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(57)  Error-free  or  rapid  protection  switching  be- 
tween  two  basestations,  one  main  and  one 
standby,  or  two  transmitters  (1,  2)  etc.  of  one 
basestation  (8)  is  achieved  using  a  downstream 
marshalling  scheme  involving  the  transmission 
of  a  sequence  from  the  standby  basestation  to 
an  outstation  (9,  10,  11)  at  levels  below  the  noise 
sensitivity  of  a  receiver  (7)  at  the  outstation  and 
alignment  of  the  phases  of  the  transmitted  se- 
quence  and  a  reference  main  basestation  sequ- 
ence  by,  for  example,  a  correlation  process.  If  a 
similar  upstream  marshalling  process  is  em- 
ployed  for  marshalling  additional  outstations 
into  the  system  the  same  circuitry  can  be  used 
for  phase  alignment  for  both  marshalling  pro- 
cesses. 
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This  invention  relates  to  telecommunications 
systems  and  in  particular  to  systems  employing  the 
time  division  multiplex/time  division  multiple  access 
(TDM/TDMA)  principle. 

BACKGROUND  OF  THE  INVENTION 

The  TDM/TDMA  principle  is  well  known  in  radio 
systems  or  passive  optical  networks  (PONs),  where 
it  is  employed  to  permit  transmission  between  a  sin- 
gle  basestation  and  a  plurality  of  outstations.  In  the 
downstream  (basestation  to  outstation)  direction,  the 
information  (traffic)  is  broadcast  to  all  outstations, 
but  upstream  it  is  transmitted  in  bursts,  each  of  which 
must  be  timed  to  avoid  mutual  interference  (overlap) 
so  that  at  any  time  the  basestation  only  receives  data 
from  one  outstation. 

In  our  co-pending  GB  Applications  9312911.2 
and  9312910.4  (DA  Fisher  10-2-1  and  D  A  Fisher  11- 
3)  there  are  described  time  division  multiple  access 
frame  alignment  techniques  for  use  in  marshalling  the 
transmission  from  newly  connected  outstations  with- 
out  interfering  with  existing  traffic  transmissions.  The 
basic  method  of  these  applications  comprises  em- 
ploying  pseudo  random  sequences  at  a  level  below 
the  noise  sensitivity  of  the  base  station  receiver  (for 
normal  traffic).  These  sequences  can  be  detected  us- 
ing  correlation  and  their  phase  is  used  to  determine 
the  loop  delay  to  the  new  outstation.  Asequence  gen- 
erator  is  required  at  the  outstation,  and  a  reference 
generator  is  required  at  the  basestation  for  correla- 
tion  process.  This  is  an  upstream  marshalling  techni- 
que. 

The  present  invention  is  concerned  with  protec- 
tion  of  the  basestation. 

SUMMARY  OF  THE  INVENTION 

According  to  the  present  invention  there  is  pro- 
vided  a  method  of  enabling  errorfree  or  rapid  protec- 
tion  switching  between  two  basestations,  a  main 
basestation  and  a  standby  basestation,  in  a  telecom- 
munications  system,  which  method  employs  a  down- 
stream  marshalling  scheme  involving  the  transmis- 
sion  of  a  sequence  from  the  standby  basestation  to 
an  outstation  at  levels  below  the  noise  sensitivity  of 
a  receiver  at  the  outstation  and  alignment  of  the 
phases  of  the  transmitted  sequence  and  a  reference 
main  basestation  sequence  in  advance  of  switching 
between  standby  operation  and  main  operation. 

It  is  thus  proposed  to  use  an  extension  of  a  down- 
stream  marshalling  technique  in  order  to  provide 
seamless  protection  i.e.  enable  switching  from  one 
basestation  to  another.  Adownstream  window  can  be 
used  to  capture  samples.  Initial  alignment  to  the  near- 
est  bit  can  be  achieved  using  exactly  the  same  circui- 
try  as  for  upstream  marshalling.  Samples  can  be  stor- 
ed  at  the  outstations  and  processed  thereat  or  at  a 

basestation.  Duplicated  traffic  routes  can  be  phase 
aligned  either  by  allowing  the  marshalling  technique 
to  achieve  it  or,  alternatively,  if  the  phase  discrimina- 
tor  of  the  marshalling  system  is  modified  to  give  an 

5  indication  of  the  phase  difference,  alignment  can  be 
obtained  more  quickly. 

