
WO 02/101956 PCT/US02/17815  1 METHOD AND APPARATUS FOR CONGESTION CONTROL
IN A  WIRELESS COMMUNICATION SYSTEM  BACKGROUND  Field [1001] The present
invention relates to communications systems.  Specifically, the present
invention relates to methods and apparatus for  congestion control in a
wireless communication system. Background  [1002] In a wireless
communication system, a base station communicates  with multiple mobile
users. Wireless communications may include low delay  data communications,
such as voice or video transmissions, or high data rate  communications,
such as packetized data transmissions. U.S. Patent  Application No.
08/963,386, entitled "METHOD AND APPARATUS FOR HIGH  RATE PACKET DATA
TRANSMISSION," filed Nov. 3, 1997 describes high rate  packet data
transmissions, and hereby expressly incorporated by reference.  [1003] In a
wireless communication system, and specifically a system  adapted for
packetized transmissions, congestion and overloading may reduce  the
throughput of the system. Congestion is a measure of the amount of  pending
and active traffic with respect to the rated capacity of the system.
System overload occurs when the pending and active traffic exceeds the
rated  capacity. A system may implement a target congestion level to
maintain traffic  conditions without interruption, i.e., to avoid
overloading and underloading of  resources. [1004] One problem with
overloading is the delayed transmission responses.  An increase in response
time often leads to application level timeouts, wherein  an application
requiring the data waits longer than the application is  programmed to
allow. Applications will then needlessly resend messages on  timeouts,
causing further congestion. If this condition continues, the system  might
reach a condition where it can service no users. Thus, in absence of any
congestion control, the system will perform much below its rated capacity. 



WO 02/101956 PCT/US02/17815  2 There is a need therefore for congestion
control that increases the efficiency of  a wireless system and reduces the
probability of overloading or a fault.  SUMMARY [1005] Embodiments
disclosed herein address the above stated needs by  providing an efficient
method of congestion control that determines a congestion  indicator by
comparison of a measured congestion metric against a threshold,  wherein
the threshold uses an outerloop threshold having a margin with respect  to
a desired threshold. According to one aspect, a method for generating a
congestion indicator includes determining an outerloop threshold as a
function  of a desired threshold, measuring a congestion metric, comparing
the  congestion metric to the desired threshold, and updating the outer
loop  threshold in response to comparing the measured congestion metric to
the  desired threshold. BRIEF DESCRIPTION OF THE DRAWINGS  [1006] FIG. 1 is
a wireless communication system; [1007] FIG. 2 is a flow chart of a method
of congestion control at an access  network in a wireless communication
system adapted for packetized  transmission; [1008] FIG. 3 is a flow chart
of a method of making a congestion control  decision in a wireless
communication system adapted for packetized  transmission; [1009] FIG. 4 is
a timing diagram of an desired congestion threshold in  relation to an
outer loop congestion threshold; [1010] FIGs. 5A and 5B are flow charts of
methods for congestion control at  an access terminal in a wireless
communication system adapted for packetized  transmission; [1011] FIG. 6 is
an access network in a wireless communication system; WO 02/101956
PCT/US02/17815  3 [1012] FIG. 7 is an access network for implementing
congestion control as in  



FIG. 3; and [1013] FIG. 8 is an access terminal for implementing data rate
control as in  FIG. 4. DETAILED DESCRIPTION [1014] The word "exemplary" is
used exclusively herein to mean "serving as  an example, instance, or
illustration." Any embodiment described herein as  "exemplary" is not
necessarily to be construed as preferred or advantageous  over other
embodiments. [1015] A mobile subscriber station, referred to herein as an
Access Terminal,  AT, may be mobile or stationary, and may communicate with
one or more base  stations. An access terminal transmits and receives data
packets through one  or more modem pool transceivers to a base station
controller, referred to herein  as a Modem Pool Controller, MPC. Modem pool
transceivers and modem pool  controllers are parts of a network called the
Access Network. An access  network transports data packets between multiple
access terminals. The  access network may be further connected to
additional networks outside the  access network, such as a corporate
intranet or the Internet, and may transport  data packets between each
access terminal and such outside networks. An  access terminal that has
established an acti4ve traffic channel connection with  one or more modem
pool transceivers is called an active access terminal, and is  said to be
in a traffic state. Note that an access network may consist of a base
station, wherein the base station is adapted for communication with a
plurality of  access terminals and a base station controller. [1016] An
access terminal that is in the process of establishing an active  traffic
channel connection with one or more modem pool transceivers is said to  be
in a connection setup state. An access terminal may be any data device that
communicates through a wireless channel or through a wired channel, for
example using fiber optic or coaxial cables. An access terminal may further
be  any of a number of types of devices including but not limited to PC
card,  compact flash, external or internal modem, or wireless or wireline
phone. The  communication link through which the access terminal sends
signals to the WO 02/101956 PCT/US02/17815  



