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link  protocol  and  dynamic  partial  echo  management  for 
a  transaction  oriented  packet  data  communication  sys- 
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control  layer  controller  and  transmitting  a  BEGIN  proto- 
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Description 

Cross  Reference  To  Related  Application 

[0001]  This  application  claims  the  benefit  of  U.S.  Pro- 
visional  Application,  Senal  No.  60/085,752  filed  May  17, 
1998,  and  entitled  System  and  Method  Medium  Access 
Control  in  a  Wireless  Data  Communication  System. 

Background  Of  The  Invention 

[0002]  This  invention  relates  to  link  and  media  access 
layer  transaction  initiation  procedures  in  a  communica- 
tion  system,  and  more  particularly,  to  such  procedures 
in  time  slotted  communication  systems. 
[0003]  Link  layer  recovery  protocols  are  used  for  error 
and  loss  recovery  in  data  communication  systems.  Link 
layer  recovery  is  especially  crucial  for  wireless  commu- 
nications  due  to  the  particularly  harsh  loss  and  error 
characteristics  of  the  link. 
[0004]  Typically,  a  link  layer  recovery  protocol  is  ini- 
tialized  at  the  time  of  connection  establishment.  Also,  in 
the  case  of  data  link  protocols  for  cellular  communica- 
tions,  the  radio  link  protocol  (RLP)  is  not  implemented 
at  the  base  station  but  typically  situated  back  in  the  net- 
work  so  that  data  flows  across  the  connection  seamless- 
ly  as  the  mobile  traverses  multiple  cells  (across  multiple 
handoffs).  When  a  connection  is  established,  the  net- 
work  typically  assigns  a  unique  temporary  identifier 
which  may  be  associated  with  a  data  link  connection  to 
a  specific  mobile  station.  For  example  in  Cellular  Digital 
Packet  Service  (CDPD),  the  Mobile  Data  link  Protocol 
(MDLP)  is  established  at  packet  data  registration,  and 
a  Temporary  Equipment  Identifier  (TEI)  is  assigned  to 
the  mobile  station.  The  TEI  is  used  by  peer  data  link  lay- 
er  entities  for  subsequent  data  transfer. 
[0005]  Packet  data  transactions  tend  to  be  bursty  with 
possibly  long  periods  of  inactivity  between  transactions. 
For  mobile  stations  involved  in  intermittent  transactions, 
with  long  inter-transaction  times  (even  though  each 
transaction  may  involve  significant  data  transfer),  main- 
taining  RLP  back  in  the  network  has  the  following  dis- 
advantages:  maintaining  the  RLP  state  information 
across  long  idle  penods  is  a  very  inefficient  use  of  net- 
work  resources;  moving  the  RLP  back  into  the  network 
has  an  adverse  impact  on  performance  due  to  increased 
round  trip  delay;  moving  the  RLP  back  into  the  network 
makes  it  harder  to  use  adaptive  modulation  and  incre- 
mental  redundancy  schemes,  that  can  have  a  significant 
throughput  advantage;  maintaining  a  unique  identifier 
across  long  idle  periods  is  very  inefficient  and  requires 
the  use  of  a  large  identifier  field  (for  example  the  TEI  in 
CDPD);  and  using  the  identifiers  in  each  Medium  Ac- 
cess  control  (MAC)  layer  transmission  is  desirable  to 
avoid  ambiguity,  but  long  identifiers  are  wasteful  of  RF 
bandwidth. 
[0006]  In  a  TDMA  Digital  Control  Channel  (DCCH),  a 
7  bit  Partial  Echo  (PE)  field  has  been  used  as  a  mobile 

station  identifier.  However,  for  users  with  intermittent 
packet  transactions,  there  is  significant  probability  of 
ambiguity  with  7  bit  PEs. 
[0007]  The  present  invention  is  directed  to  overcom- 

5  ing,  or  at  least  reducing,  the  effects  of  one  or  more  of 
the  problems  set  forth  above 
[0008]  According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  of  implementing  a  radio 
link  protocol  for  a  transaction  oriented  packet  data  com- 

10  munication  system  comprising  the  steps  of:  determining 
a  data  backlog  with  a  media  access  control  layer  con- 
troller,  transmitting  a  BEGIN  protocol  data  unit  to  a  re- 
ceiver;  and  initiating  a  media  access  control  layer  trans- 
action  in  response  to  the  transmitting  of  the  BEGIN  pro- 

's  tocol  data  unit.  The  BEGIN  protocol  data  unit  may  con- 
tain  a  proposed  partial  echo  value.  The  step  of  initiating 
a  media  access  control  layer  transaction  can  further  in- 
clude  the  step  of  acknowledging  the  BEGIN  protocol  da- 
ta  unit  at  the  media  access  control  layer  controller  sig- 

20  nifying  the  acceptance  of  the  proposed  partial  echo  val- 
ue  in  the  media  access  control  layer  transaction.  The 
BEGIN  protocol  data  unit  may  contain  a  proposed  mode 
of  operation  for  the  media  access  control  layer  transac- 
tion.  The  mode  of  operation  can  be  fixed  coding  and 

25  fixed  modulation.  The  mode  of  operation  can  be  fixed 
coding  and  adaptive  modulation.  The  mode  of  operation 
can  be  incremental  redundancy  coding  and  fixed  mod- 
ulation.  The  mode  of  operation  can  be  incremental  re- 
dundancy  coding  and  adaptive  modulation.  The  step  of 

30  initiating  a  media  access  control  layer  transaction  can 
further  include  the  step  of  acknowledging  the  BEGIN 
protocol  data  unit  at  the  media  access  control  layer  con- 
troller  signifying  the  acceptance  of  the  proposed  mode 
of  operation  for  the  media  access  control  layer  transac- 

ts  tion.  The  data  backlog  is  indicated  to  the  media  access 
controller  by  a  network  layer.  The  method  can  further 
include  the  steps  of  stopping  data  transmission  after 
transmitting  the  BEGIN  protocol  data  unit,  and  waiting 
for  an  acknowledgement  message  from  the  receiver. 

40  Both  steps  may  be  performed  at  a  transmission  control- 
ler.  The  method  can  further  include  the  step  of  transmit- 
ting  at  least  one  CONTINUE  protocol  data  unit  after  in- 
itiating  the  media  access  control  layer  transaction  with 
the  media  access  control  layer  controller.  The  transmit- 

45  ter  can  be  located  at  a  base  station,  or  it  can  be  located 
at  a  mobile  station.  The  method  can  further  include  the 
step  of  establishing  an  assigned  local  identifier  used  by 
the  transmitter  and  the  receiver  for  the  duration  of  the 
transaction.  The  method  can  alternatively  further  in- 

so  elude  the  step  of  identifying  a  mode  of  operation  for  sub- 
sequent  implementations  of  radio  link  protocols  and  dy- 
namic  partial  echo  management  for  the  transaction  ori- 
ented  packet  data  system.  The  mode  of  operation  can 
be  fixed  coding  and  fixed  modulation.  The  mode  of  op- 

55  eration  can  be  fixed  coding  and  adaptive  modulation. 
The  mode  of  operation  can  alternatively  be  incremental 
redundancy  coding  and  fixed  modulation,  or  incremen- 
tal  redundancy  coding  and  adaptive  modulation.  The 
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transmitter  can  further  initialize  a  radio  link  protocol  up- 
on  transmission  of  the  BEGIN  protocol  data  unit.  The 
receiver  can  further  initialize  a  radio  link  protocol  upon 
receiving  the  BEGIN  protocol  data  unit. 
[0009]  According  to  another  aspect  of  the  present  in-  s 
vention,  there  is  provided  a  transaction  oriented  packet 
data  communication  system  comprising:  a  media  ac- 
cess  control  layer  transmitter;  means  for  determining  a 
data  backlog  with  the  media  access  control  layer  con- 
troller;  means  for  transmitting  a  BEGIN  protocol  data  10 
unit  to  a  receiver:  and  means  for  initiating  a  media  ac- 
cess  control  layer  transaction  in  response  to  the  trans- 
mitting  of  the  BEGIN  protocol  data  unit.  The  BEGIN  pro- 
tocol  data  unit  can  contain  a  proposed  partial  echo  val- 
ue.  The  initiating  means  can  further  include  a  means  for  15 
acknowledging  the  BEGIN  protocol  data  unit  at  the  me- 
dia  access  control  layer  signifying  the  acceptance  of  the 
proposed  partial  echo  value  in  the  media  access  control 
layer  transaction.  The  BEGIN  protocol  data  unit  can 
contain  a  proposed  mode  of  operation  for  the  media  ac-  20 
cess  control  layer  transaction.  The  mode  of  operation 
can  be  fixed  coding  and  fixed  modulation.  The  mode  of 
operation  is  fixed  coding  and  adaptive  modulation.  The 
mode  of  operation  can  be  incremental  redundancy  cod- 
ing  and  fixed  modulation,  or  it  can  be  incremental  redun-  25 
dancy  coding  and  adaptive  modulation.  The  initiating 
means  can  further  include  a  means  for  acknowledging 
the  BEGIN  protocol  data  unit  at  the  media  access  con- 
trol  layer  signifying  the  acceptance  of  the  proposed 
mode  of  operation  in  the  media  access  control  layer  30 
transaction.  The  data  backlog  can  be  indicated  by  a  net- 
work  layer.  The  system  can  further  include  means  for 
stopping  data  transmission  after  transmitting  the  BEGIN 
protocol  data  unit,  and  means  for  waiting  for  an  acknowl- 
edgement  message  from  the  receiver.  Both  steps  can  35 
be  performed  at  a  transmission  controller.  The  system 
can  further  include  means  for  transmitting  at  least  one 
CONTINUE  protocol  data  unit  after  initiating  the  media 
access  control  layer  transaction  with  the  media  access 
control  layer  controller.  The  transmitter  can  be  located  40 
at  a  base  station,  or  at  a  mobile  station.  The  system  can 
further  include  means  for  establishing  an  assigned  local 
identifier  used  by  the  transmitter  and  the  receiver  for  the 
duration  of  the  transaction.  The  system  can  further  in- 
clude  means  for  identifying  a  mode  of  operation  for  sub-  45 
sequent  implementations  of  radio  link  protocols  and  dy- 
namic  partial  echo  management  for  the  transaction  ori- 
ented  packet  data  system.  The  mode  of  operation  can 
be  fixed  coding  and  fixed  modulation,  or  fixed  coding 
and  adaptive  modulation,  or  incremental  redundancy  so 
coding  and  fixed  modulation,  or  incremental  redundan- 
cy  coding  and  adaptive  modulation.  The  transmitter  can 
further  initialize  a  radio  link  protocol  upon  transmission 
of  the  BEGIN  protocol  data  unit.  The  receiver  can  further 
initialize  a  radio  link  protocol  upon  receiving  the  BEGIN  55 
protocol  data  unit. 
[0010]  According  to  a  further  aspect  of  the  present  in- 
vention,  there  is  provided  a  transaction  oriented  packet 

data  communications  system  comprising:  a  media  ac- 
cess  control  layer  controller  for  determining  a  data  back- 
log  in  a  media  access  control  layer  buffer;  a  media  ac- 
cess  control  layer  transmitter  for  transmitting  a  BEGIN 
protocol  data  unit  to  a  receiver;  and  means  for  initiating 
a  media  access  control  layer  transaction  in  response  to 
the  transmitting  of  the  BEGIN  protocol  data  unit.  The 
BEGIN  protocol  data  unit  can  contain  a  proposed  partial 
echo  value.  The  initiating  means  can  further  include  a 
means  for  acknowledging  the  BEGIN  protocol  data  unit 
at  the  media  access  control  layer  signifying  the  accept- 
ance  of  the  proposed  partial  echo  value  in  the  media 
access  control  layer  transaction.  The  BEGIN  protocol 
data  unit  can  contain  a  proposed  mode  of  operation  for 
the  media  access  control  layer  transaction.  The  mode 
of  operation  can  be  fixed  coding  and  fixed  modulation, 
or  fixed  coding  and  adaptive  modulation,  or  incremental 
redundancy  coding  and  fixed  modulation,  or  incremen- 
tal  redundancy  coding  and  adaptive  modulation.  The  in- 
itiating  means  can  further  include  a  means  for  acknowl- 
edging  the  BEGIN  protocol  data  unit  at  the  media  ac- 
cess  control  layer  controller  signifying  the  acceptance 
of  the  proposed  mode  of  operation  in  the  media  access 
control  layer  transaction.  The  data  backlog  is  indicated 
to  the  media  access  control  layer  controller  by  a  network 
layer.  The  system  can  further  include  a  channel  access 
manager  for  stopping  data  transmission  after  transmit- 
ting  the  BEGIN  protocol  data  unit,  and  a  media  access 
sub-channel  controller  for  waiting  for  an  acknowledge- 
ment  message  from  the  receiver.  The  transmitter  can 
be  located  at  a  base  station  or  at  a  mobile  station.  The 
system  can  further  include  means  for  establishing  an  as- 
signed  local  identifier  used  by  the  transmitter  and  the 
receiver  for  the  duration  of  the  transaction,  and/or  can 
further  include  means  for  identifying  a  mode  of  operation 
for  subsequent  implementations  of  radio  link  protocols 
and  dynamic  partial  echo  management  for  the  transac- 
tion  oriented  packet  data  system.  The  mode  of  operation 
can  be  fixed  coding  and  fixed  modulation,  or  fixed  cod- 
ing  and  adaptive  modulation,  or  incremental  redundan- 
cy  coding  and  fixed  modulation,  or  incremental  redun- 
dancy  coding  and  adaptive  modulation.  The  transmitter 
can  further  initialize  a  radio  link  protocol  upon  transmis- 
sion  of  the  BEGIN  protocol  data  unit.  The  receiver  can 
further  initialize  a  radio  link  protocol  upon  receiving  the 
BEGIN  protocol  data  unit. 
[0011]  In  accordance  with  the  present  invention,  there 
is  provided  a  system  and  method  of  implementing  a  ra- 
dio  link  protocol  and  dynamic  partial  echo  management 
for  a  transaction  oriented  packet  data  communication 
system.  The  method  performs  the  steps  of  determining 
a  data  backlog  with  a  media  access  control  layer  con- 
troller  and  transmitting  a  PDU  to  a  receiver.  The  method 
further  performs  the  step  of  initiating  a  media  access 
control  layer  transaction  in  response  to  the  transmitting 
of  the  BEGIN  PDU. 
[0012]  Also  in  accordance  with  the  present  invention, 
a  system  for  implementing  a  radio  link  protocol  (RLP) 
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and  dynamic  partial  echo  management  for  a  transaction 
oriented  packet  data  system.  The  system  comprises  a 
media  access  control  layer  controller  for  determining  a 
data  backlog  in  a  media  access  control  layer  buffer  and 
a  media  access  control  layer  transmitter  for  transmitting  s 
a  BEGIN  Protocol  Data  Unit  to  a  receiver.  The  system 
also  includes  a  means  for  initiating  a  media  access  con- 
trol  layer  transaction  in  response  to  the  transmitting  of 
the  BEGIN  Protocol  Data  Unit. 
[0013]  These  and  other  features  and  advantages  of  10 
the  present  invention  will  become  apparent  from  the  fol- 
lowing  detailed  description,  the  accompanying  drawings 
and  the  appended  claims. 

