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©  This  invention  is  a  method  of  providing  local 
autonomous  control  of  channel  allocation  of  a  cellular 
telecommunications  network.  In  one  prior  art  meth- 
od,  which  can  be  identified  as  the  timid  method,  a 
channel  is  selected  for  use  by  an  oncoming  user  if  it 
is  not  being  used  by  any  of  the  cells  which  surround 
it.  Otherwise,  another  channel  is  selected  according 
to  the  same  rule.  The  channels  are  tested  in  random 
order  and  a  call  is  blocked  if  all  of  the  channels  are 
in  use.  For  heavy  loading,  because  of  the  vagaries  of 
the  way  the  demand  for  channels  occurs,  this  meth- 
od  can  result  in  inefficient  channel  deployment. 

In  another  method,  which  can  be  identified  as 
the  agressive  method,  a  channel  is  selected  for  use 
by  an  incoming  user  even  if  that  channel  is  currently 
being  used  in  the  surrounding  cells.  If  the  channel  is 
in  use,  the  incoming  user  "bumps"  the  current  user 
off  the  channel  in  the  timid  mode.  The  "bumped" 

user  is  then  forced  to  find  and  use  another  channel. 
With  this  method,  an  unreasonable  number  of  recon- 
figurations  and  an  unreasonable  number  of  dropped 
calls  can  result,  especially  when  the  system  is  heav- 
ily  loaded. 

This  invention  integrates  the  agressive  and  timid 
methods  to  obtain  the  best  of  both:  the  former's 
improved  performance  and  the  latter's  stability.  Ini- 
tially,  the  timid  mode  (8,10,12,14)  is  used  to  look  for 
a  channel  with  acceptable  interference.  However,  if 
the  timid  mode  fails  to  obtain  a  channel,  the  call  is 
not  necessarily  blocked.  Instead,  the  mode  of  opera- 
tion  becomes  more  agressive  (16,18,20)  and  the  first 
channel  tested  that  has  only  modest  interference  is 
taken.  The  "bumped"  user  on  that  channel  then 
attempts  to  locate  another  channel.  If  the  "bumped" 
user  is  unsuccessful,  the  incoming  user  must  then 
retreat  and  is  blocked. 
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Technical  Field 

This  invention  relates  generally  to  cellular  and 
personal  telecommunications  networks  and,  more 
particularly  to  a  cellular  system  having  substantially 
increased  capacity. 

Background  of  the  Invention 

To  meet  the  anticipated  explosion  of  wireless 
demand  by  public  mobile 

telephone  users,  it  is  necessary  to  use  micro- 
cellular  systems  which  have  substantial  capacity. 

At  the  present  time,  Fixed  Channel  Allocation 
(FCA)  is  used  to  obtain  access  to  the  channels  in 
the  cells  in  substantially  all  systems  deployed  ar- 
ound  the  world.  With  FCA,  a  fixed  set  of  channels 
are  assigned  to  each  cell.  However,  FCA  is  rigid 
and  not  adaptable  to  satisfying  a  volatile,  shifting 
channel  demand.  As  cellular  and  personal  tele- 
communication  networks  evolve  toward  microcells, 
the  channel  demand  profile  can  experience  rapid 
changes.  The  rigid  nature  of  FCA  can  be  a  serious 
obstacle  to  providing  a  communication  channel  to  a 
mobile  user  at  the  time  it  is  needed.  In  addition, 
centralized  control  of  a  cellular  network  system  is 
subject  to  undesirable  delays  and  vulnerable  to 
disruptions. 

With  microcellular  systems  and  increasing 
numbers  of  mobile  users,  current  frequency  plan- 
ning  and  network  control  are  rapidly  becoming 
impractical  and  burdensome.  One  possible  solution 
to  the  network  management  problems  created  by 
the  use  of  microcells  is  Dynamic  Channel  Alloca- 
tion  (DCA)  where  each  channel  is  available  for  use 
in  every  cell.  DCA  adapts  to  local  interference  and 
traffic  conditions  and  removes  the  need  for  fre- 
quency  planning.  However,  channel  quality  can  be 
impaired  by  a  channel  in  a  nearby  cell  and/or  a 
weak  signal  strength  and,  a  channel  quality  level 
which  is  below  threshold  will  prevent  a  channel 
from  being  immediately  accessed  by  an  oncoming 
user. 

