switch- 
ing  different  PCM  streams  to  different  destinations 

55  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 

FIGS.  1  -4  are  high-level  network  configuration  dia-  20 
grams  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  network,  designed  in 
conformance  with  the  principles  of  applicants'  in-  25 
vention; 
FIG.  6  is  a  block  diagram  showing  a  network  of  in- 
terconnected  access  switching  networks; 
FIG.  7  illustrates  the  connections  to  the  access 
switches  of  such  a  network;  30 
FIG.  8  illustrates  one  125  u.s  frame  of  ATM  cells  (a 
glossary  of  abbreviations  is  found  at  the  end  of  the 
Detailed  Description)  comprising  a  plurality  of  CBR 
and  a  plurality  of  CBR  cells;  the  constant  bit  rate 
(CBR)  cells  carrying  voice  channels  are  sent  every  35 
125  u.s; 
FIG.  9  illustrates  an  ATM  segment  including  a  CBR 
cell  and  a  variable  bit  rate  (VBR)  cell; 
FIG.  10  illustrates  one  CBR  cell  for  carrying  traffic 
that  is  initiated  from  both  of  the  two  access  switches  40 
communicating  via  the  CBR  cell; 
FIG.  11  illustrates  the  Synchronous  Optical  Network 
(SONET)/ATM  signal  transmission/crossconnect 
network  of  FIG.  6; 
FIG.  12  illustrates  the  access  switch  structure  and  45 
the  position  of  a  composite  cell  remap  (CCR)  func- 
tion  relative  to  the  communication  network; 
FIG.  13  presents  an  overview  of  how  cells  are  trans- 
mitted  from  a  source  switch  module  to  a  destination 
switch  module;  so 
FIG.  14  illustrates  a  single  destination  composite 
cell  format  of  the  type  which  would  be  used  for  com- 
munications  between  switching  modules  of  one 
ATM-CM  switch; 
FIG.  15  illustrates  a  multiple  destination  composite  55 
cell  (MDCC)  format  of  a  type  used  for  communicat- 
ing  between  a  switching  module  and  a  composite 
cell  remap  unit; 

5 
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PCM  streams,  each  containing  communications  des- 
tined  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  de- 
scribed  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 
51  0  are  transmitted  to  an  ATM  interface  unit  (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 
5ESS  switch  which  has  inputs  (not  shown  in  FIG.  12) 
from  local  switches  and  from  telephone  stations  con- 
nected  to  the  switching  module.  The  5ESS  switch  and 
switching  module  are  extensively  described  in  AT&T 
Technical  Journal,  Volume  64,  No.  6,  July/August  1  985, 
pp.  1303-1564.  The  ATMU  takes  PCM  streams  from  a 
plurality  of  such  switching  modules  and  generates  ATM 
streams  each  containing  cells,  where  for  each  cell  all  of 
the  PCM  samples  are  destined  for  a  common  composite 
cell  remap  (CCR)  unit  4000  (FIG.  42)  of  the  source  ac- 
cess  switch  1  .  ATM  streams  from  a  plurality  of  ATMUs 
are  transmitted  to  an  ATM  Communications  Module 
(ATM-CM)  550,  comprising  an  ATM  switch  fabric  which 
switches  cells  from  that  plurality  of  ATM  streams  into  a 
plurality  of  CCR  units.  (Remember  that  each  cell  of  an 
ATMU  output  is  destined  for  a  particular  CCR  and  con- 
tains  only  PCM  samples  for  that  CCR.) 

The  output  of  the  CCR  is  a  single  ATM  stream  which 
is  transmitted  to  a  transit  ATM  crossconnect  600  (FIG. 
11)  which,  like  the  ATM-CM,  switches  cells  among  dif- 
ferent  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  destined  for 
a  single  CCR  unit  at  a  destination  access  switch.  The 
transit  crossconnect  can  then  take  the  inputs  from  a  plu- 
rality  of  CCRs  and  gather  those  celis  destined  for  a  CCR 
in  a  particular  destination  access  switch  into  a  single 
ATM  stream  for  transmission  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  cell  to  two  or  more  different  cells. 

At  the  destination  access  switch,  the  process  is  sim- 
ply  reversed.  The  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  switch- 
ing  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 
streams.  In  this  preferred  embodiment,  the  ATMU  gen- 
erates  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  ar- 
ranged  to  interface  with  a  single  ATM  stream  and/or  the 
CCR  can  be  arranged  to  interface  with  a  plurality  of  ATM 

5  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 

10  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  additional  infor- 
mation  associated  with  each  PCM  sample,  in  this  case 
a  supervisory  indicator  or  E-bit,  be  switched  through  the 

is  ATMU  in  both  directions.  The  ATMU  in  order  to  provide 
for  this  capability  in  the  preferred  embodiment  deals  with 
9  bit  segments,  each  segment  including  an  8  bit  PCM 
byte  and  an  E-bit  associated  therewith  and  42  of  these 
9  bit  segments  make  up  the  payload  of  each  ATM  cell 

20  in  the  ATMU.  For  convenience,  this  is  done  whether  or 
not  the  cell  is  connected  to  a  CCR  for  further  switching 
and  subsequent  transportation  to  another  access 
switch.  Advantageously,  using  this  arrangement  the  E- 
bit  which  is  transported  over  NCT  links  connecting  a 

25  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  ac- 

30  cordingly  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  obvi- 
ous  that  additional  bits  can  be  switched  through  using 
the  same  principles.  In  some  applications,  other  bits 

35  may  be  transmitted  on  a  sampling  basis  or  can  be  trans- 
mitted  via  signaling  messages. 

FIGS.  1  -5  present  a  high-level  overview  of  telecom- 
munications  networks  designed  in  conformance  with 
applicants'  invention.  In  all  cases,  in  the  illustrative  em- 

40  bodiment,  the  inputs  are  PCM  streams  and  the  outputs 
are  PCM  streams. 

FIG.  1  is  based  on  the  teachings  of  U.S.  Patent 
5,345,446.  It  shows  the  treatment  of  an  intra-access 
switch  call.  A  PCM  stream  from,  for  example  a  5ESS 

45  switch  enters  an  ATMU  where  composite  cells  are  gen- 
erated;  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  ATMUs  540  are  switched  to  a 

50  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 

55  case,  as  ATM  composite  cell  receivers  and  the  individ- 
ual  PCM  samples  of  each  received  cell  are  distributed 
to  appropriate  positions  within  the  correct  PCM  output 
stream. 

25 
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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  different  access  switch, 
wherein  the  two  access  switches  are  directly  intercon- 
nected  via  a  link  carrying  one  or  more  ATM  streams.  The 
PCM  input  streams  enter  a  composite  cell  generation 
ATMU  540  which  assembles  cells  all  of  which  are  des- 
tined  for  the  same  CCR,  a  CCR  which,  in  this  case,  is 
directly  connected  to  a  single  destination  access  switch. 
The  ATMU  540  of  the  first  (top)  access  switch  effectively 
generates  composite  cells  destined  for  the  second  ac- 
cess  switch.  These  composite  cells  are  transmitted  over 
one  or  more  ATM  streams  to  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  samples  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  ac- 
cess  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  re- 
ception  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  por- 
tions  in  each  access  switch.  It  is  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  illustrates  the  case  of 
two  access  switches  communicating  via  a  transit  cross- 
connect.  In  the  first  (top)  access  switch,  the  ATMU  540 
acts  as  a  composite  cell  generation  unit  which  gener- 
ates  individual  cells,  each  of  which  contain  samples 
headed  for  a  common  CCR  unit  4000  of  the  first  access 
switch.  The  ATM-CM  of  the  first  access  switch  assem- 
bles  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,  des- 
tined  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  tran- 
sit  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  rem- 
aps  cells  so  that  each  cell  contains  PCM  samples  des- 

tined  for  a  single  composite  cell  reception  ATMU  540. 
The  output  stream  of  CCR  4000  is  sent  to  ATM-CM  550 
of  the  destination  access  switch,  where  cells  destined 
for  a  common  ATMU  are  gathered  into  ATM  streams  for 

5  transmission  to  that  ATMU.  The  ATMU  then  receives  its 
input  ATM  streams  and  distributes  the  individual  PCM 
samples  contained  in  the  stream  to  its  PCM  outputs. 
While  FIG.  3  shows  only  a  single  ATM  cell  switch  (transit 
crossconnect),  in  practice  a  network  of  such  crosscon- 

10  nects  is  likely  to  be  used. 
Finally,  FIG.  4  illustrates  a  connection  wherein  the 

path  through  the  transit  network  interconnecting  the 
source  and  destination  access  switches  includes  two 
transit  crossconnects  connecting  through  a  CCR.  The 

is  actions  in  the  source  (top)  access  switch  are  essentially 
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. 

20  Presumably,  this  would  be  a  case  in  which  there  is  low 
traffic  to  each  of  the  destination  access  switches  served 
by  this  type  of  connection.  First,  the  right  ATM  transit 
crossconnect  600  receives  inputs  from  a  plurality  of  ac- 
cess  switches  and  transmits  those  cells  destined  for  res- 

25  witching  to  transit  CCR  4000  interconnecting  the  two 
ATM  transit  crossconnects.  In  transit  CCR  4000,  sam- 
ples  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 

30  destination  access  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  streams,  each  stream  containing 
only  cells  with  PCM  samples  destined  for  a  common 

35  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  re- 
ceived  by  the  second  ATM  transit  crossconnect).  In  the 
destination  access  switch,  the  same  types  of  operations 

40  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,  re- 
ceives  control  signals  from  one  of  the  two,  to  establish 

45  virtual  paths  and  circuits  using  that  CCR.  The  configu- 
ration  of  FIG.  4  can  also  have  connections  between  the 
two  transit  crossconnects  600  in  order  to  allow  some  of 
the  CCR  output  cells  to  return  to  a  crossconnect  that 
may  also  be  connected  to  a  destination  access  switch. 

so  (Such  a  connection  is  shown  as  connection  7  in  FIG. 
11.)  As  previously  stated  for  FIG.  3,  the  transit  cross- 
connects  may  each  represent  an  interconnected  net- 
work  of  such  crossconnect  units. 

While  FIGS.  1-4  and  many  other  diagrams  of  this 
55  specification  show  only  a  single  direction  of  flow  of  in- 

formation,  it  is  understood  that  a  comparable  opposite 
flow  of  information  is  simultaneously  taking  place  in  es- 
sentially  the  same  way.  Each  ATMU,  for  example,  acts 
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both  as  a  composite  cell  generator  and  as  a  composite 
cell  receiver.  Similarly,  each  CCR  performs  its  remap 
function  in  both  directions. 

FIG.  5  presents  another  view  of  the  functions  of  the 
CCR  and  the  ATM  crossconnect.  The  input  to  the  CCR 
comprises  cells,  each  of  which  may  have  samples  des- 
tined  for  a  plurality  of  the  CCRs  at  the  output  of  an  ATM 
crossconnect  600.  The  input  CCRs  gather  these  sam- 
ples  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  crosscon- 
nect  600.  The  ATM  crossconnect  600  then  switches  in- 
dividual  cells  from  all  the  incoming  ATM  streams  to  out- 
going  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  con- 
tain  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  switch  to 
the  appropriate  ATMU  of  the  output  access  switch.  An 
ATM-CM  550  is  basically  an  ATM  crossconnect,  en- 
hanced  to  provide  interfaces  with  other  units  as  shown 
in  FIG.  22.  A  distribution  "network"  consisting  of  a  plu- 
rality  of  CCR  units  interconnected  by  one  or  more  cross- 
connects  is  a  very  useful  element  for  switching  narrow- 
band  signals  carried  by  ATM  streams.  In  the  preferred 
embodiment,  such  a  distribution  network  accepts  as  its 
inputs  ATM  signals  containing  cells  carrying  PCM  chan- 
nels  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  ac- 
cess  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 
associated  with  either  the  access  switches  or  the  transit 
network.  In  the  preferred  embodiment,  the  control  infor- 
mation  required  by  the  CCR  comes  naturally  from  the 
control  of  the  access  switch,  thereby  making  a  co-loca- 
tion  of  access  switch  and  CCR  more  natural. 

Advantageously,  in  such  an  arrangement  perma- 
nent  virtual  paths  can  be  established  through  the  transit 
crossconnects  for  composite  cells  each  carrying  individ- 
ual  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 

5  paths  between  such  a  source/destination  pair  of  the 
transit  crossconnect. 

General  Description 

10  This  General  Description  first  presents  an  overview 
of  all  of  the  diagrams  and  is  followed  by  a  detailed  de- 
scription  of  special  characteristics  of  elements  of  these 
diagrams  for  implementing  applicants'  invention. 

FIG.  6  is  a  block  diagram  showing  a  plurality  of  in- 
15  terconnected  access  switching  systems  of  a  network.  A 

group  of  access  switches  1  are  connected  to  an  ATM 
signal  transmission/crossconnect  network  10  in  accord- 
ance  with  the  principles  of  this  invention.  Such  a  network 
is  a  network  of  ATM  crossconnects  for  interconnecting 

20  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 

25  Constant  Bit  Rate  (CBR)  composite  cells  each  carrying 
signals  destined  for  the  network,  i.e.  ,  for  a  CCR  connect- 
ed  to  the  network,  and  distributes  the  individual  PCM 
channel  signals  carried  in  each  input  cell  to  a  CBR  com- 
posite  output  cell  having  a  common  access  switch  as  a 

30  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 

35  and  sending  the  composite  cells  on  ATM  signals  to  an 
ATM  Communications  Module  (ATM-CM)  which  switch- 
es  the  individual  cells  of  the  ATM  signal  from  the  ATMU 
to  the  correct  CCR  of  the  access  switch.  Each  compos- 
ite  cell  of  the  output  of  an  ATMU  is  destined  for  a  single 

40  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  traffic,  and  variable  bit  rate  (VBR)  cells 
are  used  to  carry  packetized  data.  (The  term  PCM  as 

45  used  herein  refers  both  to  voice  signals  transmitted  by 
PCM  and  to  data  (including  facsimile  (FAX)  and  video) 
transmitted  over  PCM  channels.) 

Throughout  this  specification,  there  are  frequent 
discussions  of  activation  of  permanent  virtual  circuits 

so  and  permanent  virtual  paths.  A  permanent  virtual  path, 
comprising  a  plurality  of  permanent  virtual  circuits,  is 
provisioned  by  including  its  identification  in  the  memory 
of  an  ATMU,  ATM-CM,  CCR  or  ATM  crossconnect.  The 
memory  is  used  for  switching  cells  having  the  virtual 

55  path  identification  as  their  header,  in  the  ATM-CM  and 
ATM  crossconnect  and  for  identifying  the  cells  to  the  AT- 
MU  and  CCR  for  their  operations.  The  virtual  circuit  in- 
formation  is  retained  in  the  ATMU  and  CCR  in  order  to 
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steer  PCM  samples  between  the  correct  cells  or  be- 
tween  the  correct  cells  and  correct  PCM  stream  and  po- 
sition  in  that  stream.  A  virtual  path  is  activated  only  when 
actually  used  to  carry  communications.  The  number  of 
provisioned  permanent  virtual  paths  can  therefore  be 
much  greater  than  the  number  of  activated  permanent 
virtual  paths.  A  permanent  virtual  circuit  is  similarly  ac- 
tivated  when  the  specific  circuit  (or  channel),  of  an  acti- 
vated  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  acti- 
vated  to  carry  that  channel  over  a  virtual  circuit  of  the 
newly  activated  permanent  virtual  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  cir- 
cuit  since  it  carries,  essentially,  a  circuit  switched  com- 
munication. 

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  pack- 
etized  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  connect- 
ed  to  entities  which  gather  outgoing  traffic  and  which  dis- 
tribute  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  fur- 
ther  below.  This  unit  distributes  intra-cell  traffic  to  a  plu- 
rality  of  switch  modules  (SMs)  of  a  5ESS  switch  or  dis- 
tributes  such  traffic  to  one  or  more  stand-alone  switch- 
es.  It  may  be  desirable  in  the  future  to  connect  switch 
modules  of  more  than  one  5ESS  switch  to  an  ATMU. 

Much  of  the  traffic  carried  through  the  ATM  signal 
transmission/crossconnect  network  10  is  CBR  traffic 
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  voice  traffic,  be- 
cause  the  access  to  a  transit  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 
activation  and  deactivation  of  these  PVPs  allows  for  a 
relatively  low  rate  of  changes  of  paths  in  the  network  1  0. 
The  routing  pattern  for  a  particular  permanent  virtual 
path  (PVP)  does  not  change  as  long  as  the  PVP  is  pro- 
visioned;  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  u.s  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 

5  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  rapidly  as  individual  PCM  voice  call  con- 
nections  are  established  and  disconnected.  These  units 

10  map  individual  PCM  streams  into  specific  locations  with- 
in  a  PVP  composite  cell. 

FIG.  6  shows  the  exchange  of  messages  required 
to  complete  the  selection  of  a  CBR  PVP  and  a  PVC  with- 
in  that  PVP.  The  ingress  access  switch  signals  to  the 

is  egress  switch  (message  3)  the  identity  of  the  sou  rce  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  confirm- 
ing  that  path. 

20  The  access  switches  are  connected  to  the  central 
SONET/  ATM  signal  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 

25  European  standard  SDH  (Synchronous  Digital  Hierar- 
chy).  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  di- 

30  rectly  connecting  the  access  switches  within  the  net- 
work  for  those  cases  in  which  there  is  a  large  volume  of 
traffic  between  two  access  switches.  In  this  directly  con- 
nected  case,  that  part  of  the  network  functions  as  a 
2-stage  network  (see  FIG.  2),  and  a  CCR  function  is  only 

35  required  in  one  of  the  two  access  switches  or  in  one  di- 
rection  (e.g.,  incoming)  in  each  of  the  two  access  switch- 
es. 

The  access  switches  themselves  are  accessed  by 
a  plurality  of  local  switches.  As  indicated  in  FIG.  7,  the 

40  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  sig- 
nals  are  converted  in  the  access  switches  to  CBR  cells 

45  of  ATM  signals.  The  CBR  cells  discussed  herein  are  pri- 
marily  composite  cells,  each  cell  carrying  data  for  a  plu- 
rality  of  communications. 

FIG.  8  illustrates  one  125  u.s  frame  of  a  typical  ATM 
signal  that  appears  at  the  output  of  an  Asynchronous 

so  Transfer  Mode  Interface  Unit  (ATMU)  (FIG.  24).  A  125 
u.s  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 

55  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 
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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  possi- 
ble,  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  trans- 
mission  of  signals  across  the  ATM  transmission/cross- 
connect  network  1  0.  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  iden- 
tify  the  particular  virtual  circuit  represented  by  the  CBR 
cell,  and  to  have  the  CBR  cell  payload  contain  the  indi- 
vidual  bytes  (PCM  samples)  of  48  voice  channels  (64 
kilobit  PCM  single  channel  DSO  signals).  That  is  the  for- 
mat  of  a  CBR  cell  between  CCR  units. 

In  the  preferred  embodiment,  a  CBR  cell  as  gener- 
ated  in  the  ATMU  and  transmitted  between  the  ATMU 
and  the  ATM-CM  carries  PCM  samples  plus  a  supervi- 
sory  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  conformance 
with  5ESS  switch  terminology,  allows  the  supervisory 
state  to  be  carried  across  module  boundaries  in  the  ac- 
cess  switch,  thereby  simplifying  compatibility  with  the 
present  5ESS  switch  architectural  plan  and  software. 

Described  herein  are  arrangements  for  transporting 
a  PCM  sample  plus  one  bit  (the  E-bit)  having  a  specific 
purpose  (supervision).  More  generally,  A  bits  can  be 
transported  internally  in  a  switch  using  the  same  princi- 
ples,  namely,  transporting  8+A  bit  segments  for  each 
conversation,  the  A  bits  conveying  information  for  an  ar- 
bitrary  function;  of  course,  the  greater  the  value  of  A, 
the  fewer  segments  can  be  transported  in  each  cell. 

The  VBR  cell  illustrated  in  FIG.  9  comprises  a  head- 
er  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  trans- 
mitted  from  a  source  access  switch  to  a  destination  ac- 
cess  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  the  communication  is  a  communication  such  as  the 
1  .5  megabit/sec.  signal  required  for  a  compressed  tele- 
vision  signal.  A  similar  type  of  CBR  cell,  operating  at  a 
much  lower  repetition  rate,  can  also  be  used  for  trans- 
mitting  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  se- 
lected  for  the  CBR  PVP  as  selected  by  the  originating 
access  switch,  the  payload  in  each  cell  is  used  as  se- 
lected,  with  the  same  disposition  being  made  for  all  cells 
transmitted  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  here- 

5  inafter,  the  permanent  virtual  paths  of  this  preferred  em- 
bodiment  are  two-way,  that  is  they  consist  of  two-paired 
oppositely  directed  uni-directional  PVPs.  The  two-way 
traffic  described  herein  is  the  composite  cell  traffic  that 
is  originated  from  the  two  ends  of  a  connection  between 

10  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 

is  time  ("glare").  Since  an  egress  CCR  assigns  a  channel, 
the  bytes  for  outgoing  traffic  are  seized  by  one  CCR, 
those  for  incoming  traffic  by  the  other  CCR.  This  avoids 
"glare"  problems  wherein  a  channel  is  seized  simulta- 
neously  for  different  cells  from  the  two  ends  and  where 

20  some  back-out  procedure  is  required.  Since  assignment 
of  idle  channels  is  upward  from  1  for  outgoing  traffic  and 
downward  from  48  for  incoming  traffic,  if  many  fewer 
than  all  of  the  channels  are  active,  it  will  generally  be 
possible  to  move  the  dividing  point,  set  in  this  case  be- 

25  tween  channel  n  and  channel  n  plus  1,  in  the  direction 
of  additional  requests  for  channels.  The  two-way  traffic 
CBR  cells  are  particularly  useful  for  carrying  traffic  be- 
tween  a  source  and  a  destination  CCR  when  there  is 
relatively  little  such  traffic  being  offered.  One-way  traffic 

30  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  de- 

35  sirable  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  trans- 

40  mission  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  car- 
ries  signals  destined  for  a  single  CCR,  but  the  stream 
may  have  cells  destined  for  a  plurality  of  CCRs,  the  plu- 

45  rality  being  the  CCRs  to  which  the  transit  ATM  cross- 
connect  is  connected.  The  CCRs  connected  to  the  tran- 
sit  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 

so  another  CCR  but  on  a  unit,  the  transit  crossconnect, 
which  switches  cells  to  different  ATM  streams  thus  gen- 
erating  totally  different  ATM  streams  in  contrast  to  the 
directly  connected  CCRs  which  bypass  a  transit  cross- 
connect.  For  a  CCR  that  is  connected  to  only  a  single 

55  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 

10 
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streams  to  a  plurality  of  ATM  output  streams.  Thus,  the 
primary  function  is  the  same  as  the  ATM-CM.  One  can- 
didate  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  connec- 
tions  removed  in  order  to  serve  dynamic  traffic  ade- 
quately;  the  ATM-CM  generally  must  establish  virtual 
circuits  more  rapidly  in  order  to  accommodate  pack- 
etized  data  transmission.  At  this  time,  it  is  believed  that 
an  ATM-DACS  should  be  able  to  serve  as  an  transit  ATM 
crossconnect.  The  ATM-CM  can  also  perform  the  func- 
tion  of  providing  conventional  permanent  crosscon- 
nects.  It  can  provide  crossconnect  capability  for  ATM 
streams  entering  an  access  switch.  Moreover,  for  exam- 
ple,  spare  capacity  of  an  ATM-CM  for  a  first  access 
switch  can  be  used  for  providing  crossconnects  be- 
tween  a  plurality  of  other  access  switches,  i.e.,  it  can 
provide  the  functionality  of  one  of  the  blocks  600  of  FIG. 
1  1  .  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  ac- 
cess  switch,  an  ATM  inter-crossconnect  link  7  may  be 
provided  to  connect  two  crossconnects  without  perform- 
ing  cell  remapping  or  to  return  a  remapped  cell  to  an 
ATM  crossconnect;  such  connections  also  provide 
greater  reliability  in  case  of  ATM  linkfailures.  The  blocks 
of  FIG.  11  are  controlled  by  a  centralized  network  control 
system  (not  shown)  of  a  type  used  for  controlling  cross- 
connect  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  embod- 
iment,  the  inputs  are  switching  modules  which  are  con- 
nected  to  T-carrier  facilities  as  well  as  analog  trunks  and 
analog  or  digital  lines,  and  subscriber  loop  carrier  sys- 
tems.  The  outputs  of  the  switching  modules  are  5ESS 
switch  Network  Control  and  Timing  (NCT)  links,  each 
comprising  PCM  samples  for  a  multiplicity  of  telephone 
conversations.  Each  NCT  link  is  connected  to  one  AT- 
MU.  The  plurality  of  NCT  links  from  each  SM  are  con- 
nected  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  man- 

agement  module  (AMM)  1202  (FIG.  30)  for  recording 
and  controlling  the  virtual  connections  established  with- 
in  the  controlled  CCR.  Each  of  the  CCRs  4000  in  an  ac- 
cess  switch  1  (FIG.  11)  performs  a  cell  remapping  func- 

5  tion,  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  transmis- 
sion/crossconnect  network  10,  shown  in  FIG.  11,  byac- 

10  cess  links  6  which,  in  the  preferred  embodiment,  also 
use  SONET  to  carry  the  ATM  signals.  This  network 
switches  and  transmits  the  CCR  input/output  links  6  of 
the  access  switches  1,  directly  interconnecting  some, 
interconnecting  others  through  Transit  ATM  crosscon- 

15  nects  600. 
It  may  be  desirable  to  provision  some  virtual  circuits 

as  "2-link"  virtual  circuits,  each  "link"  representing  a 
complete  path  between  two  access  switches.  The  Real 
Time  Network  Routing  arrangement,  used  in  the  AT&T 

20  toll  network  and  described  in  U.  S.  Patent  No. 
5,101,451,  issued  March  31,  1992,  can  be  used  for  se- 
lecting  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  be- 

25  tween  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  stage  connection  in  the  terminology 

30  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  be- 
35  tween  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 

40  cells  of  an  ATM  stream  are  switched  to  one  of  a  plurality 
of  ATM  streams,  but  the  content  of  each  cell  is  kept  in- 
tact.  Since  PCM  signals  that  are  switched  back  to  the 
ATMU  or  from  one  ATMU  to  another  require,  in  the  pre- 
ferred  embodiment,  the  maintenance  of  the  E-bit,  the 

45  ATM  signals  passing  through  the  ATM-CM  maintain  the 
E-bit  signal  associated  with  each  PCM  sample,  includ- 
ing  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 

so  permanent  virtual  circuits.  Alternative  arrangements 
wherein  an  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  pack- 
55  etized  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  Unit  (TSIU)  517  of  that  SM  to  the  ATMU 
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540  where  it  is  converted  to  VBR  ATM  cells  and  trans- 
mitted  over  VBR  PVPs  to  an  ATM  Communication  Mod- 
ule  (ATM-CM)  550.  The  ATM-CM  has  as  its  inputs  and 
outputs  a  plurality  of  ATM  bit  streams,  and  has  the  ca- 
pability  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  ad- 
dition,  signaling  channels  are  treated  as  CBR  or  VBR 
channels  and  are  transported,  accordingly,  in  CBR  cell 
channels  or  single  channel  VBR  cells  of  the  type  de- 
scribed  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  infor- 
mation  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  chan- 
nel  (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  ac- 
tivate  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,  (treat- 
ing  the  connection  to  the  ATM-CM  as  the  input  and  the 
connection  to  the  SONET/ATM  signal  transmission  net- 
work  1  0  or  to  the  same  or  another  ATM-CM  as  the  out- 
put).  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  the  output  of  the  CCR.  Fur- 
ther,  since  the  outputs  of  the  CCR  go  to  the  ATM  trans- 
mission  network,  there  is  no  further  need  to  carry  along 
the  E-bit  associated  with  each  PCM  sample. 

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  technol- 
ogy  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 

5  input  and  output  data  streams.  Similarly,  and  especially 
in  view  of  the  limitation  on  capacity  imposed  on  the  AT- 
MU  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 

10  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,  pro- 
vided  the  single  output  has  as  many  cells  per  frame  as 

is  a  plurality  of  ATM  outputs  from  the  ATMU. 
For  an  intra-access  switch  call  (a  call  which  does 

not  invoive  the  use  of  the  CCR)  a  control  mechanism 
which  is  either  a  switching  module  processor  or  an  ad- 
ministrative  module  for  the  switch  selects  first  a  half- 

20  path  between  the  originating  switching  module  and  the 
ATM-CM  and  then  establishes  the  other  half-path  be- 
tween  the  ATM-CM  and  the  terminating  switching  mod- 
ule.  Usually,  the  path  through  the  ATM-CM  will  be  an 
activated  pre-provisioned  virtual  path  known  to  the  ad- 

25  ministrative  module  and  provided  to  whichever  proces- 
sors)  are  used  for  controlling  the  path  establishment  in 
the  SM  and  the  ATMU;  occasionally  a  new  pre-provi- 
sioned  virtual  path  must  be  activated,  deactivated,  or 
two  activated  paths  consolidated. 

30  An  interswitch  call  via  a  transit  crossconnect,  re- 
quires  the  use  of  a  CCR  for  each  half-path.  The  half- 
path  for  the  originating  end  is  provided  with  the  identifi- 
cation  of  a  circuit  group  cell  in  the  ATM-CM  that  con- 
nects  the  ATMU  with  the  selected  CCR  and  this  half- 

35  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  des- 
tination  CCR.  The  destination  CCR  must  be  informed  of 

40  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 
45  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)  control  the  termination  of  the  two  ends  of 
the  half  path.  For  an  intra-switch  call,  the  two  ends  of 

so  the  path  are  terminated  at  the  switching  modules,  and 
the  switch  module  processor  (SMP)  of  these  modules 
control  the  termination  of  the  path. 

