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CONGESTI ON THROUGH DATA RATE ADJUSTMENT | N A W RELESS COVMUNI CATI ON SYSTEM
BACKGROUNRO ozitedod3 [ 1001] The present invention rel ates toPcamsonigiaii ons
systens. Specifically, the present invention relates to nethods and
apparatus for congestion control in a wireless comruni cati on system
Background [1002] In a wireless comuni cation system a base station
comunicates wth nultiple nobile users. Wreless comuni cati ons may

i nclude | ow delay data communi cations, such as voice or video

transm ssions, or high data rate comunications, such as packetized data
transm SEETHOS. Al BPPERATYAt FORARBIUQTAON MIF IS:I@NGE(E}s)E%EHB@IB?H EATA (RR8E AINEYHOYT
AND APPARATUS FOR Hl GH RATE NPACKEEELEAT ACTHANSH 53] EXBTEM | | ed Nov. 3, 1997
describes high rate packet data transm ssions, and hereby expressly

i ncorporated by reference. [1003] In a wireless conmunication system and
specifically a system adapted fdBAGKIGRQUNDr ansni ssi ons, congesti on and
overl oadi ng may reduce the throughput of the system Congestion is a
measure of the amount of pending and active traffic with respect to the
rated capa?’.éﬁ of the system System overload occurs when the pending and
active tra 1" exceeds the rated capacity. A system may inplenent a target
congesti on[1@9F tThaw Jb‘l‘béell‘itttrﬂ/bhhon aefles i aps pomhwunicatioher r syastéms,
i.e., to avoid, overloa and under | oadj ng of resour ces. 10041 Or}
pr obl em wi ﬁp%ﬂ@ﬁ“)&adhﬂgpi’%eﬂhénﬁ@]t&fbdeW%stﬂ $3¢1BRJS e3P rdyaratyg, for

i ncrease | Ry hgagﬁﬁ?oﬁﬂ,mn vah?é]ezjssefﬂrﬁn{dﬂn@ﬁmd 52 :%rﬁn | evel tinmeouts,

wherein an a ron requirin ta wal onger than the
application is pr ogrammed to al I ow. Applications will then needlessly
resend rresEaa%@s ti meouts, causing further congestion. If this condition
conti nues Eﬂ%ldem m ght reach a condition where it can service no

users. ThuF 002 abﬁ\eac\ﬁ.r@rtesgraonwwhaéﬂ&@%%tw AUsAY 48di8R commaniesds on

control e systemw || performnuch below its rated capacity.
with multlple 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



There is a need therefore for congestion control that increases the
efficiency of a wireless systemand reduces the probability of overl oadi ng
or a faulwo oSuMuBRY [ 1005] Enbodi nents di scl osed herei n &ddrsey181B above
stated needs by providing an efficient nmethod of congestion control that
al l ows individual access termnals to i2mpl enment individual targets.
According to one aspect, a nethod for generating a congestion indicator,

i ncl udi ng dengesian ggntal, oheepydem wilhmesiosmd mucha beipve tiisofiatefl earpeilyr ed
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o the desi TS e el GERAEE I GolEkBih cofATAR! PRioieer ARG BF
response t & wiopss spsteirhandesdutestthe prgiesiilitg of ieeroadinyortahfauiiesi r ed
threshol d. [1006] In another aspect, a nobile station apparatus includes a
means for receiving a congestion indicator and determ ning a congestion
condition therefromand a data rat$ NAR means for determ ning a next
data rate as a function of a histo m C gestion i ndicators and as a
function of data rate history for the nobile station. [1007] In still
anot her aspect, a nmethod for generating a congestion indicator, includes
det er m ni ng16@5Jout Emblodispentsr disblobed dwerainf addreiss rthef akzovie statedl needs éyhol d,

. o . o th thote .. -
desired thidnang ansanclEhmethgt A EehuTdion Suptl Mrauabiy M drett o
conpari ng t8eninBRSHY i lém%ﬁﬁdi\ﬂﬂuﬂeﬁa"r%ﬁsl Addirditgstor 66k tAzpest @l ghettiRid EF

DESCRI PTI ON OF THE DRAW NGS [1008] FI 1is a wreless comunication
system [ 1d00]9ene@ting j& GPrUestior hindicasar, dnﬁ’é@m deteBiNgs A PUWRAl  at

an access rik, d i L el ess [ t d cd.for e
packet | sed ERlEras & BrthdPop5 i oaRE Medidapis1a LafgtiRmerics | .
fl ow chart coimparimgt thed cohgastitinnghetric dnghst desirecio thiresholdd emids updating the :
W rel ess comuni cat i on,  syst em adapted for Eacketi zed transm ssion; [1011]

FIG 4 is &4W§TPAg taeshpkhingiesaaneR{q FRyPatngdas inpAsUiPd Sep08San Melfcat i on
to an out el kOB SRPBRE4IEIGL hr eshol d;

[1006] In another aspect, a mobile station apparatus includes a means for

receiving a congestion indicator and determining a congestion condition
therefrom and a data rate control means for determining a next data rate as a
function of a history of congestion indiéators and as a function of data rate
history for the mobile station.