To  operate  a  network  using  DCA  centrally,  as  it 
is  envisioned,  could  result  in  the  computer  based 
switching  system  being  overwhelmed.  Specifically, 
the  software  manageability  problem  could  be  par- 
ticularly  acute.  Moreover,  for  a  centrally  controlled 
DCA  system,  an  elaborate  network  infrastructure 
for  handling  channel  access  information  would  be 
required.  Additionally,  reliance  on  central  decisions 
tends  to  make  a  network  vulnerable  to  failure  and, 
at  this  time,  there  is  a  growing  need  for  a  reliable 
network.  Furthermore,  central  control  creates  de- 
lays  which  are  objectionable  because  timely  chan- 
nel  access  is  critical. 

Local  autonomous  control  of  channel  access, 
where  decisions  are  made  by  mobile  telephones 

and/or  bases  rather  than  centrally,  can  result  in 
most  of  the  switching  burden  being  removed  and 
allow  more  handoffs  to  be  accommodated  faster. 
However,  there  are  some  very  serious  concerns 

5  about  permitting  local  autonomy.  One  concern  is 
that  the  algorithms  may  be  unstable  because  un- 
coordinated  users  could  work  at  counter-purposes 
to  each  other  where  each  continually  undermines 
what  the  other  is  attempting  to  achieve.  A  more 

io  serious  concern  is  that  during  periods  of  peak 
demand,  unstable  cascades  of  reconfigurations  of 
channel  assignments  can  be  inadvertently  triggered 
which  will  take  down  the  entire  network  when  it  is 
needed  most.  Even  if  local  autonomous  control 

75  would  work,  there  is  serious  concern  that  there 
would  be  a  serious  performance  penalty  associated 
with  using  local  instead  of  ideal  central  control. 

Thus,  local  autonomously  implemented  DCA  is 
an  enticing  concept,  but  is  viewed  as  being  poten- 

20  tially  troublesome  if  not  done  correctly. 
An  improved  distributed  dynamic  channel  al- 

location  method  is  required  for  use  in  microcellular 
communications  which  provides  improved  opera- 
tion. 

25 
Summary  of  the  Invention 

This  invention  is  a  method  of  providing  local 
autonomous  control  of  channel  allocation  of  a  cel- 

30  lular  telecommunications  network  by  integrating  ag- 
gressive  and  timid  methods  to  obtain  the  best  of 
both:  The  former's  improved  performance  and  the 
latter's  stability.  Initially,  a  channel  is  selected  for 
use  by  an  incoming  user  if  it  is  not  being  used  by 

35  any  of  the  neighboring  cells.  Otherwise,  another 
channel  is  selected  according  to  the  same  rule. 
The  channels  of  a  cell  are  tested  in  a  random 
order.  If  an  available  channel  is  not  located,  the 
method  then  becomes  aggressive.  The  channels 

40  are  again  tested  and  a  channel  is  selected  for  use 
by  the  incoming  user  even  if  that  channel  is  cur- 
rently  being  used  by  an  interferer.  If  the  channel 
selected  is  in  use,  the  incoming  user  "bumps"  the 
current  user  (the  interferer)  off  the  channel.  The 

45  "bumped"  user  is  then  forced  to  find  and  use 
another  channel.  The  bumped  user  attempts  to 
locate  a  channel  in  a  surrounding  cell  which  is  not 
being  used.  In  the  event  the  "bumped"  user  cannot 
locate  an  unused  channel,  the  incoming  user  must 

50  retreat  and  is  blocked,  and  the  "bumped"  user 
regains  control  of  the  original  channel. 