Brief  Description  Of  The  Drawings  is 

[0014] 

Fig.  1  shows  a  block  diagram  of  a  communication 
system  illustrating  the  operation  on  a  packet  data  20 
channel  in  accordance  with  the  invention; 

Fig.  2  is  a  graph  showing  the  probability  of  two  or 
more  active  users  having  the  same  partial  echo; 

25 
Fig.  3  is  a  block  diagram  illustrating  an  examplary 
implementation  of  a  Media  Access  Control  (MAC) 
layer  from  the  Layer  2  block  in  Fig.  1  ; 

Fig.  4  is  a  block  diagram  describing  the  internal  30 
structure  of  a  mobile  station  MAC  transmission  con- 
troller  block  shown  in  Fig.  3; 

Fig.  5  is  a  state  diagram  describing  a  router  process 
for  the  mobile  station  transmission  controller  de-  35 
scribed  in  Fig.  4; 

Fig.  6  is  a  state  diagram  describing  a  transmit  con- 
troller  process  of  the  mobile  station  transmission 
controller  described  in  Fig.  4;  40 

Fig.  7  is  a  state  diagram  describing  another  part  of 
the  transmit  controller  process  of  the  mobile  station 
transmission  controller  described  in  Fig.  4; 

45 
Fig.  8  is  a  state  diagram  describing  another  part  of 
the  transmit  controller  process  of  the  mobile  station 
transmission  controller  described  in  Fig.  4; 

Fig.  9  is  a  state  diagram  describing  another  part  of  so 
the  transmit  controller  process  of  the  mobile  station 
transmission  controller  described  in  Fig.  4; 

Fig.  10  is  a  state  diagram  describing  a  retrieve  re- 
transmit  data  blocks  process  performed  by  the  ss 
transmit  controller  (TCTX)  block  of  Fig.  4; 

Fig.  11  is  a  state  diagram  illustrating  a  retrieve  new 

data  blocks  process  performed  by  the  transmit  con- 
troller  (TCTX)  block  of  Fig.  4; 

Fig.  12  describes  a  construct  Protocol  Data  Unit 
(PDU)  process,  a  transmit  (TxT)  table,  and  a  sub- 
channel  controllers  transmit  (SCCxT)  table  used  by 
the  TCTX  block  of  Fig.  4; 

Fig.  13  illustrates  a  physical  control  field  (PCF) 
process  that  is  executed  by  the  mobile  station  trans- 
mission  controller  described  in  Fig.  4; 

Fig.  14  illustrates  an  automatic  retransmission  re- 
quest  (ARQ)  status  process  that  is  executed  by  the 
mobile  station  transmission  controller  described  in 
Fig.  4; 

Fig.  15  is  a  state  diagram  illustrating  a  mobile  sta- 
tion  receive  controller  process  preformed  by  the  re- 
ceiver  controller  block  of  Fig.  4  in  the  context  of 
transaction  initiation; 

Fig.  16  is  a  state  diagram  illustrating  a  mobile  sta- 
tion  receive  controller  process  preformed  by  the  re- 
ceiver  controller  block  of  Fig.  4  while  a  fixed  coding 
mode  ARQ  transaction  is  in  progress; 

Fig.  17  is  a  state  diagram  illustrating  an  update  re- 
ceive  (Rx)  state  executed  by  the  receive  controller 
block  of  Fig.  4  when  a  data  block  is  received; 

Fig.  18  is  a  state  diagram  illustrating  a  mobile  sta- 
tion  receive  table,  an  initialize  receive  controller 
(TCRX)  parameters  process,  and  a  BEGIN  PDU 
process  which  are  executed  by  the  receive  control- 
ler  of  Fig.  4; 

Fig.  19  is  a  state  diagram  illustrating  a  mobile  sta- 
tion  channel  access  manager  (CAM)  block  of  Fig.  3; 

Fig.  20  is  a  state  diagram  illustrating  the  choose 
transmit  controller  (TCy)  process  and  send  coded 
MAC_PDU  process  which  are  executed  by  the  CAM 
block  of  Fig.  3; 

Fig.  21  is  a  state  diagram  illustrating  a  mobile  sta- 
tion  sub-channel  controller  process  (SCC)  block  of 
Fig.  3; 

Fig.  22  is  a  state  diagram  illustrating  a  check  desti- 
nation  and  extract  coded  MAC_PDU  process  that 
is  executed  by  the  SCC  block  of  Fig.  3  on  obtaining 
data  from  the  physical  layer  of  Fig.  3; 

Fig.  23  shows  a  signal  flow  diagram  for  downlink 
BEGIN  PDU  handshake  process  between  a  base 
station  (cell)  and  a  mobile  using  a  stop  and  wait  pro- 
cedure; 

4 
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Fig.  24  is  a  signal  flow  diagram  of  the  downlink  BE- 
GIN  PDU  handshake  process  between  the  cell  and 
the  mobile  without  using  a  stop  and  wait  procedure; 

Fig.  25  is  a  signal  flow  diagram  for  an  uplink  BEGIN  s 
PDU  handshake  process  between  a  cell  and  mo- 
bile; 

Fig.  26  is  a  signal  flow  diagram  for  an  uplink  BEGIN 
PDU  handshake  process  between  the  cell  and  the  10 
mobile; 

Fig.  27  is  a  signal  flow  diagram  for  a  process  of  as- 
signing  an  active  mobile  identity  (AMI)  on  a  down- 
link  different  from  AMI  suggested  on  the  uplink;  and  15 

Fig.  28  is  a  flow  diagram  illustrating  an  AMI  as- 
signed  on  downlink  that  is  the  same  as  AMI  sug- 
gested  on  the  uplink. 

20 
Detailed  Description 

[0015]  In  describing  the  invention  this  application  us- 
es  the  media  access  control  (MAC)  layer  assumptions 
which  are  based  on  the  Open  System  Interconnections  25 
(OSI)  model.  OSI  is  an  internationally  accepted  frame 
work  of  standards  for  communication  between  different 
systems  made  by  different  vendors.  Most  of  the  domi- 
nant  communication  protocols  used  today  have  a  struc- 
ture  based  on  the  OSI  model.  The  OSI  model  organizes  30 
the  communication  process  into  seven  different  catego- 
ries  and  places  these  categories  in  layered  sequence 
based  on  their  relation  to  the  user.  Layer  7  through  4 
deal  with  the  end  to  end  communication  message 
source  and  the  message  destination.  While  Layers  3  35 
through  1  deal  with  network  access. 
[001  6]  Layer  1  ,  the  physical  layer,  deals  with  the  phys- 
ical  means  of  sending  data  over  lines  i.e.  the  electrical, 
mechanical  and  functional  control  of  data  circuits.  Layer 
2,  the  data  link  layer,  deals  with  procedures  and  proto-  40 
cols  for  operating  communication  lines.  Layer  3,  the  net- 
work  layer,  determines  how  data  is  transferred  between 
computers  and  routing  within  and  between  individual 
networks. 
[0017]  It  is  appreciated  that  the  packet  data  channel  45 
is  capable  of  supporting  multiple  modulations.  The  MAC 
layer  is  provided  with  frames  of  Layer  3  and  translates 
them  into  a  byte  stream  using  flag  delimiters.  A  radio 
link  protocol  (RLP),  also  referred  to  as  a  retransmission 
link  protocol,  is  used  to  transfer  frames  of  Layer  2  be-  so 
tween  a  cell  and  the  mobile  station  and  vice  versa.  The 
byte  stream  of  Layer  3  is  segmented  into  RLP  frames, 
and  a  sliding  window  retransmission  scheme  is  used  for 
in-sequence  delivery  and  recovery. 
[0018]  MAC  layer  transaction  preferably  starts  with  55 
the  transmission  of  a  BEGIN  frame.  On  the  uplink  and 
downlink,  the  MAC  layer  converts  the  frames  of  Layer 
3  into  a  byte  stream  and  packs  the  byte  stream  into  a 

series  of  CONTINUE  frames.  The  last  new  data  burst  of 
a  transaction  is  transmitted  using  an  END  frame. 
[0019]  The  BEGIN  frame  of  each  transaction  is  trans- 
mitted  using  4-level  modulation  in  a  stop  and  wait  mode 
to  obtain  an  acknowledgment  from  the  receiver.  On  re- 
ception  of  the  BEGIN  frame,  the  receiver  initializes  an 
RLP.  The  BEGIN  frame  is  also  used  to  initialize  a  partial 
echo  (PE)  for  the  transaction,  and  to  specify  the  mode 
of  operation  for  subsequent  automatic  retransmission 
request  (ARQ)  mode  CONTINUE  frames  in  that  trans- 
action. 
[0020]  There  are  two  possible  modes  of  operation  for 
ARQ  mode  CONTINUE  frames  on  the  downlinkand  up- 
link.  The  first  is  incremental  redundancy  (mode  0)  and 
the  second  is  fixed  coding  (mode  1).  It  is  appreciated 
that  both  mode  0  and  mode  1  operate  with  either  fixed 
modulation  or  adaptive  modulation. 
[0021]  ARQ  checks  for  errors  in  transmitted  data.  The 
sender  encodes  an  error-detection  (check)  field  in  the 
transmitted  data  based  on  the  contents  of  the  message. 
The  receiver  then  recalculates  the  check  field  and  com- 
pares  it  with  the  check  field  received.  If  the  check  fields 
match,  an  ACK  (acknowledgment)  is  transmitted  to  the 
sender.  If  both  check  fields  do  not  match,  a  NAK  (neg- 
ative  acknowledgment)  is  returned,  and  the  sender  re- 
transmits  the  message. 
[0022]  For  both  uplink  and  downlink  transmissions, 
bitmap  feedback  in  the  form  of  an  ARQ  status  is  provid- 
ed.  In  addition,  ACK/NAK  feedback  is  provided  on  a  per 
time  slot  basis  for  uplink  transmissions. 
[0023]  Fig.  1  shows  a  high  level  block  diagram  of  op- 
eration  on  the  packet  data  channel  100  in  accordance 
with  the  invention.  A  transaction  oriented  packet  data 
communication  system  105  is  shown  where  Layer  3 
frames  110  are  provided  to  the  Layer  2,  MAC  Layer  115, 
at  the  transmitter  120  and  are  translated  into  a  byte 
stream  using  flags  for  demarcation.  This  permits  the 
MAC  layer  1  1  5  to  provide  a  unified  transport  mechanism 
for  different  Layer  3  protocols.  This  byte  stream  is  seg- 
mented  into  RLP  frames  and  assigned  a  frame  se- 
quence  number  (FSN).  The  FSN  is  not  explicitly  trans- 
mitted  as  part  of  the  RLP  frame. 
[0024]  For  higher  throughput  in  either  mode,  Layer  1 
1  25  data  is  mapped  into  symbols  chosen  from  a  4-level, 
8-level  or  16-level  modulation  based  on  knowledge  of 
Layer  2  backlog  and  channel  quality  feedback  1  30  from 
the  receiver  135.  The  channel  quality  is  measured  in 
terms  of  the  signal  to  interference  plus  noise  ratio,  y-p^ 
at  the  input  to  the  decoder  in  the  Layer  2  block  140  via 
physical  layer  1  45  at  the  receiver  1  35.  The  decoder  1  40 
then  outputs  the  Layer  3  frames  150. 
[0025]  The  IS-136  Digital  Control  Channel  uses  a 
temporary  mobile  station  identifier  also  called  a  Partial 
Echo  (PE).  The  PE  is  assumed  to  be  an  abbreviated 
Mobile  Station  Identity  (MSID),  i  e.,  the  last  7  bits  of  the 
MSID  is  treated  as  the  PE.  Due  to  this  mechanism,  there 
is  a  significant  probability  that  two  or  more  active  users 
would  use  the  same  PE,  and  that  erroneous  protocol 
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states  would  result  frequently  due  to  inability  of  mobiles 
to  resolve  their  PE's  correctly. 
[0026]  In  Fig.  2,  this  probability  is  shown  as  a  function 
of  the  number  users  that  are  simultaneously  active  on 
the  channel.  In  packet  data  applications  (as  opposed  to 
voice  or  circuit  data  applications),  it  is  quite  possible  to 
have  ten  or  more  active  users  at  any  given  time  sharing 
the  same  channel.  In  these  cases,  the  probability  of  par- 
tial  echo  duplication  reaches  25%  and  higher  which  is 
unacceptable  for  proper  system  operation. 
[0027]  The  problem  is  selectively  solved  by  assigning 
a  proposed  PE  value  (such  as  a  dynamic  PE)  or  an  ac- 
tive  mobile  identity  (AMI),  to  every  mobile  for  all  down- 
link  transactions,  and  for  uplink  transactions  which  re- 
quire  more  than  a  single  burst.  Both  the  downlink  and 
uplink  transactions  are  part  of  a  MAC  layer  transaction. 
The  AMI  serves  as  a  unique  (assigned)  local  identifier 
to  be  used  by  the  transmitter  and  the  receiver  for  the 
duration  of  the  transaction  on  a  particular  packet  data 
channel.  A  new  AMI  is  assigned  for  each  new  transac- 
tion  thus  eliminating  the  potential  for  ambiguity.  The 
same  AMI  may  be  used  in  either  direction  (i.e.,  the  AMI 
assignment  is  initiated  by  the  uplink  or  downlink  trans- 
action,  whichever  begins  first,  and  remains  assigned  till 
the  end  of  data  transfer  in  both  directions). 
[0028]  A  new  transaction  is  initiated  when  a  transmis- 
sion  opportunity  is  identified  and  if  the  transmit  buffer 
contains  new  data.  Downlink  transactions  may  be  ACK 
or  NAK  but  uplink  transactions  are  always  ACK.  Prefer- 
ably  every  MAC  layer  transaction  starts  with  a  BEGIN 
Protocol  Data  Unit  (PDU)  handshake  and  proceeds  with 
the  transmission  of  a  series  of  CONTINUE  PDUs.  The 
BEGIN  PDU  contains  the  proposed  partial  echo  value 
and/or  proposed  mode  of  operation.  ARQ  mode  CON- 
TINUE  PDUs  may  be  transmitted  in  Incremental  redun- 
dancy  Mode  (mode  0)  or  Fixed  coding  Mode  (mode  1), 
and  ARQ  procedures  for  the  two  modes  are  different. 
Supervisory  ARQ  Status  PDUs  are  used  to  provide  the 
transmitter  with  periodic  feedback  of  the  receiver  state. 
[0029]  The  BEGIN  PDU  handshake  (i.e.,  ACK  trans- 
fer  of  the  BEGIN  PDU)  establishes  the  AMI  and  the 
mode  of  operation  for  subsequent  CONTINUE  PDUs.  It 
is  appreciated  that  on  multi-rate  channels,  it  may  also 
selectively  be  used  to  carry  out  phase  assignment. 
[0030]  Base  stations  (also  know  as  cells)  selectively 
initiate  downlink  transactions  through  the  transmission 
of  a  BEGIN  PDU.  The  parameters  indicated  by  the  BE- 
GIN  PDU  include:  a  Mobile  Station  Identity  (MSID);  an 
ARQ  Mode  (AM)  indicating  whether  the  transaction  is 
ACK  or  NAK;  a  Poll  Indicator  (PI)  for  ACK  transactions 
indicating  whether  the  mobile  station  is  required  to  pro- 
vide  an  ACK  via  an  ARQ  Status  PDU;  an  AMI  value  to 
be  assigned  to  the  mobile  station;  a  Mode  Indicator  (Ml) 
indicating  whether  the  mode  of  operation  for  subse- 
quent  downlink  CONTINUE  PDUs  is  Fixed  Coding  or 
Incremental  Redundancy  and  a  Phase  Assignment  (PA) 
indicating  the  phase  for  the  transfer  of  subsequent  data 
on  the  uplink  or  downlink. 