[1007] In still another aspect, a method for generating a congestion indicator,
includes determining an outer loop threshold as a function of a desired
threshold, measuring a congestion metric, comparing the congestion metric io
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

[1008] FIG. 1 is a wireless communication system;
[1009] 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;



[ 1012] FIGs. 5A and 5B are flow charts of nethods for congestion control at
an access termnal in a wireless conmunication system adapted for

packet i zewO oenenesiri ssion; [1013] FIG 6 is an access net woCH/USn2/#8194 r el ess
comuni cation system [1014] FIG 7 is an access network for inplenenting
congestion control as in FIG 3; and [ID15] FIG 8 is an access termnnal
for inplenenting data rate control as in FIG 4. DETAI LED DESCRI PTI ON
[1016] The [AGAQT " ckhpp b i ot eimanee o W@k@gnat@ﬂﬁeéﬁonmr%g as

N SXaIbl e JBRNGF. aOtutdddiot Lo Bhicarty SR TRBdeo g Hesbigrad n as

exenpl ary™ 1's not hetesoar onstr erre van ageous
over ot her tenzodissiont s. [1017] A nobi l e subscriber station, referred to
herein as an_Access, Term nal be_nobi |l e or statignary, and nmay
commruni cati f ohlSoft 'ﬁn@e’"rﬂ%{@edm&ré Shan Arsised CONOLSHER ﬁéfesﬁpgjné'?ri ts
and recei veg|¢8hdo Cdiﬁéﬁlo&;?chH Bsifdle hrééhd’lare nodem pool transceivers to a
base station contro I er err d to ere| n " as a Modem Pool Controller,

MPC. Modem[pO®2] t r B3 &6A and Shdrenfiole rahawis! of meﬂmdelfbecen@esnopacrdrﬂrod)at a

network called the Access. Network. An access. net orts
packet s berllearraraIieNie! e MBI frmadicate Ssitaedapa TG
further conpeEhfssibr; additional networks outside the access network such

as a corporate intranet or the Internet, and may transport data packets
bet ween eadh0BBLesEIG.¢F isiamaceass naivhrioin a WirelasstaasimgNication SY8esE t er mi nal

modem pool 1P Lol Db 215 4 el FRREmERITEdhath' Dryles MG ©

to be in aRlGaBf apdstate. Note that an access network nay consist of a base
WO 02/ 100053 PCT/ US02/ 18135 4 station, wherein the base station js adapt ed
for conmunilé@1%bn GlGH8 & BP@C&%%}er@?'nab{%é@‘sﬁ’lqr@@'ﬂﬁﬂga@%taame§OBH§ba%ﬂ'ht|on

control | er.551918] An access termnal that is in the process of
establishing an"active traffic channel connection with one or nore nodem

pool transceivers is said toDRFAILED DESCRIPTIOMNMup state. An access
term nal may be any data device that

[1016] 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.

[1017] 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 active 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



communi cates through a wirel ess channel or through a wired channel, for
exanpl e using fiber optic or coaxial cables. An access term nal may further
be any oWoazneuwb®r of types of devices including but not PCrmsrzsisd PC
card, conpact flash, external or internal nodem or wireless or wireline
phone. The communication link through vwhich the access termnal sends

signals to e dem ppol, transceiver, i |l ed a reverse.link. The

conmun cat SAHAN TP O RBE GRS RSl WS ASAETR S BEICORHEBE TR P beh BLrafG RS s 1o
an access berddd@rnifals @l £Hask @tivA@ntoNg. [1019] FIG 1 is a diagram of
a communi cations system 100 that supports a nunber of users and is capable

of inplemefl®H] at Aneacnessoesminep daaisisaindthee phestisseoit establishiag iaiv astiven.

System 10. r oyl des .co ni.cat t.on_ for nu rof I 02A thr

205G each TGRS CEBROIGE WG e or Bl S ool BebSed e Sk
t hrough 104G inr£sa@tddtivalsstup Qta?téleAﬁWEbbél’té’rmiﬁﬁhﬂﬁ}/] merdny GRERic¥cdimae
stations 104 have nultiple receive antennas and others have only one

recei ve anCeRwaunisaias Hpygh syneirelesyLhansehtaroisoudn a wekes ehponegl, for

transmt a - V. ' tr ' e no
restricti o%gggﬁ?? Hgﬁ@gfﬁtgélr@ﬂl%o%}oé*ﬁ EP ;&%hger%'tgﬁﬁggnﬁggg rﬁﬁ@f"e‘%ﬁ\h}@{& 58

ant ennas. &hgref er aumbericf fypesidil delices anblagings bat inob libfited do RGecawdl ti pl e
transmt antennas_,and a single receive antenna, or to have nultiple_.receive

ant ennas af@MPast Higsl. extgraliar intgraalraodem, p Wirgless ek Wirelingphoge. nhe i pl e
transmt a ' RMARSuaH 3R r A ' a ea
may be fi ngn{(lﬁ &@.b%ﬁ%r?glhﬁonar yc%r{ or négfglé(;edé%éstse ﬁg\;ﬁ\}? I |r§r?rn E?Gﬁaki‘slgv%ref%s
term nal s b@®lean epddlsiranseziverhisocghedta rewerseylinkem THactommumicadion 1 ek

conmuni cates with at, | east, one d possi bl nmore base stations 104 on the
downl T nk_adiroligh ke hued e Hashaier sopef doRg o af BRoLamEa et her
sof t handothlid$ aGBRYMEMKOr Whether the term nal is designed and operated
to (concurrently or sequentially) receive nultiple transm ssions from

mul tiple bdE19t at Fms1 issafdiagraitief a qomropmsationsrfysipanl 00 thatssuppents a s

bl uSngy oo kol 1 CAAEI°GE Gt A, 41 S SO0 et

FOR  PROVI Bhiodim&hitsT ofiANeOnivehfior CB¥teRir 100 providdd&Ridaihunication 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.
[1020] 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



SYSTEM " which is assigned to the assignee of the present invention and

I ncorporated by reference herein. [1021] The downlink refers to

t ransm sswon2fiens t he base station to the termnal, and trha/uspt/isiBsrefers
to transmission fromthe termnal to the base station. In the exenplary
enbodi nent, some of term nals 106 have rﬁllti ple receive antennas and

nave mul i1 8- AR { NGt SnEEe0Encensiied) <MEYEAT DD  SFEFEN EolRnnas.