Brief  Description  of  the  Drawings 

55  FIG.  1  illustrates  a  cellular  map  or  layout. 
FIGs.  2  and  3  are  plots  of  the  blocking  perfor- 
mance  of  a  timid  dynamic  channel  allocation 
algorithm  wherein  Pb  is  illustrated  as  a  function 
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of  p  for  M  =  12,  24,  and  36  channels  for  linear 
(FIG.  2)  and  planar  (FIG.  3)  arrays  of  microcells; 
FIGs.  4  and  5  are  plots  of  the  upper  and  lower 
bounds  on  the  blocking  performance  of  dynamic 
channel  allocation  algorithms  for  linear  (FIG.  4) 
and  planar  (FIG.  5)  arrays  of  microcells; 
FIGs.  6  and  7  are  plots  of  the  blocking  perfor- 
mance  of  1  -persistent  and  M-persistent  methods 
for  a  linear  (FIG.  6)  and  planar  (FIG.  7)  arrange- 
ment  of  microcells;  and, 
FIG.  8  is  a  flow  diagram  of  a  method  of  provid- 
ing  local  autonomous  control  of  channel  alloca- 
tion  of  a  cellular  telecommunications  network  in 
accordance  with  the  principle  of  the  invention. 

Detailed  Description 

Cellular  and  personal  telecommunications  net- 
works  must  be  capable  of  growing  to  serve  many 
thousands  of  users  within  a  local  service  area,  such 
as  a  city.  A  concept  which  has  helped  contribute  to 
the  growth  of  the  cellular  system  is  frequency 
reuse. 

Frequency  reuse  refers  to  the  use  of  radio 
channels  on  the  same  carrier  frequency  to  cover 
different  areas  which  are  separated  from  one  an- 
other  by  sufficient  distances  to  prevent  objection- 
able  co-channel  interference.  Briefly,  instead  of 
covering  an  entire  local  area  from  one  land  trans- 
mitter  site  with  high  power  at  a  high  elevation,  the 
service  provider  can  distribute  transmitters  of  mod- 
erate  power  throughout  the  coverage  area.  Each 
site  then  primarily  covers  some  nearby  sub-area  or 
"cell".  A  cell  thus  signifies  the  area  in  which  a 
particular  transmitter  site  is  the  site  most  likely  to 
serve  mobile-telephone  calls. 

Referring  to  FIG.  1,  there  is  illustrated  a  cellular 
map  or  layout.  In  principle,  the  spacing  of  transmit- 
ter  sites  does  not  need  to  be  regular,  and  the  cells 
need  not  have  any  particular  shape.  Cells  identified 
with  different  letters  must  be  served  by  distinct 
sets  of  channel  frequencies  to  avoid  interference 
problems.  Cells  sufficiently  far  apart,  such  as  those 
labeled  Ai  and  A2  may  use  the  same  channel. 

Through  frequency  reuse,  a  cellular  telecom- 
munications  network  can  handle  a  number  of  si- 
multaneous  calls  which  greatly  exceed  the  total 
number  of  allocated  channel  frequencies.  The  mul- 
tiplier  by  which  the  system  capacity  in  simulta- 
neous  calls  exceeds  the  number  of  allocated  chan- 
nels  depends  on  several  factors,  one  being  the 
total  number  of  cells. 

A  significant  increase  in  capacity  with  the  limit- 
ed  spectrum  that  is  available  is  to  use  the  concept 
of  microcells.  Microcells  can  be  defined  as  small 
coverage  areas  served  by  relatively  small  and  in- 
expensive  radio  ports. 

In  outdoor  applications,  the  radio  ports 
(microsites)  may  be  housed  in  pole-mounted  can- 
isters  lining  streets  and  roadways  and  separated  by 
distances  of  up  to  a  few  hundred  meters.  These 

5  small  distances,  combined  with  frequency  reuse 
techniques,  permit  enormous  increases  in  commu- 
nications  capacity.  An  obvious  application  of  micro- 
sites  is  urban  areas,  with  high  densities  of  sub- 
scribers  demanding  anywhere/anytime  communica- 

io  tions,  both  in  vehicle  and  on  foot. 
In  a  publication  entitled  "Microcellular  Mobile 

Radio  Systems"  by  D.  A.  McFarlane  in  Br.  Telec- 
om  Technol.  J.,  Vol.  8,  No.  1,  January  1990,  pages 
79-84;  there  appears  a  presentation  of  microcellular 

is  networks  cell  types  and  hand  over  issues.  On  "cell 
types",  the  authors  envision  future  high  capacity 
cellular  telecommunications  networks  to  include 
many  diverse  types  of  cells  which  will  vary  in  size 
from  macrocells  to  picocells.  McFarlane  et  al. 