4 modem pool transceiver is called a reverse link. The communication link
through which a modem pool transceiver sends signals to an access terminal
is  called a forward link. [1017] FIG. 1 is a diagram of a communications
system 100 that supports a  number of users and is capable of implementing
at least some aspects and  embodiments of the invention. System 100
provides communication for a  number of cells 102A through 102G, each of
which is serviced by a  corresponding base station 104A through 104G,
respectively. In the exemplary  embodiment, some of base stations 104 have
multiple receive antennas and  others have only one receive antenna.
Similarly, some of base stations 104  have multiple transmit antennas, and
others have single transmit antennas.  There are no restrictions on the
combinations of transmit antennas and receive  antennas. Therefore, it is
possible for a base station 104 to have multiple  transmit antennas and a
single receive antenna, or to have multiple receive  antennas and a single
transmit antenna, or to have both single or multiple  transmit and receive
antennas. [1018] Terminals 106 in the coverage area may be fixed (i.e.,
stationary) or  mobile. As shown in FIG. 1, various terminals 106 are
dispersed throughout  the system. Each terminal 106 communicates with at
least one and possibly  more base stations 104 on the downlink and uplink
at any given moment  depending on, for example, whether soft handoff is
employed or whether the  terminal is designed and operated to (concurrently
or sequentially) receive  multiple transmissions from multiple base
stations. Soft handoff in CDMA  communications systems is well known in the
art and is described in detail in  U.S. Patent No. 5,101,501, entitled
"METHOD AND SYSTEM FOR  PROVIDING A SOFT HANDOFF IN A CDMA CELLULAR
TELEPHONE  SYSTEM", which is assigned to the assignee of the present
invention and  incorporated by reference herein. [1019] The downlink refers
to transmission from the base station to the  terminal, and the uplink
refers to transmission from the terminal to the base  station. In the
exemplary embodiment, some of terminals 106 have multiple  



receive antennas and others have only one receive antenna. Similarly, some
of  terminals 106 have multiple transmit antennas, and others have single
transmit WO 02/101956 PCT/US02/17815  5 antennas. There are no restrictions
on the combinations of transmit antennas  and receive antennas. Therefore,
it is possible for a terminal 106 to have  multiple transmit antennas and a
single receive antenna or to have multiple  receive antennas and a single
transmit antenna or to have both single or  multiple transmit or receive
antennas. In FIG. 1, base station 104A transmits  data to terminals 106A
and 106J on the downlink, base station 104B transmits  data to terminals
106B and 106J, base station 104C transmits data to terminal  106C, and so
on. [1020] In a wireless communication system, such as system 100 of FIG.
1,  wherein the system is adapted for packetized transmissions, congestion
and  overloading may reduce the throughput of the system. Further, in a
wireless  communication system adapted for a mixture of both voice and data
type traffic,  overloading in a cell may lead to dropped calls and serious
degradation in voice  capacity. [1021] Congestion control is often
necessitated to account for autonomous  traffic which is not well estimated
by a system. A congestion control system in a  wireless communication
system typically monitors various factors like channel  or link occupancy,
messaging delay, number of users, etc.. Based on these  factors a decision
is made to control congestion when the system is overloaded,  i.e. above a
congestion criteria threshold. For an overloaded condition, the  system may
initiate actions to reduce the load by rejecting traffic and/or  adjusting
data transmission rates. A given system may have a target  congestion level
such that when the traffic load of the system is approximately  at the
target congestion level, the system maintains current traffic conditions.
If  the system gets under loaded, the traffic conditions are adjusted as
well. [1022] Congestion is a measure of the amount of pending and active
traffic  with respect to the rated capacity of the system. System overload
occurs when  the pending and active traffic exceeds the rated capacity.
Overloading may be  