The  method  may  be  applied  to  a  burst  mode  sys- 
tem  in  which  the  downstream  and  upstream  direc- 
tions  may  share  the  same  optical  fibre  and  transmit 

10  in  bursts  so  t  hat  at  no  ti  me  is  a  transmitter  and  receiv- 
er  pair  at  an  outstation  or  basestation  transmitting  at 
the  same  time,  and  in  respect  of  marshalling  se- 
quences  upstream  and  marshalling  sequences  may 
be  concurrent  and  continuous  but  orthogonal  in  na- 

15  ture  or  neither  process  will  be  concurrent  in  which 
case  orthogonality  is  not  required. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

20  Embodiments  of  the  invention  will  now  be  descri- 
bed  with  reference  to  the  accompanying  drawings  in 
which: 

Fig.  1  illustrates  a  PON  network,  and 
Fig.  2  illustrates  the  optical  signal  at  the  receiver. 

25 
DESCRIPTION  OF  PREFERRED  EMBODIMENT 

The  network  illustrated  in  Fig.  1  comprises  a 
basestation  8  and  three  outstations  9,  10  and  11. 

30  Outstation  11  is  drawn  more  explicitly  than  outsta- 
tions  9  and  10  but  all  three  are  identical.  This  basic 
PON  network  and  its  function  and  the  upstream 
marshalling  technique  is  described  in  greater  detail  in 
the  first  above-mentioned  co-pending  application. 

35  The  present  invention  is  described  hereinafter  with 
reference  to  a  PON  network  but  it  should  be  under- 
stood  that  it  is  equally  applicable  to  a  radio  network 
or  a  twisted  pair  of  coaxial  cable  network  operating 
on  TDMA  principles. 

40  The  passive  optical  splitter  12  which  includes  a 
transmitter  and  receiver  parts  splits  the  signal  out  of 
a  single  transmitter  e.g.  TX1(1)  into  several  receivers 
e.g.  receiver7  of  outstation  11  sothatthe  basestation 
8  can  be  carrying  all  of  the  traffic  for  everybody  con- 

45  nected  to  it.  With  32  outstations  this  can  be  up  to  six 
or  seven  hundred  circuits,  since  each  outstation  can 
carry  of  the  order  of  thirty  channels.  Hence  quite  of- 
ten  it  is  necessary  to  protect  the  basestation  by  du- 
plicating  it.  For  the  case  where  the  basestation  elec- 

50  tro-optical  components  have  been  duplicated  as  1 
and  2  the  splitters  12  will  be  unchanged  but  there  are 
now  two  fibres  3  and  4  running  to  it  rather  than  just 
fibre  3.  There  is  a  need  to  be  able  to  switch  from  one 
basestation  transmitter  1  to  the  other  transmitter  2 

55  and  for  this  it  is  necessary  for  them  to  be  perfectly 
synchronous  and  of  similar  amplitude,  which  would 
be  the  case  if  the  fibres  were  exactly  the  same  length 
and  had  the  same  loss.  In  practice  this  is  not  possible 