[0031]  If  an  AMI  has  already  been  assigned  to  the  mo- 
bile  station,  the  base  station  assigns  the  same  AMI  val- 
ue  within  the  BEGIN  PDU.  If  the  mobile  station  does  not 
have  a  valid  AMI,  the  base  station  randomly  chooses  an 

5  AMI  value  from  the  set  of  allowable  values  and  assigns 
it  to  the  mobile  station  using  the  BEGIN  PDU.  The  base 
station  Transmit  Controller  initializes  a  RLP  in  the  indi- 
cated  mode  (IR  or  FC)  on  transmission  of  the  BEGIN 
PDU.  The  mobile  station  receive  controller  initializes  a 

10  peer  RLP  in  the  assigned  mode  on  receipt  of  the  BEGIN 
PDU. 
[0032]  Fig.  3  illustrates  an  example  implementation  of 
the  Media  Access  Control  (MAC)  1  55  Layer  in  a  duplex 
wireless  data  communication  system.  The  MAC  1  55  in- 

15  terfaces  with  Layer  3  1  60  (network  layer),  physical  layer 
(Layer  1)  165  (which  includes  a  MAC  layer  transmitter 
166  and  MAC  layer  receiver  167)  and  with  the  manage- 
ment  entity  170.  In  this  example,  the  MAC  155  provides 
data  and  expedited  control  delivery  services  to  Layer  3 

20  160  and  other  higher  layer  entities.  The  MAC  155  uses 
Layer  1  165,  via  the  MAC  layer  transmitter  166,  for  de- 
livery  of  its  PDUs  over  a  radio  interface  175.  The  man- 
agement  entity  170  initializes,  terminates,  suspends, 
resumes  and  configures  MAC  155  operation.  The  man- 

25  agement  entity  170  also  monitors  the  MAC  155  for  er- 
rors.  The  management  entity  1  70  also  provides  dynamic 
PE  management  for  the  transaction  oriented  packet  da- 
ta  communication  system  105,  Fig.  1  .  The  MAC  155  in- 
cludes  two  Service  Access  Points  (SAPs):  SAP1  forreg- 

30  ular  data  and  SAP0  for  expedited  data  and  control.  Each 
SAP  has  a  corresponding  transmit  buffer  (TXB),  seg- 
menter  (SGM),  desegmenter  (DSGM),  frame  extractor 
(FRX)  and  transmission  controller  (TC).  A  channel  ac- 
cess  manager  (CAM)  180  multiplexes  the  PDUs  from 

35  the  different  transmission  controllers  (also  known  as 
ARQ  engine)  TC0  and  TC1  ,  Fig.  3,  and  provides  prionty 
scheduling.  The  CAM  180  is  also  responsible  for  uplink 
random  access.  A  MAC  subchannel  controllers  (SCC) 
185,  preferably  up  to  9  (SCC0  through  SCC8),  control 

40  transmission  over  each  of  the  wireless  data  subchan- 
nels.  The  MAC  Layer  Controller  (MLC)  190  controls 
overall  MAC  configuration  and  interfaces  with  manage- 
ment  entity  170  PDU  encoders  (PENC0  and  PENC1) 
and  decoders  (PDEC0  and  PDEC1)  provide  channel 

45  coding/decoding  for  the  MAC  PDUs  in  mode  0  (incre- 
mental  redundancy)  or  mode  1  (fixed  coding)  A  mode  0 
segment  encoder  (SENC0)  and  decoder  (SDEC0)  pro- 
vide  coding/decoding,  interleaving/deinterleaving  and 
blocking/deblocking  in  incremental  redundancy  mode  of 

so  transmission. 
[0033]  Fig.  4  shows  internal  structure  of  a  MAC  trans- 
mission  controller  (TC)  for  a  mobile  station  from  Fig.  3 
and  located  within  the  MAC  layer  2  115,  Fig.  1,  of  the 
transmitter  120.  The  transmission  controller  192  con- 

55  sists  of  the  following  sub-blocks:  a  transmit  controller 
(TCTX)  195,  receive  controller  (TCRX)  200,  broadcast 
controller  (TCB)  205  and  router  (TCRT)  210  The  trans- 
mit  controller  195  is  connected  to  the  segmenter  (SGM0 
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and  SGM1  ,  Fig.  3),  PDU  encoder  (PENCO  and  PENC1  ), 
CAM  180,  MLC  190  and  TCRT  210,  Fig.  4  The  TCRX 
200  and  TCB  205  controllers  are  connected  to  deseg- 
menter  (DSGM,  Fig.  3),  MLC  190  and  TCRT  210,  Fig. 
4.  The  TCRT  21  0  is  connected  to  TCTX  1  95,  TCRX  200, 
TCB  205,  MLC  190,  Fig.  3,  and  PDU  decoder  (PDEC0 
or  PDEC1). 
[0034]  Fig.  5  is  a  state  diagram  that  describes  a  router 
process  for  the  mobile  station  transmission  controller 
1  92  of  Fig.  4.  The  router  210,  Fig.  4,  preferably  transfers 
decoded  frames  to  an  appropriate  process  (transmit,  re- 
ceive  or  broadcast  controllers)  within  the  transmission 
controller  192.  The  router  210  is  also  preferably  em- 
ployed  to  receive  control  information,  such  as  phase  as- 
signment,  poll  indication,  broadcast  change  notification 
and  page  continuation  indication  that  may  selectively  be 
transmitted  to  the  mobile  by  a  peer  transmission  con- 
troller  located  at  a  base  station.  The  router  210  tracks 
whether  the  mobile  station  is  in  the  sleep  state  215,  Fig. 
5,  or  awake  state  220  and  whether  the  AMI  has  been 
assigned  to  the  mobile.  It  is  appreciated  that  depending 
on  the  conditions,  the  router  210,  Fig.  4,  routes  received 
frames  accordingly. 
[0035]  The  router  210  receives  decoded  frames  from 
the  CAM  180,  Fig.  3,  viaadata.ind()  primitive.  The  router 
210,  Fig.  4,  may  be  moved  by  the  MLC  1  90,  Fig.  3,  from 
the  sleep  215,  Fig.  5,  to  awake  220  states  and  back  via 
wake.req()  and  sleep.  req()  primitives  respectively.  The 
router  21  0,  Fig.  4,  issues  data.ind()  primitives  to  receive, 
transmit  or  broadcast  controllers  (TCRX  200,  TCTX  1  95 
and  TCB  205)  of  Fig.  4.  The  router  210  informs  the  MLC 
1  90,  Fig.  3,  about  a  page  or  page  continuation  reception 
(via  wake.ind()),  broadcast  change  notification  recep- 
tion  (via  bcn.ind())  and  new  phase  assignment  (via 
phase.  ind()/phase.req()). 
[0036]  Fig.  6  illustrates  the  idle  state  interaction  of  the 
transmit  controller  192,  Fig.  4,  with  the  CAM  180,  Fig. 
3,  and  a  PDU  encoder  (PENCO  or  PENC  1).  Fig.  6  also 
illustrates  an  example  of  a  transition  to  the  wait  for  as- 
signment  state. 
[0037]  In  Fig.  6  a  retrieve  block  for  transmission  in  a 
BEGIN  PDU  process  is  preferably  executed  in  the  be- 
ginning  of  the  uplink  transaction  so  as  to  retrieve  data 
from  the  segmenter  (SGM0  or  SGM1  Fig.  3)  and  to  de- 
termine  whether  the  end  of  transaction  process  should 
be  executed  based  on  the  transaction  size. 
[0038]  The  transmit  controller  192,  Fig.  4,  receives 
poll.ind()  pnmitives  from  the  CAM  180,  Fig.  3,  when  a 
transmission  opportunity  on  the  uplink  occurs.  The 
transmit  controller  192,  Fig.  4,  responds  with  the  poll. 
res()  pnmitive  indicating  whether  the  process  may  se- 
lectively  send  data.  In  the  idle  state,  the  TCTX  1  95,  Fig. 
4,  sends  BEGIN  or  ARQ  STATUS  PDUs.  If  the  CAM  1  80, 
Fig.  3,  provides  a  transmission  opportunity  to  this  TCTX 
1  95,  Fig.  4,  the  TCTX  1  95  responds  with  poll.  con  ()  prim- 
itive.  The  TCTX  195  constructs  a  PDU  and  passes  the 
PDU  to  a  PDU  encoder  via  data.req()  and,  in  case  of 
BEGIN  PDU,  enters  the  wait  for  assignment  state.  When 

retrieving  data  for  BEGIN  PDU,  the  TCTX  192  counts 
the  number  of  data  blocks  in  a  buffer  (TXB0  or  TXB1, 
Fig.  3)  and  determines  if  it  should  commit  to  the  end  of 
the  transaction  (NB_Tx<NB_Max  and  End_Tx_Flag  = 

5  True)  from  the  start  or  if  the  transaction  should  start  as 
unbounded  (NB_Tx=NB_Max  and  End_Tx_Flag  = 
False).  If  the  TCTX  195,  Fig.  4,  commits  to  the  end  of 
transaction  from  the  start  the  TS  (Transaction  Size)  field 
in  the  BEGIN  PDU  is  set  to  the  size  of  the  transaction 

10  in  data  blocks,  otherwise  it  is  set  to  NB_Max  (Maximum 
value  of  NB_Max  is  63). 
[0039]  Fig.  7  shows  the  wait  for  assignment  state  in- 
teraction,  described  in  Fig.  6,  of  the  transmit  controller 
192,  Fig.  4,  with  the  CAM  180,  Fig.  3,  and  PENC1.  Fig. 

is  7  also  describes  both  a  count  new  data  blocks  process 
and  a  retrieve  ARQ  status  bitmap  process.  The  count 
new  data  block  process  is  preferably  executed  every 
time  the  TCTX  1  95,  Fig.  4,  has  to  determine  the  amount 
of  data  in  the  MAC  buffer,  Fig.  3,  that  has  preferably  nev- 

20  er  been  sent  over  the  air  but  still  may  selectively  be  in- 
cluded  in  the  current  transaction.  The  retrieve  ARQ  sta- 
tus  bitmap  process  involves  communicating  with  the  re- 
ceive  controller  (TCRX)  200,  Fig.  4,  to  retrieve  a  bitmap 
indicating  the  state  of  the  ARQ  protocol  for  the  downlink 

25  transaction. 
[0040]  The  transmit  controller  192  receives  poll.ind() 
primitives  from  the  CAM  180,  Fig.  3,  when  a  transmis- 
sion  opportunity  on  the  uplink  occurs.  The  transmit  con- 
troller  192,  Fig.  4,  responds  with  the  poll.res()  pnmitive 

30  indicating  that  the  transmit  controller  1  92  may  selective- 
ly  send  data.  In  the  wait  for  assignment  state,  the  TCTX 
1  95  may  selectively  send  ARQ  STATUS  PDUs  (if  polled 
for  it  by  peer  transmission  controller  192).  If  CAM  180, 
Fig.  3,  provides  a  transmission  opportunity  to  this  TCTX 

35  1  95,  Fig.  4,  the  CAM  1  80,  Fig.  3,  sends  a  poll.con()  prim- 
itive.  The  TCTX  195,  Fig.  4,  retrieves  ARQ  status  bit- 
map,  constructs  a  PDU,  and  passes  the  PDU  to  the  PDU 
encoder  via  a  data.req().  When  counting  new  data 
blocks,  the  TCTX  1  95,  Fig.  4,  first  checks  if  it  has  already 

40  committed  to  the  end  of  current  transaction 
(End_Tx_Flag  =  True).  If  this  is  the  case,  the  TCTX  1  95 
counts  only  the  blocks  remaining  until  the  end  of  current 
transaction  (indicated  by  BST_Status)  and  ignores  data 
that  might  have  arrived  to  the  buffer  (TXB0  or  TXB1  ,  Fig. 

45  3)  after  transaction  end  had  been  committed  to.  If  not, 
the  TCTX  195,  Fig.  4,  counts  all  data  in  MAC  buffers, 
TXB0  or  TXB1,  Fig.  3,  (indicated  by  the  sum  of 
BST_Status  and  TXB_Status).  If  the  number  of  new 
blocks  counted  in  such  a  way  is  larger  than  NB_Max, 

so  the  transaction  may  selectively  continue  as  unbounded. 
Otherwise  the  end  procedure  is  required. 
[0041]  Fig.  8  illustrates  transitions  between  the  idle, 
wait  for  assignment  and  transaction  in  progress  in  mode 
0  and  mode  1  states.  The  TCTX  1  95,  Fig.  4,  may  selec- 

ts  tively  transition  from  the  wait  for  assignment  state  to  one 
of  the  transaction  in  progress  states  (depending  on  up- 
link  mode  (UL_Mode)  negotiated  with  the  base  station) 
after  receiving  positive  acknowledgment  to  its  BEGIN 
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PDU  via  a  PCF  (as  indicated  by  data.con()  primitive  from 
the  CAM  and  Error=Null  condition  being  True)  or  after 
receiving  the  downlink  ARQ  status  PDU  with  AMI  as- 
signment  (as  indicated  by  data.ind(ARQ_Status_Rx) 
primitive  from  TCRT  200  and  conditions  of  WAI  and 
AMI=AMI_ldle  being  False).  In  the  wait  for  assignment 
state  timers  T_WA  and  T_BOFF_START  may  selective- 
ly  expire  and  the  TCTX  195  may  selectively  transition 
back  to  the  idle  states.  These  timers  designate  the 
amount  of  time  the  mobile  station  should  wait  for  the 
AMI/Mode  assignment  via  ARQ  Status  PDU  before  the 
mobile  station  is  allowed  to  repeat  its  access  attempt. 
[0042]  In  the  transaction  in  progress  (mode  0  and 
mode  1  )  states,  the  TCTX  1  95  may  selectively  receive 
acknowledgments  via  a  PCF  (data.con()  from  CAM  1  80, 
Fig.  3)  and  via  ARQ  Status  PDU  (data.ind()  from  TCRT 
200,  Fig.  4).  If  the  transmit  table  230,  Fig.  12,  is  empty 
and  there  is  no  new  data  (no  data  backlog)  to  send 
(NB_Tx<=0),  the  transaction  is  completed  and  the 
TCTX  1  95,  Fig.  4,  selectively  transitions  to  the  idle  state. 
Otherwise,  the  TCTX  195  remains  in  the  transaction  in 
progress  states,  unless  the  inactivity  timer  (TJNAC)  ex- 
pires. 
[0043]  Fig.  9  describes  the  transaction  in  progress 
state,  seen  in  Fig.  8,  interaction  of  the  transmit  controller 
192,  Fig.  4,  with  the  CAM  180,  Fig.  3,  and  the  PDU  en- 
coder  (PENCO  or  PENC1  ,  Fig.  3).  Fig.  9  also  describes 
the  find  retransmit  data  blocks  process.  This  process  is 
executed  selectively  every  time  the  TCTX  195,  Fig.  4, 
determines  if  there  are  any  data  blocks  in  the  transmit 
table  230,  Fig.  12,  that  have  not  been  acknowledged  by 
the  receiver  and  are  retransmitable  (i.e.  there  is  a  data 
backlog). 
[0044]  The  transmit  controller  1  92  receives  a  poll.ind 
()  primitives  from  the  CAM  1  80,  Fig.  3,  when  a  transmis- 
sion  opportunity  on  the  uplink  occurs.  The  transmit  con- 
troller  192  responds  with  the  poll.res()  primitive  indicat- 
ing  whether  it  can  or  must  send  data.  In  the  transaction 
in  progress  state  the  TCTX-195,  Fig.  4,  may  selectively 
send  ARQ  STATUS  (if  polled  for  it  by  peer  transmission 
controller)  or  CONTINUE  PDUs.  If  the  CAM  180,  Fig.  3, 
decides  to  provide  a  transmission  opportunity  to  this 
TCTX  1  95,  Fig.  4,  the  CAM  1  80,  Fig.  3.  sends  a  poll.con 
()  primitive.  The  TCTX  195,  Fig.  4,  constructs  a  PDU, 
and  passes  it  to  the  PDU  encoder  via  data.req(). 
[0045]  Fig.  10  describes  a  retneve  retransmit  data 
blocks  process.  The  process  is  executed  by  the  TCTX 
1  95,  Fig.  4,  every  time  TCTX  1  95  constructs  the  CON- 
TINUE  PDU  which  includes  data  blocks  that  have  been 
transmitted  previously  but  must  be  retransmitted  again 
because  the  receiver  failed  to  decode  them  properly  (i. 
e.  another  type  of  data  backlog).  The  number  of  such 
data  blocks  depends  upon  the  current  modulation  (as 
examples  3  blocks  for  8-level  modulation  and  2  blocks 
for  4  level)  and  on  whether  the  previously  transmitted 
End  block  has  to  be  retransmitted  to  inform  the  receiver 
about  the  last  sequence  number  it  should  expect  for  the 
transaction.  If  the  End  block  has  to  be  retransmitted 