due to too many active users or high amounts of pending data per
transmission.  One problem with overloading is the delayed transmission
responses. An  increase in response time often leads to application level
timeouts, wherein an  application requiring the data waits longer than the
application is programmed to  allow. Applications will then needlessly
resend messages on timeouts, causing WO 02/101956 PCT/US02/17815  6 further
congestion. If this condition continues the system might reach a  condition
where it can service no users. Thus in absence of any congestion  control,
the system will perform much below its rated capacity, without even
considering the handling the excess traffic. [1023] Congestion control
seeks to keep the system running approximately  at a target or rated
capacity. One method of congestion control restricts the  number of users
that have access to service. In one embodiment, congestion  control
provides satisfactory service to a small percentage of users rather than
give highly degraded service to all the users. The users that access
service  leave the system after completion of service, thus reducing the
loading on the  system and allowing a different set of users access to
service. It is a goal of  such a system all users will have access to at
least some level of service from  the system for at least some portion of
time. [1024] The level of congestion in a system may be determined by
monitoring  the data rates of pending and active users, and the received
signal strength  required to achieve a desired quality of service. In a
CDMA wireless system,  the RL capacity is interference-limited. One measure
of the cell/sector  congestion is the total received power at the base
station. A ratio of the total  received power at the base station to the
thermal noise gives a normalized  measure of the congestion and is referred
to as Rise-Over-Thermal, ROT. The  ROT is limited for dynamic range
limitations. Another variant of ROT is the total  cell-load. The cell-load
contribution due to each access terminal in  communication with the base
station may be measured by the signal-to- interference power ratio. [1025]
Additionally, the timing of congestion control action impacts the  



operation of the system. If congestion control is introduced too early,
traffic may  be rejected that could have processed. Similarly, if
congestion control is  delayed too long, the system may become inoperative
due to heavy traffic. [1026] FIG. 2 illustrates a method 150 of congestion
control applicable to a  wireless communication system, and specifically a
communication system  adapted for packetized transmissions. The method 150
is performed at an  access network, such as a base station, or a base
station controller. The  method starts by determining a congestion level
and a corresponding WO 02/101956 PCT/US02/17815  7 Congestion Bit, CB, at
step 152. The congestion level may be determined by a  congestion metric,
such as the average data rate of all users, or ROT, etc. The  term
Congestion Bit or CB is used throughout this discussion as referring to a
congestion indicator that is transmitted from the access network to access
terminals indicating a congestion level of the system. According to one
embodiment, the CB is a single bit with significance indicated by polarity.
A  logical one, i.e., the bit is set, indicates the system is congested
and/or  overloaded, and thus efficient, accurate operation requires a
corresponding  adjustment of Reverse Link, RL, data rate(s). A logical
zero, i.e. the bit is  cleared, indicates the system is not congested and
may be underloaded, and  thus efficient operation suggests an adjustment of
the RL data rate(s). Alternate  embodiments may implement an alternate
polarity scheme. [1027] Similarly, other embodiments may implement a code
word or a  multiple bit congestion indicator, wherein additional
information regarding the  level of congestion may be provided to the
access terminals. For example,  multiple bits may designate varying degrees
of congestion from severe to mild.  Each access terminal then makes a
decision based on the level of congestion.  According to such a multiple
bit scheme, access terminals may be prioritized or  classified, wherein a
high priority access terminal only performs rate adjustment  for a severe
congestion condition, and a lower priority access terminal may be
instructed to adjust the data rate at a less severe congestion level. The
prioritization may be a function of the type of transmission, or the
service  



accessed by the access terminal, or any other criteria specific to the
system.  [1028] Still other embodiments may transmit a dedicated signal to
indicate a  congestion condition or level. One embodiment only transmits
the congestion  information if the system is in overload. An alternate
embodiment only transmits  the congestion information if the system is
underloaded, wherein access  terminals assume the system is overloaded
unless they receive information  otherwise. Still other embodiments may set
the congestion bit when the system  is nearing overload, wherein a margin
is used to apply a conservative control  scheme. A variety of mechanisms
may be used to indicate congestion. [1029] Continuing with FIG. 2, the
determination of a congestion bit at step  152 may be based on a current
congestion condition as determined by a WO 02/101956 PCT/US02/17815  8
congestion metric, or may consider historical conditions. The inclusion of
past  data allows for smooth control decisions. At step 154 the access
network  transmits the CB to access terminal(s). [1030] Each access
terminal in communication with the access network uses  the congestion bit
information for control of a RL transmission data rate. At step  156 each
access terminal, AT(i), receives and evaluates the transmitted CB. At
decision diamond 158 if CB is set, i.e. CB=1, processing continues to step
160  to respond to an overload condition. The access terminal then
determines a RL  transmission rate consistent with resolving the overload
condition at step 162.  For example, according to one embodiment, when the
CB is set, each access  terminal will lower the transmission data rate.
Again at decision diamond 158 if  CB is cleared, i.e. CB=O, processing
continues to step 164 to respond to an  underload condition. The access
terminal then determines a RL transmission  rate consistent with resolving
the underload condition at step 166. For example,  according to one
embodiment, when the CB is cleared, each access terminal  will raise the
transmission data rate. Finally, at step 168 each access terminal
transmits at an adjusted rate and processing returns to step 152 to await a
next  congestion bit. [1031] The access network periodically determines the
congestion  