There are HROGHIDING! ROTSOPT HANBORP NRL iKONSDAA tCEDEML ARRMEERONE
receive antennas. Therefore, it is possible for a termnal 106 to have

mul tipl e t SASHEM, anthicinds @ﬂurmobtcnghe assignese ofirthenpr@sent invendion andti pl e
recei ve ant nas %ab tﬂ% hransmt antenna or to have both single or
mul tiple trJ RPEEBY OY B VRCRAR S has. I1n FIG 1, base station 104A

transmts [119213_1 t oTher dbwAlink 1A ardMrissiont Fenfaneidde, shaon & i on
104B transnmts data to term nals 106B and 106J, base station 104C

transmits defaingb and iheaiplink gsters dadransreiasiop1iiom thentesminal dpethe base

conmuni cat i S em [ s
adapt ed forS?ép:[ eﬁrﬁzr{h‘a %n&%{féﬁ%ﬁmrﬁgohggﬁé c%;u t%'?ﬁ'&'”g@ {1:%21 & @Eﬁ’@
reduce the redms;oe@hmnnasfamd]etmwham ohlyr ¢rieereceive antenhel Similahprsonme oft i on
system adapted for a m xtu of both voice and data type traffic,

over | oadi n¢eiMINgIsc Y8 haug m%‘aﬂlet"bambﬁﬂw%‘&ﬁl §”ﬁrﬂh@§rhﬂ@§'%’8rtéﬁf§c’mbn in
voice capapidpnad, 1?&%!9 \%ﬁ‘%%‘sﬁ’i‘&tn&ﬁé‘bﬁ%e' SorRbihg: oﬁ?%?ﬁ%h&ﬁfteéjntgﬁnéé:w“m

for autononpus tra IS not estimated by a syste
congestion amdnteaelivesymtmnam d hernéfoed,eif Ss qrmﬂabie dat ieotersyinale D8 yipi eave y

nonitors vari.au act or | ke channel i nk occ C ssag elay,
nunber of - JuuiR kRS M CartbRes, Hhcscsinle et SRlETE: oh 1§ Fevadeutpe
control copgesilé oantehRAs LA %ygtn@la itfarval lP@siRth or! tofha®d Bith SsifGIBISET | ON
criteria threshold. For an overl odaded condition, the systemmay Thnitiate

actions toméipleetramemit adesgiveeardennasy m &6i d, hageatatienjl 044 ignataits

hat when TR R SmifafYEh, BGL DRV MG A (e e BROY SRk Rty o "

congest i on dagy &b tertinalRyRIGBandi 106d| Base wiaton 104@fifdrsnundathiterterminkl t he
system gets under | oaded, the traffic conditions are adjusted as well. WO

02/ 100053 PEFCISN/SBABS
[1022] 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.

[1023] Congestion control is often necessitated to account for autonomous
traffic which is not weli 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.



6 [1024] Congestion is a neasure of the ampbunt of pending and active
traffic wth respect to the rated capacity of the system System overl oad
occurs wwp 02tttm®spendi ng and active traffic exceeds the racedsoapasity.
Overl oading may be due to too nmany active users or high anounts of pending
data per transmission. One problemwiti overloading is the del ayed

transm ssiqQn onses. ,An .increase in,response t.ine often |eads. to.
appl i catiof 1024RI CPRasHHA ispanaisiirg o the Bl o5 panding A ke tallic,
vai t s | ongegitf Rapeth® BRhtethbaSatilySofRhe 8y stare d Systentherbad BBt drs afHems
wi |l then needl essly resend nessagés on tineouts, causing further

congest i on.the pending aywhactivelatiier@ioeeds the sategdsrapacity gdvariaadingmay i ti on

R L
consi der i n@hdgropiee ivith overieadingsist iaf idetayell ahsmigzigre sbsgohsesnt A

seeks #0 keep the_ system runni ng? approximately _at a target or rated
capacity. @nerease ibegionserHieataien leads (@ applcatiancieyet iimeoHispdergih aser s
t hat have agcess: Lo ' i '
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gi ve hi ghl yalldegr Aplsitations wile tHen aéédiedsly vesarsl mEssagese oa timeduts,cersing

service |eave the system after conpletion of service, thus reduci t he
ot ng on TiHger dpagestiaty I s yeaNRitery CPRTNSS e Sistolls Ao ISt 4 o

service. | tcldnait@nggﬁéreoft_caw&émceswét@a@ ITHiZehSaMédcd8l BnfeeRgSstich at

| east sone | eve service from the systemfor at |east sone portion of
time. [102@&jonthk thewsyisterh wiingedeinormich heloys titsnmatiey dapagiy.ewiihowddevgn