Since  the  signals  interconnecting  the  SMs,  ATMUs, 
ATM-CM,  CCRs  and  transit  crossconnects  are  all  sig- 

55  nals  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  relatively  wide  area. 
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While  a  CCR  could  be  colocated  with  a  transit  crosscon- 
nect  instead  of  being  colocated  with  ATM-CM,  the  ar- 
rangement  in  the  preferred  embodiment  has  the  advan- 
tage  of  locating  the  CCR  near  its  source  of  control  infor- 
mation,  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  res- 
witching  is  required.  For  cases  in  which  there  is  relative- 
ly  little  traffic  between  two  regions,  a  single  ATM  facility 
to  a  single  transit  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  transmitted  to  another 
crossconnect  such  as  the  bottom  unit  600  in  FIG.  11  for 
connection  to  the  large  region  at  the  other  end  for  sub- 
sequent  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  with- 
out  changing  the  payload  contents  of  individual  cells,  i. 
e.,  PCM  samples  are  not  switched  from  one  cell  to  an- 
other.  The  CCR  can  move  PCM  samples  between  dif- 
ferent  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  switching  function  sim- 
ilar  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  sin- 
gle  transit  crossconnect;  therefore,  all  PCM  samples  in 
a  cell  generated  by  the  ATMU  have  as  a  common  des- 
tination  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 
having  the  switching  modules  or  systems  connected  to 
a  single  ATMU  as  their  common  destination.  Similarly, 
those  cells  which  are  switched  by  the  ATM-CM  to  a  CCR 
that  is  connected  directly  to  another  access  switch  with- 
out  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  input  to 
a  transit  crossconnect,  have  as  their  common  destina- 
tion  a  single  destination  CCR.  The  output  of  the  desti- 
nation  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  un- 
derstood  by  examining  the  contents  of  different  types  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  us- 

ing  single  destination  composite  cells  (SDCCs).  Times- 
lots  destined  for  other  access  switches  are  transported 
internally  within  an  access  switch  via  muitiple  destina- 
tion  composite  cells  (MDCCs).  In  the  particular  embod- 

5  iment  using  a  5ESS  switch,  only  42  PCM  samples  (time 
slots)  are  transmitted  in  each  SDCC  or  MDCC.  The  oth- 
er  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. 

10  For  SDCC  cells  transmitted  toward  another  SM  of  the 
same  5ESS  switch  as  the  transmitting  SM,  the  E-bit  is 
preserved  and  transmitted  back.  For  MDCC  cells  leav- 
ing  the  access  switch,  the  E-bits  and  CRC  are  stripped 
prior  to  generating  a  TDC  (Tandem  Destination  Cell)  cell 

is  comprising  48  PCM  samples. 
FIG.  13  is  a  block  diagram  showing  an  access 

switch  using  an  ATM-CM  for  providing  connectivity  be- 
tween  5ESS  Switch  Switching  Modules;  in  this  case  the 
switching  modules  are  used  for  providing  connectivity 

20  to  other  local  switches.  The  ATM-CM  provides  access 
via  the  CCRs  and  network  1  0  to  other  access  switches. 
When  the  ATM-CM  acts  as  a  crossconnect,  separate 
segregated  ATM  facilities  can  be  connected  to  other  lo- 
cal  switches  from  the  ATM-CM.  The  SM  in  FIG.  13  is 

25  either  a  Switching  Module  of  a  5ESS  switch  or  a  Switch- 
ing  Module-2000,  described  in  Document  015-372-101  , 
"5ESS-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  in- 

30  terface  between  a  5ESS  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 

35  E-bit  previously  described.  The  MDCC,  SDCC,  and  tan- 
dem  destination  cell  (TDC)  signals  shown  in  FIG.  13  are 
described  further  with  respect  to  FIGS.  14-17.  FIG.  13 
also  shows  a  composite  cell  remap  unit  (CCR)  for  form- 
ing  CCR  output  composite  cells  each  of  which  has  as  a 

40  destination  a  single  CCR  4000  (FIG.  42),  or  a  single  ac- 
cess  switch  1  connected  to  such  a  CCR,  but  each  such 
CCR  output  composite  cell  may  carry  channels  that  go 
to  different  ATMUs  of  a  destination  access  switch.  In  or- 
der  to  handle  the  special  problems  of  the  5ESS  switch, 

45  (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. 

Internal  to  the  switch,  composite  ATM  cells  are  al- 
so  ways  used,  but  in  interfacing  to  the  network  there  is  the 

option  of  using  either  composite  ATM  cells  or  conven- 
tional  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 

55  contains  48  samples  from  a  single  call. 
The  three  types  of  composite  cells  are: 

Single  Destination  Composite  Cell  (SDCC), 

13 
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Multiple  Destination  Composite  Cell  (MDCC), 
Tandem  Destination  Cell  (TDC). 

ATMU  to  ATMU  connectivity  uses  the  SDCC  format. 
Since  there  are  a  relatively  small  number  of  ATMUs  in 
a  switch  there  is  generally  a  lot  of  traffic  between  all  AT- 
MUs.  Thus,  paths  carrying  SDCC  represent  an  efficient 
use  of  bandwidth. 

FIG.  1  4  is  a  representation  of  the  SDCC  format.  The 
cell  destination  is  another  SM. 

A  maximum  of  42  simultaneous  calls  (and  their  as- 
sociated  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  nec- 
essarily  in  any  order  within  the  cell  since  time  slot  num- 
bers  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  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  would  still  have  to  use  a  path  capa- 
ble  of  carrying  42  channels  with  the  result  of  having 
many  empty  (unused)  slots  in  the  cell.  In  order  to  com- 
municate  more  efficiently  from  an  ATMU  to  the  Compos- 
ite  Cell  Remap  (CCR)  function,  time  slots  which  are  des- 
tined  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  Destina- 
tion  Composite  Cell  (MDCC).  FIG.  15  shows  the  cell 
structure.  The  MDCC  also  carries  42  voice  channels  in- 
stead  of  48  because  of  the  desirability  within  the  ATMU 
of  generating  a  single  output  format,  set  by  the  require- 
ments  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  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 
sparseiy  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  connectivity  between  CCRs.  These  TD- 
Cs  can  use  either  a  composite  cell  format  or  conven- 
tional  packet  cell  (48  samples  of  one  conversation  in  one 
packet)  format  as  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  ex- 
tracted  from  all  received  MDCCs  from  all  the  ATMUs  in 

the  access  switch  to  form  composite  single  CCR  desti- 
nation  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 

5  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  compos- 
ite  TDC  ATM  cell  even  if  the  switches  used  are  5ESS 

10  switches.  Some  DSO  positions  may  be  empty  depend- 
ing  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 

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

20  data. 

ATMU 

The  primary  purpose  of  the  ATMU  is  the  mapping 
25  of  single  byte  PCM  time  slots  into  53  byte  ATM  cells  as 

well  as  providing  the  inverse  function.  The  output  of  the 
ATMU  towards  the  ATM-CM  is  ATM  cells  and  toward  the 
SM  it  consists  of  single  byte  time  slots. 

FIG.  18  shows  the  mapping  between  NCT  PCM 
30  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 

35  choice  and  a  larger  or  smaller  CRC,  or  no  CRC,  could 
be  implemented,  as  could  other  functions  such  as  fram- 
ing  or  parity  information. 

CCR 
40 

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  switch- 
es  to  which  it  is  connected.  This  inefficiency  gets  geo- 

45  metrically  worse  with  increasing  numbers  of  ATMUs  in 
an  access  switch.  It  also  requires  an  Operation,  Admin- 
istration,  Maintenance  and  Provisioning  (OAMP)  update 
for  every  switch  whenever  an  ATMU  is  added  in  any 
switch.  In  the  preferred  embodiment,  ATMUs  send  ATM 

so  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. 

55  The  primary  functions  of  CCRs  are: 

1  .  An  operation  must  be  performed  which  "remaps" 
internal  composite  cells  into  external  cells.  This 

14 
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remapping  is  done  by  the  CCR. 
2.  For  a  5ESS  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  func- 
tions  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  proc- 
ess  occurs.  In  this  case,  DSOs  from  the  TDCs  are 
mapped  by  the  CCR  into  MDCCs  that  are  internally 
switched  by  the  ATM-CM  to  the  proper  terminating  AT- 
MU.  As  previously  discussed  with  respect  to  FIG.  11, 
CCRs  are  interconnected  primarily  via  transit  crosscon- 
nects. 

The  foregoing  composite  cell  discussion  outlined 
the  mechanism  by  which  DSOs  are  transported  between 
two  ATM-CM  offices.  The  signaling  procedures  work  in 
concert  with  the  composite  cell  hardware  to  negotiate 
and  set  up  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,  whenev- 
er  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.  Channels  are  seized  on  active  virtual  paths  having 
an  available  channel.  For  MDCCs,  which  connect  AT- 
MUs  and  CCRs,  the  assignment  of  a  channel  is  per- 
formed  not  when  the  virtual  path  is  activated  but  when 
the  particular  communication  is  requested.  Any  activat- 
ed  MDCC  and  TDC,  interconnecting  source  and  desti- 
nation,  with  at  ieast  one  available  channel  can  be  as- 
signed.  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  blockdiagram  of  a  call  be- 
tween  an  originating  and  terminating  access  switch, 
showing  signaling  and  virtual  paths  and  channels. 

In  the  figure,  the  following  functional  entities  and  as- 
sociations  are  indicated: 

SM:  terminates  N-ISUP  (Narrow  Band  ISUP)  sign- 
aling  and  T1  from  Local  Exchange  Carrier  (LEC) 
switch,  and  provides  mapping  between  LEC  DSO 
and  a  timeslot  to  the  ATMU, 
ATMU:  provides  mapping  between  SM  timeslots 
and  SDCC/MDCC  ATM  paths  and  DSO  byte  loca- 
tion  in  the  selected  cell  of  the  virtual  path. 
ATM-CM:  provides  mapping  from  its  incoming  port, 
Virtual  Path  Identifier  (VPI),  and  Virtual  Circuit  Iden- 
tifier  (VCI)  to  its  outgoing  port,  VPI,  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. 

5  -  CCR:  provides  mapping  between  MDCC  and  TDC 
ATM  paths  and  DSO  byte  locations. 
BB-CP:  establishes  TDC  ATM  path  and  DSO  byte 
location  between  two  ATM-CM  offices.  The  Initial 
Address  Message  (IAM)  message  carried  on  the 

10  Signaling  System  (Number)  7  (SS7)  signaling  virtu- 
al  path  contains  the  VPI,  VCI  and  byte  location  in 
the  cell. 

Since  composite  cells  are  used  inter-switch,  an  ad- 
15  ditional  parameter  must  be  included  in  the  signaling 

message  to  the  far-end  ATM-CM  office.  This  additional 
parameter  identifies  the  composite  cell  byte  position  of 
the  DSO  associated  with  the  call.  This  additional  param- 
eter  is  identified  as  CCB  (Composite  Cell  Byte)  in  the 

20  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  destination  access  switches 
and  the  transit  crossconnect.  (The  term  "virtual  circuit" 

25  as  used  herein  refers  to  a  single  channel  and  is  thus 
equivalent  to  a  "virtual  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 

30  switch  call,  no  CCR  and  no  transit  crossconnect  is  in- 
volved  so  that  the  on  ly  permanent  virtual  paths  are  those 
into  and  out  of  the  ATM-CM.  Thus,  when  there  is  a  re- 
quest  to  establish  a  path,  the  source  access  switch  finds 
a  permanent  virtual  path  interconnecting  the  appropri- 

35  ate  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 

40  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  con- 
nected  to  the  source  PCM  channel  and  the  ATMU  con- 

45  nected  to  the  destination  PCM  channel.  These  two  AT- 
MUs  (which  may  be  the  same  ATMU)  are  then  directed 
to  establish  a  connection  between  the  source  or  desti- 
nation  PCM  channel  and  the  selected  PVP  of  the  ATM- 
CM. 

so  The  permanent  virtual  circuits  in  this  preferred  em- 
bodiment  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. 

55  When  a  particular  communication  is  assigned  to  a  par- 
ticular  PVP  carrying  composite  cells,  it  is  assigned  to 
corresponding  positions  within  the  cell  for  the  two  uni- 
directional  PVPs  that  compose  the  bidirectional  PVP. 

15 
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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  merely  requires  that  the 
active  memory  of  the  switch  or  crossconnect  contains 
that  PVP  but  does  not  in  itself  require  the  use  of  addi- 
tional  resources,  the  additional  resources  being  utilized 
only  when  cells  for  that  PVP  are  actually  being  transmit- 
ted. 

FIG.  21  shows  a  signaling  network  overview  (omit- 
ting  the  ATMUs  for  simplicity)  of  an  ATM  network  using 
the  ATM-CM  units.  In  this  network  architecture,  the  Lo- 
cal  Exchange  Carrier  (LEC)  switches  communicate  with 
the  access  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  DSO  samples 
into  composite  cells  wh  ich  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  other  designated  access 
switches.  A  simpler,  less  expensive  alternate  route  is  es- 
tablished  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  inte- 
grated  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  sup- 
ported  off  the  host  ATM-CM. 
The  full  complement  of  existing  narrowband  inter- 
faces,  signaling  protocols,  and  features  are  sup- 
ported  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  ATMUs  for  intra-switch  narrowband 
calls). 
Broadband  ISUP  is  the  signaling  protocol  used  be- 
tween  switches. 
E-bits  are  transported  over  the  NCT  links,  and 
mapped  into  the  composite  cell  segment  by  the  AT- 
MU.  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  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  soft- 
ware  in  the  SM  is  not  affected  by  the  introduction  of 

5  the  ATM-CM.  This  means  that  it  should  be  transpar- 
ent  to  the  one  SM  in  the  connection  that  there  is  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 

10  the  SM  to  recognize  the  loss  of  continuity  to  the  far 
end.  No  E-bits  are  transported  in  the  cells  between 
CCRs. 

The  functional  distribution  among  the  components 
is  is  as  follows: 

The  AM  provides  support  (pumping,  initialization 
control,  etc.)  for  the  ATM-CM,  the  SMs,  the  ATM 
Packet  Handler  (APH),  and  the  CCRs  in  the  switch. 

20  In  addition,  the  AM  performs  call  processing  func- 
tions  similar  to  a  standalone  narrowband  switch, 
such  as  trunk  hunting  and  NCT  timeslot  selection. 
The  AM  provides  information  to  the  ATM-CM  nec- 
essary  for  per-call  path  setup  when  a  narrowband 

25  termination  is  involved  in  the  call. 

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. 

30  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-CM. 

35 
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  sub- 

40  scriber  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 

45  and  performs  the  termination  of  the  ATM  and  ATM 
Adaptation  Layer  (AAL)  layers,  for  both  the  Net- 
work-Node  Interface  (NNI)  and  the  User-Network 
Interface  (UNI). 
The  BB-AP  handles  all  OAMP  activities  related  to 

so  the  broadband  components  of  the  switch.  This  in- 
cludes  integrity  and  recovery  of  the  BB-CP,  BB-SP, 
and  Remote  ASUs. 
The  Terminal  Server  supports  asynchronous  termi- 
nals  and  interface  access  units  for  broadband  Op- 

55  erations  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 
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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  re- 
covery  of  the  ATMUs. 
The  CCR  remaps  internal  composite  cells  to  stand- 
ard  external  ATM  cells.  The  external  cell  to  compos- 
ite  cell/byte  mapping  tables  in  the  CCR  are  main- 
tained  by  the  ATM-CM.  It  is  also  possible  to  carry 
out  the  function  in  units  associated  with  the  CCR 
echo  canceling. 
The  ATMU,  as  described  earlier,  provides  conver- 
sion  between  NCT  timeslots  and  ATM  composite 
cells.  The  timeslot  to  composite  cell/byte  mapping 
tables  in  the  ATMU  are  maintained  by  the  ATM-CM. 
The  RASU  (Remote  ATM  Switching  Unit)  is  an  op- 
tional  unit  comprised  of  an  ASU-2000  fabric,  of  the 
type  used  in  the  ATM-CM  remoted  over  an  ATM  fa- 
cility. 
The  SM-2000  or  other  SM  provide  all  the  narrow- 
band  call  control,  supplementary  services  and  fea- 
tures,  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.  Forthe  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 
functions,  and  provides  a  communication  mecha- 
nism  for  accessing  units  in  the  system  which  are 
remoted  over  ATM,  such  as  the  RASU.  In  the  pre- 
ferred  embodiment,  ATMUs  and  CCRs  receive  con- 
trol  information  over  control  links  541  and  551,  re- 
spectively  (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  mes- 
sages  over  control  time  slots  of  the  NCT  links  con- 
necting  these  units  to  a  message  switch. 

Detailed  Description 

FIG.  23  is  a  block  diagram  of  an  access  switch  1. 
The  5ESS®  switch,  manufactured  by  AT&T,  and  exten- 
sively  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  in- 
cludes  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  cir- 
cuit  and  packet  switching  units,  such  a  module  is  de- 

scribed  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  switch- 

5  ing  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  arriving 

10  at  the  digital  interface  also  contain  packet  switched  sig- 
nals  (for  example,  signals  from  the  D-channels  of  Inte- 
grated  Services  Digital  Network  (ISDN)  sources)  a 
packet  switching  unit  51  9  is  also  provided.  The  outputs 
of  this  packet  switching  unit  are  sent  to  the  time  slot  in- 

15  terchange  unit  for  further  switching  onto  output  digital 
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  out- 
puts  of  the  switching  module  510  are  a  group  of  network 

20  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  located.  A  subgroup  of  these  20  links 
is  then  terminated  in  an  Asynchronous  Transfer  Mode 

25  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  com- 

30  mon  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  carry  out  common  functions  for  a  plurality  of 
switching  modules  connected  to  a  particular  ATM-CM 

35  550.  The  ATM-CM  is  also  used  to  switch  signals  be- 
tween  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. 

40  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 

45  the  ATM-CM,  these  facilities  can  be  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  compos- 
ite  CBR  cells  that  carry  voice  traffic  are  not  delayed  or 

so  lost,  the  CBR  cells  are  given  high  priority.  They  are  sent 
on  facilities  that  are  selected  to  have  sufficient  band- 
width  to  support  their  transport,  and  buffering  is  always 
able  to  accommodate  these  cells.  Simulations  have 
demonstrated  that  the  probability  of  a  queuing  delay 

55  across  an  ATM-CM  in  excess  of  50  u.s  for  a  CBR  cell, 
even  when  facilities  are  fully  loaded,  is  less  that  1  x 
10"11  .  Narrowband  VBR  signaling  and  other  priority 
cells  are  guaranteed  transport  via  margins  of  bandwidth 

17 



33 EP  0  736  239  B1 34 

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.  Broad- 
band  connections  use  separate  facilities  coming  directly 
into  the  ATM-CM.  These  broadband  signals  use  differ- 
ent  buffers  in  the  ATM-CM  that  are  separate  from  the 
narrowband  CBR  and  VBR  buffers. 

The  ATM-CM  is  connectable  via  CCRs  to  a  transit 
network  10,  and  is  also  used  to  interconnect  a  group  of 
ATMUs  and  their  connected  SMs  to  form  a  single  giant 
switching  system  or  switching  system  cluster,  the  giant 
system  or  cluster  being  connected  to  other  switching 
systems  via  a  network  connected  to  the  SMs.  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  AT- 
MUs  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. 

The  block  diagram  of  FIG.  23  is  a  specific  embodi- 
ment  of  the  invention  based  upon  the  5ESS  switch  ar- 
chitecture.  The  Asynchronous  Transfer  Mode  Interface 
Unit  (ATMU)  provides  the  interface  between  a  switching 
module  and  the  ATM-CM.  The  ATM-CM  acts  as  a  com- 
bination  communication  module  for  interconnecting 
connected  switching  modules  and  as  an  ATM  crosscon- 
nect  for  connection  via  ATM  links  to  other  ATM-CMs. 
The  5ESS  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  over- 
head.  The  ATMU  provides  the  conversion  between  the 
single  segment  time  slots  and  the  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  Syn- 
chronous  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  pre- 
ferred  embodiment,  the  ATMU  is  part  of  a  physical  unit 
containing  the  ATM-CM,  there  is  no  need  to  provide  ei- 
ther  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  com- 
munications  module  of  the  prior  art  5ESS  system.  In  this 
preferred  embodiment,  the  switch  module  (SM)  is  an 
SM-2000,  previously  referred  to,  larger  than  that  de- 
scribed  in  the  AT&T  Technical  Journal  reference  to  take 

advantage  of  the  higher  speed  circuitry  available  today. 
The  dimensions  of  the  SM  are  discussed  below,  as  ap- 
propriate.  While  in  this  embodiment  the  ATM-CM  inter- 
faces  via  the  ATMU  with  switching  modules  of  one 

5  switching  system,  it  can  equally  readily  interface  with 
one  or  more  stand-alone  switching  systems. 

Although  not  currently  planned  for  the  preferred  em- 
bodiment,  the  ATM-CM  also  could  provide  SM  message 
routing  to  both  the  Administration  Module  (AM)  (of  the 

10  5ESS  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  5ESS  Switch 
Module  to  a  format  suitable  for  routing  across  the  ATM- 

15  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  restart  of  an  SM  if  a  situation 
arises  that  requires  a  reset. 

20  Signaling  System  7  (SS7)  messages  are  handled 
by  virtual  paths  of  the  transit  network  1  0,  thus  providing 
switch  to  switch  messaging  without  the  need  for  an  in- 
tervening  STP  for  routing  messages.  (An  STP,  at  least 
initially,  is  still  desirable  for  use  in  accessing  data  bases, 

25  by  providing  data  base  access  to  the  signal  transmission 
network  10.)  The  ATMU  implements  this  function  by  as- 
sembling  packets  into  ATM  cells,  associating  a  virtual 
path  with  each  switch  SS7  Point  Code  and  then  trans- 
ferring  the  cells  to  the  toll  ATM  network  over  the  desig- 

30  nated  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 

35  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  con- 
troller  and  the  AM.  In  the  event  that  the  ATMU  is  closely 
associated  with  the  ATM-CM,  control  signals  are  sent 

40  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  mainte- 
nance  control  and  circuit  control  of  the  AM.  The  AM  acts 
as  the  ultimate  maintenance  master  for  the  the  ATM- 

45  CM.  In  this  embodiment,  the  ATM-CM  serves  only  as  an 
ATM  crossconnect,  and  provides  no  processing  for  ei- 
ther  video  broadcast,  frame  relay,  or  Switched  Megabit 
Data  Switch  (SMDS).  Alternatively,  the  ATM-CM  can  be 
directly  controlled  to  accept  ATM  inputs  and  to  switch 

so  such  inputs  to  a  desired  destination.  This  arrangement 
is  useful,  for  example,  for  switching  such  broadband  sig- 
nals  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  proc- 

55  essor  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 
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adequate  bandwidth  for  sending  and  receiving  such  da- 
ta  before  making  a  request  for  a  connection  through  an 
ATM-CM.  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  51  7  of  one  or  more  switching  mod- 
ules  510.  The  outputs  are  to  the  common  broadband 
platform  (ATM-CM)  550.  The  ATMU  is  considered  an  in- 
gress  and  egress  node  of  the  overall  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  lead- 
ing  to  cell  wide  buffer  620  (CWB).  Cell  wide  buffer  stores 
9  bit  segments,  each  segment  comprising  an  8-bit  PCM 
sample  and  one  E-bit  for  the  associated  channel.  Each 
NCT  link  carries  512  1  6-bit  time  slots  every  1  25  u.s.  The 
1  6  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  in- 
cludes  42  separate  segment-organized  memories 
whose  outputs  can  then  be  used  in  parallel  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  ap- 
propriate  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  out- 
put  of  each  of  these  shift  registers  goes  via  one  of  the 
CBFi/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  ATM  crossconnect  switch,  hav- 
ing,  in  this  case,  ATM/SONET  inputs  and  outputs.  The 
treatment  of  VBR  cells  is  discussed  further  below.  De- 
tails  of  the  treatment  of  packets  for  VBR  cells  are  pro- 
vided  in  the  descriptions  of  FIGS.  28  and  29. 

The  number  of  NCT  links  which  can  be  terminated 
on  one  space  switch  is  limited  by  the  speed  of  the  CWB 
memories  and  the  Cell  List  Processor  (CLP).  If  several 
SMs  are  terminated  on  one  ATMU  it  is  desirable  to  max- 
imize  the  quantity;  in  the  preferred  embodiment  24  NCT 
links  are  used,  but  a  larger  number,  such  as  60,  appears 
feasible  with  present  technology. 

FIG.  25  illustrates  the  space  switch  610.  42  selec- 
tors  701,...,702,  each  controlled  by  a  control  memory 
703,...,704  are  used  to  switch  the  outputs  of  the  incom- 
ing  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  71  1  ,  is  used  to  steer  (pack- 
etized)  variable  bit  rate  data  including  signaling  and  oth- 
er  messages  to  Message  Layer  Device  670  (MLD)  (FIG. 

5  1  3).  The  MLD  converts  messages  into  ATM  cells  which 
are  transmitted  by  the  cell  list  processor  630  a  CBRA/BR 
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  u.s. 

10  FIG.  26  illustrates  the  cell  wide  buffer  620.  It  com- 
prises  42  9-bit  wide  memories,  621,  622,  ...,623  each 
comprising  a  9-bit  by  N  buffer  801  and  a  control  memory 
802,  where  N  represents  the  depth  (i.e.,  number  of  cells 
that  can  be  stored)  of  the  buffer.  In  accordance  with  well- 

's  known  principles  of  the  prior  art,  in  order  to  preserve 
frame  integrity,  the  transmit  cell  wide  buffer  is  a  duplex 
buffer,  one  part  being  loaded  while  the  other  is  unload- 
ed;  the  receive  cell  wide  buffer  is  triplex  to  solve  jitter 
and  frame  integrity  problems.  The  control  memory 

20  steers  bytes  from  the  incoming  NCT  bus  to  the  appro- 
priate  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 

25  CWB  is  arranged  to  insert  and  to  detect  the  presence  of 
the  code  under  the  control  of  the  ATMU  CC.  Alternative- 
ly,  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) 
30  630,  Facility  Shift  Register  (FSR)  651  ,  and  Line  Proces- 

sor  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  addition,  the  CLP  outputs  the  5  byte  header  into 

35  the  SR  at  the  same  time.  Thus  af  ull  53  byte  cell  is  loaded 
into  the  SR.  The  cell  is  now  shifted  into  the  LPU  661  via 
CBR/VBR  selector  663.  The  LPU  661  transmits  the  cell 
onto  the  SONET  facility  to  the  ATM-CM. 

FIG.  28  shows  the  Message  Layer  Device  620.  The 
40  MLD  620  receives  messages  on  NCT  time  slots  from 

the  Space  Switch  610  into  Interworking  Units 
1  020,  1  022,  ...,  1  024.  These  messages  could  be  inter-SM 
messages,  SS7  messages,  or  user  generated  messag- 
es  such  as  CCITT  X.25  messages.  The  Inter-Working 

45  Units  (I  WUs  )  determine  the  correct  pre-provisional  ATM 
Virtual  Circuits  identifier,  and  segments  the  message  in- 
to  ATM  cells  per  CCITT  specifications  using  the  deter- 
mined  VC  identifier  and  other  header  fields  as  described 
by  CCITT  ATM  Adaptation  Layer  specifications.  These 

so  cells  are  subsequently  shifted  out  of  the  Interworking 
Unit  into  the  CBR/VBR  selector  and  LPU  661  shown  in 
FIG.  16,  under  the  control  of  the  CLP.  In  the  preferred 
embodiment,  the  outputs  are  joined  and  sent  to  one  or 
more  of  the  CBR/VBR  selectors. 

55  FIG.  29  shows  an  Interworking  Unit  1020.  NCT  time 
slots  are  connected  via  the  selector  1  1  1  0  to  the  data  link 
controller  1120.  A  Data  Link  Controller  1120  processes 
bit  level  protocol  that  includes  flags,  bit  insertion,  and 
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CRC.  A  second  controller  1140  processes  SS7  or  link 
access  protocol  within  the  messages.  A  processor  1  1  30 
determines  the  Virtual  path  to  be  used  for  the  message, 
and  commands  the  ATM  Adaptation  Layer  (AAL)  Proc- 
essor  1  1  60  to  segment  the  message  into  ATM  cells.  The 
ATM  cells  are  placed,  under  the  control  of  ATM  Adapta- 
tion  Layer  Processor  (AALP)  1160,  into  the  Cell  Buffer 
1  1  70  (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  125  us  frame).  The  cell  buffer  may  have  to  be  sev- 
eral  cells  deep  to  take  care  of  VBR  cell  bunching  from 
the  ATM-CM. 

The  AM  serves  to  support  the  entire  5ESS  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  architec- 
ture  as  comprising  the  following  components: 

ATM  Management  Module  (AMM)  including  directly 
connected  terminal.  This  is  an  adjunct  fault  tolerant 
processor  that  connects  to  the  existing  5ESS  switch 
AM,  and  serves  to  provided  added  processing 
throughput  for  new  ATM-CM  and  ATMU  capabili- 
ties. 
Ethernet®  Bus  to  interconnect  AM/AMM  with 
Graphical  User  Interface  (GUI),  ATM  Packet  Han- 
dler  (APH),  and  ATM-CM. 
Small  Computer  System  Interface  (SCSI,  an  indus- 
try  standard)  peripherals  for  disk,  tape,  and  Com- 
pact  Disk  Read  Only  Memory  (CD  ROM)  on-line 
documentation:  These  augment  the  existing  AM 
non-volatile  peripherals. 
GUI  workstation  terminals  that  supports  existing 
5ESS  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  AT- 
MU  MLDs.  To  communicate  with  SMs,  the  AM/AMM 
sends  messages  via  Ethernet  to  the  APH  which  per- 
forms  the  message  to  cell  conversion  and  transmit- 
tal  to  ATM-CM  over  SONET. 

The  GUI  and  non-volatile  memory  are  commercial  com- 
ponents  whose  control  resides  in  AMM  software.  The 
design  of  the  AMM  and  APH  components  are  expanded 
in  Section  5  of  the  Detailed  Description. 

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 
1  200)  and  determines  (test  1  202)  if  there  are  any  avail- 
able  circuits  (channels)  on  direct  active  virtual  CBR 

paths  to  the  destination  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 

5  a  circuit  has  been  established  on  a  particular  slot  of  a 
particular  active  CBR  PVP. 