information or level. A congestion metric is measured and compared to a
congestion threshold, wherein the congestion threshold may be a function of
the  rated capacity of the system. The congestion bit then indicates
whether the  system is operating with a congestion level above or below the
threshold. [1032] FIG. 3 illustrates an outerloop method 180 for an access
network to  determine a congestion threshold, wherein outerloop refers to
the process of  adjusting the threshold and innerloop refers to the use of
the threshold in  determining a congestion condition. The CB is then set
according to a  comparison of the measured congestion metric and the
outerloop threshold.  The outerloop threshold will be referred to herein as
"TH_OUTERLOOP."  Processing starts at step 182 by initializing the
outerloop threshold to a desired  threshold, referred to herein as
"TH_DESIRED." The desired threshold is by the  access network. At step 184
the access network measures a congestion metric  of the system. According
to one embodiment, the congestion metric is a WO 02/101956 PCT/US02/17815
9 measure of function of Rise Over Thermal, ROT, which is defined as the
ratio of  the total power received to thermal noise. An alternate
embodiment uses a  metric related to cell loading. A variety of metrics may
be used to determine a  congestion condition. [1033] At decision diamond
186 the access network compares the measured  metric, such as ROT, to the
outerloop threshold. If the measured metric is  greater than the outerloop
threshold, the congestion bit is set at step 190, else  the congestion bit
is cleared at step 188. The access network compares the  measured metric to
the desired threshold at decision diamond 192. If the  measured metric is
greater than the desired threshold the outerloop threshold is  adjusted by
a value A, at step 194; else the access network adjusts the  outerloop
threshold by a value 8, at step 196. An adjusted value of the  outerloop
threshold is used by the access network to compare to a congestion  metric
in order to generate a congestion bit for a next congestion determination
period. The access network transmits the congestion bit at step 198. [1034]
The value of A and the value S are determined to maintain the outage  



probability to a desired level. The outage probability in one embodiment
refers  to the probability that a given congestion metric exceeds a desired
threshold.  Specifically, the ratio of (S /A) controls the outage
probability. For a given (8  /A) ratio, small values of S and A result in
less responsive congestion control,  i.e., slower, and smoother. For a
given (S /A) ratio, large values of S and  A result in more responsive
congestion control, however the more responsive  control is also more
erratic. The method adapts to changes in operating  conditions, wherein the
outage probability is maintained over changes in the  operating conditions,
including, but not limited to, the number of users, the  target rates and
channel conditions. In one embodiment, an outerloop  threshold correction
in a wireless communication system may be used to correct  a cell's
available capacity when the interference from neighboring cells changes
due to dynamically varying load conditions in other cells. [1035] As
illustrated in FIG. 4, one embodiment sets an outer loop threshold  having
a margin with respect to a target threshold such that within a
predetermined probability, transmission rates will not exceed the target
threshold. In one embodiment, the outerloop threshold is calculated so as
WO 02/101956 PCT/US02/17815  10 maintain the measured congestion metric,
within the outage probability, to a  desired level. Dynamic adjustment of
the outerloop threshold is needed to  accommodate varying conditions,
including but not limited to, channel  conditions and number of users.
[1036] Each access terminal receives the congestion bit and determines a
transmission rate based thereon. In one embodiment, according to method 200
illustrated in FIG. 5A, the access terminal receives the congestion bit at
step  202 and evaluates the congestion bit at decision diamond 204. For
CB=1,  processing continues to decision diamond 206 to handle an overload
condition,  else processing continues to decision diamond 214 to handle an
underload  condition. For the overload condition, the last rate is compared
to a target at  decision diamond 206. The target rate is determined
specific to the access  terminal. If the last rate is greater than the
target rate, the rate is decreased at  