nmonitoring _the data rates.of. pendin active users, and the received
si gnal st réw‘?&ﬂ?e“Pag‘?ﬁﬁ@BaW %?Wéga"%csi red quality of service. I'n a
CDVA wi r el §3625) st €Bhgestith BbnieaRssakeol Kedpiiey S@itemc Rmning apgroximateieasur e

of the cell/sector congestion is the total recelved power at the base
station. Adata faygef of patedogapacitye cOnpaeinrkee! aongertionaseniselesbists the he

t hermal noi [.vas ' t he [: ' erred
o ae R oo LT ulefthaRba6E acoBRaRS Sete, | (Eofif BARRiRE MinhSatdri

| i m tati onsonfobplwidesasatisfdctofy S&Videstot 41entalit gerceniege- dfoaskrs Tater #idn | oad
contribution due to each access ter nication with the, base

lnal in ¢
station may@iyeh degtpdad spRvics 5?15]'-tﬁ%-usﬁfﬁ-erf HRRlS thhscopss 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.

[1026] 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.

[1027] Additionally, the timing of congestion control action impacts the
operation of the system. If congestion control is introduced too early, traffic may



[ 1027] Additionally, the timng of congestion control action inpacts the
operation of the system If congestion control is introduced too early,
traffic e o@23 100053 PCT/ US02/ 18135 7 be rejected thacTasot/dibave
processed. Simlarly, if congestion control is delayed too |ong, the
system may becone inoperative due to heagwy traffic. [1028] FIG 2
illustrates a nethod 150 of congestion control applicable to a wreless
comuni cat il rejpstashthainecwgebaye qaorgssecs onvimilaghit ilbrosgesiion ceaipt d8l f or

et wor k. sUSIRRRTERIA She HRIF M hecttnl b Bl S8k B ey PEEES° i o
starts by d4028]i nFI@. 2 iikehaess aqnetrmaeis@r@dc@n%@gtmso@mbl plicalgedta on

Bit, CB, at step 152. The congestion |level may be deternmi ned by a
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net wor k t o aucess snettverkyi suehs as nalibesel statianc onge Hasensiative| carftrdilbe sis¢ em

According to one enbodinent, the CBis a single bit with significapce

i ndi cat ed we%@ﬂaﬁf@@s ' 3@@&%@ oﬁe,C°P9%$",'°q1 Hevel tan %ePg”?%QS’éﬁ'Ebs t he
systemis c@&y&q r HEea i frh &y gat

operation req re@ﬁamg?rBr)’eegpsgﬁgﬂﬁg' dﬁ%j ﬁst sﬁt}&?Hg \?%er{]/@; gg dLeit%ﬁﬁHéRﬁfb? at a
rate(s). A dangiesthdon metidc, such.ag the avarage datd waie @f alliusdirs; aard3OfhetcsyEiem i s

t t d . be,.und ded d ¢ .efficient ti
Suggest s arSHB RPN it PREERR 56 1BPap byt s s fisth BhEdRElee may
i mpl ement - ajbrigebBom ahdicatol ahht Ys Iedimmitted 1PGR] thel Bttasd hetWbielo eiteass nent s
may i nplenent a code word or a multiple bit congestion indicator, wherein

addi tional tPAMBRMaindeatingy& gongestirn Ipalepf dhe coirriert i oACeRIPiNge tprefe ded
Lot oo or SRAIETEERD, RG] bRl nBeeR) PR 10,
a deci si on |lbgisad ope, tilee, ey diit ¢§ s=tpdeditaies. theAaystathnig tongestbd aamaybt i pl e
bit schenme, access termnals pgay be prioritized or classified, wherein a
hi gh pri or i@@”&é@;@g’s af’@rtﬁi‘ﬁa@f%gm ﬁg?qréﬁr&pﬁéﬁt@naé?%f%ﬁt corrgsPondiRg er e
o vetoa TSR AVl ONE! O I oitOn 238 S BBl T iy
prioriti zatdlearegnindicates thansystem i nbheonggsied fand maynbe sinvieyloaded,hand
service thus efficient operation suggests an adjustment of the RL data rate(s). Alternate
embodiments may implement an alternate polarity scheme. '

- [1029] Similarly, other embodiments may implement a code word or a
muliiple 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.

[1030]  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



accessed by the access termnal, or any other criteria specific to the
system [1030] Still other enbodinents nmay transmt a dedicated signal to
i ndi cat e WO ocoo®exsti on condition or |evel. One enbodi nent PORIGS0Y/IEABSN t S
the congestion information if the systemis in overload. An alternate
enbodi ment only transnits the congestidh information if the systemis
under | oaded, wherein acce?]s WO 02/ 10005@ P(%’d/ Lﬁ?Z/ 18135 8 .ternminals assume
the system$NIBRSr PESYBE IR BYHCMN IS, OVRLRAQRA | §VoFecaife dnferaations; | |

ot her embodieise. M8y %%er%?ﬁb&d?@%ﬁé Haég/p 't%h%@ﬂgé&forﬁb{i?m@h thé sp%fn% ng

overl oad, wherein a margin Is us to y a conServative contro schene.
A vari ety & neadhgnmemteadaywheesinsetargin isdused ¢o @pplyeatdomsen|ati@s idontrol
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decision dianond 158 if CB is set, i.e. CB=1, processing continues to step