If  no  available  circuits  on  direct  active  CBR  PVPs 
are  found  in  test  1202,  then  test  1208  is  used  to  deter- 
mine  if  there  are  any  available  circuits  on  alternate  ac- 

10  tive  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 

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 
1  21  2).  This  request  is  sent  to  the  administration  module 

20  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,  in  the  case  of  a  success  indication,  the 
identity  of  the  allocated  virtual  circuit.  Test  1  21  4  is  used 

25  to  determine  that  success  or  failure.  If  the  allocation  re- 
quest  has  been  successfully  responded  to  (positive  out- 
put  of  test  1214),  then  test  1  202  is  reentered  in  order  to 
perform  the  process  of  selecting  an  available  circuit.  If 
the  allocation  process  was  unsuccessful  (negative  out- 

30  put  of  test  1214)  then  an  all  paths  busy  treatment  is  giv- 
en  to  the  call  for  which  the  path  request  was  originally 
received  in  block  1200. 

It  is  assumed  in  this  discussion  that  the  controlling 
processor,  such  as  the  switching  module  processor 

35  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  virtual  path.  It  is,  of  course,  also  possible  to  maintain 
this  information  elsewhere  such  as  in  the  administrative 

40  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  chan- 
nels  but  such  an  arrangement,  while  it  allows  for  more 
efficient  use  of  the  virtual  channels,  requires  negotiation 

45  between  the  two  endpoints  in  order  to  prevent  "glare"  (i. 
e.,  a  situation  wherein  the  same  channel  is  seized  con- 
currently  by  the  two  end  nodes  connected  to  the  chan- 
nel). 

FIG.  32  describes  the  process  of  activating  a  virtual 
so  CBR  path,  or  for  a  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,  virtual  CBR  paths  are  provisioned  to 
handle  the  peak  traffic  between  any  pair  of  nodes.  Vir- 

55  tual  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  car- 
rying  the  virtual  CBR  paths  are  not  overloaded  and  that 
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no  defective  physical  ATM  facilities  are  used  to  carry 
traffic.  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  activat- 
ing  additional  virtual  CBR  paths  is  analogous  to  the  s 
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  trans- 
mission  facilities,  in  this  case,  SONET/ATM  facilities.  10 
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  15 
traffic  in  one  direction  and  another  portion  of  whose 
channels  are  used  for  outgoing  traffic  in  the  other  direc- 
tion.  Such  split  groups  are  especially  efficient  for  use  in 
carrying  traffic  between  two  nodes  for  which  the  level  of 
traffic  is  relatively  low.  Another  difference  is  that  more  20 
links  may  be  required  for  alternate  routed  traffic  so  that 
the  load  of  several  links  may  have  to  be  considered  in 
selecting  an  alternate  route  PVP  for  activation.  A  third 
difference  is  that  PVPs  using  an  intermediate  CCR,  as 
shown  in  the  middle  CCR  of  FIG.  4  and  of  FIG.  11,  can  25 
be  used  as  alternate  routes,  equivalent  to  "2-link  routes" 
of  the  cited  patent;  such  alternate  routes  are  relatively 
inexpensive  since  they  do  not  require  traversal  of  an  in- 
termediate  access  switch. 

An  administrative  module  receives  an  allocate  re-  30 
quest  from  a  switching  module  processor  511  (action 
block  1  300).  The  administrative  module  first  determines 
(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  35 
are  currently  busy  in  each  direction  and  checks  if  there 
is  adequate  margin  in  the  split  group  to  allow  for  an  ad- 
ditional  few  channels  to  be  allocated  in  the  direction  as- 
sociated  with  the  allocate  request.  The  channels  of  split 
groups  are  arranged  so  that  the  first  n  channels  are  40 
hunted  in  one  direction  and  the  remainder  in  the  other 
direction  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  45 
large  to  allow  for  a  movement  of  the  division  point  (pos- 
itive  result  of  test  1304)  then  the  split  point  is  moved 
(block  1  306)  and  the  two  end  nodes  are  so  informed  (ac- 
tion  block  1308).  The  requesting  node  is  informed  of  a 
success  in  response  to  the  allocate  request  and  when  so 
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  al- 
ternative  of  checking  for  available  additional  PVPs  first, 
is  more  optimum.  55 

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  conges- 
tion  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  1  324  is  tried;  if  no 
congestion  is  caused,  that  path  is  activated  (action  block 
1  322)  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  principles  of 
real  time  network  routing  are  used  by  preferably  select- 
ing  available  alternate  virtual  CBR  paths  that  use  rela- 
tively  lightly  or  less  heavily  loaded  ATM  facilities.  In  mak- 
ing  the  determination  of  which  facilities  are  less  heavily 
loaded,  since  two  link  circuits  are  preferred  over  3-link 
circuits,  the  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  des- 
tination  switching  module  to  report  on  the  loading  of  its 
ATM  circuits.  Since  each  activation  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  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  fa- 
cilities.  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  provi- 
sioned  PVPs  have  a  predetermined  path  traversing  two 
end  nodes  and  a  variable  number  of  intermediate 
nodes.  Alternatively,  switched  virtual  paths  could  be  pro- 
vided  having  a  variable  path  selected  at  activate  time. 

If  no  available  alternate  CBR  virtual  paths  are  avail- 
able  for  assignment,  then  the  allocate  system  returns  a 
failure  indication  to  the  requesting  SMP  (action  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  1  330)  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  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  DSOs 
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  utilized  cells 
that  carry  the  DSOs.  The  PVP  for  composite  cells  which 
no  longer  have  active  DSOs  can  then  be  made  inactive, 
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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.  s 

In  the  discussion  that  follows  the  composite  cells 
being  consolidated  will  be  discussed  as  being  between 
ATMUs,  and  the  processing  of  consolidation  is  per- 
formed  by  the  ATM-CM  controller.  Alternatively,  it  is  also 
possible  for  the  AM  or  SM  processor  (SMP)  to  control  10 
the  consolidation  of  composite  cells  instead  of  the  ATM- 
CM.  However,  the  processing  would  be  the  same  in  ei- 
ther  case,  only  the  identity  of  the  processor  would  be 
different. 

To  perform  consolidation,  processors  continually  15 
check  active  composite  cells  for  a  partial  fill  condition 
which  is  defined  to  be  N  composite  cells  to  the  same 
destination  such  that  the  total  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  20 
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  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  25 
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,  or,  in  the  case  of  split  traffic  cells,  a  node 
selected  arbitrarily.  When  the  controlling  processor  de-  30 
termines  that  a  partial  fill  condition  exists,  it  communi- 
cates  a  request  to  the  destination  node  to  consolidate 
the  N  composite  cells.  The  request  contains: 

In  this  embodiment,  DSOs  of  the  consolidated  compos- 
ite  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  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  com- 
posite  cell  while  another  PVP  is  being  eliminated.  This 
unlikely  occurrence  is  in  accordance  with  the  invention 
since  eventually  excessive  PVPs  are  eliminated. 

In  order  to  consolidate,  newly  arriving  DSO  signals 
for  the  cell  to  be  eliminated  are  sent  into  both  the  con- 
solidated  cell  and  the  cell  to  be  eliminated.  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  locations. 

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  reception  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  loca- 
tions  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  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  trans- 
ferred  into  the  same  channel  in  another  cell;  during  the 
period  of  transition,  this  cell  would  be  written  into  the 
same  channel  position  of  two  buffer  locations.  This  prob- 
lem  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  re- 
leased  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  con- 
trolling  node. 

A  flow  chart  for  implementing  the  consolidation 
process  is  shown  in  FIG.  33.  At  some  point,  the  consol- 
idation  process  is  started  by  the  processor  which  con- 
trols  allocation  of  permanent  virtual  paths  (action  block 
1  400).  A  test  is  made  to  determine  the  existence  of  par- 
tial  fill  permanent  virtual  paths  (test  1402).  This  test  is 
performed  by  checking  to  see  if  there  are  N  PVPs  with 
a  common  source  and  destination  node  which  in  com- 
bination  carry  less  traffic  than  can  be  carried  by  N-1 
PVPs.  Since  there  is  normally  an  order  to  the  search  for 
PVPs  to  a  particular  destination,  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  partial  fill  condi- 

The  identity  of  the  N  composite  cells  (e.g.,  via  the  35 
Virtual  Path  Identifier).  N-1  cells  are  the  consolidat- 
ed  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  elim- 
inated  to  the  consolidated  cells.  40 

45 
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tion  does  not  exist  (negative  result  of  test  1  402),  a  check 
is  made  to  see  if  the  process  is  complete  (test  1  404)  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  partial  fill  condition.  (In  general,  it  is  ex- 
pected  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  outgo- 
ing  channels  from  one  direction  and  after  these  chan- 
nels  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  that  is  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  PVP)  consoli- 
dates  channels  from  a  cell  to  be  eliminated  into  the  tar- 
get  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  oc- 
cupied  by  the  channels  from  the  PVP  which  is  to  be  de- 
activated  (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  (action  block  1414).  The  outgoing  side  node  then 
waits  to  receive  a  positive  acknowledgment  message 
from  the  incoming  traffic  node  (action  1416).  In  re- 
sponse  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  1  41  8,  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  Transfer  Mode  Unit  (ATMU)  that  is  used 
to  perform  the  following  two  general  functions  and  their 
reverse: 

Conversion  of  DSO  Transport  to  ATM  Composite 
Cells 
Conversion  of  Variable  Length  Data  Messages  to 
ATM  Cells 

This  overview  focuses  on  DSO  flow  from  the  5ESS 
switch  to  the  ATM  network  (CBR  traffic). 

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 

5  links.  These  links  terminate  on  an  array  of  cell  memory 
devices,  called  the  Cell  Wide  Buffer  (CWB)  in  FIG.  24, 
that  store  the  42  DSO  PCM  samples  and  E-bits  of  a  com- 
posite  cell.  Thus,  the  space  switch  serves  to  route  time 
slots  (DSOs)  to  the  correct  composite  byte  location  on 

10  the  input  of  the  CWB. 

Cell  Wide  Buffer 

The  function  of  the  Cell  Wide  Buffer  (CWB)  is  to  as- 
15  semble  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  (a  segment,  as  used 

20  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 

25  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 

30  the  control  memory  for  each  segment  memory  is  inde- 
pendent,  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  can  be  stored  in  different  virtual 

35  path  memory  locations  in  their  respective  buffer  memo- 
ries  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  DSO  on  an  NCT 
link  is  not  active  i.e.,  not  presently  in  use  for  a  any  call. 

40 
Cell  List  Processor 

During  every  1  25  us  interval  all  active  DSOs  are  writ- 
ten  into  the  assigned  byte  locations  of  their  selected  vir- 

45  tual  path  cell.  Composite  cells  are  read  from  the  cell 
wide  buffer  every  125  us  under  control  of  the  Cell  List 
Processor  (CLP)  630,  shown  in  FIG.  24.  The  CLP  has 
a  list  of  active  composite  cells  that  are  stored  in  a  linked 
list.  The  linked  list  stores  the  ATM  virtual  path  address 

so  header  bits,  and  the  CWB  address  that  holds  the  virtual 
path's  composite  cell.  The  CLP  list  only  stores  the  virtual 
paths  for  which  active  DSOs  exist.  The  CLP  traverses 
the  list  once  every  125  us,  thereby  causing  each  com- 
posite  cell  to  be  transmitted.  After  the  CBR  cells  are 

55  transmitted,  the  CLP  reads  VBR  cells  (if  any  are 
queued)  from  the  Message  Layer  Device  (MLD)  670  to 
use  up  spare  time  in  the  125  us  interval,  as  illustrated 
in  FIG.  8. 
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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  conver- 
sion  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  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  mod- 
ule  processor  (SMP)  511  of  the  5ESS  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  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  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  pro- 
vided  with  the  mapping  of  the  time  slots  to  virtual  paths 
and  allocation  of  byte  positions  within  the  ATM  cell.  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 
ATMU  design,  the  ATMU  can  support  more  than  one 
SONET  facility,  and  so  each  ATM  cell  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-Working  Units  (IWU)  1020,1022,...,1024 
(FIG.  17)  of  the  MLD  are  provided  with  the  provisioned 
virtual  path  destination  addresses  also.  The  ATMU  CC 
provides  the  maintenance  control  of  the  ATMU.  Mainte- 
nance  messages  for  the  ATMU  CC  itself  such  as  initial- 
ization  of  the  ATMU  CC  are  received  over  the  dedicated 
control  bus  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  re- 
ceives  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  5ESS  switch  via  interprocessor  packets. 

Message  Interworking 
5 

The  ATMU  provides  the  following  message  based 
communication  services  for  the  5ESS  switch: 

SM  to  SM,  and  SM  to  AM  via  interprocessor  packets 
10  -  SS7  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 

is  length  5ESS  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  In- 
ter-Working  Units  (IWU),  the  5ESS  switch  messaging 

20  IWU,  the  SS7  IWU  whose  function  is  to  reconstitute 
messages  from  the  SMP,  and  the  inter-PSU  IWU  for 
handling  user  to  user  data  messages.  The  function  of 
these  units  is  to: 

25  -  Accept  messages  carried  from  the  space  switch 
Associate  a  virtual  path  that  connects  to  the  desti- 
nation  identified  in  the  message's  header 
Perform  ATM  segmentation  and  reassembly 
Shift  data,  when  instructed  by  the  CLP. 

30 
The  handling  of  SS7  is  slightly  different  than  5ESS 
switch  interprocessor  messages.  For  5ESS  switch  inter- 
processor  messages,  the  frame  is  relayed  in  a  virtual 
path  to  the  destination  AM  or  SM.  The  messages  are 

35  processed  to  read  the  destination  address.  The  desti- 
nation  address  determines  which  Virtual  Circuit  the  AT- 
MU  uses  for  segmentation  to  cells. 

In  the  SS7  message  case,  the  signaling  data  link  is 
terminated  in  the  SS7  IWU,  and  the  MTP  message  is 

40  relayed  on  a  virtual  path  to  the  destination  toll  office.  The 
handling  of  cell  based  messages  coming  from  the  ATM 
network  and  general  control  and  fault  tolerancy  are  dis- 
cussed  in  detail  hereinafter. 

For  inter-PSU  messages,  the  messages  are  proe- 
ms  essed  to  read  the  destination  PSU  address;  this  desti- 

nation  address  determines  which  virtual  circuit  the  AT- 
MU  uses  for  segmentation  into  cells. 

SM  /ATMU  Remoting  via  SDH/SONET 
50 

In  this  embodiment,  the  ATM-CM  and  ATMU  are 
connected  via  intra-office  SDH/SONET  (Synchronous 
Digital  Hierarchy/Synchronous  Optical  NETwork)  facili- 
ties  that  carry  ATM.  The  SM  with  ATMU  is  not  a  Network 

55  Element  as  viewed  by  the  SDH  or  SONET  network,  and 
does  not  terminate  the  digital  communications  channel 
(DCC)  section  overhead.  However,  the  intra-office  facil- 
ity  is  optical,  so  that  an  SM  with  ATMU  can  be  remoted 
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from  the  ATM-CM.  If  the  SM  with  ATMU  connects  direct- 
ly  to  the  ATM-CM,  then  only  fibers  (and,  where  appro- 
priate,  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  Synchro- 
nous  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  facil- 
ity  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  un- 
necessary  to  develop  separate  SDH/SONET  DCC  Op- 
erations  Administration  Maintenance  Provisioning 
(OAMP)  functions  in  the  SM  and  avoid  the  possible  con- 
fusion  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  interof- 
fice  trunks,  and  is  viewed  by  the  SDH/SONET  network 
as  a  general  Network  Element.  Thus,  due  to  the  capa- 
bilities  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  connecting  the  SMs 
with  ATMUs  are  longer  as  in  the  well-known  case  of  op- 
tically  remoted  SMs  for  the  5ESS  switch.  In  that  case, 
a  SONET  facility  can  be  used  to  convey  the  ATM  signals 
to  the  ATM-CM  in  essentially  the  same  way  as  distant 
ATM  signals  are  conveyed  thereto,  or  if  the  ATM-CM  can 
be  so  arranged,  the  ATM  signals  can  be  directly  trans- 
mitted  from  the  ATMU  to  the  ATM-CM. 

ATMU  General  Functions 

This  section  summarizes  the  functional  relationship 
of  the  ATMU  to  the  ATM-CM  and  SM.  The  ATMU  is  treat- 
ed  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  virtual  paths.  Up  to 
about  1  0,000  time  slots  (20  NCT  links)  are  support- 
ed  using  present  technology.  (An  NCTIinktransmits 
512  multiplexed  DSO  bit  streams,  and  uses  optic  fib- 
ertransmission.)  The  ATMU  can  route  any  incoming 
time  slot  to  any  byte  position  of  any  connected  ac- 
tive  CBR  virtual  path.  The  active  CBR  virtual  paths 
are  a  proper  subset  of  a  large  number  of  pre-provi- 
sioned  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. 

5  The  ATMU  transports  inter-SM  Link  Access  Proce- 
dures  (type)  B  (LAPB)  frames  without  any  termina- 
tion  of  LAPB  protocol.  In  the  case  of  SS7,  the  ATMU 
terminates  the  SS7  Level  2  (High-level  Data  Link 
Controller  (HDLC  Part)),  andtransports  MTP/SCCP 

10  (Message  Transfer  Part/Signaling  Control  and  Con- 
nection  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  cells.  The  rates  are 

is  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  provid- 
ed  to  meet  outgoing  composite  cell  needs  for  an  SM 
supporting  up  to  10,000  trunks.  For  more  or  fewer 

20  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 

25  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 

30  loses  sanity. 

6.  Support  inputs  from  a  plurality  of  SMs. 
7.  Support  inter-PSU  user  to  user  message  traffic. 

35  ATMU  Components 

This  section  discusses  the  design  of  the  individual 
blocks  of  the  ATMU  and  the  duplication  plan  to  achieve 
high  reliability: 

40 
Space  switch  610 

-  Cell  Wide  Buffer  620 
Cell  List  Processor  630 
SS7  message  Inter-Working  Unit  1022 

45  -  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  cell  conversion.  The  next  two  blocks  involve 

so  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  alterna- 
55  tives  for  implementing  the  CBR  Processor  Intervention 

capability  of  the  ATMU  (with  CM-ATM). 

25 



49 EP  0  736  239  B1 50 

Space  Switch 

The  space  switch  interconnects  NCT  link  DSOs  from 
the  SM  Module  Controller  Time  Slot  Interchange  (MCT- 
Sl)  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  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  design  of  the  space  switch  is  shown 
in  FIG.  25.  The  fabric  is  the  core  of  the  design,  and  con- 
sists  of  multiplexors  that  accept  up  to  24  NCT  links. 
These  multiplexors  have  a  control  memory  that  selects 
one  of  the  up  to  24  NCT  links  for  each  of  the  512  loca- 
tions  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  mul- 
tiplexors)  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  51  2  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. 

The  NCT  links  from  the  MCTSI  terminate  on  the 
NCT  Link  Interfaces  (NLI).  The  NLIs  present  a  synchro- 
nized  set  of  backplane  buses  to  the  space  switch  mul- 
tiplexors  so  that  all  multiplexors  are  switched  synchro- 
nously.  The  multiplexors  then  present  a  set  of  synchro- 
nized  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  fab- 
ric  multiplexors  driven  by  control  memories.  The  output 
of  these  multiplexors  connect  to  NLIs  that  then  cross 
couple  to  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  MCT- 
SI.  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,  but  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  directly  to  the  CWBs.  The  NLI,  multiplexor  fab- 
ric,  and  CWB  are  all  in  the  same  failure  side.  As  dis- 
cussed  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: 

5  -  Parity  on  NCT  time  slots 
Parity  on  control  memories 
Parity  on  control  buses  from  the  ATMU  CC 
Loss  of  clock  and  synchronization 

10  Errors  from  these  detectors  are  send  to  the  ATMU  CC, 
which  then  executes  fault  management  procedures. 

Space  Switch  Control 

is  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  Cen- 
tral  Controller.  The  space  switch  hardware  has  no 
firmware  or  software;  all  control  is  provided  via  buses 

20  from  the  ATMU  CC. 
There  are  two  operational  uses  of  the  space  switch, 

both  of  which  require  space  switch  memories  to  be  writ- 
ten  by  the  ATMU  CC,  namely  call  circuit  switching  and 
provisioning  of  message  DSOs  from  message  sources 

25  in  the  SM  to  the  MLD.  For  call  circuit  switching,  when  a 
call  is  set  up,  signals  for  one  DSO  must  be  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  DSO  signal.  The  SMP  caus- 

30  es  each  DSO  signal  to  be  placed  into  an  NCT  link  time 
slot  using,  an  MCTSI  TSI  slice,  and  then  orders  the  AT- 
MU  CC  to  write  the  appropriate  multiplexor  memory  to 
route  that  DSO  signal  to  the  correct  CWB  byte  location. 
Cell  wide  buffer  hardware  then  moves  the  DSO  signal  to 

35  the  correct  virtual  path  cell  in  the  memory. 
The  SMP  provisions  DSO  channels  to  carry  mes- 

sages  from  the  Message  Handler  or  PSU,  through  an 
MCTSI  slice  to  the  space  switch.  The  SMP  then  orders 
the  ATMU  CC  to  write  an  appropriate  multiplexor  loca- 

40  tion  that  routes  the  DSO  channel(s)  to  the  MLD. 
In  the  above  scenarios,  the  duplicated  space 

switches  are  written  with  identical  information. 

Cell  Wide  Buffer  (620)  (FIG.  26) 
45 

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  virtual  path  segment  for 

50  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  se- 

55  rial  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 

26 
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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. 

In  the  reverse  direction  (from  ATM-CM  to  SM  MCT- 
SI)  the  cell  header  is  unloaded  from  the  shift  register  into 
the  CLP.  The  CLP  uses  the  header  to  determine  the 
CWB  location  for  the  call.  (Because  of  the  symmetry  of 
the  two  directions  of  the  paths,  all  segments  of  a  partic- 
ular  input  cell  to  the  ATMU  may  be  stored  in  a  common 
location  of  a  cell-wide  buffer.)  Then,  the  CWB  is  loaded 
from  the  shift  register  into  the  buffer.  Finally,  the  TSA 
control  memories  in  the  buffer  read  the  bytes  onto  the 
NCT  buses  at  the  correct  time. 

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  direction 
can  be  stored).  However,  the  buffer  must  be  two  or  three 
times  as  deep  (depending  on  direction)  due  to  the  fol- 
lowing  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  CLP  reads  and  writes 
to/from  the  shift  registers  to  avoid  cells  being  sent 
that  have  DSOs  from  different  NCT  125  u.s  frames. 
Such  frame  misalignment  could  disrupt  the  continu- 
ity  of  N*DS0  services  being  transported  by  the  com- 
posite  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  direc- 
tion  from  the  ATM-CM  towards  the  SM  TSI,  the  CWB  is 
of  triple  depth  (three  partitions)  in  order  to  allow  1  25  u.s 
of  "build-out".  Build  out  is  used  to  keep  the  CWB  from 
"under-running",  and  amounts  to  125  u.s  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  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  u.s  interval.  If  cells  are 

5  lost,  then  the  triple  buffer  CWB  can  wrap  around  (in  ef- 
fect  an  underrun).  This  is  detected  if  the  space  switch 
and  CLP  ever  access  the  same  partition,  and  causes 
the  CLP  to  read  from  the  partition  that  is  furthest  in  time 
from  the  current  build-out  partition. 

10 
DSO  Path  Monitoring/Test 

Monitoring  circuitry  is  provided  to  determine  that 
composite  cells  are  being  received  by  the  ATMU  every 

is  125  u.s  on  average.  To  achieve  this,  the  CLP  maintains 
a  counter  for  each  composite  cell  virtual  path  that  is  ac- 
tive.  Every  time  a  cell  arrives,  the  counter  is  increment- 
ed.  The  counter  increments  on  average  every  125  u.s. 
The  counter  may  not  increment  exactly  every  125  u.s 

20  due  to  jitter  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  approxi- 
mately  80  times.  This  will  have  a  variation  of  plus  or  mi- 

25  nus  3  due  to  near  term  jitter,  and  very  low  probability  cell 
loss  and  insertion.  If  the  counter  is  further  from  this  val- 
ue,  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 

30  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 
35  ATMU.  ATMU  CWB  memory  devices  at  the  source  (to- 

wards  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  con- 
nection,  the  cell  wide  memory  devices  read  the  pattern 

40  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  that  are  internal  to 

45  a  5ESS  switch  and  not  transmitted  over  inter-switch  fa- 
cilities)  on  the  NCT  link  that  carries  the  DSO  signal  to 
toggle,  as  well  as  send  messages  to  the  SMP  that  indi- 
cated  that  continuity  has  been  established.  (E-bit  use  is 
described  in  E.  H.  Hafer  et  al.:  U.S.  Patent  4,280,217). 

so  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  cou- 
pled  to  thefacility  shift  registers  (FSRs)  and  CWB.  Thus, 

55  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. 

The  primary  error  detection  method  in  the  CWB  is 
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parity  over: 

NCT  buses  from  the  space  switch 
Virtual  path  byte  memories 
TSA  control  memories 
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  composite  cell  byte  location  to  a  partic- 
ular  virtual  path.  The  SMP  routes  a  DSO  channel  through 
the  SM  MCTSI,  and  then  causes  the  ATMU  CC  to  con- 
nect  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  memo- 
ries  for  both  directions.  At  this  point  in  time,  a  connection 
exists  from  an  SM  MCTSI  DSO  and  a  given  composite 
byte  (DSO)  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. 

Cell  List  Processor  (FIG.  27) 

The  CLP  630  (FIG.  27)  is  responsible  for  moving 
cells  between  the  CWB  620  and  the  Facility  Shift  Reg- 
isters  (FSR)  651  ,...,652  (FIG.  24.)  Towards  the  ATM  net- 
work,  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  CWB  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  de- 
vice  (circuit  card)  that  transforms  bits  for  transmission 
to  the  physical  media,  and  that  performs  facility  related 
maintenance  functions.  Thus  the  LPU  card  supports  op- 
tics,  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  service  request  bits  from  the  FSR. 
The  request  bits  can  be  inhibited  if  an  FSR  does  not  con- 
nect  to  an  equipped  or  otherwise  In-Service  LPU.  The 
sequencer  responds  to  a  service  request  bit  for  a  given 
FSR  by  checking  a  list  of  active  virtual  paths  that  are 
provisioned  to  the  facility  associated  with  the  FSR.  The 
list,  stored  in  the  virtual  path  list  memory  930,  accessed 
by  the  sequencer,  is  started  at  the  beginning  of  every 
125  us  interval,  and  must  be  completed  before  the  start 

of  the  next  125  us.  The  last  requirement  is  a  reflection 
of  the  fact  that  the  bandwidth  offered  to  a  facility  should 
not  be  greater  than  the  capacity  of  the  facility  for  con- 
stant  bit  rate  services  such  as  voice.  Each  time  a  service 

5  request  is  made,  the  sequencer  reads  a  virtual  path  cell 
entry  from  the  list,  loads  the  FSR  with  the  header  infor- 
mation  that  is  stored  in  the  list  entry,  and  causes  the 
CWB  to  load  the  48  bytes  into  the  FSR. 

Active  virtual  paths  are  made  inactive  by  removing 
10  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. 

is  The  forgoing  was  described  in  a  sequential  manner. 
However,  in  reality,  significant  overlap  of  operations  ex- 
ist.  For  example,  the  checking  of  FSR  request  bits  over- 
laps  with  the  accessing  of  previously  checked  FSR  re- 
quests,  as  well  as  with  the  sending  of  read  orders  to  the 

20  CWB. 
In  the  direction  towards  the  SM  (from  the  ATM  net- 

work),  cells  are  clocked  into  the  FSRs  from  the  LPUs, 
and  request  bits  are  set.  The  CLP  services  these  bits  by 
first  mapping  the  virtual  path  address  in  the  composite 

25  cell  header  to  a  CWB  location.  This  function  is  accom- 
plished  by  the  ATM  Address  Mapper  (AAM)  940  within 
the  sequencer  which  translates  the  ATM  header  ad- 
dress  to  a  physical  address  in  the  CWB  memory  devic- 
es.  The  AAM  also  uses  the  an  index  associated  with  the 

30  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  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 

35  loaded  at  a  time  into  the  CWB.  In  the  preferred  embod- 
iment,  the  AAM  is  implemented  using  a  Content  Ad- 
dressable  Memory  (CAM). 

The  design  of  the  sequencer  920  is  based  on  the 
use  of  high  speed  logic  (programmable  logic)  that  runs 

40  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 

45  Memory  Devices  (AMD)  that  uses  parts  such  as  the 
22V10  device  provided  by  many  manufacturers.  Anoth- 
er  component  is  the  PLC1  4  by  Signetics.  Other  gate  ar- 
ray  technologies  exist  from  Texas  Instruments  that  can 
also  run  100  MHz  plus. 

50 
ATM  Congestion  Test  Function 

One  function  of  the  ATMU  is  to  be  able  to  determine 
whether  or  not  a  composite  cell  virtual  path  that  is  about 

55  to  be  placed  into  the  active  state  will  experience  con- 
gestion,  and  thus  prevent  such  congestion  from  occur- 
ring.  Congestion  is  defined  as  occurring  if  the  utilization 
of  the  path  increases  above  some  threshold  along  any 
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segment. 
Alternatively,  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  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  pre- 
determined  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  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  con- 
gested.  Downstream  ATM-CMs  will  not  affect  already 
set  bits,  so  the  far  end  ATMU  should  detect  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  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  in  a  man- 
ner  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  ATMU  CC. 

Parity  is  used  on  all  list  and  sequencer  driven  mem- 
ories.  Additional  hardware  such  as  a  timer  that  checks 
for  sanity  and  dead  clock  conditions  are  also  employed. 
The  memory  driven  sequencer  program  is  downloaded 
by  the  ATMU  CC  as  part  of  CLP  initialization. 