step 208 with a probability specific to the access terminal and specific to
decreases in the rate. The probability is labeled Pd(i), wherein i is an
index for  the access terminals in the system, d corresponds to decrease
probability, and  each access terminal may have a unique probability. If
the last rate was not  greater than the target rate at decision diamond
206, the access terminal  determines if there have been N consecutive CB=1
at decision diamond 210. If  the there have been N consecutive CB=1, the
access terminal applies the last  data rate at step 212 to RL
transmissions; else processing continues to step  208 to decrease the rate.
In this way, the access terminal adjusts the data rate  to maintain the
transmission data rate below a target value. If the data rate is  below the
target and the access terminal has received a predetermined number  N
indications that the system is congested, the access terminal decreases the
data rate. In this scenario, the access terminal is maintaining a data rate
below  a target specific to the access terminal, but the system is still
overloaded, i.e.,  the congestion control of AT(i) is not reducing
congestion sufficiently. The  access terminal then transmits at the new
rate at step 222. [1037] Note that according to one embodiment the
probability of adjusting at  least one previous data rate, such as Pd(i),
is a function of the data rate,  wherein the probability for decreasing is
given as Pd(i,R), and the probability of  increasing is given as Pu(i,R). R
refers to the last rate used by the access WO 02/101956 PCT/US02/17815  11
terminal, or may refer to a function of the historical data rate
information. Lower  probabilities for higher rates and higher probabilities
for lower rates act to  smooth the load variations experienced in the
access network. [1038] Returning to decision diamond 204 of FIG. 5A, when
the congestion  bit is cleared, processing continues to decision diamond
214 for processing an  underload condition. If the last rate is less than
the target, the rate is increased  at step 218 with a probability specific
to the access terminal and specific to  increases in the rate. The
probability is labeled Pu(i), wherein the u  corresponds to increase
probability, and each access terminal may have a  unique probability. If
the last rate is not less than the target rate at decision  



diamond 214, the access terminal determines if there have been N
consecutive  CB=O at decision diamond 216. If the there have been N
consecutive CB=O,  the access terminal applies the last data rate at step
220 to RL transmissions;  else processing continues to step 218 to increase
the rate. In this way, the  access terminal adjusts the data rate to
maintain the transmission data rate as  close to a target value as
possible. If the data rate is above the target and the  access terminal has
received a predetermined number N indications that the  system is not
congested, the access terminal increases the data rate. In this  scenario,
the access terminal is maintaining a data rate above a target specific  to
the access terminal, but the system is still underloaded, i.e., the
congestion  control of AT(J) is not sufficiently utilizing the resources of
the system. The  access terminal then transmits at the new rate at step
222. [1039] FIG. 5B illustrates an alternate embodiment for congestion
control,  wherein the congestion indicator includes multiple bits. The
first bit(s)  correspond to an adjustment indicator to indicate the
direction of data rate  adjustment, i.e., increasing or decreasing. At
least one other bit corresponds to  a target indicator and is used to
indicate whether the mobile station is to use  data rate targeting, i.e.,
always adjust or compare to a data rate target specific  to the mobile
station. In one embodiment, according to method 300 illustrated  in FIG.
5B, the access terminal receives the congestion bit at step 302 and
evaluates the adjustment indicator CB(err) at decision diamond 304. For
CB(err)=1,  processing continues to decision diamond 306 to handle an
overload condition,  else processing continues to decision diamond 314 to
handle an underload WO 02/101956 PCT/US02/17815  12 condition. For the
overload condition, the process evaluates the target  indicator CB2 at
decision diamond 306, wherein CB2 indicates that the system is  severely
overloaded or underloaded depending on the value of CB1. For a first  value
the mobile station is instructed to adjust the rate at step 308 without
consideration of a target data rate. For a second value of CB2 the mobile
station compares the last rate to a target data rate at decision diamond
310.  The target data rate is determined specific to the access terminal or
mobile  



station. If the last rate is greater than the target rate, the rate is
decreased at  step 308 with a probability specific to the access terminal
and specific to  decreases in the data rate. The probability is labeled
Pd(i), wherein i is an index  for the access terminals in the system, d
corresponds to decrease probability,  and each access terminal may have a
unique probability. If the last rate was  not greater than the target rate
at decision diamond 310, the access terminal  uses the last rate at step
312. The access terminal then transmits at the new  rate at step 322.
[1040] Returning to decision diamond 304 of FIG. 5B, when the congestion
bit is cleared, processing continues to decision diamond 314 for processing
an  underload condition. At step 314 the target indicator CB2 is evaluated.
For a  first value the mobile station is instructed to adjust the rate at
step 318 without  consideration of a target data rate. For a second value
of CB2 the mobile  station compares the last rate to a target data rate at
decision diamond 316.  The target data rate is determined specific to the
access terminal or mobile  station. If the last rate is less than the
target rate, the rate is decreased at step  318 with a probability specific
to the access terminal and specific to decreases  in the data rate. The
probability is labeled Pu(i), wherein i is an index for the  access
terminals in the system, u corresponds to increase probability, and each
access terminal may have a unique probability. If the last rate was not
less than  the target rate at decision diamond 316, the access terminal
uses the last rate  at step 320. The access terminal then transmits at the
new rate at step 322. [1041] The method 200 of FIG. 5A allows the use of a
single congestion bit,  wherein the processing is performed at the mobile
station to determine if a  predetermined number of congestion indicators
have a same value. This  processing requires the mobile station, and thus
the system, to wait at least the WO 02/101956 PCT/US02/17815  13
predetermined number of times to receive the predetermined number of
congestion indicators before the mobile station will force a data rate
adjustment.  In contrast, the method 300 of FIG. 5B offers a fast,
responsive congestion  control as the access network uses the target
indicator to force a data rate  