160 to redipeamitdhalBieareris t@ﬂﬁmaﬂ(ﬁbn. The waccess terminal then
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Again at decision diamond 158 if . CB is cleared, i.e. CB=O procgassi
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transmts rtangﬁug%”)ﬂé’g@dgﬁlargsfl%tlaékw?tbr%%g@g}lq(i %?gf’%rﬁé&f%éﬁ@'i'gé%gé? J%Wai t a
next congewricanihle,; atddtdiml ibhenaeatsorimehialiferPeid OB Raséty celeh eicobses t he
congestion information or level. A congestion nmetric i s neasured and
conpar ed t deraninal will lower the transmission data rate. Again at decision diamond 158 if
CB is cleared, i.e. CB=0, 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.
[1033] 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.
[1034] 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.



congestion threshold, wherein the congestion threshold may be a function of
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threshold is used by t ccess netwo to conpare to a congestion netric
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Pipors |G Aol vl s 0hoRB s oo BRI
t hr eshol d. the outerloop threshold by a value 6, 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.
[1036] The value of A and the value 8 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 (8 /A) controls the outage probability. For a given (8
/A) ratio, small values of 6 and A result in less responsive congestion control,
i.e., slower, and smoother. For a given (8 /A) ratio, large values of & 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



Specifically, the ratio of (8 /A) controls the outage probability. For a
given (8 /A ratio, small values of 8 and A result in | ess responsive
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| arge values of 8 and A result in nore responsive congestion control,
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congestion bit.and determ nes. a transm ssion rate based thereon. In one
embodi ment ,CORAEIGRY; nglﬂ%&ﬂo‘ﬁseﬁo illustrated in FIG 5A the access

termnal rqges8ES EHEH HRBESStEARINBI Fecdives! B2 cafbstion 1Y ahdadasrmhihes a
congestion bit "at decision dianmond 204. For CB=1, processing continues to
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cor r espondsonditidacr &as ehe ravezlioatli aonditemg 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 iis an index for
the access terminals in the system, d corresponds to decrease probability, and
each access terminal may have a unique probability. [f 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.,



each access term nal may have a unique probability. If the last rate was
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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.

[1041] FIG. 5B illusirates 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



access termnal adjusts the data rate to maintain the transm ssion data
rate as close to a target value as possible. If the data rate is above the
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uses the last rate at step 312. The access terminal then fransmits at the new
rate at step 322.

[1042] 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 steb 314 the target indicator CB; 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 CB; 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,



not greater than the target rate at decision dianond 310, the access
termnal wuses the last rate at step 312. The access term nal then
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i ndi cator. [1044] Alternate odi ments may i npl enent ot
conbi nat i o¢e gpt sufficient to impact the overall system performance

[1045] 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.

[1046] The methods and apparaius 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.

[1047] 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



congestion indicator nethods which allow data rate targeting at each nobile
station, while also allowing a forced adjustnent when the targeted
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level of t@HREIALE SOBHS! Wi COMPNG SUNHRRNS IV oD 8135 14 t he
congestion [’3: gzxr@un} ggl Al &Q@Edao@acé’@s%%étw%@k 599%5* |8?adaéeﬂﬁj t%l\lng&@rr@h%o

I ncl udes a a processor nory storage
414. The ommgasmOnfcmmngmmMSmlwnoltheu miéthdd dliustchtechireF&ard.r diccess t 406
may be cont ol

| e d thin t it t.rol l.ed
sof tware.mebipiicsodindEics Brany recdiry RSt Jacib oalieypoteting, o
processor 4éé’e|ve&aéi@%ﬁt | pceived dir’&[lﬁﬁ/h@(}i vgl usupﬂau R RRigerfioR dnitric
described in FIG wherein the thréshold is cal cul ated and applied by

congestion meﬁauremamhunlhﬁw Agin %Wa‘t%"r efrwdheetA88 aidyGi Bfhe mengestien
Fanct i ons AeHrAeRwrERler? Cplisgmly AT R HCE ot e IR A TBRE S50
that is adapéasireothenbbleneaing,aoc eBgrs bier aRmic dhdicativeod! sheridoagesiion he:
met hod illustrated in FIG 3._Access
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 adjustiment. 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,



networ k 500 includes receive circuitry 502 for radi o frequency processing
of; a received signal. Receive circuitry 502 is coupled to congestion
nmetric rmeaYenewsht unit 508. As in step 1184 of nethod 1®0TAfSoFISES 3 t he
congestion netric neasurenent unit 508 may neasure the ROT of received
signals or may neasure the cell |oadings or sonme other nmetric indicative
of the congestion condition of the system The congestion netric

measur emenwhangin B8 opiteniaape $hresheldngereratatb iy pek b4 ie copipared depthe

ot i o meal iRt canpeedoriouf O PRE Te eRpb skt muity vl BBt "
speci fic t @oh§estitatHRlicHtor attichit thedPrbsehl @mbothveentiises congedtivnesinahd,
adj ustment unit 504 al so receives the desired threshold for_determning a

congest i ontheyatarei te rasplideiermings thspolanboal engongestioybd. The geiput ef used
t i ndi t |4 : : ; | t t
ol 1 pl ot SPHleENETor B8ie Bl DEIcRtn pRUSERGr 15T IR, P oop T |°°

t hreshol d 483t meGbntimiihg 5RKh i FIGL i B the slasiredotiireshalo s tdlse sirolvidledataie as
in step 182 of FIG _3. The i_nitializatioa sets the outerloop threshold
equal to tREMPERtor eg!@:hMdigiing therfaeasiired) 68pIetas HoRHC afl WEYeRE i t