Control 

The  CLP  is  controlled  by  the  ATMU  CC.  Registers 
exist  on  the  CLP  that  cause  the  CLP  to  modify  informa- 
tion  in  the  linked  list  table  and/or  the  ATM  Address  Map- 
per  (AAM).  In  effect,  the  CLP  simply  writes  ATMU  CC 
data  directly  to  those  memories,  but  at  a  time  that  is  syn- 
chronized  with  other  CLP  activities.  The  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. 

In  operation,  after  the  SMP  has  connected  a  DSO 
5  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  cor- 
rect  virtual  path  memory  in  the  CWB,  at  the  time  a  virtual 
path  is  activated,  the  ATMU  CC  causes  the  virtual  path 

10  address  to  be  added  to  the  list  of  active  cells  associated 
with  the  facility  (FSR)  the  virtual  path.  At  this  point  in 
time,  the  composite  cells  are  transferred  to  the  ATM  net- 
work,  and  DSO  continuity  exists  (at  this  end).  The  ATMU 
CC  then  performs  various  actions  discussed  above  to 

is  test  and  monitor  DSO  continuity. 

ATM  Message  Layer  Device  (FIG.  28) 

The  ATM  Message  Layer  Device  (MLD)  (FIG.  28) 
20  provides  variable  length  message  to  ATM  conversion  for 

the  5ESS  switch  for  the  following  three  communication 
systems: 

SM  to  SM,  and  SM  to  AM  communications 
25  -  SS7  Network:  SM  to  SM  communications  in  the  toll 

network 
Inter-PSU  packet  communications 

By  providing  these  interworking  services,  the  ATM  net- 
so  work  can  be  used  for  message  transport,  thereby  sim- 

plifying  inter-SM  message  exchange  within  in  the  5ESS 
switch,  and/or  eliminating  the  use  of  STPs  for  messag- 
ing  between  switches  in  the  toll  network.  STPs  used  for 
point  of  presence  for  local  carriers  to  the  interexchange 

35  carrier  are  not  affected  by  this  use  of  ATM.  However, 
reduction  of  STPs  brings  about  a  savings  in  operations 
cost  and  hardware  costs. 

Further,  in  accordance  with  the  teachings  present- 
ed  herein,  in  the  preferred  embodiment,  the  Message 

40  Switch  within  5ESS  switch  (described,  for  example,  in 
the  AT&T  Technical  Journal  reference  on  pages 
1  41  8-1  421  )  is  eliminated  from  the  5ESS  switch,  and  the 
CM  Processor  Intervention  (CPI)  function  is  provided  as 
discussed  below  in  Section  4.6. 

45  Contained  within  the  MLD  are  the  SS7  Inter-Work- 
ing  Unit  (SS7  IWU)  (1020)  and  the  SM  Inter-Working 
Unit  (intra-switch  IWU)  (1  022),  and  the  inter-PSU  Work- 
ing  Unit  (1024)  as  shown  in  FIG.  17.  A  NCT  bus  from 
the  space  switch  of  the  ATMU  transports  one  or  more 

so  DSO  based  channels  that  contain  either  SM  or  SS7  mes- 
sages  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, 

55  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  seen  in  FIG.  18  which 

29 
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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  interleaving  is  that  composite  cells  are  transmitted 
first  (every  125  u.s  and  then  ATM  based  message  cells. 
The  125  u.s  interval  should  not  be  overlapped  with  the 
next  1  25  u.s  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  avail- 
able.  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  SS7,  a  SM,  or  an  inter-PSU  mes- 
sage  based  virtual  path,  and  directs  the  cells  to  the  cor- 
rect  one  of  the  IWUs  within  the  MLD.  The  IWUs  receive 
cells  and  commence  message  re-assembly.  Subse- 
quently,  the  re-assembled  messages  are  transmitted  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  the  CLP  route 
the  cells  internally  is  preferred.  In  addition,  the  DSOs 
must  be  multiplexed  back  into  the  5ESS  switch  SM,  and 
the  NCT  buses  and  links  are  the  most  economical  ar- 
rangement  for  so  doing. 

An  assumption  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  SS7 
IWUs  are  optionally  equipped,  so  that  they  may  or  may 
not  be  present,  depending  on  the  application.  For  ex- 
ample,  in  international  5ESS  switches,  the  SS7  links  are 
often  clustered  in  only  one  SM,  and  this  SM  may  direct 
all  of  its  SS7  traffic  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  ap- 
plications  such  as  the  5ESS  switch's  International's  Glo- 
bal  SM  (GSM),  (the  SM  which  has  all  the  SS7  links).  The 
GSM  which  has  a  centralized  SS7  PSU  that  can  gener- 
ate  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 
5ESS  switches. 

ATM  and  Protocols 

The  interaction  of  ATM  and  intra-switch  and  SS7 

protocols  is  first  discussed  and  compared.  A  basic  con- 
cept  of  ATM  is  that  ATM  provides  transport  level  services 
only.  To  adhere  to  this  concept,  the  SM  IWU  only  relays 
intra-switch  frames.  It  does  not  perform  protocol 

5  processing  in  the  usual  packet  switching  sense.  For  ex- 
ample,  retransmissions  are  not  supported  by  the  SM 
IWU.  Protocol  processors  (i.e.,  PSU  Protocol  Handlers 
and/or  Message  Handlers)  process  Link  Access  Proce- 
dures  (type)  D  (LAPD)  protocol  end-end  over  the  ATM 

10  network.  In  essence,  the  SM  IWU  identifies  the  SM  des- 
tination  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. 

is  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  net- 
work.  An  SS7  implementation  features  a  single  point  to 
point  link  (see  CCITT  standard  Q.703)  that  usually  con- 

20  nects  to  an  STP,  not  used  herein.  However,  the  SS7  net- 
work  is  point  to  multi-point,  at  the  MTP  layer.  To  ration- 
alize  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 

25  path  to  a  destination  that  corresponds  with  the  "MTP 
Point  Code".  The  messages  are  assembled  into  cells, 
and  then  relayed  over  the  ATM  network.  At  the  destina- 
tion,  the  MTP  packet  is  re-assembled,  and  a  local  sign- 
aling  data  link  layer  entity  is  used  to  send  the  SS7  packet 

30  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 
5ESS  switch  or  other  switches  since  the  ATMU  essen- 

35  tially  emulates  the  behavior  of  an  STP  (as  viewed  from 
the  perspective  of  the  PSU/PH)  at  the  SDL  level. 

SM  IWU 

40  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  intra-switch  mes- 
sages.  However,  the  bit  oriented  LAPD  protocol  of  the 

45  intra-switch  messages  must  be  processed  to  verify  mes- 
sage  integrity  via  Cyclic  Redundancy  Check  (CRC),  and 
more  importantly,  to  remove  bit  stuffing  from  the  mes- 
sage  so  as  to  be  able  to  read  the  SM  destination  ad- 
dress.  Only  after  the  bit  oriented  protocol  (BOP)  is  proc- 

50  essed  and  the  "bit  stuffing"  is  removed  can  the  SM  des- 
tination  address  be  read. 

To  accomplish  the  above,  the  SM  IWU  receives  in- 
ter-SM  LAPD  messages  on  a  provisioned  number  of 
time  slots  (e.g.,  12  DSOs  or  768  kilobit/second)  on  the 

55  NCT  bus  from  the  ATMU  space  switch  into  an  HDLC 
device  1120,  (FIG.  18)  on  the  SM  IWU.  The  HDLC  de- 
vice  stores  the  inter-SM  frame  in  a  buffer  from  which  the 
address  (and  CRC  check  result)  can  be  read  by  the  SM 

30 
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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  Serv- 
ices  (CONS)  procedures  in  accordance  with  the  ATM 
Adaptation  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),  mid- 
dle  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  synony- 
mously  with  LAPD  frame.  The  assembly  to  cells  is  ac- 
complished  by  a  modified  direct  memory  access  proc- 
essor,  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  is  ready  for  transfer,  hardware  in  the  CLP  will  trans- 
fer  from  the  IWU  FSR  to  the  LPU.  No  cell  wide  buffer  is 
needed  in  the  outgoing  direction,  due  to  the  relatively 
low  bandwidth  requirements  (as  compared  to  the  com- 
posite  voice  case). 

In  the  reverse  direction  from  the  ATM  network,  the 
CLP  reads  the  ATM  header  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  its  ATM  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  dis- 
cussion,  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.) 

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  identi- 
fiers  in  the  cells  are  used  to  separate  the  cells  into  com- 
plete  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 

5  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  dis- 

10  cards  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  fur- 
ther  processed  to  assemble  a  complete  message  from 
the  ATM  cells.) 

is  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  min- 
imal  compared  to  the  throughput  of  the  SM  IWU,  since 
the  SM  IWU  only  processes  frames  for  one  SM,  and 

20  does  not  have  to  perform  the  processing  to  actually  ter- 
minate  the  LAPD  protocol  as  do  its  sources,  the  PSU 
Protocol  Handlers  or  Message  Handler. 

The  SM  IWUs  are  spared  on  a  simple  duplication 
basis,  since  only  one  (plus  its  duplicate)  are  needed  in 

25  an  ATMU.  This  is  because  there  are  only  two  inter-SM 
channels  from  the  MH  to  the  other  SMs  and  AM. 

Because  the  bandwidth  required  for  inter-SM  sign- 
aling  channels  is  small,  an  NCT  link  carrying  such  sig- 
naling  channels  can  be  served  by  a  single  IWU.  The  AT- 

30  MU  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. 

35  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  san- 
ity  timers. 

40  A  separate  type  of  fault  tolerancy  function  regards 
message  transport  impairment.  Two  types  exist,  ATM 
impairment,  and  Message  Handler  DSO  channel  impair- 
ment.  Impairment  means  excessive  cell  or  message  er- 
ror  rates.  The  SM  IWU  indicates  message  error  condi- 

45  tions  to  the  ATMU  CC,  such  as  corrupted  frames  from 
the  MH/PSU,  or  corrupted  messages  from  the  ATM  net- 
work,  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 

so  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 

55  and  the  LPU  (including  the  SM  IWU).  In  the  latter  case, 
an  ATMU  side  switch  or  SM  IWU  may  be  in  order,  de- 
pending  on  the  coupling  between  the  MLD  and  the 
space  switch. 

31 
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SM  IWU  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  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  mes- 
sages  can  be  sent  at  will  by  the  SMP/MH,  without  any 
ATMU  CC  intervention,  to  any  inter-SM/AM  intra-switch 
destination. 

SS7  IWU 

The  SS7  IWU  is  similar  to  the  SM  IWU,  and  occu- 
pies  a  position  in  the  MLD  that  is  parallel  to  the  SM  IWU. 
Therefore  this  section  will  primarily  highlight  the  differ- 
ences  between  the  SM  IWU  and  the  SS7  IWU.  The  ma- 
jor  difference  between  the  SM  IWU  and  the  SS7  IWU 
are: 

-  SS7  IWU  terminates  SS7  link  protocol,  but  SM  IWU 
only  processes  bit  level  LAPD  to  be  able  to  read  SM 
destination  address 
SS7  IWU  is  variably  equipped,  so  that,  as  discussed 
above,  it  may  or  may  not  be  present.  Furthermore, 
the  SS7  IWU  allows  a  variable  number  of  Signaling 
Data  Links  to  be  supported,  in  order  to  allow  a  5ESS 
switch  Global  SM  to  be  supported  on  one  ATMU. 

As  stated  in  the  section  on  ATM  and  Protocols,  the 
SS7  IWU  terminates  the  SS7  link  (SDL,  level  2)  protocol 
as  received  from  the  PSU  Protocol  Handlers  or  Mes- 
sage  Handlers  on  the  NCT  bus  between  the  space 
switch  and  the  MLD.  The  SS7  IWU  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 
cells  to  the  SS7  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  like- 
wise  identical,  and  will  not  be  repeated  here.  Primarily, 

the  MTP  Point  Code  is  used  in  place  of  the  SM  destina- 
tion  for  purposes  of  virtual  address  association. 

In  one  alternative  architecture,  the  SS7  and  SM 
IWU  are  located  on  the  same  IWU.  Throughput  is  not 

5  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. 

10  The  SS7  IWU  has  a  fault  tolerancy  design  different 
from  the  SM  IWU.  Because  a  variable  number  of  SS7 
IWUs  are  used  in  one  ATMU,  the  SS7  IWU  redundancy 
in  the  MLD  is  N+1  ,  versus  1  +1  as  in  the  SM  IWU.  In  an 
alternative  arrangement,  the  redundancy  is  N+2. 

15 
Control 

The  SS7  IWU  has  similar  control  issues  as  does  the 
SM  IWU.  The  SMP  provisions: 

20 
Time  slots  from  the  Message  Handler  or  PSU  Pro- 
tocol  Handlers  through  the  space  switch  to  the  SS7 
IWU 
Maps  in  the  SS7  IWU  that  associate  Point  Codes 

25  with  virtual  paths 
Virtual  paths  in  the  CLP. 

Inter-PSU  IWU 

30  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,  origi- 
nate  from  and  terminate  to  users.  The  IWU  is  transpar- 
ent  to  the  user  level  protocol  being  used. 

35 
ATMU  Control 

The  NCT  links  connect  the  ATMU  to  the  SM.  There- 
fore,  the  same  type  of  controller  that  is  used  in  a  digital 

40  trunk  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  sections,  and 
therefore  will  not  be  repeated  here. 

45  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  controller,  no 
further  discussion  of  the  fault  tolerancy  aspects  of  the 
controller  is  required. 

so  In  the  5ESS  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  the  5ESS  switch  is  used  to  com- 

55  municate  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 
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the  commands.  Certain  special  functions  such  as  proc- 
essor  reset  are  put  into  the  special  NCT  link  time  slot 
used  to  transmit  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  functions. 

As  previously  discussed,  the  ATMU  can  be  located 
within  the  ATM-CM,  in  which  case  the  ATMU  CC  is  con- 
trolled  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  5ESS  switch,  the  AM  controls  message  switch 
hardware  to  source  bits  in  the  Control  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  virtual  paths  from  the  AM  to  the  ATMU  carry 
cells  with  multi-byte  patterned  data.  These  are  re- 
peatedly  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  gen- 
erates  the  CTS  CPI  bit  pattern  to  reset  the  SM.  This 
multi-byte  pattern  data  can  be  a  long  pseudo  ran- 
dom  sequence  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  be- 
tween  the  AM  and  individual  SMs. 

AM  and  ATM-CM  Operations,  Administration 
Maintenance,  and  Provisioning  (OAMP)  Platform 

The  AM  serves  to  support  the  entire  5ESS  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  architec- 
ture  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  5ESS 
switch  AM,  and  serves  to  provided  added  process- 
ing  throughput  for  new  ATM-CM  and  ATMU  capa- 
bilities. 
Ethernet  Bus  to  interconnect  AM/AMM  with  Graphic 
Unit  Interface  (GUI),  ATM  Packet  Handler  (APH), 
and  ATM-CM. 
Small  Computer  System  Interface  (SCSI,  an  indus- 
try  standard)  peripherals  for  disk,  tape,  and  CD 
ROM  on-line  documentation:  These  augment  the 
existing  AM  non-volatile  peripherals. 

GUI  workstation  terminals  that  supports  existing 
5ESS  switch  equipment,  ATM-CM,  and  ATMUs. 
ATM  Packet  Handler  provides  the  AM/AMM  with  the 
ability  to  communicate  via  ATM  over  SONET  to  the 

5  SMs.  The  SMs  terminate  the  APH's  ATM  in  their  AT- 
MU  MLD's.  To  communicate  with  SMs,  the  AM/ 
AMM  sends  messages  via  Ethernet  to  the  APH 
which  performs  the  message  to  cell  conversion  and 
transmittal  to  ATM-CM  over  SONET. 

10 
The  GUI  and  non-volatile  memory  are  commercial  com- 
ponents  whose  control  resides  in  AMM  software.  The 
design  of  the  AMM  and  APH  components  are  expanded 
in  the  following  sections. 

15 
ATM  Management  Module 

The  AMM  is  a  high  capacity  processing  element  of 
the  AM: 

20 
Processors:  AMM  The  processors  are  N+K  redun- 
dant  connected  by  a  Future  Bus(+)  technology, 
IEEE  896  Standard.  Automatic  hardware  and  soft- 
ware  fault  detection,  and  restart  capabilities  are 

25  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  corn- 

so  mon  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 

35  active  module  responds  to  read  accesses.  The 
memory  modules  connect  to  the  processors  via  Fu- 
ture  Bus(+). 
SCSI  Peripheral  Interface:  There  are  two  SCSI  con- 
trollers  in  the  AM/ATM-CM  Platform.  In  addition  to 

40  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  work- 
stations  are  connected  through  duplicated  Ethernet 

45  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, 

so  and  is  intended  for  Man  Machine  Language  (MML) 
commands  only. 

APH 

55  The  APH  is  a  modified  IWU  from  the  ATMU  MLD.  It 
is  shown  in  FIG.  30.  The  Rate  Adapt  and  BOP  controller 
are  removed  and  are  replaced  by  an  Ethernet  Controller 
and  Transceiver.  The  Ethernet  controller  places  mes- 
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sage  into  the  buffer.  The  processor  determines  the  prop- 
er  ATM  header  (Virtual  Circuit).  The  AALP  performs  the 
functions  of  converting  the  message  to  cells.  Unlike  the 
MLD  IWU,  the  Cell  Buffer  connects  directly  to  an  LPU 
that  transforms  bits  to  SONET  media  as  soon  as  the  s 
segments  are  available.  There  is  no  CLP  to  gate  the 
transmission  of  the  cell  to  the  LPU. 

CCR 
10 

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.  15 

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  crosscon-  20 
nects,  and  in  the  central  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  demultiplexer  (demux  4002)  receives 
the  input  and  transmits  the  48  bytes  to  the  data  rear-  25 
rangement  block  401  0  and  the  5-byte  header  to  the  ATM 
header  processor  4006.  The  ATM  header  processor 
4006  delivers  the  virtual  circuit  identifier  (VCI)  and  vir- 
tual  path  identifier  (VPI)  to  address  generator  4020, 
shown  in  detail  on  FIG.  46.  The  address  generator  4020  30 
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  401  4  is  a  serial-to-parallel  converter  401  2  for  gen- 
erating  sequentially  the  48  byte  wide  inputs  to  RAM  35 
401  4.  Between  the  RAM  401  4  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 
stream.  Mux  4004  also  receives  input  from  the  ATM 
header  assembler  4008  which  represents  the  5-byte  40 
header  of  the  outgoing  cell. 

FIG.  43  represents  a  CCR  for  receiving  42  seg- 
ments  of  data  in  each  cell  (the  42  segments  represent- 
ing  each  one  PCM  sample  byte  and  one  E-bit)  and  de- 
livering  48  bytes  of  data  per  cell.  An  example  of  the  use  45 
of  the  configuration  of  FIG.  43  is  for  a  CCR  which  is  re- 
ceiving  inputs  from  an  ATMU  (switched  through  an  ATM- 
CM  without  affecting  the  contents  of  any  of  the  payload 
of  the  cell)  and  which  is  transmitting  cells  to  an  ATM 
crossconnect.  The  left  CCR  of  FIG.  3  performs  this  tunc-  so 
tion.  The  differences  between  FIGS.  42  and  43  are  that 
the  serial-to-parallel  converter  401  2  delivers  every  ninth 
bit  of  the  input  stream  to  E-bit  processor  4022.  The  E- 
bit  processor  records  the  E-bit  associated  with  each 
write  address  in  its  own  internal  RAM  (not  shown)  and  55 
is  able  to  detect  a  change  in  the  received  E-bit  for  that 
address.  When  the  change  is  detected,  the  external 
control  is  notified  of  a  change  in  supervision. 

FIG.  44  is  for  a  CCR  whose  input  comprises  cells 
having  48  bytes  of  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  401  6.  The  con- 
figuration  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  func- 
tion.  The  only  difference  between  the  configuration  of 
FIG.  45  and  that  of  FIG.  42  is  that  the  RAM  is  one  seg- 
ment  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  proc- 
essor  and  generates  a  new  E-bit  using  an  E-bit  gener- 
ator.  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  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  configuration  RAM  4030  is  used  to  address 
RAM  401  4  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  config- 
uration,  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  address  translator 
4028  to  determine  an  internal  cell  address  in  the  range 
of  1  -1  80  for  the  cell.  The  VPI  and/or  VCI  can  be  directly 
coded  to  indicate  this  cell  address  or  an  arbitrary  VPI/ 
VCI  value  can  be  used  if  a  translation  content  address- 
able  memory  (CAM)  is  incorporated  into  the  cell  address 
translator.  (Note  that  the  VPI  and  VCI  together  are  28 
bits  long  so  that  the  use  of  an  indexed  memory  is  out  of 
the  question.)  The  input  configuration  RAM  4030  is  ad- 
dressed  by  the  cell  ID  and  by  a  segment  counter  4032 
which  counts  from  1  to  48  and  is  reset  at  the  beginning 
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  output  virtual  path  identifier  and  virtual  cir- 
cuit  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 
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data  into  Mux  4004.  The  cell  and  byte  counter  are  reset 
at  an  8  KHz  rate. 

Alternatively,  a  48  byte  wide  output  could  be  deliv- 
ered  from  the  RAM  401  4,  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  401  4 
(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  load  sequential  un- 
load. 

For  the  case  of  FIG.  43,  the  CCR  receives  from  the 
ATM-CM  composite  CBR  cells  containing  42  9-bit  seg- 
ments  each  comprising  an  8-bit  PCM  sample  and  a  sin- 
gle  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,  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  imper- 
fect  mapping  between  the  number  of  cells  required  at 
the  output  and  the  number  of  input  cells.  This  situation 
is  greatly  alleviated  if  the  output  cells  can  transmit  more 
samples  than  are  received  in  each  input  cell.  If  the  max- 
imum  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  arrangement,  blockage  is  sharply  re- 
duced. 

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  dis- 
advantage  of  introducing  a  6-millisecond  delay  required 
to  accumulate  the  samples  for  each  packet,  it  may  be 
necessary  at  least  initially  to  communicate  with  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  times  as  many  different 
cell  addresses  may  be  accommodated  (for  the  case  in 
which  all  of  the  output  traffic  is  of  the  FIG.  17  format). 
The  cell  ID  translator  4028  similarly  must  be  expanded 
from  one  to  1  80,  to  one  to  48  times  1  80  and  the  CAM  of 
that  identifier  must  be  similarly  increased  in  size.  For 
generating  the  standard  format  composite  cell,  48 
frames  of  inputs  must  be  stored,  requiring  48*180  cells 
of  storage  whereas  for  the  composite  cell  described 
elsewhere  herein,  only  one,  two  or  three  (in  order  to  han- 
dle  jitter)  frames  of  data  need  to  be  stored.  Once  the 
counter,  memory  and  cell  ID  translator  have  been  ex- 
panded,  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  perform- 

ing  the  remap  function,  it  is  also  capable  of  executing 
the  remap  function  by  simply  taking  the  contents  of  in- 
coming  cells  and  generating  them  as  outgoing  cells 
without  changing  the  payload  contents.  Thus,  a  CCR 

5  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. 

10  Call  Scenarios 

This  section  describes  the  use  of  broadband  switch- 
ing  of  composite  cells  between  and  originating  and  ter- 
minating  ATM-CM  offices.  To  facilitate  the  examples,  it 

is  is  assumed  the  two  5ESS  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. 

20  Below  is  a  high-level  scenario  for  an  incoming  nar- 
rowband  ISUP  to  outgoing  broadband  ISUP  call  in  an 
originating  switch.  It  is  followed  by  the  corresponding 
incoming  broadband  ISUP  to  outgoing  narrowband  IS- 
UP  scenario  in  the  terminating  switch.  Both  a  message 

25  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  5ESS  Inter- 
so  national  trunk-trunk  call  model.  A  similar  model  can  be 

derived  for  US  5ESS. 
The  following  conventions  are  use  in  the  line  dia- 

grams: 

35  -  solid  lines  with  upper  case  font  represent  external 
messages, 
solid  lines  with  lower  case  font  represent  internal 
messages, 
solid  lines  with  italic  font  represent  hardware  regis- 

40  ter  read/writes, 
dashed  lines  represent  composite  cells, 
dotted  lines  represent  NCT  information  (i.e.,  E-bits). 

NISUP-BISUP  Call  Scenario  -  Originating  ATM-CM 
45  Switch  (FIGS.  34-37)  of  an  Originating  Call 

This  section  describes  the  implementation  for  one 
preferred  embodiment. 

so  1  .  The  originating  narrowband  call  control  process- 
ing  in  the  SM  receives  the  incoming  Initial  Address 
Message  (IAM)  and  performs  digit  analysis.  The 
IAM  is  sent  to  the  terminating  switch.  If  there  are 
intermediate  crossconnects,  the  IAM  is  passed 

55  through  without  processing.  If  there  are  intermedi- 
ate  tandem  switches,  the  tandem  switch  processes 
the  IAM  and  forwards  an  IAM  toward  the  terminating 
switch.  The  originating  SM  is  one  such  intermediate 

35 
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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  CM 
ring.  Digit  analysis  results  indicate  that  the  call  does  s 
not  terminate  on  another  narrowband  trunk  served 
by  this  switch,  but  instead,  must  be  routed  to  anoth- 
er  node  in  the  toll  network.  The  digit  analysis  results 
would  identify  the  node  in  the  network  the  call 
should  be  routed  to.  10 
2.  N-ISUP  call  control  in  the  SM  sends  a  routing  re- 
quest  to  the  AM  over  the  NCT  link  as  normal. 
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  15 
on  the  originating  NCT  link,  and  requests  path  hunt- 
ing  and  setup  from  Connection  Control  in  the  ATM- 
CM. 

Connection  Control  in  the  ATM-CM  maintains  all  the  sta-  20 
tus  information  regarding  VPs/VCs  between  local  SMs, 
CCRs,  and  other  nodes  in  the  network.  Connection  Con- 
trol  is  also  responsible  for  maintaining  the  composite  cell 
mapping  information  for  all  ATMUs  and  CCRs  in  the  of- 
fice.  Data  is  kept  which  associates  SDCC/MDCC  bytes  25 
with  DSO  timeslots  (a  copy  of  which  is  kept  in  the  ATMU), 
and  of  MDCC-to-TDCC  (Tandem  Destination  Compos- 
ite  Cell)  remapping  (copied  into  the  CCR).  In  addition, 
Connection  Control  maintains  data  which  associates 
destinations  in  the  network  with  active  and  inactive  VPs  30 
to  those  nodes,  and  also  the  CCRs  associated  with 
those  VPs. 

Connection  Control  determines  an  outgoing  VP 
based  on  the  destination  node.  Connection  Control  may 
have  several  VPs  to  chose  from  to  reach  the  destination  35 
node,  and  would  select  an  active  VP  with  a  TDCC  with 
available  slots.  If  an  active  composite  cell  VP  is  availa- 
ble,  Connection  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  40 
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  is 
routed  via  a  switch  at  another  node.  Connection  Control  45 
also  determines  the  signaling  VP  associated  with  the 
composite  cell  VP  to  be  used  for  the  call. 

Connection  Control  then  allocates  a  slot  in  the  MD- 
CC  between  the  originating  ATMU  and  the  CCR.  If  no 
active  MDCC  exists,  a  new  one  is  activated.  so 

tination  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  facility 
(broadband  ISUP)  to  another  node  in  the  network. 
Broadband  call  control  acts  as  the  outgoing  half  call. 
The  message  contains  the  VPI/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  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  lay- 
er  3  signaling,  and  Global  Title  Translation  (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  call. 

8.  B-ISUP  in  the  BB-CP  sends  a  "path_close"  mes- 
sage  to  the  ATM-CM. 
9.  For  a  5ESS  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. 
10.  At  the  ATMU,  the  E-bit  in  the  MDCC  is  mapped 
to  the  appropriate  timeslot. 
1  1  .  B-ISUP  in  the  BB-CP  sends  a  "setup  complete" 
message  to  the  originating  SM. 

The  message  identifies  the  timeslot  selected  by  Con- 
nection  Control  in  the  ATM-CM  to  be  used  for  the  call. 

12.  In  a  5ESS  switch,  when  N-ISUP  call  control  in 
the  SM  detects  E-bit,  and  receives  the  "setup  com- 
plete"  message,  it  sends  E-bit  on  the  selected 
timeslot. 
1  3.  In  a  5ESS  switch,  the  ATMU  takes  the  received 
E-bit  and  maps  it  into  the  MDCC  to  the  CCR. 
1  4.  In  a  5ESS  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  con- 
trol  in  the  BB-CP  completes  setup  of  the  call. 
15.  The  ACM  is  received  from  the  far  end  switch. 
1  6.  B-ISUP  call  control  in  the  BB-CP  sends  a  "build- 
up  complete"  message  to  N-ISUP  call  in  the  origi- 
nating  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  "an- 
swer  charge"  message  to  N-ISUP  call  control  in  the 
SM. 
20.  N-ISUP  call  control  in  the  SM  sends  an  ANM 

4.  Connection  Control  updates  the  timeslot-to-MD- 
CC  mapping  information  in  the  ATMU. 
5.  Connection  Control  updates  the  MDCC-to-TDCC 
remapping  information  in  the  CCR.  The  CCR  takes  55 
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  des- 
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message  to  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  re- 
ceived  by  N-ISUP  call  control  in  the  SM.  N-ISUP 
call  control  begins  clearing  the  call  by  sending  a  "re- 
lease"  message  to  the  far  half-call  (i.e.,  the  BB-CP), 
in  a  5ESS  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  5ESS  switch,  the  ATMU  maps  the  timeslot 
E-bit  into  the  appropriate  MDCC  to  the  CCR. 
3.  In  a  5ESS  switch,  the  ATM-CM  detects  E-bit  dis- 
continuity  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  resources  (VCs  and/or  composite  cells)  in 
the  ATMU  and  CCR,  and  also  begins  the  REL/RLC 
(Release/Release  Complete  (SS7  signals))  se- 
quence  with  the  far  end. 
5.  The  ATM-CM  updates  the  composite  cell  map- 
ping  tables  in  both  the  ATMU  and  CCR. 