adjustment at the mobile station. The mobile station thus receives
sufficient  information in the congestion indicator to make the congestion
decision on  receipt of a single congestion indicator. The increase in
responsiveness of  method 300 is at the expense of adding an additional bit
or bits to the  congestion indicator. [1042] Alternate embodiments may
implement other bit combinations or  congestion indicator methods which
allow data rate targeting at each mobile  station, while also allowing a
forced adjustment when the targeted adjustments  are not sufficient to
impact the overall system performance. [1043] Alternate embodiments may
implement alternate polarity schemes for  identifying overload and
underload conditions. Similarly, alternate embodiments  may consider a
history of previous data rates, wherein a next data rate is  calculated as
an adjustment to at least one previous data rate or is a statistical
calculation based on the historical information. Additional steps and
decision  criteria may be added for congestion control specific to a
desired system or  user. [1044] The methods and apparatus disclosed herein
provide enhanced  congestion control in a wireless communication system by
adding data rate  targeting of individual mobile stations or access
terminals with a closed loop  resource allocation control method.
Additionally, congestion control may be  further enhanced by directly
controlling the probability of exceeding a desired  congestion metric.
[1045] FIG. 6 illustrates an access network 400 that is a transceiver
having  receive circuitry 402 and transmit circuitry 404 coupled to rate
control unit 406.  The AN 400 further includes a congestion control unit
408. The congestion  control unit 408 measures the congestion level of
transmissions and compares  the congestion level to a threshold as
described in FIG. 3. The AN 400 also  includes a communication bus 410, a
processor 412 and a memory storage  414. The operation of congestion
control unit 408 and rate control unit 406 may WO 02/101956 PCT/US02/17815
14 be controlled by hardware within these units or may be controlled by
software  



instructions stored in memory storage 414 and operated by processor 412.
Calculation of a threshold value may be performed as described in FIG. 3,
wherein the threshold is calculated and applied by congestion control unit
408.  Alternate embodiments may implement the various functions of AN 400
with  alternate control units and may combine functions within one unit.
[1046] FIG. 7 illustrates an access network 500 that is adapted to
implement  a congestion control method similar to the method illustrated in
FIG. 3. Access  network 500 includes receive circuitry 502 for radio
frequency processing of a  received signal. Receive circuitry 502 is
coupled to congestion metric  measurement unit 508. As in step 184 of
method 180 of FIG. 3 the congestion  metric measurement unit 508 may
measure the ROT of received signals or may  measure the cell loading, or
some other metric indicative of the congestion  condition of the system.
The congestion metric measurement unit 508 provides  the measurement
results to outerloop threshold adjustment unit 504 and  comparator 510. The
output of congestion metric measurement unit 508 may  provide the
information in format(s) specific to the needs of each unit 504, 510.  The
outerloop threshold adjustment unit 504 also receives the desired threshold
for determining a congestion condition. Note that in one embodiment a
single  target is used to indicate either overload or underload, however,
alternate  systems use multiple target values to indicate congestion
levels. The outerloop  threshold adjustment unit 504 initializes the
outerloop threshold value as in step  182 of FIG. 3. The initialization
sets the outerloop threshold equal to the  desired threshold. The outerloop
threshold adjustment unit 504 then adjusts the  outerloop threshold value
as in step 194 and 196 of FIG. 3. The outerloop  threshold adjustment unit
504 also receives a result of the comparison of  comparator 510, wherein
the result determines the type of adjustment. In one  embodiment, the
outerloop threshold is decremented by different values  depending on the
result of the comparison of a measured congestion metric to  the desired
threshold in comparator 510, as in decision diamond 192 of FIG. 3.  The
outerloop threshold unit 504 is then coupled to the comparator 506,
wherein the outerloop threshold generated by unit 504 is compared to the
measured congestion metric of unit 508. The result determines the value of
the 