504 then_adHilapod 8 @ HESHAPRRoINYES THeekalt o Bidaitardt RO IOPrlited 6 O

FIG 3. The outerloop resho adj ust nent unit al so recelves a result
of the conpaiti5haofl determimeattbe &adunivbleadjusimeiat tethd ouigdoep rthreshiolche

t f adj ] nbadi. h | hreshol d, |
bt oment cbEB ol ABISCHBYy 21 GBI S ABRIN o0 e Heoebel SUEROORANESIE | son

of a measukgfcCANY e &S IrdEthiéshdl®PvaluBe desired threshold in conparat or
510, as in _decision dianmond 192 of FIG 3. The outerloop threshold unit

504 is thef1@ip! eblG.08t Husitaieparatancess dermiad B0 @dsptedCiv wsufrmsiss 15
AR s L ey Y A
the congesadien figtflietidl Oproodsisitly, | Whicheinprreseing elrbuithy MB0R ipgsovidesngest i on
bit and, therefore, the result determnes the polarity of the_ congestion
bit. The o@Ppaesian bifoiepareangestion hik cpuidigr R A8dca RPs¥araier fiQs. gellid at or
212 101k 04 oot Ul S LORFERLBSEDRISDNG pMisoaeipy 0o
conpar ed tactéss desninatl 800 esTied ccoufter 684 uinayobecmmpamentad 5 Osafvapepvi ded
to wherein the counter is cleared on receipt of a different value congestion bit.

[1051] 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.

[1052] As described hereinabove, congestion control is enhanced by

outerloop adjustment of a congestion threshold, wherein the adjustment applies



unit 504 and determ nes the anount of adjustment to the outerloop threshold
value. In this way, a margin is naintai ned between the outerloop threshold
val ue andwohe/1a®ss red t hreshol d value. [1050] FIG 8 ill u®CratSex18B5 access
term nal 600 adapted to performthe nethod of FIG 5A The access term nal
600 includes receive circuitry 602 for 16adi o frequency processing, wherein

receive circuitry 60 rovid the congestion bit to a congestion hit
counter 604 %%g'é t@p gﬁh_é‘f%}o(f‘gbé}””ﬁk% pr%gﬂﬁffameéoﬁmbaaﬁw_soggwwgﬁﬁ
consecut| Ven@gng .tAQ&fr’gi tof @%bmfd%eﬁ@%e %%@f&’-%,ﬁ’tt MApads HRBasl

counter 604 nay be inp nted 1 n software, wherel e counter 1s cleared
on recei pt cohgestibrf eetdatageinsiearc ontgriadpothrbshold[ a1td Hisoragainsimaadeasioed 606
compar es tgjj Iﬁs@tdata rate to the target data rate and provides the
result to d¥PE"P&R e adjustnment unit 610. The data rate adjustment unit

applies a {ig58] COnLIdschBBd HRAGIABLOHRS 19 PAViHIARSSRRHRISBCRIRS tagRl f! for

under | oad conditi ons. Congestion conditi'ons are”indicated by a first
pol arity oPacheaasesgdetmingl,btangestion eosipbisdesbartad. ofsichyacoess gpusinak

R R G R S e A A

of the curdedteash@esldseial vateldd 4830 0EGECS the bata e8slbelowW aclargEiateor 606
and the count value fromunit 604, the data rate adjustnent unit 610

adj usts t h&Pagiig pdhe.acpess te@uingl. vANAN the aeerss edmingl s raRpmiling @ifer of
al | onabl e ‘@lgfé'?étg‘ﬂ%léwt tar’ﬁlet ﬁﬁéﬁﬂ%%cb@s %émﬁa%{ﬁ B85t choﬁglgstiq% 1
I's Tess tha r'm na

t he count value e’ maxl mum nunber, the access te

mai nt ai ns tcbaditiest by aksmg ticelasifes. t iidhe @ystem vadngestion éxnat rdélieved, Hreeat er
t han t he maxi num nunber, .t he acces termnal, adjusts the data rate

consi st ent RPess (e Bah YL AReTaset enfBlA POl ah SHSTPIAD GediGs Biem

her ei naPOV%a&H@QﬂﬂHiQ\%ﬂﬁé’ﬁBr{, %eﬁhéc&,%' YBARRAI B cratises the ARt SitaISBRiIng T 2
congestion threshol d, erein the adjustnment applies WO 02/100053

PCT/ US02/ 18188detesminechnginber of systeminangestion indicaigraa pr edet er ni ned

o oA | L Y\l oBRE Ao nert AR SR Mt REBTREEL BBl
threshol d aiigh tHesepasifictBtgatingesi Imeividiidl" &sdt@stierniths forAseftesmiatiddof
her ei nabove, by providing specific data rate targets to

. - 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. :

- [1055]  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.