BISUP-NISUP  Call  Scenario  -  Terminating  ATM-CM 
Switch  (FIGS.  38-41) 

1.  The  incoming  broadband  IAM  is  routed  via  the 
BB-SP  to  broadband  call  control  in  the  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  re- 
sults  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  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  com- 
posite  cell  information  received  in  the  IAM. 
3.  The  AM  performs  a  trunk  hunt,  determines  the 
destination  SM,  and  selects  a  timeslot.  The  AM  re- 
quests  network  path  setup  from  the  ATM-CM.  In- 
cluded  in  the  request  is  the  composite  cell  informa- 
tion  received  in  the  IAM. 
4.  As  described  in  the  previous  scenario,  Connec- 
tion  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  serv- 
ing  the  terminating  SM  and  the  incoming  CCR.  If  no  ac- 

5  tive  virtual  path  exists  (or  if  all  cells  on  existing  paths  are 
full)  Connection  Control  activates  a  new  MDCC  virtual 
path.  Connection  Control  allocates  a  byte  in  the  MDCC 
to  be  used  for  the  incoming  call. 

10  5.  Connection  Control  updates  the  timeslot-to-MD- 
CC  mapping  information  in  the  ATMU. 
6.  Connection  Control  then  updates  the  TDCC-to- 
MDCC  remapping  information  in  the  CCR. 
7.  Connection  Control  sends  a  path  acknowledge- 

rs  ment  message  back  to  the  AM. 
8.  The  AM  sends  a  termination  request  to  the  des- 
tination  SM.  The  message  contains  the  identity  of 
the  selected  trunk,  and  the  timeslot  selected  by  the 
IAM. 

20  9.  N-ISUP  call  control  in  the  SM  formats  and  sends 
the  IAM  to  the  terminating  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  it  into  the  com- 

25  posite  cell  to  the  CCR. 
11.  In  a  5ESS  switch,  the  CCR  in  the  ATM-CM  de- 
tects  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  SM  sends  a  "setup 

30  complete"  message  to  the  BB-CP. 

The  message  identifies  the  timeslot  selected  by  Con- 
nection  Control  in  the  ASU-CP  to  be  used  for  the  call. 

35  1  3.  When  B-ISUP  call  control  in  the  BB-CP  receives 
the  "setup  complete"  and  "path_set"  messages  in  a 
5ESS  switch,  it  requests  the  ATM-CM  to  set  the  E- 
bit  in  the  composite  cell  to  the  ATMU. 
14.  In  a  5ESS  switch,  the  ATM-CM  updates  the 

40  CCR  in  order  to  turn  on  the  E-bit  for  the  call  in  the 
MDCC  between  the  CCR  and  the  ATMU. 
15.  In  a  5ESS  switch,  at  the  ATMU,  the  E-bit  in  the 
MDCC  is  mapped  to  the  appropriate  NCT  timeslot. 
16.  lna5ESS  switch,  N-ISUP  call  control  in  the  SM 

45  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. 

so  1  9.  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- 

SS  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. 
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Assuming  A-part  disconnect,  the  call  clearing  sce- 
nario  is  as  follows: 

1.  A  broadband  ISUP  RELEASE  message  is  re- 
ceived  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  se- 
quence,  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. 
4.  N-ISUP  call  control  in  the  SM  detects  E-bit  dis- 
continuity,  and  begins  the  N-ISUP  REL/RLC  se- 
quence  with  the  terminating  LEC  switch. 
5.  N-ISUP  call  control  in  the  SM  also  sends  a  times- 
lot  release  message  to  the  ATM-CM  in  order  to  re- 
lease  all  network  path  resources. 
6.  The  ATM-CM  updates  the  mapping  table  in  the 
ATMU  and  CCR  involved  in  the  call,  and  also  re- 
leases  the  timeslot. 

As  previously  stated,  where  two  units  communicat- 
ing  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  invention.  Nu- 
merous  other  arrangements  may  be  devised  by  one 
skilled  in  the  art  without  departing  from  the  scope  of  the 
invention.  The  invention  is  thus  limited  oniy  as  defined 
in  the  accompanying  claims. 

APPENDIX  A 

ACRONYMS  AND  ABBREVIATIONS 

AAL  ATM  Adaptation  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 

5  CBR  Constant  Bit  Rate  (traffic) 
CCB  Composite  Cell  Byte 
CCITT  Consultative  Committee  on  International 

Telephone  and  Telegraph  Standards 
CCR  Composite  Cell  Remap 

10  CD  ROM  Compact  Disk  Read  Only  Memory 
CLP  Cell  List  Processor 
CM  Communication  Module 
CNI  Common  Network  Interface 
CONS  Connection  Oriented  Network  Services 

is  CPI  CBP  Processor  Intervention 
CPR  Composite  Packet  Remap 
CRC  Cyclic  Redundancy  Check 
CTS  Control  Time  Slot 
CWB  Cell  Wide  Buffer 

20  DACS  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 

25  DTU  Digital  Trunk  Unit 
EOC  Embedded  Operations  Channel 
FAX  Facsimile 
FSR  Facility  Shift  Register 
GSM  Global  SM 

30  GTT  Global  Title  Translation 
GUI  Graphical  User  Interface 
HDLC  High-level  Data  Link  Controller 
HDTV  High  Definition  Television 
IAM  Initial  Address  Message 

35  ISDN  Integrated  Services  Digital  Network 
ISUP  ISDN  User  Port 
IWU  Inter-Working  Unit 
LAPB  Link  Access  Procedures  (type)  B 
LAPD  Link  Access  Procedures  (type)  D 

40  LEC  Local  Exchange  Carrier 
LPU  Line  Processing  Unit 
MCTSI  Module  Controller  Time  Slot  Interchange 
MDCC  Multiple  Destination  Composite  Cell 
MHZ  Megahertz 

45  MLD  Message  Layer  Device 
MML  Man  Machine  Language 
MTP  Message  Transfer  Part 
N-ISUP  Narrow  Band  ISUP 
NCT  Network  Control  and  Timing  (link) 

so  NLI  NCT  Link  Interface 
NNI  Network  Node  Interface 
OAMP  Operations  Administration  Maintenance 

and  Provisioning 
OSS  Operation  Support  System 

55  PCT  Peripheral  Control  and  Timing  (link) 
PH  Protocol  Handler 
PSU  Packet  Switching  Unit 
PVC  Permanent  Virtual  Circuit 
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RASU  Remote  ATM  Switching  Unit 
REL/RLC  Release/Release  Complete  (SS7  signals) 
SCCP  Signaling  Control  and  Connection  Part 
SCSI  Small  Computer  System  Interface  (an  In- 

dustry  standard) 
SDCC  Single  Destination  Composite  Cells 
SDH  Synchronous  Digital  Hierarchy 
SDL  Signaling  Data  Link  (SS7) 
SIU  SONET  Interface  Unit  or  SM  Interface 

Unit 
SM  Switch  Module 
SMDS  Switched  Megabit  Data  Switch 
SMP  Switch  Module  Processor 
SONET  Synchronous  Optical  NETwork 
SP  Signaling  Processor 
SR  Shift  Register 
SS7  Signaling  System  (Number)  7 
STM  Synchronous  Time  Multiplex 
STP  Signal  Transfer  Point 
STS  Synchronous  Time  Signal 
TDC  Tandem  Destination  Cell 
TDCC  Tandem  Destination  Composite  Cell 
TSA  Time  Slot  Assign 
TSI  Time  Slot  Interchange 
TSIU  Time  Slot  Interchange  Unit 
UNI  User  Network  Interface 
VBR  Variable  Bit  Rate  (traffic) 
VC  Virtual  Circuit  or  Virtual  Channel 
VCI  Virtual  Circuit  Identifier  or  Virtual  Channel 

Identifier 
VP  Virtual  Path 
VPI  Virtual  Path  Identifier 

Claims 

1  .  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  re- 
ceiving  (4002)  composite  packets,  destined  for 
a  plurality  of  destinations  connected  to  said 
packet  switching  fabric  unit,  means  for  assem- 
bling  (4006,  4020,  4014)  from  said  received 
composite  packets,  different  composite  pack- 
ets  destined  for  a  single  destination  of  said 
packet  switching  fabric  unit,  and  means  for 
transmitting  (4004)  said  different  composite 
packets  to  said  packet  switching  fabric  unit; 
wherein  said  composite  packets  and  said  dif- 
ferent  composite  packets  each  comprise  peri- 
odically  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 

5  least  one  CPR  unit  and  a  packet  switching  fab- 
ric  unit  (550);  and 
said  network  comprises  a  packet  switching 
means  (600  or  600,  4000)  for  interconnecting 
said  access  switches; 

10  wherein  each  access  switch  comprises  means 
(540)  for  converting  multiplexed  periodic  com- 
munication  input  signals  (523),  each  input  sig- 
nal  for  transmitting  a  plurality  of  channels,  into 
packetized  signals  each  packet  of  said  pack- 

's  etized  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  arbi- 
trary  packet  of  one  of  said  packet  signals; 

20  wherein  each  CPR  unit  of  said  each  access 
switch  uses  communication  signals,  received  in 
one  of  said  packetized  signals,  of  said  each  ac- 
cess  switch  to  generate  CPR  packetized  output 
signals  each  of  whose  packets  contains  com- 

25  munication  signals  destined  for  a  single  CPR 
circuit  of  another  one  of  said  plurality  of  access 
switches; 
wherein  said  packet  switching  means  compris- 
es  at  least  one  packet  crossconnect  (600)  for 

30  interconnecting  a  plurality  of  CPR  units  of  a  plu- 
rality  of  access  switches,  said  packet  crosscon- 
nect  for  switching  packets  of  a  plurality  of  in- 
coming  packetized  signals  from  said  plurality  of 
CPR  units  to  a  plurality  of  output  packetized 

35  signals  to  said  plurality  of  CPR  units. 

2.  The  network  of  claim  1  wherein  said  multiplexed  pe- 
riodic  communication  signals  (523)  are  PCM  (pulse 
code  modulation)  signals. 

40 
3.  The  network  of  claim  1  wherein  said  packetized  sig- 

nals  are  ATM  (asynchronous  transfer  mode)  signals 
and  said  composite  packets  are  composite  cells, 
and  each  of  said  plurality  of  CPR  units  is  a  CCR 

45  (composite  cell  remap)  unit. 

4.  The  network  of  claim  3  wherein  said  packet  switch- 
ing  means  comprise  an  ATM  crossconnect. 

so  5.  The  network  of  claim  4  wherein  a  plurality  of  com- 
munications  are  transmitted  over  each  of  a  plurality 
of  virtual  paths  through  said  ATM  crossconnect. 

6.  The  network  of  claim  4  wherein  said  multiplexed  pe- 
55  riodic  communication  signals  are  PCM  (pulse  code 

modulation)  signals. 

7.  The  network  of  claim  6  wherein  said  means  for  con- 

39 
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verting  comprises  a  plurality  of  ATMU  (asynchro- 
nous  transfer  mode  unit)  units  (540)  each  for  receiv- 
ing  at  least  one  signal  stream  comprising  PCM  sam- 
ples  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  communica- 
tions  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  com- 
prises  cells  for  transmission  to  one  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  communica- 
tions  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  ac- 
cess  switch. 

11.  The  telecommunications  network  of  claim  1, 

wherein  each  access  switch  further  comprises: 
a  packet  switching  fabric  unit  (550)  for  switch- 
ing  packets  of  input  signals  of  packetized  sig- 
nals  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 
wherein  data  of  said  multiplexed  periodic  com- 
munication  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. 

12.  The  network  of  claim  11  wherein  said  multiplexed 
periodic  communication  signals  (523)  are  PCM 
(pulse  code  modulation)  signals. 

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

14.  The  network  of  claim  13  wherein  said  packet  switch- 
ing  means  comprise  an  ATM  crossconnect. 

15.  The  network  of  claim  14  wherein  groups  of  commu- 

nications  are  transmitted  over  a  virtual  path  through 
said  ATM  crossconnect. 

16.  The  network  of  claim  14  wherein  said  multiplexed 
5  periodic  communication  signals  are  PCM  (pulse 

code  modulation)  signals. 

17.  The  network  of  claim  16  wherein  said  packet  switch- 
ing  fabric  unit  is  further  used  for  crossconnecting 

10  cells  of  ATM  signals  from  an  ATM  network  to  a 
switching  system. 

18.  The  telecommunications  network  of  claim  1,  where- 
in  each  CPR  unit  of  said  each  access  switch  is 

is  adapted  to  generate  CPR  packetized  output  signals 
each  of  whose  packets  contains  only  communica- 
tion  signals  destined  for  one  access  switch  or  for 
CPR  circuits  of  a  group  of  access  switches; 

wherein  said  packet  switching  means  com- 
20  prises  at  least  two  packet  crossconnects  (600)  for 

interconnecting  a  plurality  of  CPR  units  of  a  plurality 
of  access  switches,  and  further  comprises  at  least 
one  CPR  (4000)  for  interconnecting  two  of  said 
crossconnects  and  for  converting  groups  of  packets 

25  each  containing  communication  signals  destined 
for  a  group  of  access  switches  into  groups  of  pack- 
ets  each  containing  communication  signals  des- 
tined  for  one  access  switch. 

30  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 
35  signals  are  ATM  (asynchronous  transfer  mode)  sig- 

nals  and  said  composite  packets  are  composite 
cells,  and  said  CPR  units  are  CCR  (composite  cell 
remap)  unit. 

40  21.  The  network  of  claim  20  wherein  said  packet  switch- 
ing  means  comprises  at  least  two  ATM  crosscon- 
nects  (600). 

22.  The  network  of  claim  21  wherein  groups  of  commu- 
45  nications  are  transmitted  over  a  virtual  path  through 

said  ATM  crossconnect. 

23.  The  network  of  claim  1  wherein  each  packet  switch 
fabric  unit  (550)  has  a  plurality  of  input  signals  and 

so  a  plurality  of  output  signals,  and  is  adapted  to 
switche  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 
55  one  of  said  CPR  units  comprise  communication  sig- 

nals  destined  for  a  plurality  of  different  access 
switches  of  the  network. 

40 
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24.  The  network  of  claim  23  wherein  said  composite 
packets  for  transmission  from  an  output  of  one  said 
CPR  units  are  packets  having  a  common  interme- 
diate  destination. 

5 
25.  The  network  of  claim  24  wherein  said  composite 

packets  are  composite  ATM  cells  and  said  packet 
switch  fabric  units  are  ATM  cell  switches. 

26.  The  network  of  claim  25  wherein  said  signals  for  10 
said  communication  channels  are  PCM  (pulse  code 
modulation)  signals  (537). 

27.  The  network  of  claim  1  wherein  each  of  the  plurality 
of  CPR  units  is  adapted  for  receiving  packetized  15 
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  20 
packet  comprising  signal  values  for  different  com- 
munications  destined  for  a  single  one  of  said  plural- 
ity  of  CPR  units;  and 

wherein  the  at  least  one  packet  crossconnect 
(600)  is  adapted  for  switching  said  second  packets,  25 
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  plural- 
ity  of  CPR  units; 

30 
28.  The  network  of  claim  27  wherein  said  signal  values 

comprise  PCM  samples  of  a  single  communication. 

29.  The  network  of  claim  27  wherein  said  first  and  said 
second  packets  are  transmitted  periodically,  where-  35 
in  each  periodically  transmitted  packet  comprises 
signal  values  for  a  plurality  of  periodically  transmit- 
ted  communications  that  remains  fixed  for  the  du- 
ration  of  said  plurality  of  periodically  transmitted 
communications.  40 

30.  The  network  of  claim  27  wherein  said  packetized 
signals  are  ATM  (asynchronous  transfer  mode)  sig- 
nals  and  said  first  and  second  packets  are  ATM 
cells,  and  said  plurality  of  CPR  units  is  a  plurality  of  45 
CCR  (composite  cell  remap)  units. 

31  .  The  network  of  claim  30  wherein  said  packet  cross- 
connect  is  an  ATM  crossconnect  and  said  second 
packets  are  transmitted  over  said  ATM  crosscon-  so 
nect  through  a  virtual  path. 

32.  The  network  of  claim  31  wherein  at  least  one  of  the 
plurality  of  CCR  units  are  for  generating  third  com- 
posite  cells,  each  third  composite  cell  comprising  a  55 
plurality  of  signal  values  for  different  communica- 
tions  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  sec- 
ond  cells,  each  second  cell  for  transmission  by  an 
ATM  crossconnect  to  one  of  said  subgroup  of  CCR 
units. 

33.  The  network  of  claim  1  wherein  said  CPR  unit  is  a 
CCR  (composite  cell  remap)  means  and  said  net- 
work  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  destina- 
tions  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  for  transmission  to  a 
single  one  of  said  plurality  of  CCR  means;  and 

wherein  said  packet  switching  fabric  unit  is  an 
ATM  crossconnect  means  for  switching  second 
cells  of  the  output  signal  of  each  of  said  plurality  of 
said  CCR  means,  without  changing  payload  con- 
tents  of  said  second  cells,  to  signals  connected  to 
the  inputs  of  each  of  said  plurality  of  CCR  means. 

34.  The  distribution  network  of  claim  33  wherein  the 
CCR  means  also  switches  other  PCM  signals  of 
said  first  cells  into  third  cells,  said  third  cells  having 
PCM  signals  destined  for  a  subgroup  of  said  plural- 
ity  of  CCR  means,  further  comprising: 

at  least  one  other  ATM  crossconnect  means 
(600);  and 
at  least  one  other  CCR  means  (4000)  for  inter- 
connecting  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. 

35.  A  method  of  transmitting  multiplexed  periodic  com- 
munication  signals  across  a  telecommunications 
network  comprising  the  steps  of: 

generating  composite  packets  (Fig.  9,  CBR 
cell),  periodically  transmitted,  each  composite 
packet  for  transmitting  signals  for  a  plurality  of 
communication  channels; 
switching  said  composite  packets  via  a  packet 
switching  fabric  unit  (550)  to  a  composite  pack- 
et  remap  (CPR)  unit  (4000); 
in  said  CPR  unit,  receiving  (4002)  composite 
packets  destined  for  a  plurality  of  intermediate 

35 

40 
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destinations,  rearranging  (4006,  4020,  4016) 
the  received  packets  into  packets  destined  for 
a  single  intermediate  destination  and  transmit- 
ting  (4004)  the  rearranged  packets  to  a  packet 
switching  fabric  unit  for  switching  to  said  single  s 
intermediate  destination; 

characterized  in  that  the  method  further  com- 
prises  the  steps  of: 

10 
converting  (540)  said  multiplexed  periodic  com- 
munication  signals  into  a  plurality  of  packetized 
signals  each  comprising  first  composite  pack- 
ets,  each  first  composite  packet  including  a  plu- 
rality  of  communication  signals  for  a  plurality  of  15 
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  20 
plurality  of  source  CPR  units; 
in  said  source  CPR  units,  switching  the  com- 
munication  signals  in  received  first  composite 
packets  to  form  packetized  output  signals  com- 
prising  second  composite  packets  each  second  25 
composite  packet  including  only  communica- 
tion  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  30 
CPR  units  to  packetized  signals  each  destined 
for  one  of  said  destination  CPR  units. 

36.  The  method  of  claim  35  wherein  said  multiplexed 
periodic  communication  signals  are  PCM  (pulse  35 
code  modulation)  signals  (537). 

37.  The  method  of  claim  35  wherein  said  packetized 
signals  are  ATM  (asynchronous  transfer  mode)  sig- 
nals,  and  said  first  and  second  packets  are  first  and  40 
second  cells,  and  said  CPR  units  are  CCR  (com- 
posite  cell  remap)  units. 

38.  The  method  of  claim  37  wherein  said  step  of  switch- 
ing  second  cells  of  packetized  output  signals  com-  45 
prises  switching  said  second  cells  in  an  ATM  cross- 
connect  (600). 

39.  The  method  of  claim  38  further  comprising  transmit- 
ting  said  second  cells  over  a  virtual  path  through  so 
said  ATM  crossconnect. 

40.  The  method  of  claim  38  wherein  said  multiplexed 
periodic  communication  signals  are  PCM  (pulse 
code  modulation)  signals  (537).  55 

41  .  The  method  of  claim  40  wherein  said  CPR  units  are 
CCR  (composite  cell  remap)  units  and  said  step  of 

converting  comprises  converting  in  a  plurality  of  AT- 
MU  (asynchronous  transfer  mode  unit)  units  (540) 
each  for  receiving  at  least  one  signal  stream  com- 
prising  PCM  signals  and  for  generating  at  least  one 
ATM  signal,  said  signal  comprising  said  PCM  sig- 
nals  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. 

42.  The  method  of  claim  41  wherein  the  step  of  switch- 
ing  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. 

43.  The  method  of  claim  41  wherein  said  step  of  con- 
verting  further  comprises  converting  said  multi- 
plexed  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  com- 
prises  cells  for  transmission  to  one  of  said  plurality 
of  ATMU  units. 

44.  The  method  of  claim  43  further  comprising  switch- 
ing  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. 

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  pack- 
etized  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  re- 
ceiving  composite  packets,  destined  for  a  plu- 
rality  of  destinations  connected  to  said  packet 
switching  fabric  unit,  means  for  assembling 
(4006,  4020,  401  4)  from  said  received  compos- 
ite  packets,  different  composite  packets  des- 
tined  for  a  single  destination  of  said  packet 
switching  fabric  unit  and  means  for  transmitting 
(4004)  said  different  composite  packets  to  said 
packet  switching  fabric  unit; 
wherein  said  composite  packets  and  said  dif- 
ferent  composite  packets  each  comprise  peri- 
odically  transmitted  composite  packets,  each 
for  transmitting  signals  for  a  plurality  of  commu- 
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nication  channels; 

characterized  in  that 

said  access  switch  comprising  a  plurality  of  s 
CPR  units; 
said  access  switch  comprising  means  (540)  for 
converting  multiplexed  periodic  communication 
input  signals,  comprising  periodic  communica- 
tion  input  channels,  different  ones  of  which  are  10 
for  transmission  to  different  ones  of  a  plurality 
of  switches  accessed  via  said  plurality  of  CPR 
(composite  packet  remap)  units,  into  pack- 
etized  signals,  said  packetized  signals  each 
comprising  first  packets  each  for  transmitting  15 
data  for  a  plurality  of  separate  communications, 
each  first  packet  for  transmission  to  a  single 
CPR  unit  of  said  plurality  of  CPR  units; 
said  access  switch  comprising  packet  switch- 
ing  means  comprising  a  packet  switch  fabric  20 
unit  (550)  for  switching  each  of  said  first  pack- 
ets  to  one  of  said  plurality  of  CPR  units  without 
changing  the  payload  of  the  switched  first  pack- 
ets;  and 
said  plurality  of  CPR  units  each  adapted  for  re-  25 
ceiving  said  first  packets  and  rearranging  pay- 
load  data  of  said  first  packets  to  generate  an 
output  stream  comprising  second  composite 
packets  each  second  packet  containing  pay- 
load  data  destined  for  a  single  CPR  unit  of  one  30 
other  access  switch  for  switching  in  said  one 
other  access  switch  to  one  of  a  plurality  of  mul- 
tiplexed  periodic  communication  output  signals 
comprising  periodic  communication  output 
channels.  35 

46.  The  access  switch  of  claim  45  wherein  said  multi- 
plexed  periodic  communication  signals  are  PCM 
(pulse  code  modulation)  signals  (537). 

40 
47.  The  access  switch  of  claim  45  wherein  said  pack- 

etized  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.  45 

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  so 
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  multi-  55 
plexed  periodic  communication  signals  are  PCM 
(pulse  code  modulation)  signals. 

51.  The  access  switch  of  claim  50  wherein  said  means 
for  converting  comprises  a  plurality  of  ATMU  (asyn- 
chronous  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  at  least  one  ATM  signal  comprising  said 
PCM  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  com- 
munications  module)  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  ac- 
cess  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  ac- 
cess  switch. 

55.  The  access  switch  of  claim  45  wherein  said  access 
switch  comprises  a  plurality  of  means  (540)  for  con- 
verting; 

wherein  said  means  for  converting  are  for  con- 
verting  between  a  plurality  of  multiplexed  syn- 
chronous  signal  streams  (537),  each  carrying 
periodic  communication  input  signals  for  a  plu- 
rality  of  channels,  each  signal  stream  compris- 
ing  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  as- 
sociated  signals  of  said  signal  streams  and 
each  of  said  first  packets  comprising  signals  for 
channels  destined  for  a  single  one  of  said  plu- 
rality  of  means  for  converting; 
wherein  said  packet  switching  unit  is  adapted 
to  switch  said  first  packets  of  said  first  pack- 
etized  output  signals  each  to  one  of  a  plurality 
of  second  packetized  output  signals,  said  sec- 
ond  packetized  output  signals  for  transmission 
to  converting  means  for  converting  said  second 
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packetized  output  signals  into  periodic  commu- 
nication  output  signals  and  associated  signals 
for  transmission  to  said  access  switch  or  other 
members  of  a  cluster  of  access  switches. 

5 
56.  The  apparatus  of  claim  55  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  cells.  10 

57.  The  apparatus  of  claim  56  wherein  said  plurality  of 
ATM  cells  each  carries  a  plurality  of  segments,  each 
segment  representing  one  PCM  (pulse  code  mod- 
ulation)  signal  of  a  single  channel  and  an  associat-  15 
ed  auxiliary  signal  of  said  single  channel,  and 
wherein  each  of  said  plurality  of  ATM  cells  carries 
only  a  single  segment  of  any  channel. 

58.  The  apparatus  of  claim  57  wherein  said  associated  20 
auxiliary  signal  of  said  single  channel  is  a  single  bit 
representing  a  supervisory  state  of  said  single 
channel. 

59.  The  apparatus  of  claim  55  wherein  each  of  said  plu-  25 
rality  of  means  for  converting  further  comprises 
means  for  converting  between  said  periodic  com- 
munication  input  signals  and  a  plurality  of  second 
packets  transmitted  periodically  on  said  first  pack- 
etized  output  signals,  each  second  packet  compris-  30 
ing  segments  derived  from  periodic  communication 
signals  and  associated  signals  of  said  signal 
streams  and  each  second  packet  comprising  sig- 
nals  for  channels  destined  for  a  switching  system 
outside  said  access  switch  or  said  cluster  of  access  35 
switches; 

wherein  said  means  for  switching  further  com- 
prises  means  (4000)  for  switching  said  second 
packets  to  a  third  packetized  output  signal  for  trans- 
mission  to  one  or  more  telecommunications  switch-  40 
ing  systems  outside  said  telecommunications 
switching  system  or  cluster. 

60.  A  CPR  (Composite  Packet  Remap)  circuit  compris- 
ing:  45 
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odically  transmitted  composite  packets  (Fig.  9, 
CBR  cell),  each  for  transmitting  signals  for  a 
plurality  of  communication  channels; 

characterized  in  that  said  means  for  assem- 
bling  comprises  a  signal  memory  (401  4)  for  storing 
received  PCM  (Pulse  Code  Modulation)  samples 
and  a  control  memory  (4020)  for  controlling  the  ad- 
dressing  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. 

61.  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  in- 
put  packets  do  not  include  said  A  bits  of  data, 
wherein  A  is  a  positive  integer  equal  to  or  greater 
than  one. 

62.  The  CPR  circuit  of  claim  61  wherein  said  A  bits  is  a 
single  bit. 

63.  The  CPR  circuit  of  claim  62  wherein  said  single  bit 
is  a  bit  representing  a  supervisory  state  of  a  channel 
associated  with  an  individual  PCM  signal. 

64.  The  CPR  circuit  of  claim  60  wherein  said  means  for 
receiving  is  further  adapted  to  receive  conventional 
packets  having  periodic  communication  signals  for 
a  single  destination  station,  and  wherein  said 
means  for  assembling  keeps  a  payload  of  a  con- 
ventional  packet  intact  when  forming  a  packetized 
output  signal. 