(End_RTx_Flag  =  False),  the  process  generates  the 
End  block  and  places  it  in  the  SCCxT  table  235,  Fig.  1  2. 
If  after  retrieving  the  retransmit  data  blocks  there  is  still 
a  space  remaining  in  the  PDU,  the  process  fills  this 

5  space  with  either  the  redundant  End  block  (if  the  end 
procedure  is  in  progress,  i.e.  End_Tx_Flag=True)  or 
with  the  filler  block  (if  the  end  procedure  has  not  yet  been 
started,  i.e  End_Tx_Flag=False). 
[0046]  Fig.  1  illustrates  a  retrieve  new  data  blocks 

10  process.  This  process  is  executed  by  the  TCTX  1  95,  Fig. 
4,  every  time  the  TCTX  1  95  constructs  the  CONTINUE 
PDU  which  includes  data  blocks  that  have  never  been 
transmitted  previously  (another  type  of  data  backlog). 
The  number  of  such  data  blocks  depends  upon  the  cur- 

15  rent  modulation  (as  examples  3  blocks  for  8-level  mod- 
ulation,  2  blocks  for  4  level)  and  on  whether  the  End 
block  has  to  be  transmitted  to  inform  the  receiver  about 
the  last  sequence  number  it  should  expect  for  the  trans- 
action.  If  the  previously  transmitted  End  block  has  to  be 

20  retransmitted  again  (End_RTx_Flag  =  False)  or  if  the 
number  of  new  data  blocks  in  MAC  buffers  (TXB0  and 
TXB1,  Fig.  3)  is  smaller  than  a  predefined  threshold 
(NB_Tx<NB_Max),  the  process  generates  the  End 
block  and  places  it  in  the  SCCxT  table  235,  Fig.  12.  If 

25  after  retrieving  new  data  blocks  there  is  still  a  space  re- 
maining  in  the  PDU,  the  process  fills  this  space  up  with 
either  the  redundant  End  block  (if  the  end  procedure  is 
in  progress,  i.e.  End_Tx_Flag=True)  or  with  the  filler 
block  (if  the  end  procedure  has  not  yet  been  started,  i. 

30  e.  End_Tx_Flag=False). 
[0047]  Fig.  12  describes  a  construct  PDU  process 
225,  a  transmit  (TxT)  table  230,  and  a  sub-channel  con- 
trollers  transmit  (SCCxT)  table  235  used  by  the  TCTX 
195,  Fig.  4.  The  construct  PDU  process  225  illustrates 

35  how  various  control  and  data  fields  in  the  PDUs  are  filled 
up  with  values  and  data.  The  TxT  table  230,  Fig.  12,  is 
used  to  track  ARQ  state  of  the  transmit  controller  1  92, 
Fig.  4,  i.e,  the  status  and  order  of  the  previously  trans- 
mitted  data  blocks  within  the  transmit  window.  The  SC- 

40  CxT  table  235  is  used  to  track  the  association  between 
blocks  and  the  PDUs  and  the  sub-channels  that  the 
PDUs  have  been  transmitted  on.  The  SCCxT  table  235 
stores  information  on  all  MAC  blocks  in  transit  that  have 
not  yet  been  acknowledged  via  a  physical  control  field 

45  (PCF).  The  SCCxT  table  235  is  also  used  to  facilitate 
construction  of  PDUs.  Both  the  TxT  230  and  SCCxT  235 
tables  are  means  to  determine  a  data  backlog  with  the 
MAC  layer. 
[0048]  Fig.  1  3  shows  a  PCF  process  that  is  executed 

so  as  part  of  the  mobile  station  transmit  controller  1  92,  Fig. 
4  The  PCF  provides  acknowledgment  for  all  blocks 
transmitted  in  the  previous  uplink  burst  on  the  sub-chan- 
nel.  If  the  PCF  indicates  that  the  previous  uplink  trans- 
mission  on  the  sub-channel  was  received,  a  transmit  ta- 

55  ble  corresponding  to  the  blocks  transmitted  is  updated. 
The  ARQ  state  variables  at  the  TC  1  92  are  also  updated 
to  reflect  the  PCF  acknowledgment.  The  TC  192  pro- 
vides  a  data.  con  signal  to  the  segmenter  (SGM0  or  SG- 
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Ml,  Fig.  3)  for  each  block  acknowledged.  If  the  data 
blocks  transmitted  in  the  previous  uplink  burst  on  the 
sub-channel  are  negatively  acknowledged  via  the  PCF, 
then  the  data  blocks  are  marked  as  retransmittable. 
[0049]  Fig.  14  illustrates  an  ARQ  status  process  that 
is  executed  by  the  mobile  station  transmit  controller  1  92, 
Fig.  4.  An  ARQ  Status  PDU  may  be  used  to  assign  an 
AMI  and  mode  to  the  mobile  station  if  the  AMI  and/or 
mode  proposed  by  the  mobile  station  are  unacceptable. 
Alternatively,  it  may  indicate  that  the  mobile  station  must 
wait  for  a  subsequent  AMI  and/or  mode  assignment. 
This  process  also  causes  an  update  of  the  ARQ  state 
variables  and  transmit  table  (TxT  230,  Fig.  1  2)  at  the  TC 
192.  If  a  NND  field  in  the  ARQ  Status  PDU  is  set,  then 
the  mobile  station  assumes  that  no  new  Layer  3  data 
may  be  transmitted.  If  an  End  block  was  transmitted 
while  nearing  the  end  of  the  transaction,  then  the  End 
block  is  acknowledged  through  an  EBR  bit  in  the  ARQ 
Status  PDU.  If  the  ARQ  status  PDU  includes  a  primary 
bitmap  indicating  the  receipt  status  of  all  blocks  within 
the  receive  window,  then  this  bitmap  is  used  to  update 
the  receipt  and  retransmittability  status  of  blocks  within 
the  transmit  table  (i.e.,  the  transmit  controller  under- 
stands  the  receive  window).  For  each  block  acknowl- 
edged  by  the  bitmap,  the  TC  192  provides  a  data.  con 
signal  to  the  segmenter. 
[0050]  Fig.  15  shows  the  mobile  station  receive  con- 
troller  process  in  the  context  of  transaction  initiation.  Fig. 
15  illustrates  signals  obtained  by  the  receive  controller 
(TCRX)  200,  Fig.  4,  from  the  PDU  decoder,  PDEC0  or 
PDEC1  Fig.  3  (in  state  Data.ind).  Also  shown  are  signals 
sent  bytheTCRX200,  Fig.  4,  process  to  a  desegmenter, 
DSGM0  or  DSGM  1  ,  Fig.  3  (in  state  Data.ind  )  and  MLC 
190  in  state  StartRx.ind. 
[0051]  BEGIN  PDUs  are  selectively  received  while 
the  TCRX  200,  Fig.  4,  is  in  the  idle  state.  On  receiving 
a  BEGIN  PDU  from  the  PDU  decoder,  PDEC0  or 
PDEC1  ,  Fig.  3,  the  TCRX  200,  Fig.  4  determines  wheth- 
er  the  transaction  is  acknowledged  and  whether  the 
transaction  is  bounded  (i.e.,  limited  to  the  transfer  of 
NB_Rx  Data  blocks).  For  ARQ  transactions,  the  TCRX 
200  also  determines  the  ARQ  mode  (mode  0  or  mode 
1  )  forthe  transaction  and  initializes  an  ARQ  engine  (also 
known  as  a  TC  192,  Fig.  4)  in  the  indicated  mode.  The 
TCRX  200,  Fig.  3,  provides  for  the  initiating  of  a  MAC 
transaction  in  response  to  a  BEGIN  frame. 
[0052]  Fig.  16  illustrates  the  mobile  station  receive 
controller  process  while  a  fixed  coding  mode  ARQ  trans- 
action  is  in  progress.  Fig.  16  shows  signals  received  by 
the  TCRX  200,  Fig.  4,  from  the  TCTX  1  95  (in  state  Poll, 
ind),  MLC  190,  Fig.  3,  (in  state  StopRx.Req)  and  the 
PDU  Decoder,  PDEC0  or  PDEC1  ,  Fig.  3  (in  state  Data, 
ind).  Also  shown  are  signals  in  Fig.  1  6  sent  by  the  TCRX 
200,  Fig.  4,  to  the  TCTX  195  (the  state  Data.req),  de- 
segmenter,  DSGM0  or  DSGM  1,  Fig.  3  (in  state  error, 
ind),  and  MLC  190,  Fig.  3  (in  state  Error.ind). 
[0053]  On  being  polled  by  a  TC  1  92,  Fig.  4,  for  ARQ 
Status,  the  TCRX  200  generates  an  ARQ  status  PDU 

(which  contains  a  bitmap  indicating  the  receipt  status  of 
all  blocks  in  a  receive  window)  and  provides  it  to  the  TC 
192.  The  CONTINUE  PDUs  are  selectively  received 
while  a  transaction  is  in  progress.  On  receiving  a  CON- 

5  TINUE  PDU  from  the  PDU  decoder,  the  TCRX  200  ex- 
tracts  multiple  blocks  from  the  PDU.  It  is  appreciated 
that  the  number  of  blocks  extracted  depends  on  the 
downlink  modulation.  The  blocks  are  selectively  of  type 
end,  data  or  filler.  End  and  filler  blocks  are  identified  by 

10  escape  sequences  at  the  start  of  the  block.  If  an  end 
block  is  received,  the  TCRX  200  preferably  sets  the  last 
valid  sequence  number  for  the  transaction  to  the  se- 
quence  number  indicated  by  the  end  block.  For  each 
data  block  extracted,  the  TCRX  200  executes  an  update 

is  receive  (Rx)  state  process. 
[0054]  Fig.  1  7  shows  the  update  Rx  state  process  ex- 
ecuted  by  the  TCRX  200,  Fig.  4,  when  a  data  block  is 
received.  Fig.  1  7  shows  signals  sent  by  the  receive  con- 
troller  200  to  the  desegmenter,  DSGM0  or  DSGM  1  ,  Fig. 

20  3  (in  state  Dataind)  and  MLC  1  90,  Fig.  3  in  state  StopRx. 
ind. 
[0055]  The  receive  controller  200,  Fig.  4,  selectively 
invalidates  and  discards  the  data  block  if  it  lies  outside 
the  window  or  corresponds  to  a  block  that  was  previous- 

25  |y  received.  If  the  data  block  remains  valid,  the  TCRX 
200  updates  the  receipt  status  of  the  block.  The  receive 
controller  200  also  updates  the  two  state  variables, 
NR_Rx  (sequence  number  up  to  which  all  data  blocks 
have  been  received  in-sequence)  and  NL_Rx  (last  se- 

30  quence  number  that  was  received).  The  receive  control- 
ler  200  then  delivers  all  data  blocks  that  have  been  re- 
ceived  in-sequence  to  the  desegmenter  and  deletes 
these  entries  from  a  receive  table.  The  process  stops 
when  the  receive  table  is  empty  and  NR_Rx  is  equal  to 

35  the  last  valid  sequence  number  for  the  transaction. 
[0056]  Fig.  18  shows  the  mobile  station  receive  table 
240,  an  initialize  TCRX  200  parameters  process  245 
and  a  BEGIN  PDU  process  250  which  are  executed  by 
the  receive  controller  (TCRX)  200,  Fig.  4.  The  receive 

40  table  240  consists  of  the  block  sequence  number,  data 
block  and  receipt  status  for  each  sequence  number 
within  the  receive  window.  The  initialize  TCRX  200  pa- 
rameters  process  245  carries  out  an  initialization  of  the 
receive  table  240  and  other  ARQ  state  variables.  The 

45  BEGIN  PDU  process  250  illustrates  the  initialization  of 
the  AMI,  mode  and  the  size  forthe  transaction.  It  is  ap- 
preciated  that  these  parameters  are  extracted  from  cor- 
responding  fields  within  the  BEGIN  PDU. 
[0057]  Fig.  1  9  shows  the  mobile  station  CAM  process 

so  for  the  CAM  1  80,  Fig.  3.  Fig.  1  9  shows  signals  received 
from  any  one  of  the  SCCs  185  (data.  con,  pcf.ind,  datai. 
nd)  and  the  MLC  190  (Open.req,  Config.req,  Close,  req). 
Fig.  19  also  shows  the  signals  sent  by  the  CAM  1  80  to 
the  transmit  controller  185  (data.  con),  PDU  decoder, 