20  clearly  addresses  the  major  issue  that  must  be 
resolve  On  page  80  of  the  publication  the  authors 
state  that  the  one  key  feature  which  will  decide 
whether  microcellular  systems  are  viable  is  the 
ability  to  handover  calls  from  microcell-to-microcell 

25  while  in  progress.  Unless  this  can  be  achieved 
reliably,  the  other  advantages  of  microcellular  sys- 
tems  cannot  be  exploited. 

As  noted  previously,  microcellular  systems 
have  the  potential  for  a  substantial  increase  in 

30  capacity.  However,  existing  frequency  planning  and 
network  control  impose  undeserved  limitations  of 
these  systems.  The  solution  to  the  network  man- 
agement  problems  created  by  the  use  of  microcells 
is  here  referred  to  as  Dynamic  Channel  Allocation 

35  (DCA)  with  Distributed  Control.  More  specifically, 
Dynamic  Channel  Allocation  is  where  every  chan- 
nel,  whether  a  channel  is  a  frequency  and/or  a  time 
slot,  is  available  for  use  in  every  cell  and  adapts  to 
local  interference  and  traffic  conditions  without  re- 

40  quiring  a  need  for  frequency  planning.  Unfortu- 
nately,  dynamic  channel  allocation  is  classically 
performed  by  a  central  switch  which  can  be  easily 
overloaded  in  a  microcellular  system.  Distributed 
control,  where  decisions  are  made  by  the  mobiles 

45  and/or  bases,  and  not  centrally,  can  not  only  re- 
move  much  of  the  switching  burden,  but  can  also 
allow  more  handoffs  to  be  accommodated  faster. 
Dynamic  channel  allocation  with  distributed  control 
is  here  identified  as  Local  Autonomous  Dynamic 

50  Channel  Allocation  (LADCA). 
With  this  invention,  microcellular  networks  can 

self-organize  with  little  loss  in  capacity  relative  to 
the  best  globally  coordinated  channel  selection, 
and  this  can  be  done  by  using  a  simple  channel- 

55  allocation  procedure  where  the  mobile  or  portable 
unit  makes  autonomous  decisions  based  only  on 
local  observations.  Propagation  and  interference 
considerations  are  represented  with  the  constraint 
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that,  if  a  channel  is  used  in  a  given  cell,  it  cannot 
be  used  in  a  ring  of  cells  around  that  cell.  Two 
methods  for  providing  local  autonomous  control  of 
channel  allocation  of  cellular  network  are  the  timid 
method,  and  the  aggressive  method. 

With  the  timid  method,  a  portable  unit  takes  a 
channel  only  if  there  is  no  nearby  user  or  interferer 
on  that  channel.  With  the  aggressive  method,  the 
portable  unit  may  take  a  channel  even  if  an  inter- 
ferer  is  present.  If  an  interferer  is  present,  he  is 
"bumped".  Naturally,  the  interferer  must  now 
search  for  another  channel.  At  the  expense  of  addi- 
tional  reconfigurations  or  intracell  handoffs  per  call, 
use  of  the  aggressive  method  can  approach  the 
capacity  achieved  with  a  global  channel-allocation 
strategy. 

FIG.  2  illustrates  the  blocking  performance  of 
the  timid  dynamic  channel  allocation  (DCA)  meth- 
od.  In  FIG.  2,  Pb,  the  blocking  probability  is  plotted 
as  a  function  of  p,  the  load  per  cell;  for  M  =  12,  24 
and  36  for  linear  arrays  of  microcells.  In  all  in- 
stances,  the  plot  of  the  timid  dynamic  channel 
allocation  method  represented  by  the  solid  lines,  is 
seen  to  compare  favorably  with  the  fixed  channel 
allocation  (FCA)  method  represented  by  the  dash 
line.  This  is  particularly  true  around  Pb  =  10-2,  a 
likely  operating  level  for  future  systems. 