Patentanspriiche 

1.  Telekommunikationsnetz  mit  folgendem: 

einer  Umcodierungseinheit  fur  zusammenge- 
setzte  Pakete  (CPR-Einheit)  (4000);  und 
einer  mit  der  besagten  CPR-Einheit  verbunde- 
nen  Paketvermittlungsstruktureinheit  (550); 
wobei  die  besagte  CPR-Einheit  Mittel  zum 
Empfangen  (4002)  zusammengesetzter  Pake- 
te,  die  fur  eine  Mehrzahl  von  mit  der  besagten 
Paketvermittlungsstruktureinheit  verbundenen 
Bestimmungsorten  bestimmt  sind,  Mittel  zum 
Zusammenstellen  (4006,  4020,  4014)  ver- 
schiedener  zusammengesetzter  Pakete,  die 
fur  einen  einzelnen  Bestimmungsort  der  be- 
sagten  Paketvermittlungsstruktureinheit  be- 
stimmt  sind,  aus  den  besagten  empfangenen 
zusammengesetzten  Paketen,  und  Mittel  zum 

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,  means  for  assem-  so 
bling  (4006,  4020,  4014)  from  said  received 
composite  packets,  different  composite  pack- 
ets  destined  for  a  single  destination  of  said 
packet  switching  fabric  unit  and  means  for 
transmitting  (4004)  said  different  composite  55 
packets  to  said  packet  switching  fabric  unit; 
wherein  said  composite  packets  and  said  dif- 
ferent  composite  packets  each  comprise  peri- 
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Ubertragen  (4004)  der  besagten  verschiede- 
nen  zusammengesetzten  Pakete  zu  der  besag- 
ten  Paketvermittlungsstruktureinheit  umfaBt; 
wobei  die  besagten  zusammengesetzten  Pa- 
kete  und  die  besagten  verschiedenen  zusam-  s  3. 
mengesetzten  Pakete  jeweils  periodisch  iiber- 
tragene  zusammengesetzte  Pakete  (FIG.  9, 
CBR-Zelle)  umfassen,  die  jeweils  zur  Ubertra- 
gung  von  Signalen  fur  eine  Mehrzahl  von  Kom- 
munikationskanalen  dienen;  10 

dadurch  gekennzeichnet,  dal3 
4. 

das  besagte  Netz  eine  Mehrzahl  von  Zugangs- 
koppelnetzbausteinen  (1)  umfaBt,  wobei  jeder  15 
Zugangskoppelnetzbaustein  mindestens  eine 
CPR-Einheit  und  eine  Paketvermittlungsstruk-  5. 
tureinheit  (550)  umfaBt;  und 
das  besagte  Netz  ein  Paketvermittlungsmittel 
(600  oder  600,  4000)  zur  Verbindung  der  be-  20 
sagten  Zugangskoppelnetzbausteine  umfaBt; 
wobei  jeder  Zugangskoppelnetzbaustein  Mittel  6. 
(540)  zur  Konvertierung  gemultiplexter  periodi- 
scher  Kommunikationseingangssignale  (523), 
wobei  die  Eingangssignale  jeweils  zur  Ubertra-  25 
gung  einer  Mehrzahl  von  Kanalen  dienen,  in  7. 
paketierte  Signale  umfaBt,  wobei  jedes  Paket 
der  besagten  paketierten  Signale  fur  eine  CPR- 
Einheit  der  besagten  mindestens  einen  CPR- 
Einheit  des  besagten  Zugangskoppelnetzbau-  30 
steins  bestimmt  ist,  wobei  jeder  Kanal  der  be- 
sagten  Eingangssignale  in  eine  willkurliche  Po- 
sition  eines  willkurlichen  Pakets  eines  der  be- 
sagten  Paketsignale  geschaltet  wird; 
wobei  jede  CPR-Einheit  des  besagten  jeden  35 
Zugangskoppelnetzbausteins  Kommunikati- 
onssignale,  die  in  einem  der  besagten  paketier- 
ten  Signale  empfangen  werden,  des  besagten 
jeden  Zugangskoppelnetzbausteins  verwen- 
det,  urn  CPR-paketierte  Ausgangssignale  zu  40  8. 
erzeugen,  deren  Pakete  jeweils  Kommunikati- 
onssignale  enthalten,  die  fur  eine  einzelne 
CPR-Einheit  eines  anderen  Zugangskoppel- 
netzbausteins  der  besagten  Mehrzahl  von  Zu- 
gangskoppelnetzbausteinen  bestimmt  sind;  45 
wobei  das  besagte  Paketvermittlungsmittel 
mindestens  einen  Paket-Crossconnect  (600)  9. 
zur  Verbindung  einer  Mehrzahl  von  CPR-Ein- 
heiten  einer  Mehrzahl  von  Zugangskoppelnetz- 
bausteinen  umfaBt,  wobei  der  Paket-  so 
Crossconnect  zum  Umschalten  von  Paketen 
einer  Mehrzahl  eintreffender  paketierter  Signa- 
le  aus  der  besagten  Mehrzahl  von  CPR-Einhei- 
ten  auf  eine  Mehrzahl  von  paketierten  Aus-  10, 
gangs-Signalen  fur  die  besagte  Mehrzahl  von  55 
CPR-Einheiten  dient. 

2.  Netz  nach  Anspruch  1  ,  wobei  die  besagten  gemul- 

tiplexten  periodischen  Kommunikationssignale 
(523)  PCM-Signale  (Pulscodemodulationssignale) 
sind. 

Netz  nach  Anspruch  1  ,  wobei  die  besagten  pake- 
tierten  Signale  ATM-Signale  (asynchroner  Ubertra- 
gungsmodus)  sind  und  die  besagten  zusammenge- 
setzten  Pakete  zusammengesetzte  Zellen  sind  und 
jede  CPR-Einheit  der  besagten  Mehrzahl  von  CPR- 
Einheiten  eine  Umcodierungseinheit  fur  zusam- 
mengesetzte  Zellen  (CCR-Einheit)  ist. 

Netz  nach  Anspruch  3,  wobei  die  besagten  Paket- 
vermittlungsmittel  einen  ATM-Crossconnect  umfas- 
sen. 

Netz  nach  Anspruch  4,  wobei  eine  Mehrzahl  von 
Ubermittlungen  iiber  jeden  virtuellen  Pfad  einer 
Mehrzahl  von  virtuellen  Pfaden  durch  den  besagten 
ATM-Crossconnect  hindurch  ubertragen  werden. 

Netz  nach  Anspruch  4,  wobei  die  besagten  gemul- 
tiplexten  periodischen  Kommunikationssignale 
PCM-Signale  (Pulscodemodulationssignale)  sind. 

Netz  nach  Anspruch  6,  wobei  das  besagte  Mittel 
zum  Konvertieren  eine  Mehrzahl  von  ATMU-Einhei- 
ten  (Einheiten  des  asynchronen  Ubertragungsmo- 
dus)  (540)  umfaBt,  die  jeweils  zum  Empfangen  min- 
destens  eines  PCM-Abtastwerte  umfassenden  Si- 
gnalstroms  und  zum  Erzeugen  mindestens  eines 
ATM-Signals  dienen,  wobei  das  besagte  Signal  die 
besagten  PCM-Abtastwerte  des  besagten  minde- 
stens  einen  PCM-Eingangsstroms  umfaBt,  wobei 
das  besagte  mindestens  eine  ATM-Signal  Zellen 
umfaBt,  wobei  jede  Zelle  zu  einer  der  CCR-Einhei- 
ten  des  besagten  jeden  Zugangskoppelnetzbau- 
steins  ubertragen  werden  soil. 

Netz  nach  Anspruch  7,  wobei  der  besagte  jede  Zu- 
gangskoppelnetzbaustein  ein  ATM-CM  (ATM-Kom- 
munikationsmodul)  (550)  zur  Verteilung  von  Zellen 
aus  ATM-Ausgangsstromen  der  besagten  minde- 
stens  einen  ATMU-Einheit  auf  ATM-Eingangsstro- 
me  der  besagten  mindestens  einen  CCR  umfaBt. 

Netz  nach  Anspruch  7,  wobei  das  besagte,  durch 
eine  ATMU-Einheit  erzeugte  mindestens  eine  ATM- 
Signal  weiterhin  Zellen  umfaBt,  die  zu  einer  ATMU- 
Einheit  der  besagten  Mehrzahl  von  ATMU-Einhei- 
ten  des  besagten  Zugangskoppelnetzbausteins 
ubertragen  werden  sollen. 

Netz  nach  Anspruch  9,  wobei  der  besagte  jede  Zu- 
gangskoppelnetzbaustein  ein  ATM-CM  (ATM-Kom- 
munikationsmodul)  zur  Verteilung  von  Zellen  aus 
ATM-Ausgangsstromen  der  besagten  mindestens 
einen  ATMU-Einheit  auf  ATM-Eingangsstrome  ei- 
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ner  der  ATMU-Einheiten  des  besagten  jeden  Zu- 
gangskoppelnetzbausteins  umfaBt. 

11.  Telekommunikationsnetz  nach  Anspruch  1, 
5 

wobei  jeder  Zugangskoppelnetzbaustein  wei- 
terhin  folgendes  umfaBt:  eine  Paketvermitt- 
lungsstruktureinheit  (550)  zum  Umschalten 
von  Paketen  von  Eingangssignalen  paketierter 
Signale  aus  dem  besagten  Mittel  zum  Konver-  10 
tieren  auf  mindestens  ein  paketiertes  Aus- 
gangssignal,  wobei  jedes  von  individuellen  der 
besagten  paketierten  Ausgangssignale  zu  ei- 
ner  der  besagten  CPR-Einheiten  ubertragen 
werden  soil;  und  15 
wobei  Daten  der  besagten  gemultiplexten  peri- 
odischen  Kommunikationseingangssignale 
durch  ein  Mittel  zum  Konvertieren,  eine  Paket- 
vermittlungsstruktureinheit,  eine  CPR-Einheit 
eines  Zugangskoppelnetzbausteins  und  das  20 
besagte  Paketvermittlungsmittel  hindurch  von 
einem  Eingang  des  besagten  Mittels  zum  Kon- 
vertieren  des  besagten  einen  Zugangskoppel- 
netzbausteins  auf  einen  Eingang  einer  CPR  ei- 
nes  weiteren  Zugangskoppelnetzbausteins  25 
umgeschaltet  werden. 

12.  Netz  nach  Anspruch  11  ,  wobei  die  besagten  gemul- 
tiplexten  periodischen  Kommunikationssignale 
(523)  PCM-Signale  (Pulscodemodulationssignale)  30 
sind. 

13.  Netz  nach  Anspruch  11,  wobei  die  besagten  pake- 
tierten  Signale  ATM-Signale  (asynchroner  Ubertra- 
gungsmodus)  sind  und  die  besagten  zusammenge-  35 
setzten  Pakete  zusammengesetzte  Zellen  sind  und 
die  besagten  CPR-Einheit  Einheiten  CCR-Einhei- 
ten  (Umcodierungseinheiten  fur  zusammengesetz- 
te  Zellen)  sind. 

40 
14.  Netz  nach  Anspruch  13,  wobei  die  besagten  Paket- 

vermittlungsmittel  einen  ATM-Crossconnect  umfas- 
sen. 

15.  Netz  nach  Anspruch  14,  wobei  Gruppen  von  Uber-  45 
mittlungen  uber  einen  virtuellen  Pfad  durch  den  be- 
sagten  ATM-Crossconnect  hindurch  ubertragen 
werden. 

16.  Netz  nach  Anspruch  14,  wobei  die  besagten  gemul-  so 
tiplexten  periodischen  Kommunikationssignale 
PCM-Signale  (Pulscodemodulationssignale)  sind. 

17.  Netz  nach  Anspruch  16,  wobei  die  besagte  Paket  - 
vermittlungsstruktureinheit  weiterhin  zum  Durch-  55 
schalten  von  Zellen  von  ATM-Signalen  aus  einem 
ATM-Netz  zu  einer  Vermittlungsanlage  verwendet 
wird. 

18.  Telekommunikationsnetz  nach  Anspruch  1,  wobei 
jede  CPR-Einheit  des  besagten  jeden  Zugangskop- 
pelnetzbausteins  so  ausgelegt  ist,  dal3  sie  CPR-pa- 
ketierte  Ausgangssignale  erzeugt,  von  denen  jedes 
Paket  nur  solche  Kommunikationssignale  enthalt, 
die  fur  einen  Zugangskoppelnetzbaustein  oder  fur 
CPR-Schaltungen  einer  Gruppe  von  Zugangskop- 
pelnetzbausteinen  bestimmt  sind; 

wobei  das  besagte  Paketvermittlungsmittel 
mindestens  zwei  Paket-Crossconnects  (600)  zur 
Verbindung  einer  Mehrzahl  von  CPR-Einheiten  ei- 
ner  Mehrzahl  von  Zugangskoppelnetzbausteinen 
umfaBt,  und  weiterhin  mindestens  eine  CPR  (4000) 
zur  Verbindung  zweier  der  besagten  Crosscon- 
nects  und  zur  Konvertierung  von  Gruppen  von  Pa- 
keten,  die  jeweils  Kommunikationssignale  enthal- 
ten,  die  fur  eine  Gruppe  von  Zugangskoppelnetz- 
bausteinen  bestimmt  sind,  in  Gruppen  von  Pake- 
ten,  die  jeweils  Kommunikationssignale  enthalten, 
die  fur  einen  Zugangskoppelnetzbaustein  bestimmt 
sind,  umfaBt. 

19.  Netz  nach  Anspruch  18,  wobei  die  besagten  gemul- 
tiplexten  periodischen  Kommunikationssignale 
PCM-Signale  (Pulscodemodulationssignale)  sind. 

20.  Netz  nach  Anspruch  18,  wobei  die  besagten  pake- 
tierten  Signale  ATM-Signale  (asynchroner  Ubertra- 
gungsmodus)  sind  und  die  besagten  zusammenge- 
setzten  Pakete  zusammengesetzte  Zellen  sind  und 
die  besagten  CPR-Einheiten  CCR-Einheiten  (Um- 
codierungseinheiten  fur  zusammengesetzte  Zel- 
len)  sind. 

21.  Netz  nach  Anspruch  20,  wobei  das  besagte  Paket- 
vermittlungsmittel  mindestens  zwei  ATM- 
Crossconnects  (600)  umfaBt. 

22.  Netz  nach  Anspruch  21  ,  wobei  Gruppen  von  Uber- 
mittlungen  uber  einen  virtuellen  Pfad  durch  den  be- 
sagten  ATM-Crossconnect  hindurch  ubertragen 
werden. 

23.  Netz  nach  Anspruch  1  ,  wobei  jede  Paketvermitt- 
lungsstruktureinheit  (550)  eine  Mehrzahl  von  Ein- 
gangssignalen  und  eine  Mehrzahl  von  Ausgangssi- 
gnalen  aufweist  und  so  ausgelegt  ist,  daB  sie  ein 
vollstandiges  Nutzsignal  jedes  Pakets  jedes  eintref- 
fenden  Signals  der  besagten  Mehrzahl  eintreffen- 
der  Signale  auf  eines  der  besagten  Ausgangssi- 
gnale  umschaltet;  und 

wobei  individuelle  der  zusammengesetzten 
Ausgangszellen  einer  der  besagten  CPR-Einheiten 
Kommunikationssignale  umfassen,  die  fur  eine 
Mehrzahl  verschiedener  Zugangskoppelnetzbau- 
steine  des  Netzes  bestimmt  sind. 

24.  Netz  nach  Anspruch  23,  wobei  die  besagten  zu- 
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sammengesetzten  Pakete,  die  aus  einer  Ausgabe 
einer  der  besagten  CPR-Einheiten  ubertragen  wer- 
den  sollen,  Pakete  mit  einem  gemeinsamen  Zwi- 
schenbestimmungsort  sind. 

5 
25.  Netz  nach  Anspruch  24,  wobei  die  besagten  zu- 

sammengesetzten  Pakete  zusammengesetzte 
ATM-Zellen  sind  und  die  besagten  Paketvermitt- 
lungsstruktureinheiten  ATM-Zellenkoppeleinrich- 
tungen  sind.  10 

26.  Netz  nach  Anspruch  25,  wobei  die  besagten  Signa- 
le  fur  die  besagten  Kommunikationskanale  PCM- 
Signale  (Pulscodemodulationssignale)  (537)  sind. 

15 
27.  Netz  nach  Anspruch  1  ,  wobei  jede  CPR-Einheit  der 

Mehrzahl  von  CPR-Einheiten  so  ausgelegt  ist,  dal3 
sie  paketierte  Signale  empfangt,  die  eine  Mehrzahl 
erster  zusammengesetzter  Pakete  umfassen,  wo- 
bei  jedes  erste  Paket  Signalwerte  fur  eine  Ausgabe  20 
einer  Mehrzahl  verschiedener  Ubermittlungen  um- 
faBt,  und  ein  paketiertes  Ausgangssignal  erzeugt, 
das  zweite  zusammengesetzte  Pakete  umfaBt,  wo- 
bei  jedes  zweite  zusammengesetzte  Paket  Signal- 
werte  fur  verschiedene  Ubermittlungen  umfaBt,  die  25 
fur  eine  einzelne  der  besagten  Mehrzahl  von  CPR- 
Einheiten  bestimmt  sind;  und 

wobei  der  mindestens  eine  Paket-Crosscon- 
nect  (600)  so  ausgelegt  ist,  daB  er  die  besagten 
zweiten  Pakete  der  aus  einer  CPR  empfangenen  30 
paketierten  Ausgangssignale  auf  eine  Ausgabe  ei- 
ner  Mehrzahl  von  Ausgaben  umschaltet,  wobei  jede 
Ausgabe  der  besagten  Mehrzahl  von  Ausgaben  zu 
einer  CPR-Einheit  der  besagten  Mehrzahl  von 
CPR-Einheiten  ubertragen  wird;  35 

28.  Netz  nach  Anspruch  27,  wobei  die  besagten  Signal- 
werte  PCM-Abtastwerte  einer  einzelnen  Ubermitt- 
lung  umfassen. 

40 
29.  Netz  nach  Anspruch  27,  wobei  die  besagten  ersten 

und  zweiten  Pakete  periodisch  ubertragen  werden, 
wobei  jedes  periodisch  ubertragene  Paket  Signal- 
werte  fur  eine  Mehrzahl  periodisch  ubertragener 
Ubermittlungen  umfaBt,  die  fur  die  Dauer  der  be-  45 
sagten  Mehrzahl  periodisch  ubertragener  Ubermitt- 
lungen  gleich  bleibt. 

30.  Netz  nach  Anspruch  27,  wobei  die  besagten  pake- 
tierten  Signale  ATM-Signale  (asynchroner  Ubertra-  so 
gungsmodus)  sind  und  die  besagten  ersten  und 
zweiten  Pakete  ATM-Zellen  sind  und  die  besagte 
Mehrzahl  von  CPR-Einheiten  eine  Mehrzahl  von 
CCR-Einheiten  (Umcodierungseinheiten  fur  zu- 
sammengesetzte  Zellen)  ist.  55 

31.  Netz  nach  Anspruch  30,  wobei  der  besagte  Paket- 
Crossconnect  ein  ATM-Crossconnect  ist  und  die 
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besagten  zweiten  Pakete  uber  den  besagten  ATM- 
Crossconnect  durch  einen  virtuellen  Pfad  hindurch 
ubertragen  werden. 

32.  Netz  nach  Anspruch  31,  wobei  mindestens  eine 
CCR-Einheit  der  Mehrzahl  von  CCR-Einheiten  zur 
Erzeugung  dritter  zusammengesetzter  Zellen  dient, 
wobei  jede  dritte  zusammengesetzte  Zelle  eine 
Mehrzahl  von  Signalwerten  fur  verschiedene  Uber- 
mittlungen  umfaBt,  die  jeweils  fur  eine  CCR-Einheit 
einer  Teilgruppe  der  besagten  Mehrzahl  von  CCR- 
Einheiten  bestimmt  sind; 

weiterhin  mit  mindestens  einem  weiteren 
ATM-Crossconnect  und  mindestens  einer  zusatzli- 
chen  CCR-Einheit  zur  Verbindung  zweier  der  ATM- 
Crossconnects,  wobei  die  besagte  zusatzliche 
CCR-Einheit  Gruppen  der  besagten  dritten  Zellen 
empfangt  und  Gruppen  der  besagten  zweiten  Zel- 
len  ubertragt,  wobei  jede  zweite  Zelle  durch  einen 
ATM-Crossconnect  zu  einer  CCR-Einheit  der  be- 
sagten  Teilgruppe  von  CCR-Einheiten  ubertragen 
werden  soil. 

33.  Netz  nach  Anspruch  1  ,  wobei  die  besagte  CPR-Ein- 
heit  ein  CCR-Mittel  (Umcodierungsmittel  fur  zu- 
sammengesetzte  Zellen)  ist  und  das  besagte  Netz 
eine  Mehrzahl  von  CCR-Mitteln  umfaBt,  die  jeweils 
zum  Empfangen  eines  ATM-Signals,  das  erste  Zel- 
len  umfaBt,  wobei  jede  Zelle  einzelne  PCM-Signale 
fur  eine  Mehrzahl  von  Ubermittlungen,  die  fur  eine 
Mehrzahl  von  Bestimmungsorten  bestimmt  sind, 
aufweist,  und  zum  Umschalten  einzelner  PCM-Abt- 
astwerte  der  besagten  ersten  Zellen  des  besagten 
ATM-Eingangssignals  auf  zweite  Zellen  eines  ATM- 
Ausgangssignals  dienen,  wobei  jede  der  besagten 
zweiten  Zellen  PCM-Signale  aufweist,  die  zu  einem 
einzelnen  CCR-Mittel  der  besagten  Mehrzahl  von 
CCR-Mitteln  ubertragen  werden  sollen;  und 

wobei  die  besagte  Paketvermittlungsstruktur- 
einheit  ein  ATM-Crossconnectmittel  zum  Umschal- 
ten  zweiter  Zellen  des  Ausgangssignals  jedes 
CCR-Mittels  der  besagten  Mehrzahl  von  CCR-Mit- 
teln  auf  Signale,  die  mit  den  Eingangen  jedes  CCR- 
Mittels  der  besagten  Mehrzahl  von  CCR-Mitteln 
verbunden  sind,  ohne  daB  dabei  Nutzsignalinhalte 
der  besagten  zweiten  Zellen  verandert  werden,  ist. 

34.  Verteilnetz  nach  Anspruch  33,  wobei  das  CCR-Mit- 
tel  auBerdem  andere  PCM-Signale  der  besagten 
ersten  Zellen  in  dritte  Zellen  hinein  umschaltet,  wo- 
bei  die  besagten  dritten  Zellen  PCM-Signale  auf- 
weisen,  die  fur  eine  Teilgruppe  der  besagten  Mehr- 
zahl  von  CCR-Mitteln  bestimmt  sind,  weiterhin  mit 
folgendem: 

mindestens  einem  weiteren  ATM-Crosscon- 
nectmittel  (600);  und 
mindestens  einem  zusatzlichen  CCR-Mittel 
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(4000)  zur  Verbindung  eines  ersten  und  eines 
zweiten  der  ATM-Crossconnectmittel  und  zum 
Empfangen  dritter  Zellen  aus  dem  ersten  ATM- 
Crossconnectmittel  und  zum  Ubertragen  zwei- 
ter  Zellen,  die  fur  nur  ein  CCR-Mittel  einer  Teil-  s 
gruppe  der  besagten  Mehrzahl  von  CCR-Mit- 
teln  bestimmt  sind,  zu  dem  zweiten  ATM- 
Crossconnectmittel  zur  nachfolgenden  Uber- 
tragung  zu  dem  besagten  nur  einen  CCR-Mittel 
der  besagten  Teilgruppe  der  besagten  Mehr-  10 
zahl  von  CCR-Mitteln. 

35.  Verfahren  zur  Ubertragung  gemultiplexter  periodi- 
scher  Kommunikationssignale  uber  ein  Telekom- 
munikationsnetz  mit  den  folgenden  Schritten:  15 

zweite  zusammengesetzte  Pakete  umfassen, 
wobei  jedes  zweite  zusammengesetzte  Paket 
nursolche  Kommunikationssignale  enthalt,  die 
fur  eine  Bestimmungsort-CPR-Einheit  einer 
Mehrzahl  von  Bestimmungsort-CPR-Einheiten 
bestimmt  sind; 
Umschalten  (600)  der  besagten  zweiten  zu- 
sammengesetzten  Pakete  der  besagten  pake- 
tierten  Ausgangssignale  der  besagten  Quellen- 
CPR-Einheiten  auf  paketierte  Signale,  die  je- 
weils  fur  eine  der  besagten  Bestimmungsort- 
CPR-Einheiten  bestimmt  sind. 

36.  Verfahren  nach  Anspruch  35,  wobei  die  besagten 
gemultiplexten  periodischen  Kommunikationssi- 
gnale  PCM-Signale  (Pulscodemodulationssignale) 
(537)  sind. 

37.  Verfahren  nach  Anspruch  35,  wobei  die  besagten 
paketierten  Signale  ATM-Signale  (asynchroner 
Ubertragungsmodus)  sind  und  die  besagten  ersten 
und  zweiten  Pakete  erste  und  zweite  Zellen  sind 
und  die  besagten  CPR-Einheiten  CCR-Einheiten 
(Umcodierungseinheiten  fur  zusammengesetzte 
Zellen)  sind. 

38.  Verfahren  nach  Anspruch  37,  wobei  der  besagte 
Schritt  des  Umschaltens  zweiter  Zellen  paketierter 
Ausgangssignale  das  Umschalten  der  besagten 
zweiten  Zellen  in  einem  ATM-Crossconnect  (600) 
umfaBt. 

39.  Verfahren  nach  Anspruch  38,  das  weiterhin  das 
Ubertragen  der  besagten  zweiten  Zellen  uber  einen 
virtuellen  Pfad  durch  den  besagten  ATM-Crosscon- 
nect  hindurch  umfaBt. 

40.  Verfahren  nach  Anspruch  38,  wobei  die  besagten 
gemultiplexten  periodischen  Kommunikationssi- 
gnale  PCM-Signale  (Pulscodemodulationssignale) 
(537)  sind. 

41.  Verfahren  nach  Anspruch  40,  wobei  die  besagten 
CPR-Einheiten  CCR-Einheiten  (Umcodierungsein- 
heiten  fur  zusammengesetzte  Zellen)  sind  und  der 
besagte  Schritt  des  Konvertierens  das  Konvertie- 
ren  in  einer  Mehrzahl  von  ATMU-Einheiten  (Einhei- 
ten  des  asynchronen  Ubertragungsmodus)  (540) 
umfaBt,  die  jeweils  zum  Empfangen  mindestens  ei- 
nes  PCM-Signale  umfassenden  Signalstroms  und 
zum  Erzeugen  mindestens  eines  ATM-Signals  die- 
nen,  wobei  das  besagte  Signal  die  besagten  PCM- 
Signale  des  besagten  mindestens  einen  PCM-Ein- 
gangsstroms  umfaBt,  wobei  das  besagte  minde- 
stens  eine  ATM-Signal  erste  zusammengesetzte 
Zellen  umfaBt,  wobei  jede  erste  zusammengesetz- 
te  Zelle  zu  einer  Quellen-CCR-Einheit  ubertragen 
werden  soil. 

Erzeugen  zusammengesetzter  Pakete  (FIG.  9, 
CBR-Zelle),  die  periodisch  ubertragen  werden, 
wobei  jedes  zusammengesetzte  Paket  zur 
Ubertragung  von  Signalen  fur  eine  Mehrzahl  20 
von  Kommunikationskanalen  dient; 
Umschalten  der  besagten  zusammengesetz- 
ten  Pakete  uber  eine  Paketvermittlungsstruk- 
tureinheit  (550)  auf  eine  Umcodierungseinheit 
fur  zusammengesetzte  Pakete  (CPR-Einheit)  25 
(4000); 
Empfangen  (4002)  zusammengesetzter  Pake- 
te,  die  fur  eine  Mehrzahl  von  Zwischenbestim- 
mungsorten  bestimmt  sind,  in  der  besagten 
CPR-Einheit,  Umordnen  (4006,  4020,  4016)  30 
der  empfangenen  Pakete  zu  Paketen,  die  fur 
einen  einzelnen  Zwischenbestimmungsort  be- 
stimmt  sind,  und  Ubertragen  (4004)  der  umge- 
ordneten  Pakete  zu  einer  Paketvermittlungs- 
struktureinheit  zum  Umschalten  auf  den  besag-  35 
ten  einzelnen  Zwischenbestimmungsort; 

dadurch  gekennzeichnet,  daB  das  Verfahren 
weiterhin  die  folgenden  Schritte  umfaBt: 

40 
Konvertieren  (540)  der  besagten  gemultiplex- 
ten  periodischen  Kommunikationssignale  in  ei- 
ne  Mehrzahl  paketierter  Signale,  die  jeweils  er- 
ste  zusammengesetzte  Pakete  umfassen,  wo- 
bei  jedes  erste  zusammengesetzte  Paket  eine  45 
Mehrzahl  von  Kommunikationssignalen  fur  ei- 
ne  Mehrzahl  von  Ubermittlungen  umfaBt,  wo- 
bei  jedes  der  besagten  ersten  zusammenge- 
setzten  Pakete  durch  eine  gemeinsame  Quel- 
len-CPR-Einheit  hindurch  gefuhrt  werden  soil;  so 
Umschalten  (550)  erster  zusammengesetzter 
Pakete  der  besagten  Mehrzahl  paketierter  Si- 
gnale  jeweils  auf  eine  Quellen-CPR-Einheit  ei- 
ner  Mehrzahl  von  Quellen-CPR-Einheiten; 
Umschalten,  in  den  besagten  Quellen-CPR-  55 
Einheiten,  der  Kommunikationssignale  in  emp- 
fangenen  ersten  zusammengesetzten  Paketen 
zur  Bildung  paketierter  Ausgangssignale,  die 
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42.  Verfahren  nach  Anspruch  41  ,  wobei  der  Schritt  des 
Umschaltens  erster  zusammengesetzter  Zellen 
das  Umschalten  der  besagten  ersten  zusammen- 
gesetzten  Pakete  (Zellen)  in  einem  ATM-CM  (ATM- 
Kommunikationsmodul)  (550)  zur  Verteilung  von  s 
Zellen  aus  ATM-Ausgangsstromen  der  besagten 
mindestens  einen  ATMU-Einheit  auf  ATM-Ein- 
gangsstrome  der  besagten  Quelle  umfaBt. 

43.  Verfahren  nach  Anspruch  41,  wobei  der  besagte  10 
Schritt  des  Konvertierens  weiterhin  das  Konvertie- 
ren  der  besagten  gemultiplexten  periodischen 
Kommunikationssignale  in  einer  der  besagten  AT- 
MU-Einheiten  in  dritte  Zellen  umfaBt,  die  zu  einer 
der  besagten  ATMU-Einheiten  ubertragen  werden  15 
sollen,  und  wobei  mindestens  ein  durch  eine  ATMU- 
Einheit  erzeugtes  ATM-Signal  weiterhin  Zellen  um- 
faBt,  die  zu  einer  der  besagten  Mehrzahl  von  AT- 
MU-Einheiten  ubertragen  werden  sollen. 

20 
44.  Verfahren  nach  Anspruch  43,  das  weiterhin  das 

Umschalten  der  besagten  dritten  zusammenge- 
setzten  Zellen  in  einem  ATM-CM  (ATM-Kommuni- 
kationsmodul)  zur  Verteilung  von  Zellen  aus  ATM- 
Ausgangsstromen  der  besagten  mindestens  einen  25 
ATMU-Einheit  auf  ATM-Eingangsstrome  einer  der 
ATMU-Einheiten  umfaBt. 