55  PDEC0  or  PDEC1  ,  Fig.  3  (data.ind),  and  MLC  1  90  (Er- 
ror.ind). 
[0058]  The  CAM  180  determines  the  order  of  trans- 
mission  for  coded  MAC  PDUs  from  multiple  transmit 
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controllers  185  (SCCO  through  SCC8).  The  CAM  180 
polls  the  transmission  controllers  185  for  MAC  PDUs 
when  it  is  made  aware  of  a  transmission  opportunity  by 
one  of  the  MAC  sub-channel  controllers  185.  Based  on 
the  response  to  the  CAM  180  polls,  the  CAM  180  polls 
one  of  the  transmit  controllers  185  for  the  data.  The  CAM 
180  selectively  sends  coded  MAC  PDUs  obtained  from 
one  of  the  PDU  encoders  (PENC  1  and  PENCO)  to  the 
appropriate  SCC  1  85  for  transmission  over  the  air  inter- 
face  175  (also  known  as  the  radio  interface). 
[0059]  The  CAM  1  80  is  also  responsible  for  executing 
a  random  access  protocol  at  the  mobile  station.  This 
function  manages  channel  access  in  contention  mode 
and  all  subsequent  back-off  procedures  in  case  of  the 
failure  of  initial  access.  After  successful  access,  the 
CAM  180  polls  the  transmit  controllers  185  and  pro- 
ceeds  by  sending  PDUs  in  the  assigned  slots  indicated 
by  sub-channel  controllers  185. 
[0060]  In  the  receive  direction,  the  CAM  180  obtains 
MAC  PDUs  from  the  sub-channel  controller  185  and 
passes  them  on  to  the  PDU  decoder  corresponding  to 
the  indicated  mode. 
[0061]  Fig.  20  illustrates  a  choose  transmission  con- 
troller  (TCy)  process  255  and  a  send  coded  MAC_PDU 
process  260  which  are  executed  by  the  CAM  180,  Fig. 
3.  Fig.  20  shows  signals  sent  by  the  CAM  180  to  the  TCs 
(TC1  and  TC2,  Fig.  3,  and  poll.  ind  and  poll.  con,  Fig.  20) 
and  SCCs  185,  Fig.  3(data.req).  Fig.  20  also  shows  sig- 
nals  received  from  the  TCs  (TC1  ,  TC2,  Fig.  3  and  poll, 
res,  Fig.  20)  and  the  PDU  encoder  (PENCO  and  PENC1  , 
Fig.  3  and  data.req,  Fig.  20). 
[0062]  The  CAM  180,  Fig.  3,  polls  each  transmit  con- 
troller  in  order  of  priority  when  it  is  made  aware  of  a 
transmission  opportunity  by  any  SCC  185.  Each  TC 
(TC0  and  TC1  )  responds  with  an  indication  that  it  selec- 
tively  send  data,  can  send  data  or  has  nothing  to  send. 
Based  on  the  response,  the  CAM  180  chooses  the  ap- 
propriate  TC  (TC0  and  TC1)  to  poll  for  data.  Subse- 
quently,  the  CAM  180  obtains  a  coded  MAC  PDU  from 
the  PDU  encoder  (PENCO  and  PENC1)  that  the  CAM 
180  provides  to  the  appropriate  SCC  185  for  transmis- 
sion  over  the  air  interface  1  75. 
[0063]  Fig.  21  illustrates  the  mobile  station  sub-chan- 
nel  controller  (SCC)  process.  The  MAC  Layer  has  pref- 
erably  9  sub-channel  controllers  185  (SCCO  through 
SCC8),  Fig.  3,  for  a  tnple  rate  channel,  6  for  a  double 
rate  channel  and  3  for  a  full  rate  channel.  Each  sub- 
channel  controller  185  handles  a  packet  channel  feed- 
back  (PCF)  operation  for  the  sub-channel  and  passes 
coded  MAC  PDUs  between  the  CAM  1  80  and  the  phys- 
ical  Layer  165. 
[0064]  In  Fig.  21,  signals  are  received  by  the  SCC 
185,  Fig.  3,  from  the  physical  Layer  165  (PHY_DATA. 
IND),  CAM  180  (Data.req)  and  MLC  190  (Open.req, 
Close,  req).  Additionally  the  signals  sent  by  the  SCC  1  85 
to  the  CAM  180  (pcf.ind,  Data.  con)  and  the  physical  lay- 
er  165  (PH  Y_DATA.  REQ)  are  shown. 
[0065]  On  obtaining  data  from  the  physical  layer  1  65, 

the  SCC  185  checks  the  AMI  to  determine  if  the  mobile 
station  is  the  intended  recipient.  If  the  data  is  not  intend- 
ed  for  the  mobile  station,  it  is  discarded;  otherwise  the 
coded  MAC  PDU  is  passed  on  to  the  CAM  1  80.  The  SCC 

5  1  85  also  obtains  contention  and  reserved  access  oppor- 
tunities  via  the  PCF  and  polls  the  CAM  180  for  data.  Any 
coded  MAC  PDU  subsequently  obtained  from  the  CAM 
180  is  then  passed  on  to  the  physical  layer  165.  After 
the  PDU  is  transmitted,  the  SCC  185  checks  the  corre- 

10  sponding  PCF  field  on  the  sub-channel  in  order  to  de- 
termine  if  the  PDU  was  received  successfully.  The  SCC 
185  assumes  a  different  PCF  structure  depending  on 
whether  data  was  transmitted  using  contention  or  res- 
ervation.  The  acknowledgment  status  obtained  via  PCF 

is  is  indicated  to  the  CAM  1  80. 
[0066]  Fig.  22  illustrates  a  check  destination  and  ex- 
tract  coded  MAC_PDU  process  that  is  executed  by  the 
SCC  185,  Fig.  3,  process  on  obtaining  data  from  the 
physical  layer  165.  The  SCC  185  may  selectively  send 

20  a  dataind  signal  to  the  CAM  1  80  as  part  of  this  process. 
On  obtaining  data  from  the  physical  layer  165,  the  SCC 
1  85  checks  the  AMI  to  determine  if  the  mobile  station  is 
the  intended  recipient.  If  the  data  is  not  intended  for  the 
mobile  station,  it  is  discarded;  otherwise  the  coded  MAC 

25  PDU  is  passed  on  to  the  CAM  1  80. 
[0067]  Fig.  23  shows  a  signal  flow  diagram  for  down- 
link  BEGIN  PDU  handshake  process  between  a  base 
station  (cell)  265  and  a  mobile  270  using  stop  and  wait. 
The  BEGIN  PDU  handshake  establishes  a  unique  (as- 

30  signed)  local  identifier  referred  to  as  the  AMI.  The  BE- 
GIN  PDU  handshake  also  identifies  the  mode  of  opera- 
tion  forthe  subsequent  operation.  There  are  4  possible 
modes  of  operation:  fixed  coding  and  fixed  modulation; 
fixed  coding  and  adaptive  modulation;  incremental  re- 

35  dundancy  and  fixed  modulation;  and  incremental  redun- 
dancy  and  adaptive  modulation. 
[0068]  In  step  275,  the  cell  265  sends  MAC  layer  BE- 
GIN  PDU,  to  the  mobile  270,  which  specifies  the  mode 
of  operation  of  subsequent  CONTINUE  PDUs  and  as- 

40  signs  an  AMI  for  the  transaction.  The  RLP  is  initialized 
at  the  cell  265  on  transmission  of  the  BEGIN  PDU  and 
the  mobile  station  270  initializes  the  peer  RLP  on  receipt 
of  the  BEGIN  PDU.  This  step  was  shown  in  the  state 
diagrams  when  the  SCC  185,  Fig.  3,  receives  data  from 

45  the  physical  layer  1  65  and  passes  it  on  to  the  CAM  1  80 
in  Figs.  21  and  22.  The  CAM  180,  Fig.  3,  then  receives 
data  from  the  SCC  1  85  and  the  decoded  data  is  provid- 
ed  to  the  router  (TCRT)  210,  Fig  4  (described  in  the  Fig. 
19  state  diagram).  The  TCRT  210,  Fig.  4  receives  the 

50  data  from  CAM  180,  Fig.  3,  extracts  a  poll  bit  (PI),  sets 
ARQ_Status_polled  flag  =  PI  and  passes  the  BEGIN 
PDU  to  the  TCRX  200,  Fig.  4  (described  in  the  Fig.  1  5). 
The  TCRX  200,  Fig.  4,  receives  the  BEGIN  PDU  from 
the  TCRT  210  and  initializes  the  AMI  and  downlink 

55  Mode  in  Figs.  15  and  18. 
[0069]  In  step  280,  the  mobile  270  provides  an  ARQ 
Status  PDU  (with  a  null  bitmap)  acknowledging  (ACK) 
the  BEGIN  PDU  to  the  cell  265.  This  step  was  shown 
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when  the  SCC  185,  Fig.  3,  detects  a  transmission  op- 
portunity  by  reading  the  PCF  and  indicates  it  to  CAM 
180,  Fig.  3,  in  Fig.  21.  The  CAM  180,  Fig.  3,  polls  the 
TCTXs  195  in  Figs.  19  and  20.  The  TCTX  195,  Fig.  4, 
on  the  same  step,  where  Begin  PDU  is  received,  indi- 
cates  to  the  CAM  1  80,  Fig.  3,  that  it  selectively  send  an 
ARQ  Status  PDU  in  Fig.  6,  7  and  9.  The  CAM  180,  Fig. 
3,  polls  TCTX  195,  Fig.  4,  for  ARQ  Status  PDU  in  Fig. 
19.  The  TCTX  195,  Fig.  4,  polls  the  TCRX  200  for  an 
ARQ  Status  bitmap  in  Fig.  7.  The  TCRX  200,  Fig.  4,  gen- 
erates  ARQ  status  and  provides  it  to  the  TCTX  1  95  in 
Fig.  7.  The  TCTX  1  95,  Fig.  4,  sends  the  ARQ  status  PDU 
to  PDU  encoder  (PENCO  or  PENC1,  Fig.  3)  in  Figs.  6, 
7  and  9.  The  PDU  encoder  (PENCO  or  PENC1  ,  Fig.  3) 
encodes  the  PDU  and  sends  the  encoder  PDU  to  the 
CAM  180.  The  CAM  180  passes  the  encoder  PDU  on 
to  SCC  1  85  in  Fig.  7.  The  SCC  1  85,  Fig.  3,  then  provides 
data  to  the  physical  Layer  1  65  in  Fig.  21  . 
[0070]  In  step  285,  the  cell  265  sends,  to  the  mobile 
270,  subsequent  CONTINUE  PDUs  in  the  initialized 
mode.  This  step  was  shown  when  the  SCC  185,  Fig.  3, 
receives  the  data  from  the  physical  Layer  1  65  and  pass- 
es  the  data  on  to  the  CAM  180  in  Figs.  21  and  22.  The 
CAM  180,  Fig.  3,  receives  the  data  from  the  SCC  185 
and  the  decoded  data  is  provided  to  the  TCRT  210  (Fig. 
4)  in  Fig  19.  The  TCRT  210,  Fig.  4,  receives  the  data 
from  the  CAM  1  80  (Fig.  3)  in  Fig.  5.  The  TCRX  200,  Fig. 
4,  receives  the  Continue  PDU  and  updates  the  Rx  state 
in  Figs.  16  and  17. 
[0071]  Fig.  24  is  a  signal  flow  diagram  of  the  downlink 
BEGIN  PDU  handshake  between  the  cell  265  and  the 
mobile  270  without  using  stop  and  wait.  In  step  290,  the 
cell  265  sends  MAC  layer  BEGIN  PDU  to  the  mobile  270 
which  specifies  the  mode  of  operation  of  subsequent 
CONTINUE  PDUs,  assigns  an  AMI  for  the  transaction 
and  assigns  the  mobile  160  to  a  particular  phase.  The 
cell  265  initializes  the  RLP  on  transmission  of  the  BEGIN 
PDU  and  schedules  subsequent  PDUs  intended  for  the 
mobile  270  on  the  assigned  phase.  On  receipt  of  the 
BEGIN  PDU,  the  mobile  station  270  initializes  the  peer 
RLP  and  starts  listening  on  the  assigned  phase.  This 
step  was  shown  when  the  SCC  1  85,  Fig.  3,  receives  da- 
ta  from  the  physical  layer  1  65  and  pass  it  on  to  the  CAM 
180  in  Figs.  21  and  22.  The  CAM  180,  Fig.  3,  then  re- 
ceives  data  from  the  SCC  1  85  and  the  decoded  data  is 
provided  to  TCRX  200,  Fig.  200,  in  Fig  19.  The  TCRX 
200,  Fig.  200  receives  the  data  from  CAM  180,  Fig.  3, 
extracts  a  poll  bit  (PI),  sets  ARQ_Status_polled  flag  = 
PI  and  passes  the  Begin  PDU  to  the  TCRX  200,  Fig.  4, 
in  Fig.  5.  The  TCRX  200,  Fig.  4,  receives  the  Begin  PDU 
from  the  TCRT  200  and  initializes  the  AMI  and  downlink 
mode  in  Figs.  15  and  18. 
[0072]  In  step  295,  the  cell  265  sends  subsequent 
CONTINUE  PDUs  to  the  mobile  270  and  polls  the  mo- 
bile  270  for  feedback.  This  step  was  shown  when  the 
SCC  185,  Fig.  3,  receives  the  data  from  the  physical 
Layer  165  and  passes  it  on  to  the  CAM  180  in  Figs.  21 
and  22.  The  CAM  1  80,  Fig.  3,  receives  the  data  from  the 

SCC  1  85  and  the  decoded  data  is  provided  to  the  TCRT 
210  (Fig.  4)  in  Fig  19.  The  TCRT  210,  Fig.  4,  receives 
the  data  from  the  CAM  1  80  (Fig.  3)  in  Fig.  5.  The  TCRX 
200,  Fig.  4,  receives  the  CONTINUE  PDU  and  updates 

5  the  RX  state  in  Figs.  16  and  17. 
[0073]  In  step  300,  the  mobile  270  provides  bitmap 
feedback  through  an  ARQ  Status  PDU  to  the  cell  265. 
The  ARQ  Status  PDU  may  selectively  indicate  that  the 
assigned  mode  was  unacceptable.  This  step  was  shown 

10  when  the  SCC  185,  Fig.  3,  detects  transmission  oppor- 
tunity  by  reading  the  PCF  and  indicates  it  to  CAM  180 
in  Fig.  21  .  The  CAM  180,  Fig.  3,  polls  both  the  TCTXs 
(1  95,  Fig.  4)  in  Figs.  1  9  and  20.  The  TCTX  1  95,  Fig.  4, 
on  the  same  step,  where  BEGIN  PDU  is  received,  indi- 

15  cates  to  the  CAM  1  80,  Fig.  3,  that  it  selectively  send  an 
ARQ  Status  PDU  in  Fig.  6,  7  and  9.  The  CAM  180,  Fig. 
3,  polls  TCTX  195,  Fig.  4,  for  ARQ  Status  PDU  in  Fig. 
1  9.  The  TCTX  1  95,  Fig.  4,  polls  the  TCRX  200  for  ARQ 
Status  bitmap  in  Fig.  7.  The  TCRX200,  Fig.  4,  generates 

20  ARQ  status  and  provides  it  to  the  TCTX  195  in  Fig.  7. 
The  TCTX  195,  Fig.  4,  sends  the  ARQ  status  PDU  to 
the  PDU  encoder  (PENCO  or  PENC1  ,  Fig.  3)  in  Figs.  6, 
7  and  9.  The  PDU  encoder  (PENCO  or  PENC1,  Fig.  3) 
encodes  the  PDU  and  sends  the  encoded  PDU  to  the 

25  CAM  180.  The  CAM  180  passes  the  encoded  PDU  on 
to  SCC  1  85  in  Fig.  7.  The  SCC  1  85,  Fig.  3,  then  provides 
data  to  the  physical  Layer  165  in  Fig.  21. 
[0074]  Mobile  stations  270,  Fig.  24,  initiate  uplink 
transactions  through  the  transmission  of  a  BEGIN  PDU. 

30  The  BEGIN  PDU  is  selectively  transmitted  either 
through  contention  access  or  reserved  access  (if  the 
mobile  station  270  has  a  valid  AMI).  The  parameters  in- 
dicated  by  the  BEGIN  PDU  include  the  following:  the 
MSID,  the  suggested  AMI  value  for  the  transaction,  the 

35  suggested  mode  (Incremental  Redundancy  or  Fixed 
Coding)  for  the  transaction;  a  Mobile  Priority  Class 
(MPC);  a  downlink  incremental  redundancy  capability; 
a  bandwidth  preference  (full,  double  or  triple  rate);  and 
a  modulation  capability. 