2 



3 EP  0  597  719  A2 4 

and  thus  some  means  is  required  to  align  their  phases 
such  as  by  means  illustrated  as  variable  delays  5. 
One  way  of  doing  this  is  to  align  the  delays  of  the  two 
fibres  so  that  a  receiver  at  an  outstation  can  be 
switched  instantaneously  from  one  transmitter  to  the  5 
other,  i.e.  one  basestation  to  the  other,  so  that  oper- 
ation  can  be  continuous  i.e.  one  transmitter  is  a  hot 
standby  transmitter.  This  can  be  achieved  using  a 
marshalling  process  with  one  (main)  transmitter  op- 
erating  all  the  time.  There  is  a  small  window  in  the  10 
downstream  TDM  frame  structure  of  the  main  trans- 
mitter  which  is  used  for  messaging  but  which  is  un- 
used  most  of  the  time,  and  this  window  can  be  used 
to  capture  samples,  alternatively  a  fixed  window  in 
the  downstream  frame  may  be  reserved.  The  stand-  15 
by  basestation  transmitter  also  transmits  a  low  level 
transmission,  which  transmissions  are  similar  to 
those  described  in  the  above-mentioned  co-pending 
application  as  output  by  the  outstation,  which  any  of 
the  outstations  can  receive  and  may  store  values  20 
(samples)  of  and  possibly  perform  local  processing 
on.  However  since  the  cost  of  a  basestation  is  amor- 
tised  over  all  the  outstations  it  is  preferable  to  per- 
form  all  the  processing  at  the  basestation  end  of  the 
system.  The  outstation  stored  values  can  be  sent  to  25 
the  basestation  for  processing  using  a  dedicated 
channel  or  shared  upstream  channel,  and  processed 
by  exactly  the  same  circuitry  that  would  be  used  for 
upstream  marshalling  as  described  in  detail  in  the 
above-mentioned  applications  and  thus  by  using  the  30 
same  techniques  you  can  adjust  the  phase  of  the 
transmitted  signal  from  one  basestation  to  the  near- 
est  bit  at  least,  to  be  the  same  as  the  other  basesta- 
tion.  Having  done  that  it  is  necessary  to  adjust  the 
phase  to  within  a  bitforwhich  there  are  three  possible  35 
techniques.  Technique  1  does  not  employ  the  marsh- 
alling  process  to  achieve  this  since  once  the  basesta- 
tions  have  been  switched  over  the  phase  acquisition 
circuit  6  would  acquire  phase  relatively  quickly.  Tech- 
nique  2  uses  the  phase  discriminator  in  the  optical  re-  40 
ceiver  of  the  outstation  7  modified  to  give  an  indica- 
tion  of  exactly  the  phase  difference  between  the 
phase  of  normal  transmission  and  the  phase  of  the 
offset  one,  for  example  by  observing  the  location  of 
zero  crossings  in  a  short  burst  of  10101010  traffic  45 
sent  from  the  standby  transmitter  at  normal  ampli- 
tude,  and  if  that  is  known  the  phase  of  the  offset  one 
can  be  modified  so  as  to  exactly  align  the  phase  and 
position  in  the  frame  of  both  of  them.  The  third  tech- 
nique  employs  the  coefficients  of  the  correlators  in-  50 
tegrating  the  standby  basestation  transmission. 
Hence  phase  alignment  of  duplicated  traffic  routes 
i.e.  hot  standby  switchover  is  achieved.  This  is  an  ex- 
tension  of  the  marshalling  technique  of  the  above 
mentioned  applications  to  allow  hot  standby  protec-  55 
tion  switching  without  any  error  introduction. 

Aspects  of  the  downstream  marshalling  system 
used  to  obtain  hot  standby  switchover  will  now  be  de- 

scribed  in  greater  detail. 
The  amplitude  of  the  low  level  transmitter  se- 

quence  from  the  standby  basestation  must  be  rela- 
tively  small  compared  to  that  of  the  main  basestation 
transmission,  in  order  that  there  is  a  negligible  effect 
on  the  ability  of  an  outstation  to  receive  the  main 
basestation  transmission  free  of  error.  For  example, 
a  rate  of  approximately  10:1  in  optical  power  is  suffi- 
cient  to  meet  this  condition,  although  a  greater  ratio 
may  be  employed.  Consequently  during  the  down- 
stream  marshalling  window  in  which  the  main  trans- 
mitter  output  is  temporarily  suspended,  in  order  for 
the  outstation  to  be  able  to  detect  the  standby  trans- 
mitted  sequence,  it  is  necessary  for  the  outstation  re- 
ceiver  threshold  to  be  at  the  centre  of  the  standby 
transmitter  signal  deviation.  In  order  to  achieve  this 
it  is  necessary  either  to  provide  a  special  receiver  de- 
sign  in  which  the  outstation  receiver  threshold  during 
the  downstream  marshalling  window  is  able  to  adjust 
to  the  mean  level  of  the  signal  during  the  window,  or 
to  design  the  main  and  standby  transmitters  in  such 
a  way  as  to  allow  this  condition  to  be  met.  In  a  passive 
optical  network  employing  this  technique,  it  is  advan- 
tageous  to  modify  the  transmitter  rather  than  a  mul- 
tiplicity  of  receivers.  This  also  allows  the  outstation 
receiver  design  to  be  entirely  conventional,  having  a 
threshold  recovery  circuit  that  is  adjusted  to  the  mean 
of  the  optical  data  signal,  which  is  normally  binary. 
The  method  and  means  for  achieving  the  requirement 
is  as  follows.  Attention  is  directed  to  Fig.  2  in  this  re- 
spect. 