FIG.  3  is  similar  to  FIG.  2  except  that  it  is  for  a 
planar  array  of  microcells  rather  than  for  a  linear 
array  of  microcells. 

As  anticipated,  for  very  light  loading,  dynamic 
channel  allocation  performs  better  than  fixed  chan- 
nel  allocation.  In  the  loading  region  of  interest, 
dynamic  channel  allocation  can  handle  spatially 
localized  channel  demands  since  all  M  channels 
are  available  for  use  in  every  cell  (subject,  of 
course,  to  the  reuse  constraint).  On  the  other  hand, 
fixed  channel  allocation  can  have  at  most  M/N 
users  per  call  where  N  is  the  reuse  factor.  The 
reuse  factor  can  be  related  to  the  number  of  buffer 
rings  of  cells,  R,  as  follows:  In  the  linear  case,  N  = 
R  +  1  .  In  the  planar  case,  N  =  i2  +  ij  +  j2  where  i 
and  j  are  integers.  For  R  odd,  i  =  j  =  (R  +  1)/2 
and,  for  R  even,  i  =  R/2  and  j  =  R/2  +  1  . 

For  FCA,  a  demand  which  exceeds  this  amount 
is  blocked  even  though  there  may  be  channels 
available  in  an  adjacent  cell.  However,  for  heavy 
loading,  because  of  the  vagaries  of  the  way  the 
channel  demand  presents  itself,  the  dynamic  chan- 
nel  allocation  method  can  commit  to  an  inefficient 
channel  deployment  which  fixed  channel  allocation 
will  rigidly  prevent.  As  the  number  of  channels 
increases,  the  crossover  point  occurs  at  a  lower 
and,  therefore,  at  a  more  significant  Pb.  In  FIG.2, 
for  the  linear  case,  a  100-cell  network  was  used 
while,  in  FIG.3,  which  is  similar  to  FIG.2  is  for  the 
planar  case,  a  28  x  24  hexagonal  array  was  used. 

As  noted  previously,  with  a  aggressive  dy- 
namic  channel  allocation  method,  the  traffic  perfor- 
mance  can  be  improved  by  allowing  a  oncoming 
user  to  take  a  channel  even  though  it  is  being  used 

5  nearby.  Hopefully,  in  most  situations  of  interest 
where  Pb  is  small,  the  user  who  has  been  intruded 
upon  by  a  oncoming  user  will  have  another  channel 
available.  However,  this  improvement  is  at  the  ex- 
pense  of  additional  reconfigurations  during  a  call, 

io  and  at  the  expense  of  dropped  calls.  Calculated 
results  are  illustrated  in  FIG.  4  for  the  linear  case 
and  in  FIG.  5  for  the  planar  case.  The  curves  for 
the  timid  method  and  the  lower  limit  on  the  aggres- 
sive  type  of  method  delimit  the  possible  traffic 

is  characteristics  for  dynamic  channel  allocation 
methods.  Any  potential  method  will  have  a  perfor- 
mance  somewhere  between  these  two  curves.  As 
shown,  the  aggressive  limit  shows  substantial  im- 
provements  in  performance,  especially  in  the 

20  planar  case.  It  is  to  be  noted  that,  at  the  lower 
value  of  loading,  the  improvement  in  performance 
using  the  aggressive  method  is  essentially  linear 
for  M  for  linear  arrays;  and  exponential  for  M  for 
planar  arrays. 

25  The  improvement  can  also  be  interpreted  as  a 
savings  in  the  number  of  channels  required  to 
achieve  a  desired  blocking  probability  objective.  A 
limit  on  the  channel  savings  is  about  14%  in  the 
linear  case  and  about  30%  in  the  planar  case.  For 

30  example,  for  a  planar  array  of  cells,  the  aggressive 
method  with  M  =  24  performs  only  slightly  worse 
than  the  timid  method  with  M  =  36.  This  repre- 
sents  a  channel  savings  of  about  30%. 

Significant  improvement  of  the  blocking  prob- 
35  ability  can  be  obtained  by  using  a  more  aggressive 

method.  However,  ad  especially  in  a  heavily  loaded 
system,  a  unstable  situation  may  occur  as  the 
result  of  an  unreasonable  number  of  reconfigura- 
tions  ad  an  unreasonable  number  of  dropped  calls. 