WO 02/101956 PCT/US02/17815  15 congestion indicator, which in the present
embodiment is a congestion bit and,  therefore, the result determines the
polarity of the congestion bit. The output of  comparator 506 is provided
to congestion bit generator 512. [1047] Continuing with FIG. 7, the desired
threshold is also provided to  comparator 510, wherein the measured
congestion metric of unit 508 is  compared to the desired threshold. The
result of comparator 510 is provided to  unit 504 and determines the amount
of adjustment to the outerloop threshold  value. In this way, a margin is
maintained between the outerloop threshold  value and the desired threshold
value. [1048] FIG. 8 illustrates an access terminal 600 adapted to perform
the  method of FIG. 5A. The access terminal 600 includes receive circuitry
602 for  radio frequency processing, wherein receive circuitry 602 provides
the  congestion bit to a congestion bit counter 604 and a comparator 606.
The  counter 604 tracks same valued consecutive congestion bits received at
the  access terminal 600. The counter 604 may be implemented in software,
wherein the counter is cleared on receipt of a different value congestion
bit. [1049] The comparator 606 compares the last data rate to the target
data  rate and provides the result to data rate adjustment unit 610. The
data rate  adjustment unit applies a first control for congestion
conditions and a second  control for underload conditions. Congestion
conditions are indicated by a first  polarity of the congestion bit and
underload conditions by an opposite polarity.  The data rate adjustment
unit 610 also receives a count value, i.e., the number  of consecutive
congestion bits having the same polarity of the current  congestion bit. In
response to the result of comparator 606 and the count value  from unit
604, the data rate adjustment unit 610 adjusts the data rate. The  count
value is compared to a maximum number of allowable adjustments. As
illustrated in steps 212 and 220 of Fig. 5A, if the count value is less
than the  maximum number, the access terminal maintains the last data rate.
When the  count value is equal to or greater than the maximum number, the
access  terminal adjusts the data rate consistent with the congestion bit
information. 



[1050] As described hereinabove, congestion control is enhanced by
outerloop adjustment of a congestion threshold, wherein the adjustment
applies  a margin to the threshold having a predetermined probability of
exceeding the WO 02/101956 PCT/US02/17815  16 threshold. According to one
embodiment, the outerloop compares a measured  congestion metric against an
outerloop threshold and also against a desired  threshold. [1051] As
described hereinabove, by providing specific data rate targets to  each
access terminal, congestion control is enhanced. Each access terminal
responds to an overload condition, as indicated by a congestion indicator,
by  decreasing the last data rate so as to reduce the data rate below a
target rate  specific to the access terminal. When the access terminal is
transmitting at a  data rate below the target rate, the access terminal
will respond to a congestion  condition by using the last rate. If the
system congestion is not relieved, the  access terminal will decrease the
data rate in an attempt to reduce system  loading. In this situation, the
access terminal decreases the data after receiving  a predetermined number
of system congestion indicators. [1052] One embodiment applies the
outerloop threshold adjustment method  with the specific targeting of
individual access terminals for determination of  data rate. The access
terminal may provide historical information to the access  network, wherein
the information is used for determining the outerloop threshold  and or a
desired threshold. [1053] Those of skill in the art would understand that
information and signals  may be represented using any of a variety of
different technologies and  techniques. For example, data, instructions,
commands, information, signals,  bits, symbols, and chips that may be
referenced throughout the above  description may be represented by
voltages, currents, electromagnetic waves,  magnetic fields or particles,
optical fields or particles, or any combination  thereof. [1054] Those of
skill would further appreciate that the various illustrative  logical
blocks, modules, circuits, and algorithm steps described in connection  