40  [0075]  If  the  mobile  station  270  does  not  have  a  valid 
AMI,  the  mobile  station  270  picks  a  random  value  from 
the  set  of  allowable  AMI  values  and  transmits  it  within 
the  BEGIN  PDU  as  a  suggested  AMI.  If  the  mobile  sta- 
tion  270  already  has  a  valid  AMI  while  initiating  the  trans- 

45  action,  it  suggests  the  same  AMI  value.  If  the  suggested 
AMI  and  mode  are  acceptable  to  the  base  station  265, 
it  initializes  an  RLP  and  provides  an  acknowledgment 
(ACK)  through  the  downlink  the  PCF  field.  On  receipt  of 
the  ACK,  the  mobile  station  270  initializes  a  peer  RLP. 

so  |f  the  suggested  AMI  and/or  mode  are  unacceptable  to 
the  base  station  265,  it  provides  an  explicit  negative  ac- 
knowledgment  (NAK)  through  the  downlink  the  PCF 
field.  Subsequently,  it  transmits  an  ARQ  Status  PDU 
which  carries  out  one  of  the  following  functions.  AMI, 

55  mode  and  phase  assignment.  In  this  case,  the  base  sta- 
tion  265  assigns  an  AMI  value  randomly  picked  from  the 
set  of  allowable  values.  It  may  also  assign  a  suitable 
mode  and  phase  for  the  transaction.  In  the  case  of  a 
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wait  for  assignment  indication,  the  base  station  265  in- 
dicates  that  the  mobile  station  270  must  wait  for  an  AMI 
and/or  mode  assignment.  The  mobile  station  270  com- 
putes  a  timer  which  indicates  how  long  it  must  wait  after 
receiving  a  NAK  for  a  contention  access  attempt  before 
making  another  access  attempt.  The  timer  duration  is  a 
function  of  the  wait  for  assignment  class  (WAC)  value 
assigned  by  the  base  station  265,  and  indicated  through 
the  ARQ  status  PDU.  The  WAC  may  be  determined  by 
the  base  station  265  as  a  function  of  the  MPC  indicated 
by  the  mobile  270  in  the  BEGIN  PDU.  On  subsequent 
receipt  of  an  ARQ  status  PDU  while  in  this  state,  the 
mobile  station  270  initializes  an  incremental  redundancy 
or  fixed  coding  RLP  depending  on  the  mode  indicated 
by  the  downlink  ARQ  Status  PDU.  It  is  appreciated  that 
the  AMI  value  is  assigned  within  the  ARQ  Status  PDU 
and  moves  to  the  assigned  phase. 
[0076]  Fig.  25  is  a  signal  flow  diagram  for  an  uplink 
BEGIN  PDU  handshake  between  a  cell  265  and  mobile 
270.  In  step  305,  on  the  downlink,  the  mobile  270  sees 
PCF  indication,  from  the  cell  265,  that  the  corresponding 
uplink  time  slot  is  open  for  contention.  In  step  31  0,  the 
mobile  270  sends  the  cell  265  a  MAC  layer  BEGIN  PDU 
which  includes  (among  other  fields)  MSID,  suggested 
AMI  and  suggested  mode  for  subsequent  CONTINUE 
PDUs,  It  is  appreciated  that  the  suggested  AMI  may  se- 
lectively  be  different  than  the  last  7  bits  of  the  MSID. 
[0077]  Both  steps  305  and  31  0  are  also  shown  when 
the  SCC  185,  Fig.  3,  receives  the  contention  slot  indi- 
cation  via  the  PCF  and  indicates  a  transmission  oppor- 
tunity  to  the  CAM  1  80  in  Fig.  21  .  The  CAM  1  80,  Fig.  3, 
polls  both  the  TCTXs  (195,  Fig.  4)  in  Figs.  19  and  20. 
The  TCTX  195,  Fig.  4,  on  one  of  the  SAPs  (SAP0  or 
SAP1  ,  Fig.  3)  indicates  to  the  CAM  1  80  that  it  can  send 
a  BEGIN  PDU  in  Fig.  6.  The  CAM  180,  Fig.  3,  polls  the 
TCTX  195,  Fig.  4,  forthe  BEGIN  PDU  in  Fig.  19.  The 
TCTX  195,  Fig.  4,  sends  the  BEGIN  PDU  to  the  PDU 
encoder  (PENCO  or  PENC1,  Fig.  3)  in  Fig.  6.  The  PDU 
encoder  (PENCO  or  PENC1,  Fig.  3)  encodes  the  PDU 
and  sends  the  encoded  PDU  to  the  CAM  180  which 
passes  it  on  to  the  SCC  1  85  in  Fig.  1  9.  The  SCC  1  85, 
Fig.  3,  provides  the  data  to  the  physical  Layer  165  in 
Fig.  21. 
[0078]  In  step  315,  if  the  suggested  AMI  is  not  being 
used  by  any  mobiles  currently  active  on  the  channel  and 
if  the  suggested  mode  is  acceptable  to  the  cell  265,  the 
cell  265  assigns  the  suggested  AMI  to  the  mobile  270 
and  acknowledges  the  BEGIN  PDU  through  the  PCF 
mechanism.  The  PCF  ACK  indicates  that  the  suggested 
AMI  and  mode  are  both  acceptable  to  the  cell  265,  and 
the  mobile  270  may  start  transmitting  subsequent  CON- 
TINUE  PDUs.  Step  315  was  also  shown  when  the  SCC 
1  85,  Fig.  4,  receives  an  ACK  to  the  transmission  of  the 
BEGIN  PDU  via  the  PCF  and  indicates  it  to  the  CAM 
180  (Fig.  3)  in  Fig.  21  .  The  CAM  180,  Fig.  3,  provides  a 
confirmation  to  the  TCTX  195,  Fig.  4,  that  the  BEGIN 
PDU  was  received  in  Fig.  19.  The  TCTX  195,  Fig.  4, 
initializes  a  radio  link  protocol  (RLP)  for  the  mode  de- 

scribed  earlier  in  Figs.  8  and  10. 
[0079]  In  step  320,  the  cell  265  indicates  to  the  mobile 
270,  through  the  PCF,  that  the  mobile  270  may  selec- 
tively  proceed  with  transmission  in  the  next  slot.  In  step 

5  325,  the  mobile  270  sends  subsequent  CONTINUE 
PDUs  in  the  initialized  mode  to  the  cell  265.  It  is  appre- 
ciated  to  one  skilled  in  the  art  that  steps  320  and  325 
may  selectively  be  combined  in  one  transmission  or  se- 
lectively  sent  in  different  time  slots. 

w  [0080]  Both  steps  320  and  325  where  shown  earlier 
when  the  SCC  185,  Fig.  3,  receives  a  reservation  slot 
indication  via  the  PCF  and  indicates  a  transmission  op- 
portunity  to  CAM  180  in  Fig.  21  The  CAM  180,  Fig.  3, 
polls  both  the  TCTXs  (195,  Fig.  4)  in  Figs.  19  and  20 

is  The  TCTX  1  95,  Fig.  4  ,on  one  of  the  active  SAP  (SAP0 
or  SAP1,  Fig.  3)  indicates  to  the  CAM  180  that  it  can 
send  a  CONTINUE  PDU  in  Fig.  9.  The  CAM  180,  Fig. 
3,  polls  the  TCTX  1  95,  Fig.  4,  for  the  CONTINUE  PDU 
in  Fig.  19.  The  TCTX  195,  Fig.  4,  sends  CONTINUE 

20  PDU  to  the  PDU  encoder  (PENCO  or  PENC1  ,  Fig.  3)  in 
Fig.  9.  The  PDU  encoder  (PENCO  or  PENC1,  Fig.  3) 
encodes  the  PDU  and  sends  the  encoded  PDU  to  the 
CAM  1  80  which  passes  it  on  to  the  SCC  1  85  in  Fig.  1  9. 
The  SCC  185,  Fig.  3,  provides  the  data  to  the  physical 

25  Layer  165  in  Fig.  21. 
[0081]  The  event  that  multiple  mobiles  transmit  in  the 
same  contention  slot  and  suggest  the  same  AMI  is  con- 
sidered  unlikely.  However,  in  the  unlikely  case  that  this 
event  occurs,  these  mobiles  assume  the  same  AMI.  It 

30  is  possible  to  resolve  the  ambiguity  by  optionally  trans- 
mitting  the  MSID  and  AMI  as  a  part  of  the  ARQ  Status 
PDUs  on  the  downlink. 
[0082]  Fig.  26  shows  a  signal  flow  diagram  for  an  up- 
link  BEGIN  PDU  handshake  between  the  cell  265  and 

35  the  mobile  270.  In  step  330,  on  the  downlink,  the  mobile 
270  sees  the  PCF  indication  that  the  corresponding  up- 
link  time  slot  is  open  for  contention  at  cell  265.  In  step 
335,  the  mobile  270  sends  BEGIN  PDU  to  the  cell  265 
which  includes  (among  other  fields)  MSID,  suggested 

40  AMI  and  suggested  mode. 
[0083]  Both  steps  330  and  335  are  also  show  when 
the  SCC  185,  Fig.  3,  receives  the  contention  slot  indi- 
cation  via  the  PCF  and  indicates  a  transmission  oppor- 
tunity  to  the  CAM  180  in  Fig.  21.  The  CAM  180  polls 

45  both  the  TCTXs  (195,  Fig.  4)  in  Figs.  19  and  20.  The 
TCTX  1  95,  Fig.  3,  on  one  of  the  SAPs  (SAP0  or  SAP1  ) 
indicates  to  the  CAM  180  that  it  can  send  a  BEGIN  PDU 
in  Fig.  6.  The  CAM  1  80,  Fig.  3,  polls  the  TCTX  1  95,  Fig. 
4,  forthe  BEGIN  PDU  in  Fig.  19.  The  TCTX  195,  Fig.  4, 

so  sends  the  BEGIN  PDU  to  the  PDU  encoder  (PENCO  or 
PENC1  ,  Fig.  3)  in  Fig.  6.  The  PDU  encoder  (PENCO  or 
PENC1  ,  Fig.  3)  encodes  the  PDU  and  sends  the  encod- 
ed  PDU  to  the  CAM  1  80  which  passes  it  on  to  the  SCC 
185  in  Fig.  19.  The  SCC  185  provides  the  data  to  the 

55  physical  Layer  165  in  Fig.  21  . 
[0084]  In  step  340,  if  the  suggested  AMI  is  already  be- 
ing  used  by  an  active  mobile  270  or  if  the  suggested 
mode  is  unacceptable,  the  cell  265  does  not  acknowl- 
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edge  the  reception  of  the  PDU  to  the  mobile  270.  Step 
340  corresponds  to  the  SCC  185,  Fig.  3,  receiving  a 
negative  acknowledgment  to  the  transmission  of  the 
BEGIN  PDU  via  the  PCF  and  indicates  it  to  the  CAM 
180  in  Fig.  21.  The  CAM  180,  Fig.  3,  indicates  to  the 
TCTX  1  95,  Fig.  4,  that  the  BEGIN  PDU  was  not  received 
in  Fig.  19. 
[0085]  In  step  345,  the  cell  265  sends  an  ARQ  Status 
PDU  to  the  mobile  270  which  acknowledges  reception 
of  BEGIN  PDU  and  assigns  the  AMI  and/or  establishes 
the  mode  to  be  used  for  subsequent  CONTINUE  PDUs. 
The  SCC  185,  Fig.  3,  receives  the  data  from  the  physical 
Layer  165  and  passes  it  on  to  the  CAM  180  in  Figs.  21 
and  22.  The  CAM  1  80,  Fig.  3,  receives  the  data  from  the 
SCC  1  85  and  the  decoded  data  is  provided  to  the  router 
(TCRT  210,  Fig.  4)  in  Fig.  19.  The  TCRT  210,  Fig.  4, 
receives  the  data  from  the  CAM  1  80,  Fig.  3,  and  passes 
the  ARQ  Status  PDU  to  the  TCTX  1  95  (Fig.  4)  in  Fig.  5. 
The  TCTX  195,  Fig.  4,  receives  the  ARQ  Status  PDU 
from  the  TCRT  210  and  initializes  AMI  and  RLP  in  the 
uplink.  The  mode  is  indicated  in  Figs.  8  and  11. 
[0086]  In  step  350,  the  cell  265  indicates  to  the  mobile 
270,  through  the  PCF,  that  mobile  270  may  proceed  with 
transmission  in  the  next  slot.  In  step  355,  the  mobile  270 
confirms  the  new  AMI  in  its  first  CONTINUE  PDU.  In 
step  360,  the  mobile  270  sends  subsequent  CONTINUE 
PDUs  to  the  cell  265.  It  is  appreciate  by  one  skilled  in 
the  art  that  step  350,  355  and  360  may  selectively  be 
combined  in  one  transmission  or  sent  in  different  slots. 
[0087]  In  steps  350,  355  and  360,  the  SCC  185,  Fig. 
3,  receives  a  reservation  slot  indication  via  the  PCF  and 
indicates  a  transmission  opportunity  to  CAM  1  80  in  Fig. 
21.  The  CAM  180,  Fig.  3,  polls  both  the  TCTXs  (195, 
Fig.  4)  in  Figs.  1  9  and  20.  The  TCTX  1  95,  Fig.  4,  on  one 
of  the  active  SAP  (SAP0  or  SAP1,  Fig.  3)  indicates  to 
the  CAM  180  that  it  can  send  a  CONTINUE  PDU  in  Fig. 
9.  The  CAM  180,  Fig.  3,  polls  the  TCTX  195,  Fig.  4,  for 
the  CONTINUE  PDU  in  Fig.  19.  The  TCTX  195,  Fig.  4, 
sends  CONTINUE  PDU  to  the  PDU  encoder  (PENCO  or 
PENC1  ,  Fig.  3)  in  Fig.  9.  The  PDU  encoder  (PENCO  or 
PENC1  ,  Fig.  3)  encodes  the  PDU  and  sends  to  the  CAM 
180  which  passes  it  on  to  the  SCC  185  in  Fig.  19.  The 
SCC  1  85,  Fig.  3,  provides  the  data  to  the  physical  Layer 
165  in  Fig.  21. 
[0088]  In  the  case  where  an  uplink  transaction  is  ini- 
tiated  using  a  BEGIN  PDU,  and  a  simultaneous  down- 
link  transaction  is  initiated  before  the  completion  of  the 
BEGIN  PDU  handshake.  The  uplink  BEGIN  PDU  sug- 
gests  an  AMI  and  a  mode  for  the  transaction.  A  downlink 
transaction  may  be  initiated  before  the  cell  acknowledg- 
es  reception  of  the  BEGIN  PDU  through  PCF.  In  such 
cases,  the  BEGIN  PDU  on  the  downlink  assigns  an  AMI 
which  mav  or  may  not  be  the  same  as  the  AMI  suggest- 
ed  by  the  mobile.  In  order  to  avoid  any  potential  ambi- 
guity,  the  AMI  assigned  using  the  downlink  BEGIN  PDU 
is  assumed  to  take  precedence. 
[0089]  Fig.  27  illustrates  a  signal  flow  diagram  for  an 
AMI  assigned  on  the  downlink  different  from  AMI  sug- 

gested  on  the  uplink.  In  step  365,  on  the  downlink,  mo- 
bile  270  sees  the  PCF  indication  that  the  corresponding 
uplink  time  slot  is  open  for  contention  with  the  cell  265. 
In  step  370,  the  mobile  270  sends  BEGIN  PDU  which 