40  It  has  been  disclosed  that,  by  carefully  integrating 
the  aggressive  ad  timid  method,  the  best  of  both  is 
attainable,  that  being  the  former's  improved  perfor- 
mance  and  the  latter's  stability. 

A  method  of  this  type  can  be  as  follows:  ini- 
45  tially  the  method  operates  in  the  timid  mode,  look- 

ing  for  a  channel  with  no  interference.  However, 
when  the  timid  method  fails  to  obtain  a  channel, 
the  call  is  not  necessarily  blocked.  Instead,  the 
method  turns  aggressive  and  takes  the  first  chan- 

50  nel  it  investigated  that  had  only  one  interferer  or 
user.  The  "bumped"  user  on  that  channel  now  tries 
to  locate  another  channel  but  does  so  using  only 
the  timid  method.  If  the  "bumped"  user  is  un- 
successful,  the  intruder  must  retreat  and  be  bloc- 

55  ked.  This  is  called  the  "1  -persistent"  method.  A 
variation  of  this  is  that  m  of  the  M-channels  can  be 
investigated  in  this  way.  It  is  here  understood  that 
M  represents  the  total  number  of  channels  of  a  cell 

5 
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and  m  represents  a  arbitrary  number  of  channels 
from  one  up  to  and  including  M  channels  of  that 
cell.  This  is  called  the  "m-persistent"  method. 

Calculated  results  using  the  1  -persistent  and 
M-persistent  methods  are  illustrated  in  FIGs.  6  and 
7  for  a  linear  and  planar  array  of  calls,  respectively, 
for  M  =  36  channels.  FIGs.  6  and  7  clearly  illus- 
trate  that  the  1  -persistent  and  M-persistent  meth- 
ods  can  provide,  especially  in  the  planar  case,  a 
significant  reduction  in  Pb  at  the  expense  of,  at 
most,  one  call  reconfiguration  per  channel  acces- 
sed.  In  particular,  the  M-persistent  method  is  al- 
ways  better  than  the  fixed  channel  allocation  and 
goes  a  long  way  toward  achieving  the  results  of  the 
aggressive  method,  with  no  dropped  calls. 

Furthermore,  the  M-persistent  method  achieves 
a  large  percentage  of  the  total  possible  channel 
savings.  For  example,  in  the  linear  case,  at  Pb  = 
10-2,  the  M-persistent  method  achieves  the  same 
performance  as  the  timid  method  with  M  =  40,  a 
10%  savings.  In  the  planar  case,  the  M-persistent 
method  is  equivalent  in  blocking  probability  to  a 
timid  method  using  M  =  44,  a  savings  of  about 
19%. 

Referring  to  FIG.  8,  there  is  illustrated  the 
sequence  of  events  for  the  method  here  disclosed 
for  providing  local  autonomous  control  of  channel 
access,  where  the  decisions  are  made  by  the  mo- 
biles  and/or  bases  rather  than  centrally.  This  meth- 
od  is  a  Local  Autonomously  implemented  Dynamic 
Channel  Allocation  method  and  is  here  identified  as 
LADCA. 

Specifically,  the  invention  is  a  class  of  m-per- 
sistent  LADCA  methods  defined  as  follows:  The 
parameter  m  can  be  thought  of  as  being  the  level 
of  aggressiveness  as  well  as  the  level  of  persis- 
tence.  A  user  gets  access  to  a  channel  provided 
that,  by  doing  so,  the  channel  quality  constraint  is 
not  violated.  One-by-one,  all  channels  are  tested 
until  a  channel  is  found  which  meets  the  required 
quality.  If  this  procedure  is  unsuccessful,  then  the 
users  associated  with  channels  of  marginal  quality 
are  selected  one-by-one  in  order  to  determine  if 
one  of  them  can  be  reconfigured  to  admit  the 
oncoming  call.  In  one  embodiment,  the  reconfigura- 
tion  process  is  not  permitted  to  cause  another 
reconfiguration;  no  ripple.  Up  to  a  maximum  of  m 
neighbors  are  intruded  upon  in  this  way  until  one  is 
found  that  can  be  reconfigured.  An  intruded  upon 
user  detects  a  substantial  drop  in  channel  quality 
and  attempts  to  reconfigure,  if  possible.  If  none  of 
the  m  intruded  upon  users  can  help,  the  oncoming 
call  is  blocked. 