During  the  downstream  marshalling  window,  the 
main  transmitter  is  set  to  approximately  the  half  pow- 
er  level.  An  optical  transmitter  conventionally  trans- 
mits  at  full  power  for  a  binary  one  and  reduced  power 
for  a  binary  zero.  The  binary  zero  power  is  often  that 
corresponding  to  the  laser  bias  level,  in  which  the  las- 
er  is  driven  by  a  bias  current,  whilst  the  binary  one 
level  is  determined  by  being  driven  by  the  bias  cur- 
rent  and  a  drive  current.  Thus  to  obtain  half  power  the 
bias  current  is  not  altered  but  the  drive  current  is 
halved.  During  the  marshalling  window,  the  optical 
signal  received  at  each  outstation  will  consist  of  the 
half  power  level  of  the  main  base  station  transmis- 
sion,  with  the  much  lower  standby  transmitter  se- 
quence  superimposed  on  it.  This  is  illustrated  in  Fig. 
2.  The  double  headed  arrows  indicate  the  deviation 
of  the  received  signal  from  the  main  transmitter  due 
to  the  standby  transmitter.  In  Fig.  2  the  receiver  de- 
cision  threshold  is  a  little  too  low,  since  the  threshold 
during  the  downstream  marshalling  window  is  not  at 
the  centre  of  the  deviation  and  is  unlikely  to  produce 
any  binary  zeros. 

In  order  to  allow  for  the  tolerance  in  the  receiver 
decision  threshold  determined  from  the  received  sig- 
nal,  for  deviation  in  the  relationship  between  the  laser 
drive  current  and  output  power,  and  tolerance  in  the 
laser  drive  circuit,  a  further  technique  for  adjustment 
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of  the  drive  current  of  the  main  transmitter  during  the 
downstream  marshalling  window  may  be  necessary. 
This  takes  the  form  of  a  control  loop  in  which  the  ratio 
of  ones  and  zeros  received  during  the  downsteam 
marshalling  window  is  determined  and  the  transmit- 
ter  drive  current  adjusted  until  this  balances,  this  as- 
suming  equal  probability  of  the  number  of  ones  and 
zeros  in  the  standby  correlation  sequence.  The 
mechanism  for  returning  the  outstation  received  data 
to  the  basestation  may  employ  a  part  of  the  PON 
TDMA  upstream  frame  from  that  outstation,  one 
method  being  to  share  the  upstream  messaging 
channel  using  the  data  received  during  a  downstream 
marshalling  window  in  place  of  a  null  message  con- 
tent.  Since  the  correlation  process  operates  oversev- 
eral  thousand  samples,  the  loss  of  some  of  these 
samples  does  not  affect  the  function,  but  will  in- 
crease  the  overall  acquisition  time. 

The  outstation  receiver  design  is  thus  conven- 
tional  and  operation  during  the  downstream  marsh- 
alling  window  is  thus  no  different  from  that  elsewhere 
in  the  downstream  frame,  the  sampled  part  of  the 
downstream  marshalling  window  may  consist  of  only 
8  bits  of  information,  with  a  period  of  16  bits  either 
side  to  allow  for  the  main  transmitter  to  be  switched 
from  full  to  half  power  and  half  to  full  power,  plus  a 
short  sequence  of  normal  power  alternating  one/zero 
transmission  prior  to  and  after  the  marshalling  win- 
dow  to  ensure  timing  recovery  circuits  remain  in  good 
alignment  in  respect  of  the  main  transmitter. 