with the embodiments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate
this  interchangeability of hardware and software, various illustrative
components,  blocks, modules, circuits, and steps have been described above
generally in  terms of their functionality. Whether such functionality is
implemented as  hardware or software depends upon the particular
application and design WO 02/101956 PCT/US02/17815  17 constraints imposed
on the overall system. Skilled artisans may implement the  described
functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure
from  the scope of the present invention. [1055] The various illustrative
logical blocks, modules, and circuits described  in connection with the
embodiments disclosed herein may be implemented or  performed with a
general purpose processor, a digital signal processor (DSP),  an
application specific integrated circuit (ASIC), a field programmable gate
array  (FPGA) or other programmable logic device, discrete gate or
transistor logic,  discrete hardware components, or any combination thereof
designed to perform  the functions described herein. A general purpose
processor may be a  microprocessor, but in the alternative, the processor
may be any conventional  processor, controller, microcontroller, or state
machine. A processor may also  be implemented as a combination of computing
devices, e.g., a combination of  a DSP and a microprocessor, a plurality of
microprocessors, one or more  microprocessors in conjunction with a DSP
core, or any other such  configuration. [1056] The steps of a method or
algorithm described in connection with the  embodiments disclosed herein
may be embodied directly in hardware, in a  software module executed by a
processor, or in a combination of the two. A  software module may reside in
RAM memory, flash memory, ROM memory,  EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a  CD-ROM, or any other form of
storage medium known in the art. An exemplary  storage medium is coupled to
the processor such the processor can read  



information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the
storage  medium may reside as discrete components in a user terminal.
[1057] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to
those  skilled in the art, and the generic principles defined herein may be
applied to WO 02/101956 PCT/US02/17815  18 other embodiments without
departing from the spirit or scope of the invention.  Thus, the present
invention is not intended to be limited to the embodiments  shown herein
but is to be accorded the widest scope consistent with the  principles and
novel features disclosed herein. [1058] WHAT IS CLAIMED IS: WO 02/101956
PCT/US02/17815  19 CLAIMS  1. A method for generating a congestion
indicator, comprising: 2 determining an outerloop threshold as a function
of a desired threshold,  measuring a congestion metric; 4 comparing the
congestion metric to the desired threshold; and  updating the outer loop
threshold in response to comparing the  6 measured congestion metric to the
desired threshold. 2. The method as in claim 1, wherein the congestion
metric is a Rise-Over- 2 Thermal measurement. 3. The method as in claim 1,
further comprising: 2 Comparing the congestion metric to the outerloop
threshold; and  transmitting a congestion indicator in response to
comparing the  4 congestion metric to the outerloop threshold. 4. The
method as in claim 1, wherein updating the outerloop threshold further  



2 comprises: subtracting a first value 0 from the outerloop threshold in
response to a  4 first result of comparing the congestion metric to the
desired  threshold; and 6 subtracting a second value 8 from the outerloop
threshold in response to  a second result of comparing the congestion
metric to the desired  8 threshold. 5. The method as in claim 4, wherein a
ratio of A to 6 corresponds to a  2 probability of exceeding the desired
threshold of the congestion metric. 6. In a wireless communication system,
an apparatus, comprising: 2 congestion metric measurement unit operative
measure a congestion  metric of the wireless system; and WO 02/101956
PCT/US02/17815  20 4 outerloop threshold adjustment unit operative to
determine an outerloop  threshold as a function of a desired threshold. 7.
The apparatus as in claim 6, further comprising: 2 a comparator coupled to
the congestion metric measurement unit and the  outerloop threshold
adjustment unit, operative to determine a next  4 congestion indicator in
response to comparing a measured congestion metric to the outerloop
threshold.  8. The apparatus as in claim 6, further comprising: 2 a second
comparator coupled to the congestion metric measurement unit  and the
outerloop threshold adjustment unit, operative to compare  4 the measured
congestion metric to a desired threshold, wherein the outerloop threshold
adjustment unit adjusts the outerloop  6 threshold in response to the
second comparator. 9. The apparatus as in claim 8, wherein the outerloop
threshold adjustment unit  2 comprises: first means for adjusting the
outerloop threshold by subtracting a first 4 value A from the outerloop
threshold in response to a first result of  comparing the congestion metric
to the desired threshold; and 



6 second means for adjusting the outerloop threshold by subtracting a
second value 6 from the outerloop threshold in response to a 8 second
result of comparing the congestion metric to the desired  threshold, 10
wherein a ratio of A to 8 corresponds to a probability of exceeding the
desired  threshold of the congestion metric. 10. The apparatus as in claim
9, wherein the first means is a set of  2 computer-readable instructions
stored on a computer-readable storage  unit, and the second means is a
second set of computer-readable  4 instructions stored on the
computer-readable storage unit. WO 02/101956 PCT/US02/17815  21 11. The
apparatus as in claim 9, wherein the outerloop threshold adjustment  2 unit
initializes the outerloop threshold to the desired threshold. 12. The
apparatus as in claim 9, wherein the outerloop threshold adjustment  2 unit
determines the outerloop threshold having a predetermined margin  with
respect to the desired threshold. 