5  includes  (among  otherfields)  MSID,  suggested  AMI  and 
suggested  mode.  In  step  375,  the  cell  265  sends  BEGIN 
PDU  which  specifies  the  mode  of  operation  on  the 
downlink  and  also  assigns  an  AMI.  This  AMI  value  is 
different  from  the  AMI  suggested  by  the  mobile  station 

10  270.  In  step  380,  the  cell  265  does  not  acknowledge  the 
reception  of  the  uplink  BEGIN  PDU.  In  step  385,  the  cell 
265  sends  an  ARQ  Status  PDU  to  the  mobile  270  which 
acknowledges  reception  of  BEGIN  PDU  and  assigns  the 
AMI  and/or  establishes  the  mode  to  be  used  for  subse- 

ts  quent  CONTINUE  PDUs.  In  step  390,  the  cell  265  indi- 
cates  to  the  mobile  270,  through  the  PCF,  that  it  may 
proceed  with  transmission  in  the  next  slot.  In  step  395, 
the  mobile  270  confirms  a  new  AMI  in  its  first  CONTIN- 
UE  PDU.  In  step  400,  the  mobile  270  sends  subsequent 

20  CONTINUE  PDUs  to  the  cell  265.  It  is  appreciated  by 
one  skilled  in  the  art  that  steps  390,  395  and  400  may 
selectively  combined  in  one  transmission  or  sent  in  dif- 
ferent  time  slots. 
[0090]  Fig.  28  is  a  flow  diagram  illustrating  an  AMI  as- 

25  signed  on  downlink  that  is  the  same  as  AMI  suggested 
on  the  uplink.  In  step  405,  on  the  downlink,  mobile  270 
sees  the  PCF  indication  that  the  corresponding  uplink 
time  slot  is  open  for  contention.  In  step  410,  the  mobile 
270  sends  BEGIN  PDU  to  the  cell  265  which  includes 

30  (among  other  fields)  MSID,  suggested  AMI  and  sug- 
gested  mode  for  subsequent  CONTINUE  PDUs.  Instep 
41  5,  the  cell  265  transmits  BEGIN  PDU  which  establish- 
es  the  mode  of  operation  on  the  downlink  and  assigns 
an  AMI.  The  assigned  AMI  happens  to  be  the  same  as 

35  the  one  suggested  by  the  mobile  270.  In  step  420,  if  the 
suggested  mode  is  acceptable  to  the  cell  265,  the  cell 
265  acknowledges  the  BEGIN  PDU  through  the  packet 
channel  feedback  (PCF)  mechanism.  The  PCF  ACK  in- 
dicates  that  the  suggested  AMI  and  mode  are  both  ac- 

40  ceptable  to  the  cell  265,  and  the  mobile  270  may  start 
transmitting  subsequent  CONTINUE  PDUs.  Instep  425, 
the  cell  265  indicates  to  the  mobile  270,  through  PCF, 
that  it  may  proceed  with  transmission  in  the  next  slot.  In 
step  430,  the  mobile  270  sends  subsequent  CONTINUE 

45  PDUs  in  the  initialized  mode.  It  is  appreciated  by  one 
skilled  in  the  art  that  steps  425  and  430  may  selectively 
combined  in  one  transmission  or  sent  in  different  time 
slots. 
[0091]  Stated  generally,  the  present  invention  is  a 

so  method  of  implementing  a  radio  link  protocol  (RLP)  and 
dynamic  partial  echo  management  for  a  transaction  ori- 
ented  packet  data  communication  system.  The  method 
performs  the  steps  of  determining  a  data  backlog  (in  the 
buffers  TXB0  and  TXB1  ,  Fig.  3)  with  a  media  access 

55  control  layer  controller  (MLC  190),  and  transmitting  a 
BEGIN  PDU  to  a  receiver  167.  The  method  further  in- 
cludes  the  step  of  initiating  a  media  access  control  layer 
transaction  (at  the  MLC  190)  in  response  to  the  trans- 

13 
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mittingof  the  BEGIN  PDU.  The  data  backlog  is  indicated 
to  the  media  access  controller  by  a  network  layer  160. 
The  method  further  includes  the  steps  of  stopping  data 
transmission  after  transmitting  the  BEGIN  protocol  data 
unit,  and  waiting  for  an  acknowledgment  message  from  s 
the  receiver  167.  The  acknowledgment  message  from 
the  receiver  167  is  controlled  by  the  sub-channel  con- 
trollers  185. 
[0092]  The  present  invention  is  also  a  system  for  im- 
plementing  a  radio  link  protocol  (RLP)  and  dynamic  par-  10 
tial  echo  management  for  a  transaction  oriented  packet 
data  system.  The  system  compnses  a  media  access 
control  layer  controller  1  90  for  determining  a  data  back- 
log  in  a  media  access  control  layer  buffer  (TXBO  and 
TXB  1  )  and  a  media  access  control  layer  transmitter  1  66  15 
for  transmitting  a  BEGIN  PDU  to  a  receiver  167.  The 
system  also  includes  a  means  for  initiating  (such  as 
MCL  190  or  management  entity  170)  a  media  access 
control  layer  transaction  in  response  to  the  transmitting 
of  the  BEGIN  PDU.  20 
[0093]  While  the  specification  in  this  invention  is  de- 
scribed  in  relation  to  certain  implementations  or  embod- 
iments,  many  details  are  set  forth  for  the  purpose  of  il- 
lustration.  Thus,  the  foregoing  merely  illustrates  the  pn- 
nciples  of  the  invention.  For  example,  this  invention  may  25 
have  other  specific  forms  without  departing  from  its  spirit 
or  essential  characteristics.  The  described  arrange- 
ments  are  illustrative  and  not  restrictive.  To  those  skilled 
in  the  art,  the  invention  is  susceptible  to  additional  im- 
plementations  or  embodiments  and  certain  of  the  details  30 
described  in  this  application  can  be  varied  considerably 
without  departing  from  the  basic  principles  of  the  inven- 
tion.  It  will  thus  be  appreciated  that  those  skilled  in  the 
art  will  be  able  to  devise  various  arrangements  which, 
although  not  explicitly  described  or  shown  herein,  em-  35 
body  the  principles  of  the  invention  are  thus  within  its 
spirit  and  scope. 

media  access  control  layer  controller; 
means  for  transmitting  a  BEGIN  protocol  data 
unit  to  a  receiver;  and 
means  for  initiating  a  media  access  control  lay- 
er  transaction  in  response  to  the  transmitting  of 
the  BEGIN  protocol  data  unit. 

3.  A  transaction  oriented  packet  data  communication 
system  comprising: 

Claims  40 

1.  A  method  of  implementing  a  radio  link  protocol  for 
a  transaction  oriented  packet  data  communication 
system  comprising  the  steps  of: 

45 
determining  a  data  backlog  with  a  media  ac- 
cess  control  layer  controller; 
transmitting  a  BEGIN  protocol  data  unit  to  a  re- 
ceiver;  and 
initiating  a  media  access  control  layer  transac-  so 
tion  in  response  to  the  transmitting  of  the  BE- 
GIN  protocol  data  unit. 

2.  A  transaction  oriented  packet  data  communication 
system  comprising:  55 

a  media  access  control  layer  transmitter; 
means  for  determining  a  data  backlog  with  the 

a  media  access  control  layer  controller  for  de- 
termining  a  data  backlog  in  a  media  access 
control  layer  buffer; 
a  media  access  control  layer  transmitter  for 

15  transmitting  a  BEGIN  protocol  data  unit  to  a  re- 
ceiver;  and 
means  for  initiating  a  media  access  control  lay- 
er  transaction  in  response  to  the  transmitting  of 
the  BEGIN  protocol  data  unit. 

20 
4.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 

3,  wherein  the  BEGIN  protocol  data  unit  contains  a 
proposed  partial  echo  value. 

25  5.  The  method  or  system  of  claim  4,  wherein  the  initi- 
ating  step  or  means  further  includes  acknowledging 
the  BEGIN  protocol  data  unit  at  the  media  access 
control  layer  controller  signifying  the  acceptance  of 
the  proposed  partial  echo  value  in  the  media  access 

30  control  layer  transaction. 

6.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  wherein  the  BEGIN  protocol  data  unit  contains  a 
proposed  mode  of  operation  for  the  media  access 

35  control  layer  transaction. 

7.  The  method  or  system  of  claim  6,  wherein  the  mode 
of  operation  is  either  fixed  coding  and  fixed  modu- 
lation,  or  is  fixed  coding  and  adaptive  modulation, 

40  or  is  incremental  redundancy  coding  and  fixed  mod- 
ulation,  or  is  incremental  redundancy  coding  and 
adaptive  modulation. 

8.  The  method  or  system  of  claim  6,  wherein  the  initi- 
45  ation  of  a  media  access  control  layer  transaction 

further  includes  the  step  of  or  means  for  acknowl- 
edging  the  BEGIN  protocol  data  unit  at  the  media 
access  control  layer  controller  signifying  the  accept- 
ance  of  the  proposed  mode  of  operation  for  the  me- 

50  dia  access  control  layer  transaction. 

9.  The  method  of  claim  1  or  the  system  of  claim  2  or 
3,  wherein  the  data  backlog  is  indicated  to  the  me- 
dia  access  controller  by  a  network  layer. 

10.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  further  including  the  step  of  or  means  for  stopping 
data  transmission  after  transmitting  the  BEGIN  pro- 

14 
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tocol  data  unit,  and  the  step  or  means  for  waiting 
for  an  acknowledgement  message  from  the  receiv- 
er. 

11.  The  method  or  system  of  claim  10,  wherein  the  s 
steps  or  means  are  performed  at  a  transmission 
controller. 

12.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  further  including  the  transmission  of  at  least  one  10 
CONTINUE  protocol  data  unit  after  initiating  the 
media  access  control  layer  transaction  with  the  me- 
dia  access  control  layer  controller. 

13.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or  is 
3,  wherein  the  transmitter  is  located  either  at  a  base 
station,  or  at  a  mobile  station. 

14.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  further  including  the  establishment  of  an  as-  20 
signed  local  identifier  used  by  the  transmitter  and 
the  receiver  for  the  duration  of  the  transaction. 

15.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  further  including  the  identifying  of  a  mode  of  op-  25 
eration  for  subsequent  implementations  of  radio  link 
protocols  and  dynamic  partial  echo  management 
for  the  transaction  oriented  packet  data  system. 

16.  The  method  or  system  of  claim  15,  wherein  the  30 
mode  of  operation  is  either  fixed  coding  and  fixed 
modulation,  or  is  fixed  coding  and  adaptive  modu- 
lation,  or  is  incremental  redundancy  coding  and 
fixed  modulation,  or  is  incremental  redundancy  cod- 
ing  and  adaptive  modulation.  35 

17.  The  method  of  claim  1  ,  or  the  system  of  claim  2  or 
3,  wherein  the  transmitter  further  initializes  a  radio 
link  protocol  upon  transmission  of  the  BEGIN  pro- 
tocol  data  unit,  and/or  the  receiver  further  initializes  40 
a  radio  link  protocol  upon  receiving  the  BEGIN  pro- 
tocol  data  unit. 

18.  The  system  of  claim  4,  further  including 
45 

a  channel  access  manager  for  stopping  data 
transmission  after  transmitting  the  BEGIN  pro- 
tocol  data  unit,  and 
a  media  access  sub-channel  controller  for  wait- 
ing  for  an  acknowledgement  message  from  the  so 
receiver. 

30 

35 

55 

15 
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(  RETRIEVE  RETRANSMIT 
V  DATA  BLOCKS 

^ <   END_RTx_FLAG  ' END_RTx_FLAG  >  
♦FALSE  

_ UtNLKAIL  LND 
CONTROL  BLOCK 

AUU  blXXI  LNIKY 
FOR  END  BLOCK: 
ID_SCCxT=SCCx; 

BLSCCxT  =  END; 
BLK_SCCxT  =  END.Tx; 

NS_SCCxT  =  NULL; 

(ULM0DULATI0N>—  - x.  t  
\   ULMODULATION  >  

NB_bCCx  =  1 
I 

K_lx  =  rc  lxl(NS_Ix) 

R_Tx  =  0 
\  FALSE 

RUE 
L  

ILK_Tx  =  BLK_TxT  (NS_Tx)  I  <  END_Tx_FLAG 
1  >  —  J  TOIIP 

FALSE 

AUU  IXI  LNIKT  ruK 
ETRANSMITTED  DATA  BLOCK: 

LUxT  =  0; 
NS_TxT  =  NS_Tx; 

R_TxT  =  0; 
BLK_TxT  =  BLK_Tx; 

L_ 
kill 

TRUE 

JLLC.IL  UK1WNAL  IX  IABLL 
NTRY  AT  NS_TxT  =  NS_Tx 

V  
A  r\ft  r*A/v  t  rurnu  r/\r»  1 

btNtKAIt  LNU 
CONTROL  BLOCK 

I  

AUU  bUXl  LNIKY 
FOR  END  BLOCK: 
ID_SCCxT=SCCx; 

BLSCCxT  =  END; 
ILK_SCCxT  =  END_Tx; 
NS_SCCxT  =  NULL; 

\VU  iUUI  LNIKT  rUK 
CONTINUE  DATA  BLOCK: 

ID_SCCxT=SCCx; 
BLSCCxT  =  DATA; 

BLK_SCCxT  =  BLK_Tx; 
NS_SCCxT  =  NS_Tx; 

IK*  T..  klf*  X  A io_ix  =  r«ta_ix  t  i 

in 

ADD  SCCxT  ENTRY 
FOR  FILLER  BLOCK: 

ID_SCCxT=SCCx; 
BLSCCxT  =  FILLER; 
LK_SCCxT  =  FILLERJx; 

NS_SCCxT  =  NULL; 

ID_3llX  =  NB_:)llX  -  I  I 

ALbbx 
ID_3U.X  -  U 
TRUE  I 
Q j o D  

> 
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poii.ind 
(DATA_SGM_1, 
END.TxJLAG) 

UAIA_bGM_  I  -NUMBER  OF 
BYTES  OF  DATA  IN  BLOCK 
TRANSMITTED  IN  MODE  1 
CONTINUE  PDU;  END_Tx_FLAG- 
INDICATES  WHETHER  POLLING 
OF  TxB  IS  ALLOWED 

GENERATE  END 
CONTROL  BLOCK 

I 

1_ 

^   f   GENERATED 
J   V  FILLER  BLOCK  )  

I  U  I  Xt>:  KLIKILVING 
DATA  SEGMENT 

1_ 
)  data.req(SGM_Tx) 

i 
L  

COMPUTE  LAST 
SEQUENCE  NUMBER 

LSN_Tx  =  (NS_MAX  + 
NB_Tx)  MOD  1024 

r  

FILLER_Tx  = 
3ENERATLFILLER 

(ULMODE) 

:NU_lx  =  GENERATE_END 
(LSN_Tx,  ULMODE)  | 

<  SGM_Tx  =  NULL  Y  
1  f  

[RUE_ 
C  EXIT  ) 