In  the  downstream  marshalling  method  the  main 
and  standby  transmitters  will  be  given  the  same 
frame  synchronisation  reference  information  in  order 
that  the  relative  delay  between  the  main  transmis- 
sion  sequence  to  the  outstation,  which  will  contain 
framing  information,  for  example  in  the  form  of  a  CRC 
in  a  fixed  position,  and  the  correlation  sequence  pos- 
ition  can  be  used  to  determine  the  required  standby 
transmitter  transmit  time.  In  order  to  determine  the 
required  transmit  phase  angle  for  the  standby  trans- 
mitter  (phase  angle  being  defined  as  the  fraction  of 
a  transmitted  bit)  in  addition  to  the  delay  in  bits  be- 
tween  the  two  paths  (main  to  receiver  and  standby  to 
receiver),  employing  technique  3  referred  to  earlier  it 
is  sufficient  to  determine  the  correlation  coefficients 
of  two  correlators  spaced  one  bit  apart  in  respect  of 
the  reference  sequence.  If  the  standby  transmitted 
sequence  is  not  an  exact  number  of  data  bits  (in  delay 
terms  e.g.  1  bit  at  50MHz  represents  a  delay  of  20 
nanoseconds  representing  a  differential  transmis- 
sion  distance  of  4  metres)  then  the  sampled  se- 
quence  will  be  comprised  of  samples  in  which  com- 
ponents  from  the  two  adjacent  bits  from  the  standby 
transmitter  exist.  Conversely,  each  element  transmit- 
ted  by  the  standby  transmitter  will  have  a  component 
in  two  adjacent  receiver  samples.  When  averaged  (in- 
tegrated)  over  sufficient  received  bits,  the  ratio  of  the 
adjacent  correlation  coefficients  will  give  the  degree 

of  offset  of  the  bit  boundary.  This  may  be  adjusted  by 
means  of  an  adjustable  tapped  delay  line  at  the  stand- 
by  transmitter  until  there  is  no  overlap  of  coeffi- 
cients.  The  outstation  receiver  in  the  conventional 

5  case  will  detect  a  binary  one  or  binary  zero,  hence  if 
the  phase  error  relative  to  the  bit  boundary  is  small, 
the  larger  signal  component  will  dominate  and  poten- 
tially  totally  obscure  the  smaller  signal  component, 
preventing  the  assessment  of  the  ratios  of  adjacent 

10  correlator  coefficients.  Where  the  received  standby 
is  comparable  with  or  smaller  than  transmitter  corre- 
lation  sequence  level  is  comparable  with  the  noise 
level  of  the  receiver,  this  limiting  effect  will  not  apply. 
However  if  this  is  not  the  case,  an  alternative  is  to  de- 

ls  liberately  adjust  the  phase  of  the  standby  transmitted 
sequence  to  generate  equal  components  in  adjacent 
samples.  When  the  standby  transmitter  is  switched  to 
become  the  main  transmitter,  the  required  phase  an- 
gle  and  bit  offset  is  applied. 

20  During  standby  operation,  once  the  relative  pos- 
ition  of  the  transmitter  has  been  found,  short  bursts 
of  normal  amplitude  data  may  be  transmitted  in  the 
marshalling  window  to  enable  verification  and  full 
power  adjustment  of  the  standby  transmitter. 

25 

Claims 

1.  Amethod  of  enabling  errorfree  or  rapid  protec- 
30  tion  switching  between  two  basestations,  a  main 

basestation  and  a  standby  basestation,  in  a  telecom- 
munications  system,  which  method  employs  a  down- 
stream  marshalling  scheme  involving  the  transmis- 
sion  of  a  sequence  from  the  standby  basestation  to 

35  an  outstation  at  levels  below  the  noise  sensitivity  of 
a  receiver  at  the  outstation  and  alignment  of  the 
phases  of  the  transmitted  sequence  and  a  reference 
main  basestation  sequence  in  advance  of  switching 
between  standby  operation  and  main  operation. 

40  2.  Amethod  as  claimed  in  claim  1,  characterised 
in  that  the  phase  alignment  is  achieved  by  a  correla- 
tion  process. 

3.  A  method  as  claimed  in  claim  1  or  claim  2, 
characterised  in  that  in  the  telecommunications  sys- 

45  tern  an  upstream  marshalling  scheme  is  employed  for 
marshalling  additional  outstations  into  the  system, 
which  upstream  marshalling  scheme  includes  the 
steps  of  transmitting  from  the  additional  outstation  a 
respective  sequence  at  a  level  below  the  noise  sen- 

50  sitivity  of  a  receiver  of  the  basestation,  detecting  said 
respective  sequence  at  the  basestation,  discriminat- 
ing  the  phase  of  the  detected  sequence  and  using  the 
discriminated  phase  to  determine  the  loop  delay  to 
the  additional  outstation. 