If  M  channels  are  available  in  the  system,  the 
parameter  m  can  be  set  anywhere  from  zero  to  M. 
Consequently,  the  case  where  m  =  zero  corre- 
sponds  to  the  Timid  method,  and  the  case  where 
m  =  M  corresponds  to  a  more  aggressive  method. 

In  a  particular  exercise  of  the  method,  the 
maximum  number  of  channels  permitted  to  be  ten- 
tatively  seized  can  actually  be  less  then  m.  This  is 
because  only  channels  of  marginal  quality  can  be 

5  tentatively  seized.  The  logical  ordering  of  channels 
1  to  M  can  be  randomly  assigned  by  each  user  in 
a  manner  that  is  distinct  from  any  physical  order- 
ing.  The  term  physical  ordering  means  an  ordering 
on  the  basis  of  frequency  or  time  slot. 

io  In  some  situations  it  may  be  advantageous  to 
have  the  method  for  the  initial  period  to  measure 
less  than  the  full  complement  of  M  channels  before 
moving  into  the  very  aggressive  stage.  In  this  way, 
channel  access  time  may  be  reduced.  It  is  to  be 

is  noted  that  it  is  not  necessary  that  a  user  belong  to 
a  cell  based  on  spatial  position;  channel  quality 
measurements  alone  can  be  used  to  make  channel 
assignments  with  this  invention. 

Referring  to  FIG.  8,  when  a  call  is  initiated,  a 
20  first  channel  is  checked  for  quality  at  10.  If  the 

quality  of  the  first  channel,  i  =  1,  checked  is  accept- 
able,  the  procedure  stops  and  a  connection  can  be 
made.  If,  however,  the  quality  on  the  channel  being 
checked  is  not  acceptable,  a  test  is  made  at  12  to 

25  determine  if  there  are  remaining  channels  which 
have  not  yet  been  checked.  If  it  is  assumed  that 
there  are  ten  separate  channels,  that  is,  M  =  10, 
then  the  value  of  i  is  changed  at  14  each  time  a 
new  channel  is  tested  until,  if  required,  all  of  the 

30  designated  channels  have  been  tested.  It  is  as- 
sumed  that  the  next  channel  is  channel  two.  There- 
after,  at  10,  a  test  is  made  of  channel  two  to 
determine  if  it  has  acceptable  quality.  If  it  does,  the 
process  stops,  the  channel  is  identified,  and  a 

35  connection  is  made.  If  the  channel  does  not  have 
acceptable  quality,  the  process  continues  until  an 
acceptable  channel  is  found,  or  all  ten  channels  or 
some  number  less  than  all  have  been  tested  and 
found  to  have  unacceptable  quality.  Now,  if  m,  the 

40  persistence  level  is  set  at  zero  as  noted  at  14, 
which  is  the  case  for  the  timid  method,  the  testing 
procedure  stops.  But,  if  m,  the  persistence  level  is 
set  to  be  greater  than  zero,  then  an  examination  is 
made  at  16  to  determine  if  any  of  the  channels 

45  which  were  tested  are  marginal.  This  step  can 
either  require  that  all  of  the  channels  are  again 
surveyed  to  determine  if  any  or  marginal  or  that  the 
marginal  channels  were  noted  and  recorded  during 
the  initial  tests. 

50  If  none  of  the  channels  are  marginal,  the  pro- 
cess  stops.  If,  however,  there  are  marginal  chan- 
nels,  then  each  of  the  marginal  channels  are  tested 
to  determine  if  access  is  possible.  Steps  18,  20, 
and  22  advance  the  testing  process  through  the 

55  marginal  channels.  It  is  to  be  noted  that  a  channel 
which  is  marginal  can  become  available  if  the  call 
on  the  marginal  channel  can  be  successfully 
switched  to  another  channel  and  thus  vacate  the 

6 
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channel  being  tested  for  availability.  A  further  step 
can  be  the  testing  of  other  channels  for  use  by  the 
displaced  call  using  the  timid  method;  and  the 
oncoming  user  is  accepted  only  if  the  displaced 
call  locates  a  channel. 