'[1056] 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



each access term nal, congestion control is enhanced. Each access term nal
responds to an overload condition, as indicated by a congestion indicator,
by decreaoimmgotoh® | ast data rate so as to reduce the dat Craise2/saBdw a
target rate specific to the access termnal. Wien the access termnal is
transmtting at a data rate bel ow the fdrget rate, the access term nal
wll respond to a ,congestion condition by using the last rate. |If the

syst em con§o8siraints iMpgseq enithg overallrysteiBc cdlled arisaap mpy Implemeddee t he

data rate id&séﬁb@atf@r%ﬂontaﬂtyr i i Qﬁélﬁmor'é%ﬁ:w Pakticulal gﬁvggéat%ht bt 58&’1 the

access term nal decreases the er receliving a et er m ned nunber
of syst em doppséntation mdicisitre shodld A6dbe Orerpreteantiasreatsing @ departure from

outerl oop threshold gdjustnment nmethod wth the specific targeting of
i ndi vi dual tla%égggepgﬁpé H’Q%n?@r"eﬁ”é‘?%r mnation of data rate. The access

term nal Vi | Iy ki ey 0 Ceﬁﬁﬁ : i erein
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functionality in varying ways for each particul ar applicati'on, but such
configuration. :
[1058] 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.
[1059] 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
other embodiments without departing from the spirit or scope of the invention.



i npl enent ati on deci sions should not be interpreted as causing a departure
from the scope of the present invention. [1057] The various illustrative

| ogi cal bWookagoosddul es, and circuits described in conne®CrarsomaiBst he
enbodi ments di scl osed herein may be inplenented or perforned with a
general purpose processor, a digital sid8al processor (DSP), an

applicatio peC|f|c integrated circuit reld progra bl e gate
array (FPEE&)“SOF %t%@?erﬁr'gﬁ?%%bﬁ 80} B’Eﬁ}é %‘L:%(p@ "@i*@@!rfetfgeg%mgg@memg
Lransi Stor sh8@inC herélhSBUFYS tBAHEERIERIMAB Nicfest YooPBY GENTRLAA IR ther eof
designed to perform the ~ functions described her A general purpose
processor mmclpﬂesaanmnowebmuﬂssdrscldwd haereimhe alternative, the processor
may be any conventional processor, controller, mcrocontroller, or state
machi ne. A processor may also be inplenmented as a conbi nati on of conputing
devices, e[9060p CWFATaE OLAMEDASPSP and a mcroprocessor, a plurality of
m croprocessors, one Or nmobre m croprocessors in conjunction with a DSP
core, or any other such configuration. [1058] The steps of a method or

al gorithm described in connection with the enbodinents disclosed herein’
may be enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software nodule may reside in
RAM nenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a CD-ROVM or any other form of
storage nedi um known in the art. An exenplary storage nmediumis coupled to
the processor such the processor can read information from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral to the processor. The processor and the storage nedi um nay
reside in an ASIC. The ASIC may reside in a user termnal. In the
alternative, the processor and the storage nediumnay reside as discrete
conponents in a user termnal. [1059] The previous description of the

di scl osed enbodinents is provided to enable any person skilled in the art
to make or use the present invention. Various nodifications to these
enbodi nents will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to . other. enbodi nments

wi t hout departing fromthe spirit or scope of the invention. W 02/100053
PCT/ US02/ 18135



18 Thus, the present invention is not intended to be limted to the

enbodi nents shown herein but is to be accorded the w dest scope consi stent
wi t h t he wprizneiops es and novel features disclosed herein. PCTOG0}/18MAT | S
CLAIMED I S: WO 02/ 100053 PCT/US02/18135 19 CLAIMS 1. A nethod to
determne a next data rate in a nobile 49ation of a wreless 2 system
conprising: receiving a congestion indicator; and 4 generating the next
data rate as a function of data rateGLAIMKS and congestion indicator
history. 2. The nmethod as in claim1l, wherein generating the next data rate
further 2 conprises: conparing at |east one previous data rate to a target

data rate fior, i ion; IR T S TTIA i [0 LS e of
conpari ng Je’fb‘ e%ﬂ?ﬁ&@ﬁ%ﬂeﬁgﬁ& gaﬁégdr%}g ﬂage Bﬁségdj us%el ﬁtga%gb (Ffeélsvgl?aoﬁéeé dat a
rate 3. 2The ngstech, cdbmprizing: 1, wherein adjusting the at |east one previous
data rate 2 perforns a statistical, analysis. 4. The nmethod of claiml,

wher ei n gener at i"AgEVHE :EQ00fR1ICR ipdicator; tther 2 conprises: counting a
nunber: gf conse (Y RAR 1 i RGBS fihcio of Bl fite hfkt@nd !t he

nunber of consecutive sane val ue congestion indicators Is 6 than a
predet er m ned maxi muroomgebton irdlicadomnfiisiong t he next data rate by

mai ntai ning the at | east one previous data rate. 5. The nethod as in claim
4, wherein generating the next data rate further 2 conprises: if the

number of CONHACHIAINGD S \GRAIKE 1C QRS §Bnéiadihgaiher Rekis darumtet fairthér or
greater than the maxi num nunber, determ ning the next data rate by

adj usti Bg t heCemprieegt one previous data rate.
comparing at least one previous data rate to a target data rate for the

4 mobile station; and
in response to a first result of comparing determining the next data rate

6 by adjusting at least one data rate

3. The method of claim 1, wherein adjusting the at least one previous data rate

2 performs a statistical analysis.

4. The method of claim 1, wherein generailing the next data rate further
2 comprises:
counting a number of consecutive same value congestion indicators;
4 and
if the number of consecutive same value congestion indicators is less
6 than a predetermined maximum number, determining the next
data rate by maintaining the at least one previous data rate.

5. The method as in claim 4, wherein generating the next data rate further
2 comprises:
if the number of consecutive same value congestion indicators is equal to
4 or greater than the maximum number, determining the next data

rate by adjusting the at least one previous data rate.