55  4.  Amethod  as  claimed  in  claim  3,  characterised 
in  that  the  sequence  from  the  additional  outstation 
and  its  phase  are  detected  by  a  correlation  process. 

5.  A  method  as  claimed  in  claim  3  or  claim  4, 

4 
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characterised  in  that  the  sequences  transmitted  by 
the  basestations  to  the  outstation  for  the  down- 
stream  marshalling  process  are  sampled  at  the  out- 
station  and  their  phases  aligned  using  the  same  form 
of  circuitry  as  employed  for,  or  time  sharing  the  cir- 
cuitry  of,  the  upstream  marshalling  process. 

6.  Amethod  as  claimed  in  claim  5,  characterised 
in  that  the  sequences  samples  are  stored  at  the  out- 
stations  and  processed  thereat  or  returned  to  the 
basestations  for  processing  at  the  basestations. 

7.  Amethod  as  claimed  in  any  one  of  the  preced- 
ing  claims  characterised  in  that  the  basestations 
each  include  a  respective  transmitter  which  is  trans- 
mitting  continuously,  the  basestation  acting  as  a 
main  basestation  at  a  particular  point  in  time  trans- 
mitting  at  a  higher  power  than  the  basestation  acting 
as  a  standby  basestation  at  that  time. 

8.  Amethod  as  claimed  in  claim  7,  characterised 
in  that  the  ratio  of  transmitted  powers  is  of  the  order 
of  10:1. 

9.  A  method  as  claimed  in  claim  7  or  claim  8, 
characterised  in  that  the  main  basestation  transmis- 
sion  includes  a  marshalling  window  and  wherein  with- 
in  the  marshalling  window  the  main  basestation 
transmits  at  half  power. 

10.  Amethod  as  claimed  in  claim  9,  characterised 
in  that  the  telecommunications  system  is  a  passive 
optical  network  (PON)  system  and  wherein  the  trans- 
mitters  are  optical  sources,  the  sequences  are  binary 
sequences  and  drive  current  to  the  main  basestation 
transmitter  during  the  downstream  marshalling  win- 
dow  is  adjusted  by  means  of  a  control  loop  to  adjust 
the  balance  of  the  received  binary  ones  and  zeros. 

11.  Amethod  as  claimed  in  claim  9  or  claim  10  as 
appendant  to  claims  5  or  6,  characterised  in  that  the 
sampled  part  of  the  downstream  marshalling  window 
comprises  8  bits  of  information,  on  both  sides  of 
which  is  a  16  bit  period  to  allow  for  main  basestation 
transmitter  to  be  switched  between  full  and  half  pow- 
er,  and  on  both  sides  of  which  16  bit  period  is  a  short 
sequence  of  alternating  ones  and  zeros. 

12.  Amethod  as  claimed  in  claim  7  as  appendant 
to  claim  2,  characterised  in  that  in  the  downstream 
marshalling  scheme  the  main  and  standby  transmit- 
ters  are  given  identical  frame  synchronisation  infor- 
mation  and  the  relative  delay  between  the  main 
transmitter  sequence  and  a  correlation  sequence  is 
used  to  determine  the  required  standby  transmitter 
transmit  time. 

13  Amethod  as  claimed  in  any  one  of  the  preced- 
ing  claims  characterised  in  that  said  transmitted  se- 
quence  is  a  pseudo  random  sequence. 

14.  A  method  as  claimed  in  any  one  of  the  pre- 
ceding  claims  applied  to  a  burst  mode  system  in 
which  the  downstream  and  upstream  directions  may 
share  the  same  optical  fibre  and  transmit  in  bursts  so 
that  at  no  time  is  a  transmitter  and  receiver  pair  at  an 
outstation  or  basestation  transmitting  at  the  same 

time,  and  in  respect  of  marshalling  sequences  up- 
stream  and  marshalling  sequences  may  be  concur- 
rent  and  continuous  but  orthogonal  in  nature  or  nei- 
ther  process  will  be  concurrent  in  which  case  ortho- 

5  gonality  is  not  required. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

5 



EP  0  597  719  A2 

6 



l 

S z h l  


	bibliography
	description
	claims
	drawings