Thus,  there  has  been  provided,  in  accordance 
with  the  present  invention,  a  method  of  providing 
local  autonomous  control  of  channel  allocation  of  a 
cellular  telecommunications  network  that  satisfies 
the  objects,  aims,  and  advantages  which  are  de- 
sired.  While  the  invention  has  been  described  in 
conjunction  with  a  specific  embodiment  thereof,  it 
is  evident  that  many  alternatives,  modifications,  and 
variations  will  be  apparent  to  those  skilled  in  the  art 
in  light  of  the  foregoing  description.  Accordingly,  all 
such  alternatives,  modifications,  and  variations 
which  fall  within  the  spirit  and  broad  scope  of  the 
appended  claims  will  be  embraced  by  the  princi- 
ples  of  the  invention. 

Claims 

1.  A  method  of  providing  local  autonomous  con- 
trol  of  channel  allocation  of  a  cellular  tele- 
communication  network  comprising  the  steps 
of 

testing  in  sequential  order  a  first  number 
of  channels  of  a  cell  to  identify  a  channel 
which  does  not  have  a  current  user  and  can  be 
used  by  a  incoming  user, 

retesting  said  channels,  absent  identifying 
a  channel  which  is  not  being  used,  for  a  chan- 
nel  having  a  current  user  with  a  signal  less 
than  a  predetermined  value  and  identifying 
said  channel, 

transferring  said  incoming  user  to  said 
channel  identified  as  having  a  current  user  with 
a  signal  less  than  a  predetermined  value, 

testing  a  second  number  of  channels  to 
identify  a  channel  which  does  not  have  a  user, 
and 

transferring  to  a  channel  of  the  second 
number  of  channels  identified  as  not  having  a 
user  the  current  user  from  the  channel  to 
which  the  incoming  user  is  transferred. 

cell  other  than  said  first  cell. 

4.  The  method  of  claim  3  wherein 
the  testing  and  retesting  of  the  channels 

5  are  done  sequentially. 

5.  The  method  of  claim  3  wherein 
during  the  testing  of  said  first  number  of 

channels,  those  channels  which  are  being  used 
io  by  a  current  user  are  identified. 

6.  The  method  of  claim  3  wherein, 
during  the  testing  of  said  first  number  of 

channels,  those  channels  which  are  being  used 
is  by  an  interferer  with  a  signal  which  is  less  than 

a  predetermined  value  are  identified. 

7.  The  method  of  of  claim  6  wherein  said  first 
number  of  channels  of  a  cell  of  the  cellular 

20  telecommunications  network  that  are  tested  for 
the  presence  of  a  current  user  are  less  than 
the  number  of  channels  of  the  cell. 

8.  The  method  of  claim  7  wherein, 
25  said  first  number  of  channels  of  a  cell  of 

the  cellular  telecommunications  network  that 
are  retested  for  the  presence  of  a  user  are  less 
than  the  number  of  channels  identified  as  be- 
ing  accessed  by  a  current  user  with  a  signal 

30  which  is  less  than  a  predetermined  value. 

9.  The  method  of  claim  6  wherein 
said  first  number  of  channels  of  a  cell  of 

the  cellular  telecommunications  network  that 
35  are  tested  for  the  presence  of  a  user  are 

tested  in  a  random  order. 

10.  The  method  of  claim  9  wherein  the  random 
order  is  distinct  for  each  call. 

40 

45 

2.  The  method  of  claim  1  further  comprising  the 
step  of 

denying  said  incoming  user  access  to  a 
channel  in  the  event  that  said  current  user  is  50 
not  transferred  to  a  channel  of  said  second 
number  of  channels,  and  transferring  said  cur- 
rent  user  back  to  its  original  channel. 

3.  The  method  of  claim  2  wherein  55 
said  first  number  of  channels  are  in  a  first 

cell,  and 
said  second  number  of  channels  are  in  a 
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