WO 02/ 100053 PCT/US02/18135 20 6. The nethod as in claim5, wherein for a
first congestion condition if the 2 previous data rate is greater than the
target dawe oeaoms3 adj usting conprises decreasing. 7. ThePo@tUusoz1835in
claim6, wherein for a second congestion condition if the 2 previous data
rate is less than the target data rate, 2gdjusting conprises increasing. 8.
The nmethod as in claiml, wherein the next data rate is generated at the 2
nmobi | e st at6.dimeanethed i aslépaialens, ofhaseinefornddirse congestims cogditiondf wee hod

[ l,ai wher ei h ' nber | ' o I hod
25 i oPai m 1 HREIEifa P IS LSBT TN Fila ekl GRE1 FhoA88sung SomPifel [
11. The met hodg@grelaBirg). ai m 10, wherein at |east one of the multiple bits 2

corresponds to a adjustnent indicator, and at | east one of the nmultiple
bits corresponds a target indicator, the nethod further conmprising: 4 for

a first val f t rget ,L.ndiCc . ] Ust ") Vi

data rate a%jg‘%dmgﬁ?%gﬁﬁg %%‘F’ﬂlgt @&%ﬁe'Pﬁgf %a%%%@%#@%?lép %%gg@gn%?@% ue
of the Ppargetpigubieidata raepaldsagthan theatdrgeneatdra, adjustitigacompeisée a
target rate for the nobile station, wherein in 8 response to a first
result of conmp&fedN@et ernining the next data rate by adjusting at |east
one previous data rate according to the 10 adjustnent indicator. 12.The
nmethod as 'in claim11l, wherein for a first value of the adjustnment 2

i ndi cat or &&ljTiet medhad dseis tlaomel,pweieirushal atext datiee ratec s gemgraten Bhéhe

adj ust nent i ndi cator conprises increasi at | east one previous data rate,
4 and rei nm@?leastgt&bn%%d %‘PG@P%@‘?%'}?@?@H}%&@@F% Stiaﬂa'i"gat or adjusting at
| east one 6 previous data rate according to the adjustnent indicator

conprises decreasing at |east one previous data rate. WO 02/ 100053
PCT/ US02/ 181 3he rpethcgl as irpelpine 1s wherein theppaximum, nwohker isqiradetermined.

10.The method as in claim 1, wherein the congestion indicator comprises
2 multiple bits.

11.The method as in claim 10, wherein at least one of the multiple bits
2 corresponds to a adjustment indicator, and at least one of the multiple bits
corresponds a target indicator, the method further comprising:
4 for a first value of the target indicator, adjusting at least one previous
data rate according to the adjustment indicator; and
6 for a second value of the target indicator, comparing at least one
previous data rate to a target rate for the mobile station, wherein in
8 response to a first result of comparing determining the next data
rate by adjusting at least one previous data rate according to the
10 adjustment indicator. '

12.The method as ‘in claim 11, wherein for a first value of the adjustment
2 indicator adjusting at least one previous data rate according to the
adjustment indicator comprises increasing at least one previous data rate,
4 and
wherein for a second value of the adjustment indicator adjusting at least one
6 previous data rate according to the adjustment indicator comprises
decreasing at least one previous data rate.



2 nmeans for receiving a congestion indicator and determ ning a congestion
condition therefrom 4 data rate control neans for determ ning a next data
rate as awbuwnaoioskh of a history of congestion indicatorspramdiSay1&3s uncti on
of data rate 6 history for the nobile station. 14. The apparatus as in
claim 13, further conprising: 2 conparibn neans for conparing a previous
data rate to a target rate for the nobile station, 4 wherein the data rate
control neans generates a next data rate by adjusting the previous data

rate in reslgf?ﬂﬁﬁo%é %aiiéﬁ%%pﬁ%?ét%tc&{lpﬁsq aring the previous 6 data rate to
e. . u

the target data ra € apparatus as in claim13, further conprising:
2 count 2ng nmeansnéams fyvweteivipgea comdestionfindicatoe antli dete sainingva torgestion
congestion indicators, 4 whe eir} the data rate control neans generates the
next data rate by rrai‘“‘ﬁ’t“gft’rﬂ”n%erq H¥Mpr evi ous data rate in response to a

second gesul t ofyefRTRRIddMrol RbahsRbPUL@ARIARY & riedt Bntdichd BolPietionlaf a rate

when t he nunmber of consecutive sane val ue contro Indicators 1s [ ess than
a maxi mum nunber. 16.a historgpharagestionsniicatdraiand 5, a furationrofdaéa thdea rat e

Con O e 2, oG, e A T 22, DY UL Ut g he previous
equal to or greater than 4 the maxi num nunber.
14.The apparatus as in claim 13, further comprising:
2 comparison means for comparing a previous data rate to a target rate for
the mobile station,
4  wherein the data rate control means generates a next data rate by adjusting the
previous data rate in response to a first result of comparing the previous
6. data rate to the target data rate.

15.The apparatus as in claim 13, further comprising:
2 counting means for counting a number of consecutive same value
congestion indicators,
4  wherein the data rate conirol means generates the next data rate by maintaining
the previous data rate in response o a second result of comparing the
6 previous data rate to the target data rate when the number of consecutive
same value control indicators is less than a maximum number.

16. The apparatus as in claim 15, wherein the data rate control means
2 generates the next data rate by adjusting the previous data rate when the
number of consecutive same value control indicators is equal to or greater than

4  the maximum number.