45.  Zugangskoppelnetzbaustein  zur  Erzeugung  pake- 
tierter  Signale,  die  durch  ein  Paketsignalubertra-  30 
gungsVCrossconnectnetz  verteilt  werden  sollen, 
wobei  das  besagte  Netz  Mittel  zur  Verbindung  einer 
Mehrzahl  besagter  paketierter  Signalstrome  um- 
faBt,  ohne  daB  dabei  Nutzsignalinhalte  von  Zellen 
der  besagten  paketierten  Signalstrome  gestort  wer-  35 
den,  wobei  der  Zugangskoppelnetzbaustein  folgen- 
des  umfaBt: 

mengesetzten  Pakete  jeweils  periodisch  iiber- 
tragene  zusammengesetzte  Pakete  umfassen, 
die  jeweils  zur  Ubertragung  von  Signalen  fur  ei- 
ne  Mehrzahl  von  Kommunikationskanalen  die- 
nen; 

dadurch  gekennzeichnet,  daB 

der  besagte  Zugangskoppelnetzbaustein  eine 
Mehrzahl  von  CPR-Einheiten  umfaBt; 
der  besagte  Zugangskoppelnetzbaustein  Mittel 
(540)  zur  Konvertierung  gemultiplexter  periodi- 
scher  Kommunikationseingangssignale  (um- 
fassend  periodische  Kommunikationsein- 
gangskanale)  umfaBt,  von  denen  verschiedene 
zu  verschiedenen  Koppeleinrichtungen  einer 
Mehrzahl  von  Koppeleinrichtungen,  auf  die 
uber  die  besagte  Mehrzahl  von  CPR-Einheiten 
(Umcodierungseinheiten  fur  zusammenge- 
setzte  Pakete)  zugegriffen  wird,  ubertragen 
werden  sollen,  in  paketierte  Signale,  wobei  die 
besagten  paketierten  Signale  jeweils  erste  Pa- 
kete  jeweils  zur  Ubertragung  von  Daten  fur  eine 
Mehrzahl  separater  Ubermittlungen  umfassen, 
wobei  jedes  erste  Paket  zu  einer  einzelnen 
CPR-Einheit  der  besagten  Mehrzahl  von  CPR- 
Einheiten  ubertragen  werden  soil; 
wobei  der  besagte  Paketvermittlungsmittel  um- 
fassende  Zugangskoppelnetzbaustein  eine 
Paketvermittlungsstruktureinheit  (550)  zum 
Umschalten  jedes  der  besagten  ersten  Pakete 
auf  eine  CPR-Einheit  der  besagten  Mehrzahl 
von  CPR-Einheiten  umfaBt,  ohne  das  Nutzsi- 
gnal  der  umgeschalteten  ersten  Pakete  zu  ver- 
andern;  und 
wobei  die  besagte  Mehrzahl  von  CPR-Einhei- 
ten  jeweils  so  ausgelegt  sind,  daB  sie  die  be- 
sagten  ersten  Pakete  empfangen  und  Nutzsi- 
gnaldaten  der  besagten  ersten  Pakete  umord- 
nen,  urn  einen  Ausgangsstrom  zu  erzeugen, 
der  zweite  zusammengesetzte  Pakete  umfaBt, 
wobei  jedes  zweite  Paket  Nutzsignaldaten  ent- 
halt,  die  fur  eine  einzelne  CPR-Einheit  eines 
anderen  Zugangskoppelnetzbausteins  be- 
stimmt  sind,  urn  in  dem  besagten  anderen  Zu- 
gangskoppelnetzbaustein  auf  ein  gemultiplex- 
tes  periodisches  Kommunikationsausgangssi- 
gnal  einer  Mehrzahl  gemultiplexter  periodi- 
scher  Kommunikationsausgangssignale  um- 
zuschalten,  das  periodische  Kommunikations- 
ausgangskanale  umfaBt. 

46.  Zugangskoppelnetzbaustein  nach  Anspruch  45, 
wobei  die  besagten  gemultiplexten  periodischen 
Kommunikationssignale  PCM-Signale  (Pulscode- 
modulationssignale)  (537)  sind. 

47.  Zugangskoppelnetzbaustein  nach  Anspruch  45, 

eine  Umcodierungseinheit  fur  zusammenge- 
setzte  Pakete  (CPR-Einheit)  (4000);  und  40 
eine  mit  der  besagten  CPR-Einheit  verbundene 
Paketvermittlungsstruktureinheit  (550); 
wobei  die  besagte  CPR-Einheit  Mittel  zum 
Empfangen  zusammengesetzter  Pakete,  die 
fur  eine  Mehrzahl  von  mit  der  besagten  Paket-  45 
vermittlungsstruktureinheit  verbundenen  Be- 
stimmungsorten  bestimmt  sind,  Mittel  zum  Zu- 
sammenstellen  (4006,  4020,  4014)  verschie- 
dener  zusammengesetzter  Pakete,  die  fur  ei- 
nen  einzelnen  Bestimmungsort  der  besagten  so 
Paketvermittlungsstruktureinheit  bestimmt 
sind,  aus  den  besagten  empfangenen  zusam- 
mengesetzten  Paketen,  und  Mittel  zum  Uber- 
tragen  (4004)  der  besagten  verschiedenen  zu- 
sammengesetzten  Pakete  zu  der  besagten  Pa-  55 
ketvermittlungsstruktureinheit  umfaBt; 
wobei  die  besagten  zusammengesetzten  Pa- 
kete  und  die  besagten  verschiedenen  zusam- 
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wobei  die  besagten  paketierten  Signale  ATM-Si- 
gnale  (asynchroner  Ubertragungsmodus)  sind  und 
die  besagten  zusammengesetzten  Pakete  zusam- 
mengesetzte  Zellen  sind  und  die  besagte  Mehrzahl 
von  CPR-Einheiten  eine  Mehrzahl  von  CCR-Einhei-  s 
ten  (Umcodierungseinheiten  fur  zusammengesetz- 
te  Zellen)  ist. 

48.  Zugangskoppelnetzbaustein  nach  Anspruch  47, 
wobei  die  besagten  Paketvermittlungsmittel  eine  10 
ATM-Paketvermittlungseinrichtung  umfassen. 

49.  Zugangskoppelnetzbaustein  nach  Anspruch  48, 
wobei  die  besagten  ersten  Pakete  durch  die  besag- 
te  ATM-Paketvermittlungseinrichtung  durch  einen  15 
durch  die  besagte  ATM-Paketvermittlungseinrich- 
tung  hindurch  verlaufenden  virtuellen  Pfad  hin- 
durch  ubertragen  werden. 

50.  Zugangskoppelnetzbaustein  nach  Anspruch  48,  20 
wobei  die  besagten  gemultiplexten  periodischen 
Kommunikationssignale  PCM-Signale  (Pulscode- 
modulationssignale)  sind. 

51.  Zugangskoppelnetzbaustein  nach  Anspruch  50,  25 
wobei  das  besagte  Mittel  zum  Konvertieren  eine 
Mehrzahl  von  ATMU-Einheiten  (Einheiten  des 
asynchronen  Ubertragungsmodus)  (540)  umfaBt, 
die  jeweils  zum  Empfangen  mindestens  eines  Si- 
gnalstroms,  der  PCM-Abtastwerte  umfaBt,  und  zum  30 
Erzeugen  mindestens  eines  ATM-Signals  dienen, 
wobei  das  besagte  mindestens  eine  ATM-Signal  die 
besagten  PCM-Abtastwerte  des  besagten  minde- 
stens  einen  PCM-Eingangsstroms  umfaBt,  wobei 
das  besagte  mindestens  eine  ATM-Signal  Zellen  35 
umfaBt,  wobei  jede  Zelle  des  besagten  mindestens 
einen  ATM-Signals  zu  einer  CCR-Einheit  der  Mehr- 
zahl  von  CCR-Einheiten  des  besagten  Zugangs- 
koppelnetzbausteins  ubertragen  werden  soil. 

40 
52.  Zugangskoppelnetzbaustein  nach  Anspruch  51, 

wobei  der  besagte  jede  Zugangskoppelnetzbau- 
stein  ein  ATM-CM  (ATM-Kommunikationsmodul) 
zur  Verteilung  von  Zellen  aus  dem  besagten  min- 
destens  einen  ATM-Signal  der  besagten  minde-  45 
stens  einen  ATMU-Einheit  auf  ATM-Eingangsstro- 
me  der  besagten  mindestens  einen  CCR-Einheit 
umfaBt. 

wobei  das  besagte  ATM-CM  weiterhin  die  besagten 
zusatzlichen  Zellen  auf  ATM-Eingangsstrome  einer 
der  ATMU-Einheiten  des  besagten  Zugangskoppel- 
netzbausteins  verteilt. 

55.  Zugangskoppelnetzbaustein  nach  Anspruch  45, 
wobei  der  besagte  Zugangskoppelnetzbaustein  ei- 
ne  Mehrzahl  von  Mitteln  (540)  zum  Konvertieren 
umfaBt; 

wobei  die  besagten  Mittel  zum  Konvertieren 
zum  Konvertieren  zwischen  einer  Mehrzahl  ge- 
multiplexter  synchroner  Signalstrome  (537) 
dienen,  die  jeweils  periodische  Kommunikati- 
onseingangssignale  fur  eine  Mehrzahl  von  Ka- 
nalen  fuhren,  wobei  jeder  Signalstrom  periodi- 
sche  Kommunikationseingangssignale  und  zu- 
geordnete  Hilfssignale  fur  jeden  Kanal  einer 
Mehrzahl  von  Ubermittlungen  aus  der  besag- 
ten  Mehrzahl  von  Koppelmodulen  oder  -syste- 
men  und  ein  oder  mehrere  erste  paketierte 
Ausgangssignale  umfaBt,  wobei  jedes  erste 
paketierte  Ausgangssignal  eine  Mehrzahl  von 
ersten  Paketen  umfaBt,  die  periodisch  ubertra- 
gen  werden,  wobei  jedes  erste  Paket  Segmen- 
te  umfaBt,  die  aus  periodischen  Kommunikati- 
onseingangssignalen  und  zugeordneten  Si- 
gnalen  der  besagten  Signalstrome  abgeleitet 
werden,  und  wobei  jedes  der  besagten  ersten 
Pakete  Signale  fur  Kanale  umfaBt,  die  fur  ein 
einzelnes  Mittel  der  besagten  Mehrzahl  von 
Mitteln  zum  Konvertieren  bestimmt  sind; 
wobei  die  besagte  Paketvermittlungseinheit  so 
ausgelegt  ist,  daB  sie  die  besagten  ersten  Pa- 
kete  der  besagten  ersten  paketierten  Aus- 
gangssignale  jeweils  auf  ein  zweites  paketier- 
tes  Ausgangssignal  einer  Mehrzahl  zweiter  pa- 
ketierter  Ausgangssignale  umschaltet,  wobei 
die  besagten  zweiten  paketierten  Ausgangssi- 
gnale  zu  Konvertierungsmitteln  ubertragen 
werden  sollen,  urn  die  besagten  zweiten  pake- 
tierten  Ausgangssignale  in  periodische  Kom- 
munikationsausgangssignale  zu  konvertieren, 
und  die  besagten  zugeordneten  Signale  zu 
dem  besagten  Zugangskoppelnetzbaustein 
oder  zu  anderen  Mitgliedern  eines  Clusters  von 
Zugangskoppelnetzbausteinen  ubertragen 
werden  sollen. 

53.  Zugangskoppelnetzbaustein  nach  Anspruch  52,  so 
wobei  das  besagte,  durch  eine  ATMU-Einheit  er- 
zeugte  mindestens  eine  ATM-Signal  weiterhin  zu- 
satzliche  Zellen  umfaBt,  wobei  die  besagten  zu- 
satzlichen  Zellen  zu  einer  der  ATMU-Einheiten  des 
besagten  Zugangskoppelnetzbausteins  ubertragen  55 
werden  sollen. 

54.  Zugangskoppelnetzbaustein  nach  Anspruch  53, 

56.  Vorrichtung  nach  Anspruch  55,  wobei  die  besagten 
ersten  und  zweiten  paketierten  Ausgangssignale 
ATM-Signale  (asynchroner  Ubertragungsmodus) 
umfassen  und  die  besagte  Mehrzahl  periodisch 
ubertragener  erster  Pakete  eine  Mehrzahl  von 
ATM-Zellen  ist. 

57.  Vorrichtung  nach  Anspruch  56,  wobei  die  besagte 
Mehrzahl  von  ATM-Zellen  jeweils  eine  Mehrzahl 
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von  Segmenten  fuhren,  wobei  jedes  Segment  ein 
PCM-Signal  (Pulscodemodulationssignal)  eines 
einzelnen  Kanals  und  ein  zugeordnetes  Hilfssignal 
des  besagten  einzelnen  Kanals  darstellt,  und  wobei 
jede  ATM-Zelle  der  besagten  Mehrzahl  von  ATM-  s 
Zellen  nur  ein  einziges  Segment  eines  beliebigen 
Kanals  fuhrt. 

58.  Vorrichtung  nach  Anspruch  57,  wobei  das  besagte 
zugeordnete  Hilfssignal  des  besagten  einzelnen  10 
Kanals  ein  einzelnes  Bit  ist,  das  einen  Uberwa- 
chungszustand  des  besagten  einzelnen  Kanals 
darstellt. 

59.  Vorrichtung  nach  Anspruch  55,  wobei  jedes  Mittel  15 
zum  Konvertieren  der  besagten  Mehrzahl  von  Mit- 
teln  zum  Konvertieren  weiterhin  Mittel  zum  Konver- 
tieren  zwischen  den  besagten  periodischen  Kom- 
munikationseingangssignalen  und  einer  Mehrzahl 
zweiter  Pakete,  die  periodisch  auf  den  besagten  er-  20 
sten  paketierten  Ausgangssignalen  ubertragen 
werden,  umfaBt,  wobei  jedes  zweite  Paket  Seg- 
mente  umfaBt,  die  aus  periodischen  Kommunikati- 
onssignalen  und  zugeordneten  Signalen  der  be- 
sagten  Signalstrome  abgeleitet  werden  und  jedes  25 
zweite  Paket  Signale  fur  Kanale  umfaBt,  die  fur  eine 
auBerhalb  des  besagten  Zugangskoppelnetzbau- 
steins  oder  des  besagten  Clusters  von  Zugangs- 
koppelnetzbausteinen  befindliche  Vermittlungsan- 
lage  bestimmt  sind;  30 

wobei  das  besagte  Mittel  zum  Umschalten  wei- 
terhin  Mittel  (4000)  zum  Umschalten  der  be- 
sagten  zweiten  Pakete  auf  ein  drittes  paketier- 
tes  Ausgangssignal  umfaBt,  das  zu  einer  oder  35 
mehreren  auBerhalb  der  besagten  Telekom- 
munikationsvermittlungsanlage  bzw.  des  Clu- 
sters  befindlichen  Telekommunikationsvermitt- 
lungsanlagen  ubertragen  werden  soil. 
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60.  CPR-Schaltung  (Schaltung  zur  Umcodierung  zu- 

sammengesetzter  Pakete)  mit  folgendem: 
Mitteln  zum  Empfangen  (4002)  zusammen- 

gesetzter  Pakete  aus  einer  Paketvermittlungsstruk- 
tureinheit,  die  fur  eine  Mehrzahl  von  mit  der  besag-  45 
ten  Paketvermittlungsstruktureinheit  verbundenen 
Bestimmungsorten  bestimmt  sind,  Mitteln  zum  Zu- 
sammenstellen  (4006,  4020,  4014)  verschiedener 
zusammengesetzter  Pakete,  die  fur  einen  einzel- 
nen  Bestimmungsort  der  besagten  Paketvermitt-  so 
lungsstruktureinheit  bestimmt  sind,  aus  den  besag- 
ten  empfangenen  zusammengesetzten  Paketen, 
und  Mitteln  zum  Ubertragen  (4004)  der  besagten 
verschiedenen  zusammengesetzten  Pakete  zu  der 
besagten  Paketvermittlungsstruktureinheit;  55 

wobei  die  besagten  zusammengesetzten  Pa- 
kete  und  die  besagten  verschiedenen  zusammen- 
gesetzten  Pakete  jeweils  periodisch  ubertragene 

zusammengesetzte  Pakete  (FIG.  9,  CBR-Zelle) 
umfassen,  die  jeweils  zur  Ubertragung  von  Signa- 
len  fur  eine  Mehrzahl  von  Kommunikationskanalen 
dienen;  dadurch  gekennzeichnet,  daB  das 
besagte  Mittel  zum  Zusammenstellen  einen  Signal- 
speicher  (4014)  zum  Speichern  empfangener 
PCM-Abtastwerte  (Pulscodemodulationsabtast- 
werte)  und  einen  Steuerspeicher  (4020)  zur  Steue- 
rung  der  Adressierung  des  Signalspeichers  fur  min- 
destens  eine  der  Operationen  des  Ladens  des  Si- 
gnalspeichers  aus  dem  besagten  paketierten  Ein- 
gangssignal  und  des  Entladens  des  Speichers  zur 
Ubertragung  des  besagten  paketierten  Ausgangs- 
signals  umfaBt. 

61.  CPR-Schaltung  nach  Anspruch  60,  wobei  Pakete 
einer  Eingabe  fur  die  besagte  CPR-Schaltung  Pa- 
kete  umfassen,  die  jeweils  in  ihren  Nutzsignalen  ei- 
ne  Mehrzahl  von  Segmenten  enthalten,  wobei  je- 
des  Segment  ein  einzelnes  PCM-Signal  und  A  Bit 
zusatzlicher  Daten  umfaBt,  und  wobei  Ausgangs- 
pakete,  die  aus  den  besagten  Eingangspaketen  ab- 
geleitete  PCM-Daten  enthalten,  die  besagten  A  Bit 
Daten  nicht  enthalten,  wobei  A  eine  positive  ganze 
Zahl  groBer  oder  gleich  Eins  ist. 

62.  CPR-Schaltung  nach  Anspruch  61,  wobei  es  sich 
bei  den  besagten  A  Bit  urn  ein  einzelnes  Bit  handelt. 

63.  CPR-Schaltung  nach  Anspruch  62,  wobei  das  be- 
sagte  einzelne  Bit  ein  Bit  ist,  das  einen  Uberwa- 
chungszustand  eines  einem  einzelnen  PCM-Signal 
zugeordneten  Kanals  darstellt. 

64.  CPR-Schaltung  nach  Anspruch  60,  wobei  das  be- 
sagte  Mittel  zum  Empfangen  weiterhin  so  ausgelegt 
ist,  daB  es  herkommliche  Pakete  empfangt,  die  pe- 
riodische  Kommunikationssignale  fur  eine  einzelne 
Bestimmungsanlage  aufweisen,  und  wobei  das  be- 
sagte  Mittel  zum  Zusammenstellen  bei  der  Bildung 
eines  paketierten  Ausgangssignals  ein  Nutzsignal 
eines  herkommlichen  Pakets  intakt  halt. 

Revendications 

1.  Reseau  de  telecommunications  comprenant  : 

une  unite  (4000)  de  remappage  de  paquets 
composites  (CPR);  et 
une  unite  structurelle  (550)  de  commutation  de 
paquets  connectee  a  ladite  unite  CPR; 
dans  lequel  ladite  unite  CPR  comprend  des 
moyens  pour  recevoir  (4002)  des  paquets  com- 
posites,  destines  a  une  pluralite  de  destinations 
connectees  a  ladite  unite  structurelle  de  com- 
mutation  de  paquets,  des  moyens  (4006,  4020, 
401  4)  pour  assembler,  a  partir  desdits  paquets 
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composites  recus,  differents  paquets  composi- 
tes  destines  a  une  seule  destination  de  ladite 
unite  structurelle  de  commutation  de  paquets 
et  des  moyens  pour  transmettre  (4004)  lesdits  3. 
differents  paquets  composites  a  ladite  unite  s 
structurelle  de  commutation  de  paquets; 
dans  lequel  lesdits  paquets  composites  et  les- 
dits  differents  paquets  composites  compren- 
nent  chacun  des  paquets  composites  (Fig.  9, 
cellule  CBR)  transmis  periodiquement,  chacun  10 
pour  transmettre  des  signaux  pour  une  pluralite  4. 
de  canaux  de  communication, 

caracterise  en  ce  que  : 
is  5. 

ledit  reseau  comprend  une  pluralite  de  commu- 
tateurs  d'acces  (1),  chaque  commutateur  d'ac- 
ces  comprenant  au  moins  une  unite  CPR  et  une 
unite  structurelle  (550)  de  commutation  de  pa- 
quets;  et  20  6. 
ledit  reseau  comprend  un  moyen  commutateur 
de  paquets  (600  ou  600,  4000)  pour  intercon- 
necter  lesdits  commutateurs  d'acces; 
dans  lequel  chaque  commutateur  d'acces  com- 
prend  des  moyens  (540)  pour  convertir  des  si-  25  7. 
gnaux  d'entree  de  communication  periodiques 
multiplexes  (523),  chaque  signal  d'entree  pour 
retransmettre  sur  une  pluralite  de  canaux,  en 
signaux  groupes  en  paquets,  chaque  paquet 
desdits  signaux  groupes  en  paquets  etant  des-  30 
tine  a  une  unite  CPR  de  ladite  au  moins  une 
unite  CPR  dudit  commutateur  d'acces,  chaque 
canal  desdits  signaux  d'entree  etant  commute 
dans  une  position  arbitraire  d'un  paquet  arbi- 
trage  d'un  desdits  signaux  de  paquets;  35 
dans  lequel  chaque  unite  CPR  de  chaque  dit 
commutateur  d'acces  utilise  des  signaux  de  8. 
communication,  recus  dans  I'un  desdits  si- 
gnaux  groupes  en  paquets,  dudit  chaque  com- 
mutateur  d'acces  pour  generer  des  signaux  de  40 
sortie  groupes  en  paquets  de  CPR,  chacun  de 
ces  paquets  contenant  des  signaux  de  commu- 
nication  destines  a  un  seul  circuit  CPR  d'un 
autre  de  ladite  pluralite  de  commutateurs  d'ac-  9. 
ces;  45 
dans  lequel  lesdits  moyens  de  commutation  de 
paquets  comprennent  au  moins  une  intercon- 
nexion  de  paquets  (600)  pour  interconnecter 
une  pluralite  d'unites  CPR  d'une  pluralite  de 
commutateurs  d'acces,  ladite  interconnexion  so  10 
de  paquets  pour  commuter  des  paquets  d'une 
pluralite  de  signaux  groupes  en  paquets  en- 
trants  de  ladite  pluralite  d'unites  CPR  a  une  plu- 
ralite  de  signaux  groupes  en  paquets  de  sortie 
a  ladite  pluralite  d'unites  CPR.  55 

2.  Reseau  selon  la  revendication  1  ,  dans  lequel  lesdits 
signaux  de  communication  periodiques  multiplexes  11. 

(523)  sont  des  signaux  PCM  (a  modulation  de  code 
d'impulsion). 

Reseau  selon  la  revendication  1  ,  dans  lequel  lesdits 
signaux  groupes  en  paquets  sont  des  signaux  ATM 
(a  mode  de  transfert  asynchrone)  et  lesdits  paquets 
composites  sont  des  cellules  composites,  et  chacu- 
ne  de  ladite  pluralite  d'unites  CPR  est  une  unite 
CCR  (de  remappage  de  cellules  composites). 

Reseau  selon  la  revendication  3,  dans  lequel  lesdits 
moyens  de  commutation  de  paquets  comprennent 
une  interconnexion  d'ATM. 

Reseau  selon  la  revendication  4,  dans  lequel  une 
pluralite  de  communications  sont  transmises,  via 
chacun  d'une  pluralite  de  trajets  virtuels,  a  travers 
ladite  interconnexion  d'ATM. 

Reseau  selon  la  revendication  4,  dans  lequel  lesdits 
signaux  de  communication  periodiques  multiplexes 
sont  des  signaux  PCM  (a  modulation  de  code  d'im- 
pulsion). 

Reseau  selon  la  revendication  6,  dans  lequel  lesdits 
moyens  de  conversion  comprennent  une  pluralite 
d'unites  (540)  ATMU  (unite  a  mode  de  transfert 
asynchrone),  chacune  pour  recevoir  au  moins  un 
flux  de  signaux  comprenant  des  echantillons  de 
PCM  et  pour  generer  au  moins  un  signal  ATM,  ledit 
signal  comprenant  lesdits  echantillons  de  PCM  du- 
dit  au  moins  un  flux  d'entree  de  PCM,  ledit  au  moins 
un  signal  ATM  comprenant  des  cellules,  chaque 
cellule  pour  une  transmission  a  I'une  des  unites 
CCR  dudit  chaque  commutateur  d'acces. 

Reseau  selon  la  revendication  7,  dans  lequel  ledit 
chaque  commutateur  d'acces  comprend  un  ATM- 
CM  (550)  (module  de  communication  d'ATM)  pour 
repartir  des  cellules  de  flux  de  sortie  d'ATM  de  ladite 
au  moins  une  unite  ATMU  aux  flux  d'entree  d'ATM 
de  ladite  au  moins  une  CCR. 

Reseau  selon  la  revendication  7,  dans  lequel  ledit 
au  moins  un  signal  ATM  genere  par  une  unite  ATMU 
comprend  en  outre  des  cellules  pour  une  transmis- 
sion  a  I'une  de  ladite  pluralite  d'unites  ATMU  dudit 
commutateur  d'acces. 

Reseau  selon  la  revendication  9,  dans  lequel  ledit 
chaque  commutateur  d'acces  comprend  un  ATM- 
CM  (module  de  communications  d'ATM)  pour  repar- 
tir  des  cellules  de  flux  de  sortie  d'ATM  de  ladite  au 
moins  une  unite  ATMU  aux  flux  d'entree  d'ATM  de 
I'une  des  unites  ATMU  dudit  chaque  commutateur 
d'acces. 

Reseau  de  telecommunications  selon  la  revendica- 
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tion  1, 

dans  lequel  chaque  commutateur  d'acces  com- 
prend  en  outre  une  unite  structurelle  (550)  de 
commutation  de  paquets  pour  commuter  des  s 
paquets  de  signaux  d'entree  de  signaux  grou- 
pes  en  paquets  desdits  moyens  de  conversion 
a  au  moins  un  signal  de  sortie  groupe  en  pa- 
quets,  chacun  desdits  signaux  de  sortie  grou- 
pes  en  paquets  pour  une  transmission  a  I'une  10 
desdites  unites  CPR;  et 
dans  lequel  des  donnees  desdits  signaux  d'en- 
tree  de  communication  periodiques  multiplexes 
sont  commutees  via  un  moyen  pour  convertir 
une  unite  structurelle  de  commutation  de  pa-  15 
quets,  une  unite  CPR  d'un  commutateur  d'ac- 
ces  et  lesdits  moyens  de  commutation  de  pa- 
quets  d'une  entree  dans  ledit  moyen  de  conver- 
sion  dudit  un  commutateur  d'acces  en  une  en- 
tree  d'une  CPR  d'un  autre  commutateur  d'ac-  20 
ces. 

12.  Reseau  selon  la  revendication  11,  dans  lequel  les- 
dits  signaux  de  communication  periodiques  multi- 
plexes  (523)  sont  des  signaux  PCM  (a  modulation  25 
de  code  d'impulsion). 

13.  Reseau  selon  la  revendication  11,  dans  lequel  les- 
dits  signaux  groupes  en  paquets  sont  des  signaux 
ATM  (a  mode  de  transfert  asynchrone)  et  lesdits  pa-  30 
quets  composites  sont  des  cellules  composites,  et 
lesdites  unites  d'unite  CPR  sont  des  unites  CCR  (de 
remappage  de  cellules  composites). 

14.  Reseau  selon  la  revendication  13,  dans  lequel  les-  35 
dits  moyens  de  commutation  de  paquets  compren- 
nent  une  interconnexion  d'ATM. 

15.  Reseau  selon  la  revendication  14,  dans  lequel  des 
groupes  de  communications  sont  transmis,  par  un  40 
trajet  virtuel,  atravers  ladite  interconnexion  d'ATM. 

16.  Reseau  selon  la  revendication  14,  dans  lequel  les- 
dits  signaux  de  communication  periodiques  multi- 
plexes  sont  des  signaux  PCM  (a  modulation  de  co-  45 
de  d'impulsion). 

17.  Reseau  selon  la  revendication  16,  dans  lequel  ladi- 
te  unite  structurelle  de  commutation  de  paquets  est 
en  outre  utilisee  pour  interconnecter  des  cellules  de  so 
signaux  ATM  d'un  reseau  d'ATM  a  un  systeme  de 
commutation. 

1  8.  Reseau  de  telecommunications  selon  la  revendica- 
tion  1  ,  dans  lequel  chaque  unite  CPR  dudit  chaque  55 
commutateur  d'acces  est  adaptee  pour  generer  des 
signaux  de  sortie  groupes  en  paquets  de  CPR  dont 
chaque  paquet  ne  contient  que  des  signaux  de 

communication  destines  a  un  commutateur  d'acces 
ou  a  des  circuits  de  CPR  d'un  groupe  de  commuta- 
teurs  d'acces; 

dans  lequel  lesdits  moyens  de  commutation 
de  paquets  comprennent  au  moins  deux  intercon- 
nexions  de  paquets  (600)  pour  interconnecter  une 
pluralite  d'unites  CPR  d'une  pluralite  de  commuta- 
teurs  d'acces,  et  comprennent  en  outre  au  moins 
une  CPR  (4000)  pour  interconnecter  deux  desdites 
interconnexions  et  pour  convertir  des  groupes  de 
paquets,  chacun  contenant  des  signaux  de  commu- 
nication  destines  a  un  groupe  de  commutateurs 
d'acces,  en  groupes  de  paquets  contenant  chacun 
des  signaux  de  communication  destines  a  un  com- 
mutateur  d'acces. 

19.  Reseau  selon  la  revendication  18,  dans  lequel  les- 
dits  signaux  de  communication  periodiques  multi- 
plexes  sont  des  signaux  PCM  (a  modulation  de  co- 
de  d'impulsion). 

20.  Reseau  selon  la  revendication  18,  dans  lequel  les- 
dits  signaux  groupes  en  paquets  sont  des  signaux 
ATM  (a  mode  de  transfert  asynchrone)  et  lesdits  pa- 
quets  composites  sont  des  cellules  composites,  et 
lesdites  unites  CPR  sont  des  unites  CCR  (de  re- 
mappage  de  cellules  composites). 

21.  Reseau  selon  la  revendication  20,  dans  lequel  les- 
dits  moyens  de  commutation  de  paquets  compren- 
nent  au  moins  deux  interconnexions  d'ATM  (600). 

22.  Reseau  selon  la  revendication  21  ,  dans  lequel  des 
groupes  de  communications  sont  transmis,  par  un 
trajet  virtuel,  atravers  ladite  interconnexion  d'ATM. 