ALbL 
<  END_Tx_FLAG 

FALSE 

AUU  IXI  LNIKY  hUK 
DATA  BLOCK: 

B_TxT  =  0; 
iS_TxT  =  NSTx  =  NS.MAX; 

R_TxT  =  0; 
BLK_TxT  =  SGM_Tx: 

IKUE 

AUU  XUI  LNIKT  hUK 
CONTINUE  DATA  BLOCK: 

ID_SCCxT=SCCx; 
BLSCCxT  =  DATA; 

BLK_SCCxT  =  SGM_Tx; 
NS.SCCxT  =  NS_Tx; 

1  1  p* 

GENERATE  END 
CONTROL  BLOCK 

I 
AUU  bttxl  LNIKY 
FOR  END  BLOCK: 

SCC_SCCxT=SCCx; 
BLSCCxT  =  END; 

3LK_SCCxT  =  END.Tx; 
NS_SCCx  =  NULL: 

IB_Tx  =  NB.Tx  -  1 
1  —   :  ' 
V  
.  in 

ADD  SCCxT  ENTRY 
FOR  FILLER  BLOCK: 

ID_SCCxT=SCCx; 
BLSCCxT  =  FILLER; 

ILK_SCCxT  =  FILLER_Tx; 
NS_SCCxT  =  NULL; 

ALoL  /  

fRUEi 
> 

i 

ND  CONTROL  BLOCK  IS  TRANSMITTED 
ÎSTEAD  OF  FILLER  BLOCK  WHEN 

ND_TX_FLAG  IS  SET 

3 
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230 

TRANSMIT  TABLE  TxT 

B_TxT  NS_TxT  R_TxT  BLOxT 

0  0  0  OR  1  SGM  Tx 
1  1  0  OR  1  SGM  Tx 
1  2  0  OR  1  SGM_Tx 

•  •  •  • 

F I G .   1 2 B  

235 

SUB-CHANNEL  CONTROLLERS  TRANSMIT  TABLE  SCCxT 

ID.SCCxT  NS_SCCxT  BLSCCxT  BLK_SCCxT 

0  0  DATA  SGM  Tx 
0  1  DATA  SGM  Tx 
0  2  DATA  SGM  Tx 
2  NULL  END  END  Tx 
2  3  DATA  SGM  Tx 
2  4  DATA  SGM  Tx 
3  5  DATA  SGM  Tx 
3  NULL  END  END  Tx 
8  NULL  ARQ.STATUS  BF  Tx 

35 
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(  PROCESS  ARQ  A  
V  STATUS  (MODE  1)  )  

t.L  v  I 
NNU 

♦TRUE 
>  

FALSE 

tNU_KLQ_rUG  =  TRUE 

,  
±   :  

INITIALIZE  ARQ 
ENGINE  (MODE  1), 

tbK 
♦TRUE 

rALSE 

bND_RIx_FLAG  =  FALSE 

3_ 
END_Tx_FLAG 

♦TRUE 
>  

FALSE 

GENERATE  FILLER 
BLOCK 

<END  BLOCK  IN  SCCx  TABLE  ? >  
♦FALSE 

TRUE 

END_RTx_FLAG  =  TRUE 

SET 
ULMODULATION  =  MT 
FROM  ARQ_STATUS_Rx 

i _  
rbMr 

♦TRUE 

FALSE 

<  Tx  TABLE  EMPTY  >  
♦FALSE 

JRUE,  TRUE, 

FOR  BLOCKS  NAKed  VIA  BIT  MAP 
BUT  ABSENT  FROM  THE  Tx  TABLE, 

IT  IS  POSSIBLE  TO  IMPLEMENT 
MANUFACTURER-SPECIFIC 
PROCEDURES  TO  RECOVER 

8F_Rx  =  BIT  MAP  FROM 
ARQ_STATUS_Rx 

T  

NR_P5  =  BSN  FROM 
ARQ_STATUS_Rx 

i _  
FOR  ALL  Tx  TABLE 

ENTRIES  WHERE 
<  (NR_PS  -  NS_TxT) 
MOD  1024  <=  k 
SET  B_TxT  =  1 

i _  
FOR  RANGE  OF  NS 
COVERED  BY  BF.Rx 
SET  B_TxT  =  BF_Rx 

IN  lx  lABLt  DELETE 
EACH  ENTRY  FOR  WHICH 
B_TxT  =  1  AND  SEND 

[HE  FOLLOWING  PRIMITIVE 
SGM L  

data.con 
(NS  TxT) 

Q _ 0  

s  >  WAI  >  
FALSER 

AMI  =  AMLIDLE  ~ >  
FALSER 

SET 
AMLCURRENT  =  AMI 

ULMODE  =  MI 
FROM  ARQ_STATUS_Rx 

\MI_SEL 
FLAG  WILL 
3E  SET  BY 
HLC  WHEN 
TRANSACTION 
STARTS 

INITIALIZE  TCTX 
PARAMETERS 

\  
CLEAR  Tx  TABLE  I 

INITIALIZE  Tx 
VARIABLES: 

NEXLPDU  =  NULL 
NG.Tx  =  NG_Tx_init 

NS_MAX  =  0 
NB_Tx  =  0 

E  
INITIALIZE  PEER- 
STATE  VARIABLES: 

NR_PS  =  0 
i _  

INITIALIZE 
TRANSMISSION 

CONTROL  FLAGS 
END_Tx_FLAG  =  FALSE 
[ND_RTx_FLAG  =  FALSE 
■ND_Req_FLAG  =  FALSE 

(  EXIT  )  

»7 
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(UPDATE  Rx  STATE  J  
r  

/ . .   \  .. NS_Rx  =  (i-1)  +  NS  FROM  PDU.Rx 
I  

<  (NS_Rx  -  NR_Rx)  MOD  1024  <  k  >  
FALSE 

<  B_RxT  [INDEX  (NS_Rx)]  =  0 

♦  TRUE 
>  

FALSE 

UKUAIL  Kx  lAHLL  LNIKY  AT  NS_RxT  =  NS_Rx; 
B_RxT  =  1,  BLLRxT  =  BLK_Rx 

<  (NS_Rx-NLRx^  MOD  1024  <  k  ^  

♦  TRUE  
_ 

:ALSE 

NLKx  =  NS_Rx 
L  

UKUAIL  Kx  IAHLL  rUK  MISSING  ENTRIES  UP  TO 
^SJxT  =  NLRx,  B_RxT  =  0,  BLK_RxT  =  NULL 

C  B_RxT[1]  =  1  ? 

I  TRUE 

C  

SGM_Rx  =  BLK_RxT[1J 

FALSE, 

Data.ind  (SGM_Rx) 

Rx  TABLE  EMPTY 

TRUE  I  

NR_Rx  =  LSN_Rx 

♦  TRUE 

>  
:ALSE 

NR_Rx  =  (NR_Rx  +  1)  MOD  1024 

I  

DELETE  FIRST  Rx  TABLE  ENTRY 
(WHEN  FIRST  ENTRY  IS  DELETED, 

SECOND  ENTRY  BECOMES  FIRST  ENTRY) 
V 

>  

ALSE 

MLC 

btopRx.ind  () 

C  TCRXO:  IDLE  )  

>  
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F I G .   1 8  

240 

RECEIVE  TABLE  RxT 

B_RxT  NS.RxT  B L O x T  

0  0 
1  1  SGM  Rx 
1  2  SGM_Rx 
1  3  SGM_Rx 
0  4 
1  5  SGM_Rx 

245 

INITIALIZE  TCRX 
PARAMETERS 

CLEAR  Rx  TABLE 

250 

INITIALIZE  Rx  VARIABLES: 
NR_Rx  =  0 
NG_Rx  =  0 

NLRx  =  1023 
NB_Rx  =  0 

(  EXIT  )  

C  PROCESS  BEGIN  PDU  )  
r  

<  AMI  =  AMLCURRENT  >  
FALSE 

<  MI  =  Dl 

TRUE 
1  

AMLCURRENT  =  AMI 
I 

LMODE  >  
i  * 

FALSE 

TRUE 
1  

DLMODE  =  MI 
1 

SET  AM_Rx  TO  AM 
FROM  PDU_Rx 

I  
SET  NB_Rx  TO  TS 

FROM  PDU_Rx 
\  

SGM_Rx  =  L3  DATA 
FROM  PDU.Rx 

\  

41 



- 
c 

'  ■  ' d  lu  o-i— 
lu  ,  co  lu  a> 

3   ^   «3  3   . ^ 3  

^   LO  tD 

cr  i  —  i  .  ■  ^   _  co  - 

CO LU 
c l ^ l l  
t L £ 
c - L j ^ i !  
!±!  Pi  ^   b 

cn 

1 
3  c  

CZ5  0   c5  ii 
sr  ii  i— £  _̂  o_  co  z  

i  n  ca 

r w  

□   n  

>  LU  /  



EP  0  964  548  A1 

F I G .   1 9 B  

SCCx 

TO 
FIG.  19A 

0  

FROM 
FIG.  19A 

TO 
FIG.  19A 

Rsvd 

pcf.ind  (STATUS) 
\  

STATUS 

IDLE  I  

LRETRY  >  0 

I  FALSE 

TRUE 

COMPUTE  T_RETRY_new 
FOR  BACKOFF 

I  

BOFF_COUNT  = 
BOFF_COUNT  +  1 

I  

BOFF.Count  <= 
BOFF_Count_Max 

LBOFLSTART 
EXPIRED 

ITRUE 

^FALSE 

LRETRY  = 
LRETRY  -  1 

L  

FALSE 

LRETRY_new  = 
LRETRY 

rRUE MLC 
Error.md 

,(Max_num  backoffs) 

CHOOSE  TCy 
~ I  

TCy 
T e l s T  

>  
MULL 

SEND  CODED  MAC.PDU  | 

LRETRY  =  LRETRY.new 

0  

SCCx 

data.ind  (Coded 

MACPDU,  DFT) 

I  
MAP  DFT  TO  PDECz 
3DECz  |  PDECz 

data.ind  (Coded 
MAC_PDU,  DFT) 

—   
c z :  

13 
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255 

<  poll.ind  (STATUS) 
r  

(  CAM2:  TCP  POLL  PENDING  )  
TCP  I  

 ̂ .  :  1 
)  poll.res  (TC.STATUS) 

<JC_STATUS  =  MUST  SEND)- 

I  FALSE 

TRUE 

TCO_STATUS  -  TC_STATUS 

TCI  ♦ 
t  1 

<  poll.ind  (STATUS) 
r  

(  CAM3:  TCI  POLL  PENDING  )  

TCI  ♦ 
V  ■  , 

1  
1 

TCy  =  0 

)  poll.res  (TC_STATUS) 

{TCO.STATUS  =  CAN  S E N D ^ ^  

♦TRUE  I  

FALSE/TC_STATUS  =\  /TC.STAT 

\  MUST  SEND  /   \   Null 

260 

(  SEND  CODED  MAC.PDU  )  
I  

STORE  TCy  TO  SCCx  MAPPING 

TCy  J  Z _  

poll.con  (SCCx) 

CAM4:  POLL  CONFIRMATION 
PENDING 

PENC 

ALSLy  IC_3IAIU5  =  ' 

\  MUST  SEND  > 
TRUE! 

~~i  i 

\   FALSE 

"C.STATUS  =\   FALSE 

TCy  =  1 

TATUS  = \ F  

M i   /  
♦TRUE  

'  

iCy  =  NULL  TCy  =  1 

L_ 

C  EXIT  )  

data.req 
(CODED  MAC.PDU) 

SCCx 

data.req 
(CODED  MAC_PDU) 

Q 3 D  

TCy  =  0 

3  

14 
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IU 
FIG.  21A 

©  

F I G .   2 1   B  

iu 
FIG.  21  C 

.AM 
Lwa.con 

[ERROR,  STATUS) 

>A 

>IAIUb  =  KSVd  | 

© -  

FROM 
TG.  21  C 

FROM 
FIG.  21  A 

©  

TO 
FIG.  21  A 

©  

CAM 
data.req 

(CODED  MAC_PDU,  DFT) 
i  

CONSTRUCT  LLSDU, 
ENCODE  AMI  AND  DFT 

LI 
rm_DATA.REQ 

(LLSDU,  AMI,  DFT) 

(  SCC2  BURST  TRANSMITTED  ~) 

L1 
PHY_UAIA.1ND  / 

(LLSDU,  PCF,  AMI,  DFT)  \  

I 

IDLE/ 

L-rlLCK  DESTINATION  AND 
EXTRACT  CODED  MAC_PDU 

T  

STATUS  )  

Rsvd| 

> 

EXTRACT  R/N  AND  C/S 
SUBFIELDS  OF  SF 

T  

SF  (R/N) 
T C I  
Data.con 

(NULL,  STATUS) 

;  SF  (C/S)  > 
.1  '  

)A 

[AMLCURRENT 
i  i 

•TATUS  =  Rsvd iTATUS  =  Rsvd 

;am 
;pcf.ind  (STATUS); 

b 
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FROM 
FIG.  21  B 

ELSE 

CAM 

(  SF 

/  Data.con 

\(ERR0R,  STATUS) 

AMLCURRENT  |  
CAM/  Data.con 

\  (NULL,  STATUS) 

)  

(  AMLSELFLAG  )  
TRUE 

FALSE 

C O  
ELSE  ELSE 

AMLIDLE 

STATUS  =  IDLE 

(  

TC  WILL  SET 
AMLSELFLAG 
TO  TRUE 

SA 

AMLIDLE 

>  
AMLCURRENT 

STATUS  =  IDLE STATUS  =  Rsvd 

TO 
FIG.  21  A 

- 0  

TO 
FIG.  21  B 

47 
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CHECK  DESTINATION  AND 
EXTRACT  CODED  MAC.PDU 

i  

DECODE  PCF,  AMI  AND  DFT, 
EXTRACT  CODED  MAC_PDU 

FROM  LLSDU 

1 

AMI 

CAM 

>  
ELSE 

AMLIDLE 

AMLCURRENT 

<̂   AMLSELFLAG  ^ M l ^  

I  TRUE 

AMI 

data.ind 
(CODED  MACPDU,  DFT) 

ELSE 

>  

C  EXIT 

F I G .   2 3  

n o -  CELL 

BEGIN  (ASSIGN  AMI,  INITIALIZE  MODE) 

ARQ  STATUS 

CONTINUE  (1,2,3,...) 

-265  

275 

280 

285 

18 
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270  > MOBILE CELL 

BEGIN  (ASSIGN  AMI/PHASE,  INITIALIZE  MODE) 

CONTINUE  (1,2,3,...) 

ARQ  STATUS 

265 

A  ^ 2 9 0  

B—  295 

C—  300 

F I G .   2 5  

2 7 0 .  MOBILE CELL 265 

COULD  BE 
N  1  SLOT 

CONTENTION  SLOT  INDICATION  (PCF) 

BEGIN  (SUGGEST  AMI,  UPLINK  MODE) 

ACK  (PCF)  (INITIALIZE  AMI,  UPLINK  MODE) 

RESERVATION  SLOT  INDICATION  (PCF) 

CONTINUE  (1,2,3,...) 

\ —   305 

3-  —  310 

—  315 

3 — 3 2 0  

. — 3 2 5  

■9 



OUULU  dt 
IN  1  SLOT 

F I G .   2 6  

CONTENTION  SLOT  INDICATION  (PCF) 

BEGIN  (SUGGEST  AMI,  UPLINK  MODE) 
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