23.  Reseau  selon  la  revendication  1,  dans  lequel  cha- 
que  unite  structurelle  de  commutation  de  paquets 
(550)  a  une  pluralite  de  signaux  d'entree  et  une  plu- 
ralite  de  signaux  de  sortie,  et  est  adaptee  pour  com- 
muter  une  charge  utile  complete  de  chaque  paquet 
de  chacun  de  ladite  pluralite  de  signaux  d'entree  a 
I'un  desdits  signaux  de  sortie;  et 

dans  lequel  certaines  des  cellules  composites 
de  sortie  de  I'une  desdites  unites  CPR  comprennent 
des  signaux  de  communication  destines  a  une  plu- 
ralite  de  differents  commutateurs  d'acces  du  re- 
seau. 

24.  Reseau  selon  la  revendication  23,  dans  lequel  les- 
dits  paquets  composites  pour  la  transmission  d'une 
sortie  d'une  desdites  unites  CPR  sont  des  paquets 
ayant  une  destination  intermediate  commune. 

25.  Reseau  selon  la  revendication  24,  dans  lequel  les- 
dits  paquets  composites  sont  des  cellules  compo- 
sites  ATM  et  lesdites  unites  structurelles  de  com- 
mutation  de  paquets  sont  des  commutateurs  de  cel- 
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lules  ATM. 

26.  Reseau  selon  la  revendication  25,  dans  lequel  les- 
dits  signaux  pour  lesdits  canaux  de  communication 
sont  des  signaux  (537)  PCM  (a  modulation  de  code  s 
d'impulsion). 

27.  Reseau  selon  la  revendication  1  ,  dans  lequel  cha- 
cune  de  la  pluralite  d'unites  CPR  est  adaptee  pour 
recevoir  des  signaux  groupes  en  paquets  compre-  10 
nant  une  pluralite  de  premiers  paquets  composites, 
chaque  premier  paquet  comprenant  des  valeurs  de 
signaux  pour  une  pluralite  de  communications  dif- 
ferentes,  et  pour  generer  un  signal  de  sortie  groupe 
en  paquets  comprenant  des  deuxiemes  paquets  15 
composites,  chaque  deuxieme  paquet  composite 
comprenant  des  valeurs  de  signaux  pour  des  com- 
munications  differentes  destinees  a  une  seule  de 
ladite  pluralite  d'unites  CPR;  et 

dans  lequel  la  au  moins  une  interconnexion  20 
de  paquets  (600)  est  adaptee  pour  commuter  les- 
dits  deuxiemes  paquets,  des  signaux  de  sortie 
groupes  en  paquets  recus  d'une  CPR,  a  une  d'une 
pluralite  de  sorties,  chacune  de  ladite  pluralite  de 
sorties  etant  transmise  a  I'une  de  ladite  pluralite  25 
d'unites  CPR. 

28.  Reseau  selon  la  revendication  27,  dans  lequel  les- 
dites  valeurs  de  signaux  comprennent  des  echan- 
tillons  de  PCM  d'une  seule  communication.  30 

29.  Reseau  selon  la  revendication  27,  dans  lequel  les- 
dits  premiers  et  lesdits  deuxiemes  paquets  sont 
transmis  periodiquement,  chaque  paquet  transmis 
periodiquement  comprenant  des  valeurs  de  si-  35 
gnaux  pour  une  pluralite  de  communications  trans- 
mises  periodiquement  qui  reste  fixe  pour  la  duree 
de  ladite  pluralite  de  communications  transmises 
periodiquement. 

40 
30.  Reseau  selon  la  revendication  27,  dans  lequel  les- 

dits  signaux  groupes  en  paquets  sont  des  signaux 
ATM  (a  mode  de  transfert  asynchrone)  et  lesdits 
premiers  et  deuxiemes  paquets  sont  des  cellules 
ATM,  et  ladite  pluralite  d'unites  CPR  est  une  plura-  45 
lite  d'unites  CCR  (de  remappage  de  cellules  com- 
posites). 

31.  Reseau  selon  la  revendication  30,  dans  lequel  ladi- 
te  interconnexion  de  paquets  est  une  intercon-  so 
nexion  d'ATM  et  lesdits  deuxiemes  paquets  sont 
transmis  par  un  trajet  virtuel  via  ladite  intercon- 
nexion  d'ATM. 

32.  Reseau  selon  la  revendication  31,  dans  lequel  au  55 
moins  I'une  de  la  pluralite  d'unites  CCR  est  destinee 
a  generer  des  troisiemes  cellules  composites,  cha- 
que  troisieme  cellule  composite  comprenant  une 

pluralite  de  valeurs  de  signaux  pour  des  communi- 
cations  differentes,  chacune  destinee  a  I'une  d'un 
sous-groupe  de  ladite  pluralite  d'unites  CCR; 

comprenant  en  outre  au  moins  une  intercon- 
nexion  d'ATM  de  plus  et  au  moins  une  unite  CCR 
supplemental  pour  interconnecter  deux  des  inter- 
connexions  d'ATM,  ladite  unite  CCR  supplementai- 
re  recevant  des  groupes  desdites  troisiemes  cellu- 
les  et  transmettant  des  groupes  desdites  deuxie- 
mes  cellules,  chaque  deuxieme  cellule  pour  une 
transmission  par  une  interconnexion  d'ATM  a  I'une 
dudit  sous-groupe  d'unites  CCR. 

33.  Reseau  selon  la  revendication  1  ,  dans  lequel  ladite 
unite  CPR  est  un  moyen  CCR  (de  remappage  de 
cellules  composites)  et  ledit  reseau  comprend  une 
pluralite  de  moyens  CCR,  chacun  pour  recevoir  un 
signal  ATM  comprenant  des  premieres  cellules, 
chaque  cellule  ayant  des  signaux  PCM  individuels 
pour  une  pluralite  de  communications  destinees  a 
une  pluralite  de  destinations  et  pour  commuter  des 
echantillons  de  PCM  individuels  desdites  premie- 
res  cellules  dudit  signal  d'entree  ATM  a  des  deuxie- 
mes  cellules  d'un  signal  de  sortie  ATM,  chacune 
desdites  deuxiemes  cellules  ayant  des  signaux 
PCM  pour  une  transmission  a  un  seul  de  ladite  plu- 
ralite  de  moyens  CCR;  et 

dans  lequel  ladite  unite  structurelle  de  com- 
mutation  de  paquets  est  un  moyen  d'interconnexion 
d'ATM  pour  commuter  des  deuxiemes  cellules  du 
signal  de  sortie  de  chacun  de  ladite  pluralite  desdits 
moyens  CCR,  sans  modifier  le  contenu  de  la  charge 
utile  desdites  deuxiemes  cellules,  a  des  signaux 
connectes  aux  entrees  de  chacun  de  ladite  pluralite 
de  moyens  CCR. 

34.  Reseau  de  distribution  selon  la  revendication  33, 
dans  lequel  les  moyens  CCR  commutent  egale- 
ment  d'autres  signaux  PCM  desdites  premieres  cel- 
lules  dans  des  troisiemes  cellules,  lesdites  troisie- 
mes  cellules  ayant  des  signaux  PCM  destines  a  un 
sous-groupe  de  ladite  pluralite  de  moyens  CCR, 
comprenant  en  outre  : 

au  moins  un  autre  moyen  d'interconnexion 
d'ATM  (600);  et 
au  moins  un  autre  moyen  CCR  (4000)  pour  in- 
terconnecter  un  premier  et  un  deuxieme  des 
moyens  d'interconnexion  d'ATM  et  pour  rece- 
voir  des  troisiemes  cellules  du  premier  moyen 
d'interconnexion  d'ATM  et  pourtransmettre  des 
deuxiemes  cellules  destinees  a  seulement  I'un 
d'un  sous-groupe  de  ladite  pluralite  de  moyens 
CCR  aux  deuxiemes  moyens  d'interconnexion 
d'ATM  pour  une  transmission  ulterieure  audit 
seulement  un  dudit  sous-groupe  de  ladite  plu- 
ralite  de  moyens  CCR. 
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35.  Procede  de  transmission  de  signaux  de  communi- 
cation  periodiques  multiplexes  dans  un  reseau  de 
telecommunications,  comprenant  les  etapes 
consistant  : 

5 
a  generer  des  paquets  composites  (Fig.  9,  cel- 
lule  CBR),  periodiquement  transmis,  chaque 
paquet  composite  pour  transmettre  des  si- 
gnaux  pour  une  pluralite  de  canaux  de  commu- 
nication;  10 
a  commuter  lesdits  paquets  composites  via  une 
unite  structurelle  (550)  de  commutation  de  pa- 
quets  a  une  unite  (4000)  de  remappage  de  pa- 
quets  composites  (CPR); 
dans  ladite  unite  CPR,  a  recevoir  (4002)  des  is 
paquets  composites  destines  a  une  pluralite  de 
destinations  intermediates,  a  reamenager 
(4006,  4020,  4016)  les  paquets  recus  en  pa- 
quets  destines  a  une  seule  destination  interme- 
diate  et  a  transmettre  (4004)  les  paquets  rea-  20 
menages  a  une  unite  structurelle  de  commuta- 
tion  de  paquets  pour  les  commuter  sur  ladite 
destination  intermediate  unique; 

plexes  sont  des  signaux  PCM  (a  modulation  de  co- 
de  d'impulsion)  (537). 

37.  Procede  selon  la  revendication  35,  dans  lequel  les- 
dits  signaux  groupes  en  paquets  sont  des  signaux 
ATM  (a  mode  de  transfert  asynchrone)  et  lesdits 
premiers  et  lesdits  deuxiemes  paquets  sont  des 
premieres  et  des  deuxiemes  cellules,  et  lesdites 
unites  CPR  sont  des  unites  CCR  (de  remappage  de 
cellules  composites). 

38.  Procede  selon  la  revendication  37,  dans  lequel  la- 
dite  etape  de  commutation  de  deuxiemes  cellules 
de  signaux  de  sortie  groupes  en  paquets  comprend 
la  commutation  desdites  deuxiemes  cellules  dans 
une  interconnexion  d'ATM  (600). 

39.  Procede  selon  la  revendication  38,  comprenant  en 
outre  la  transmission  desdites  deuxiemes  cellules 
par  un  trajet  virtuel  a  travers  ladite  interconnexion 
d'ATM. 

40.  Procede  selon  la  revendication  38,  dans  lequel  les- 
dits  signaux  de  communication  periodiques  multi- 
plexes  sont  des  signaux  PCM  (a  modulation  de  co- 
de  d'impulsion)  (537). 

41  .  Procede  selon  la  revendication  40,  dans  lequel  les- 
dites  unites  CPR  sont  des  unites  CCR  (de  remap- 
page  de  cellules  composites)  et  ladite  etape  de  con- 
version  comprenant  la  conversion  dans  une  plura- 
lite  d'unites  ATMU  (unites  a  mode  de  transfert  asyn- 
chrone)  (540),  chacune  pour  recevoir  au  moins  un 
flux  de  signaux  comprenant  des  signaux  PCM  et 
pour  generer  au  moins  un  signal  ATM,  ledit  signal 
comprenant  lesdits  signaux  PCM  dudit  au  moins  un 
flux  d'entree  PCM,  ledit  au  moins  un  signal  ATM 
comprenant  des  premieres  cellules  composites, 
chaque  premiere  cellule  composite  pour  une  trans- 
mission  a  I'unite  CCR  de  source. 

42.  Procede  selon  la  revendication  41,  dans  lequel 
I'etape  de  commutation  de  premieres  cellules  com- 
posites  comprend  la  commutation  desdits  premiers 
paquets  composites  (cellules)  dans  un  ATM-CM 
(module  de  communication  d'ATM)  (550)  pour  re- 
partir  des  cellules  de  flux  de  sortie  d'ATM  de  ladite 
au  moins  une  unite  ATMU  au  flux  d'entree  d'ATM 
de  ladite  source. 

43.  Procede  selon  la  revendication  41,  dans  lequel  la- 
dite  etape  de  conversion  comprend  par  ailleurs  la 
conversion  desdits  signaux  de  communication  pe- 
riodiques  multiplexes  dans  I'une  desdites  unites  AT- 
MU  en  troisiemes  cellules  pour  une  transmission  a 
I'une  desdites  unites  ATMU,  et  dans  lequel  au 
moins  un  signal  ATM  genere  par  une  unite  ATMU 
comprend  par  ailleurs  des  cellules  pour  une  trans- 

caracterise  en  ce  que  le  procede  comprend  25 
en  outre  les  etapes  consistant  : 

a  convertir  (540)  lesdits  signaux  de  communi- 
cation  periodiques  multiplexes  en  une  pluralite 
de  signaux  groupes  en  paquets,  chacun  com-  30 
prenant  des  premiers  paquets  composites, 
chaque  premier  paquet  composite  comprenant 
une  pluralite  de  signaux  de  communication 
pour  une  pluralite  de  communications,  chacun 
desdits  premiers  paquets  composites  devant  35 
etre  achemine  via  une  unite  CPR  de  source 
commune; 
a  commuter  (550)  des  premiers  paquets  com- 
posites  de  ladite  pluralite  de  signaux  groupes 
en  paquets  chacun  a  I'une  d'une  pluralite  d'uni-  40 
tes  CPR  de  source; 
dans  lesdites  unites  CPR  de  source,  a  commu- 
ter  les  signaux  de  communication  dans  les  pre- 
miers  paquets  composites  recus  pour  former 
des  signaux  de  sortie  groupes  en  paquets  com-  45 
prenant  des  deuxiemes  paquets  composites, 
chaque  deuxieme  paquet  composite  compre- 
nant  uniquement  des  signaux  de  communica- 
tion  destines  a  I'une  d'une  pluralite  d'unites 
CPR  de  destination;  so 
a  commuter  (600)  lesdits  deuxiemes  paquets 
composites  desdits  signaux  de  sortie  groupes 
en  paquets  desdites  unites  CPR  de  source  a 
des  signaux  groupes  en  paquets,  chacun  des- 
tine  a  I'une  desdites  unites  CPR  de  destination.  55 

36.  Procede  selon  la  revendication  35,  dans  lequel  les- 
dits  signaux  de  communication  periodiques  multi- 
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mission  a  I'une  de  ladite  pluralite  d'unites  ATMU. 

44.  Procede  selon  la  revendication  43,  comprenant  par 
ailleurs  la  commutation  desdites  troisiemes  cellules 
composites  dans  un  ATM-CM  (module  de  commu-  s 
nications  d'ATM)  pour  repartir  des  cellules  de  flux 
de  sortie  d'ATM  de  ladite  au  moins  une  unite  ATMU 
en  flux  d'entree  d'ATM  de  I'une  des  unites  ATMU. 

45.  Commutateur  d'acces  permettant  de  generer  des  10 
signaux  groupes  en  paquets  pour  une  repartition 
par  un  reseau  de  transmission/interconnexion  de 
signaux  de  paquets,  ledit  reseau  comprenant  des 
moyens  pour  interconnecter  une  pluralite  desdits 
flux  de  signaux  groupes  en  paquets  sans  perturber  15 
le  contenu  de  charge  utile  des  cellules  desdits  flux 
de  signaux  groupes  en  paquets,  le  commutateur 
d'acces  comprenant  : 

une  unite  (4000)  de  remappage  de  paquets  20 
composites  (CPR);  et 
une  unite  structurelle  de  commutation  de  pa- 
quets  connectee  a  ladite  unite  CPR  (550); 
dans  lequel  ladite  unite  CPR  comprend  des 
moyens  pour  recevoir  des  paquets  composites,  25 
destines  a  une  pluralite  de  destinations  con- 
nectees  a  ladite  unite  structurelle  de  commuta- 
tion  de  paquets,  des  moyens  pour  assembler 
(4006,  4020,  4014),  a  partir  desdits  paquets 
composites  recus,  differents  paquets  composi-  30 
tes  destines  a  une  seule  destination  de  ladite 
unite  structurelle  de  commutation  de  paquets 
et  des  moyens  (4004)  pour  transmettre  lesdits 
differents  paquets  composites  a  ladite  unite 
structurelle  de  commutation  de  paquets;  35 
dans  lequel  lesdits  paquets  composites  et  les- 
dits  differents  paquets  composites  compren- 
nent  chacun  des  paquets  composites  transmis 
periodiquement,  chacun  pour  transmettre  des 
signaux  pour  une  pluralite  de  canaux  de  com-  40 
munication; 

caracterise  en  ce  que  : 

ledit  commutateur  d'acces  comprend  une  plu-  45 
ralite  d'unites  CPR; 
ledit  commutateur  d'acces  comprend  des 
moyens  (540)  pour  convertir  des  signaux  d'en- 
tree  de  communication  periodiques  multi- 
plexes,  comprenant  des  canaux  d'entree  de  so 
communication  periodiques,  dont  certains  dif- 
ferents  sont  utilises  pour  la  transmission  a  dif- 
ferentes  unites  d'une  pluralite  de  commuta- 
teurs  auxquels  on  accede  via  ladite  pluralite 
d'unites  CPR  (de  remappage  de  paquets  com-  55 
posites),  en  signaux  groupes  en  paquets,  les- 
dits  signaux  groupes  en  paquets  comprenant 
chacun  des  premiers  paquets  chacun  pour  une 

transmission  de  donnees  pour  une  pluralite  de 
communications  separees,  chaque  premier  pa- 
quet  pour  une  transmission  a  une  seule  unite 
CPR  de  ladite  pluralite  d'unites  CPR; 
ledit  commutateur  d'acces  comprenant  des 
moyens  de  commutation  de  paquets  compre- 
nant  une  unite  structurelle  (550)  de  commuta- 
tion  de  paquets  pour  commuter  chacun  desdits 
premiers  paquets  sur  I'une  de  ladite  pluralite 
d'unites  CPR  sans  modifier  la  charge  utile  des 
premiers  paquets  commutes;  et 
ladite  pluralite  d'unites  CPR  chacune  adaptee 
pour  recevoir  lesdits  premiers  paquets  et  rea- 
menager  les  donnees  de  charge  utile  desdits 
premiers  paquets  pour  generer  un  flux  de  sortie 
comprenant  des  deuxiemes  paquets  composi- 
tes,  chaque  deuxieme  paquet  contenant  des 
donnees  de  charge  utile  destinees  a  une  seule 
unite  CPR  d'un  autre  commutateur  d'acces 
pour  commuter,  dans  ledit  autre  commutateur 
d'acces,  sur  I'un  d'une  pluralite  de  signaux  de 
sortie  de  communication  periodiques  multi- 
plexes  comprenant  des  canaux  de  sortie  de 
communication  periodiques. 

46.  Commutateur  d'acces  selon  la  revendication  45, 
dans  lequel  lesdits  signaux  de  communication  pe- 
riodiques  multiplexes  sont  des  signaux  PCM  (a  mo- 
dulation  de  code  d'impulsion)  (537). 

47.  Commutateur  d'acces  selon  la  revendication  45, 
dans  lequel  lesdits  signaux  groupes  en  paquets 
sont  des  signaux  ATM  (a  mode  de  transfert  asyn- 
chrone)  et  lesdits  paquets  composites  sont  des  cel- 
lules  composites,  et  ladite  pluralite  d'unites  CPR  est 
une  pluralite  d'unites  CCR  (de  remappage  de  cel- 
lules  composites). 

48.  Commutateur  d'acces  selon  la  revendication  47, 
dans  lequel  lesdits  moyens  de  commutation  de  pa- 
quets  comprennent  un  commutateur  de  paquets 
d'ATM. 

49.  Commutateur  d'acces  selon  la  revendication  48, 
dans  lequel  lesdits  premiers  paquets  sont  transmis 
par  ledit  commutateur  de  paquets  d'ATM,  via  un  tra- 
jet  virtuel,  a  travers  ledit  commutateur  de  paquets 
d'ATM. 

50.  Commutateur  d'acces  selon  la  revendication  48, 
dans  lequel  lesdits  signaux  de  communication  pe- 
riodiques  multiplexes  sont  des  signaux  PCM  (a  mo- 
dulation  de  code  d'impulsion). 

51.  Commutateur  d'acces  selon  la  revendication  50, 
dans  lequel  lesdits  moyens  de  conversion  com- 
prennent  une  pluralite  d'unites  ATMU  (unites  a  mo- 
de  de  transfert  asynchrone)  (540),  chacune  pour  re- 
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cevoir  au  moins  un  flux  de  signaux  comprenant  des 
echantillons  de  PCM  et  pour  generer  au  moins  un 
signal  ATM,  ledit  au  moins  un  signal  ATM  compre- 
nant  lesdits  echantillons  de  PCM  dudit  au  moins  un 
flux  d'entree  PCM,  ledit  au  moins  un  signal  ATM  s 
comprenant  des  cellules,  chaque  cellule  dudit  au 
moins  un  signal  ATM  pour  une  transmission  a  I'une 
de  la  pluralite  d'unites  CCR  dudit  commutateur 
d'acces. 

10 
52.  Commutateur  d'acces  selon  la  revendication  51, 

dans  lequel  chaque  dit  commutateur  d'acces  com- 
prend  un  ATM-CM  (module  de  communication 
d'ATM)  pour  repartir  des  cellules  dudit  au  moins  un 
signal  ATM  de  ladite  au  moins  une  unite  ATMU  en  15 
flux  d'entree  d'ATM  de  ladite  au  moins  une  unite 
CCR. 

53.  Commutateur  d'acces  selon  la  revendication  52, 
dans  lequel  ledit  au  moins  un  signal  ATM  genere  20 
par  une  unite  ATMU  comprend  en  outre  des  cellules 
supplementaires,  lesdites  cellules  supplementaires 
pour  une  transmission  a  I'une  des  unites  ATMU  du- 
dit  commutateur  d'acces. 

25 
54.  Commutateur  d'acces  selon  la  revendication  53, 

dans  lequel  ledit  ATM-CM  repartit  en  outre  lesdites 
cellules  supplementaires  en  flux  d'entree  d'ATM  de 
I'une  des  unites  ATMU  dudit  commutateur  d'acces. 

30 
55.  Commutateur  d'acces  selon  la  revendication  45, 

dans  lequel  ledit  commutateur  d'acces  comprend 
une  pluralite  de  moyens  (540)  de  conversion  : 

miers  paquets  desdits  premiers  signaux  de  sor- 
tie  groupes  en  paquets  chacun  a  I'un  d'une  plu- 
ralite  de  deuxiemes  signaux  de  sortie  groupes 
en  paquets,  lesdits  deuxiemes  signaux  de  sor- 
tie  groupes  en  paquets  pour  une  transmission 
a  des  moyens  de  conversion  pour  convertir  les- 
dits  deuxiemes  signaux  de  sortie  groupes  en 
paquets  en  signaux  de  sortie  de  communica- 
tion  periodiques  et  en  signaux  associes  pour  la 
transmission  audit  commutateur  d'acces  ou  a 
d'autres  elements  d'un  ensemble  de  commuta- 
teurs  d'acces. 

56.  Appareil  selon  la  revendication  55,  dans  lequel  les- 
dits  premiers  et  lesdits  deuxiemes  signaux  de  sortie 
groupes  en  paquets  comprennent  des  signaux  ATM 
(a  mode  de  transfert  asynchrone)  et  ladite  pluralite 
de  premiers  paquets  periodiquement  transmis  sont 
une  pluralite  de  cellules  ATM. 

57.  Appareil  selon  la  revendication  56,  dans  lequel  les 
cellules  de  ladite  pluralite  de  cellules  ATM  portent 
chacune  une  pluralite  de  segments,  chaque  seg- 
ment  representant  un  signal  PCM  (a  modulation  de 
code  d'impulsion)  d'un  seul  canal  et  un  signal  auxi- 
liaire  associe  dudit  seul  canal,  et  dans  lequel  cha- 
cune  de  ladite  pluralite  de  cellules  ATM  porte  seu- 
lement  un  segment  d'un  canal  quelconque. 

58.  Appareil  selon  la  revendication  57,  dans  lequel  ledit 
signal  auxiliaire  associe  dudit  seul  canal  est  un  seul 
bit  representant  un  etat  de  controle  dudit  seul  canal. 

59.  Appareil  selon  la  revendication  55,  dans  lequel  cha- 
cun  de  ladite  pluralite  de  moyens  de  conversion 
comprend  en  outre  un  moyen  pour  convertir  entre 
lesdits  signaux  d'entree  de  communication  periodi- 
ques  et  une  pluralite  de  deuxiemes  paquets  trans- 
mis  periodiquement  sur  lesdits  premiers  signaux  de 
sortie  groupes  en  paquets,  chaque  deuxieme  pa- 
quet  comprenant  des  segments  derives  de  signaux 
de  communication  periodiques  et  des  signaux  as- 
socies  desdits  flux  de  signaux  et  chaque  deuxieme 
paquet  comprenant  des  signaux  pour  des  canaux 
destines  a  un  systeme  de  commutation  en  dehors 
dudit  commutateur  d'acces  ou  dudit  ensemble  de 
commutateurs  d'acces; 

dans  lequel  lesdits  moyens  de  commutation 
comprennent  en  outre  des  moyens  (4000)  pour 
commuter  lesdits  deuxiemes  paquets  a  un  troisie- 
me  signal  de  sortie  groupe  en  paquets  pour  une 
transmission  a  un  ou  plusieurs  systemes  de  com- 
mutation  de  telecommunications  en  dehors  dudit 
systeme  ou  dudit  ensemble  de  commutations  de  te- 
lecommunications. 

60.  Circuit  CPR  (de  remappage  de  paquets  composi- 
tes)  comprenant  : 

dans  lequel  lesdits  moyens  de  conversion  sont  35 
destines  a  realiser  une  conversion  entre  une 
pluralite  de  flux  de  signaux  synchrones  multi- 
plexes  (537),  chacun  portant  des  signaux  d'en- 
tree  de  communication  periodiques  pour  une 
pluralite  de  canaux,  chaque  flux  de  signaux  40 
comprenant  des  signaux  d'entree  de  commu- 
nication  periodiques  et  des  signaux  auxiliaires 
associes  pour  chaque  canal  d'une  pluralite  de 
communications  provenant  de  ladite  pluralite 
de  modules  ou  de  systemes  de  commutation,  45 
et  un  ou  plusieurs  premiers  signaux  de  sortie 
groupes  en  paquets,  chaque  premier  signal  de 
sortie  groupe  en  paquets  comprenant  une  plu- 
ralite  de  premiers  paquets  transmis  periodique- 
ment,  chaque  premier  paquet  comprenant  des  so 
segments  derives  de  signaux  d'entree  de  com- 
munication  periodiques  et  de  signaux  associes 
desdits  flux  de  signaux  et  chacun  desdits  pre- 
miers  paquets  comprenant  des  signaux  pour 
des  canaux  destines  a  un  seul  de  ladite  pluralite  55 
de  moyens  de  conversion; 
dans  lequel  ladite  unite  de  commutation  de  pa- 
quets  est  a  meme  de  commuter  lesdits  pre- 

57 
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des  moyens  pour  recevoir  (4002)  des  paquets 
composites  d'une  unite  structurelle  de  commu- 
tation  de  paquets  destines  a  une  pluralite  de 
destinations  connectees  a  ladite  unite  structu- 
relle  de  commutation  de  paquets,  des  moyens  s 
(4006,  4020,  4014)  pour  assembler,  a  partir 
desdits  paquets  composites  recus,  des  pa- 
quets  composites  differents  destines  a  une 
seule  destination  de  ladite  unite  structurelle  de 
commutation  de  paquets  et  des  moyens  (4004)  10 
pour  transmettre  lesdits  paquets  composites 
differents  a  ladite  unite  structurelle  de  commu- 
tation  de  paquets; 
dans  lequel  lesdits  paquets  composites  et  les- 
dits  paquets  composites  differents  compren-  15 
nent  chacun  des  paquets  composites  transmis 
periodiquement  (Fig.  9,  cellule  CBR),  chacun 
pour  transmettre  des  signaux  pour  une  pluralite 
de  canaux  de  communication; 

20 
caracterise  en  ce  que  lesdits  moyens  d'as- 

semblage  comprennent  une  memoire  de  signaux 
(4014)  pour  stocker  des  echantillons  de  PCM  (a  mo- 
dulation  de  code  d'impulsion)  recus  et  une  memoire 
de  commande  (4020)  pour  commander  I'adressage  25 
de  la  memoire  de  signaux  pendant  au  moins  I'une 
des  operations  de  chargement  de  la  memoire  de 
signaux  a  partir  dudit  signal  d'entree  groupe  en  pa- 
quets  et  le  dechargement  de  la  memoire  pour  trans- 
mettre  ledit  signal  de  sortie  groupe  en  paquets.  30 

61.  Circuit  CPR  selon  la  revendication  60,  dans  lequel 
les  paquets  d'une  entree  dans  ledit  circuit  CPR 
comprennent  des  paquets  contenant  chacun,  dans 
sa  charge  utile,  une  pluralite  de  segments,  chaque  35 
segment  comprenant  un  signal  PCM  individuel  et 
des  bits  A  de  donnees  supplementaires,  et  dans  le- 
quel  des  paquets  de  sortie  contenant  des  donnees 
PCM  derives  desdits  paquets  d'entree  ne  compren- 
nent  pas  lesdits  bits  A  de  donnees,  A  etant  un  nom-  40 
bre  entier  positif  egal  ou  superieur  a  un. 

62.  Circuit  CPR  selon  la  revendication  61,  dans  lequel 
lesdits  bits  A  sont  constitues  d'un  seul  bit. 

45 
63.  Circuit  CPR  selon  la  revendication  62,  dans  lequel 

ledit  bit  unique  est  un  bit  representant  un  etat  de 
controle  d'un  canal  associe  a  un  signal  PCM  indivi- 
duel. 

50 
64.  Circuit  CPR  selon  la  revendication  60,  dans  lequel 

lesdits  moyens  de  reception  sont  en  outre  adaptes 
pour  recevoir  des  paquets  classiques  ayant  des  si- 
gnaux  de  communication  periodiques  pour  un  seul 
poste  de  destination,  et  dans  lequel  lesdits  moyens  55 
d'assemblage  conservent  intacte  une  charge  utile 
d'un  paquet  classique  lors  de  la  formation  d'un  si- 
gnal  de  sortie  groupe  en  paquets. 
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