WD 02/ 101956 PCT/ US02/17815 1 METHOD AND APPARATUS FOR CONGESTI ON CONTROL
IN A WRELESS COVMUNI CATI ON SYSTEM BACKGROUND Field [1001] The present

i nvent i orwoakadt®se t 0 communi cati ons systens. Specifi cal | ycTiuse2/prsesent

i nvention relates to nmethods and apparatus for congestion control in a

Wi rel ess conmuni cati on system Background [1002] In a wreless

communi cati on system a base station co nicates wth nmultiple nobile
users. Wrel ess conmunications nay include | ow delay data communi cat i ons,

such a5 padiEHOD D RERRAATUS FOR CONGESTIAN CARTRALIN' &A™
08/ 963, 386, entitled "WHRELESS COMMUNICATIONGSYSFEEM PACKET DATA
TRANSM SSI ON, " filed Nov. 3, 1997 describes high rate packet data

transm ssions, and hereby expressly incorporated by reference. [1003] In a
wi rel ess conmuni cation system and specifically a system adapted for

packeti zed transm ssions, congestg adi ng may reduce the
t hroughput of the system Congest$gp$§1§%gys[8re of the anobunt of pending
and activegg@ffic with respect to the rated capacity of the system

System overl oad occurs when the pending and active traffic exceeds the
rated capft0Qy. Ahgstpsesenty invphiiorentrelatesar det comgesications evsystaros.

over | oadi nEPERICANGGH bR o og, s R oBnedst and rifaibonfor

over | oadi ngohgedtitm dipitidy Rra WiRsds erh@inicasipARySem. 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

al | ow. App'Bia%%Ho?Jﬂa wi |l then needlessly resend nessages on timneouts,
causi ng furt congestion. If this condition continues, the system m ght
reach a co[mboa']on Imrvwreless:eommmcatmmeystemaa basesstation @osengricatesany

congestion oont N Ainte obie’ Gsere: “WireiBSS COmMinications may inciudd iw G8R5° Y-
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 systemand reduces the
pr obabi | iwg cefiodser | oadi ng or a fault. SUMVARY [1005] Enfpodiusemimis

di scl osed herein address the above stated needs by providing an efficient
met hod of congestion control that deterglnes a congestion indicator by
conpari son of a neasured congestion netric against a threshold, wherein

the threshqiddiges r@@dq%fé%@on@rfcbhgé&mrdcdﬂm:nﬁaﬁnma&bg thé teh.cr@(we&ft to
a desired threshold. According to ohe aspect, a nethod for generating a

congest i onaiwikless aystentamdjwweséherpmbapﬂay]OBQverdcbaﬂmg phadalbl d as a
function of a desired threshold, nmeasuring a congestion netric, conparing
the congestion nmetric to the desired t hreshol d, and updating the out er

| oop threshold in response to conpgUM pp(rreasured congestion netric to
the desired threshold. BRIEF DESCRIPTICN OF THE DRAWNGS [1006] FIG 1 is
a wWreless comuni cati on system [1007] FIG 2 is a flow chart of a nethod
of congestion cont al an access Wi rel ess conmmuni cati on

ol
yst e adablaRBT: orEBRERERTHS FISqP0r REEn AOTPD 8¢ owe SaI HovdoYchar

of a netho

o ommunt car PRI s iigeRPRetNd Bfditelioh coffe! habetemihet 4 Safasstion , |
a Ei m Ing diradicator by mmpmmﬁe?fdaa%ge@mongemhwtmm agaeﬂsh]tca: tbmsthr?ldg[] f
outer | oo ongesiion sho are w charts o
et hods- 1 oMTEdGabe MR BRRAR: 4n bt he hEnollhiVite dmiiin B esaed:
comuni cat @R §¥§il’r@mrﬂr€§ﬁélﬁd A@éor@%@ﬁi bh@dasﬁéc@néfﬁwéﬁio@lnfor[g@\bﬂtlr@ @ 6 1is
an access network in a wireless conmunication system W) 02/7101956

PCT/ US02/ 1¢engest@n indicaforAnciudes jdetenminingeas ontariaopkthreshalenas evéunatiog

congestionogogt Hggirgﬁ {H?eshold, 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;



FIG 3; and [1013] FIG 8 is an access termnal for inplementing data rate
control as in FIG 4. DETAI LED DESCRI PTI ON [ 1014] The word "exenplary" is
used exclweiozabysherein to nean "serving as an exanple, POINBTES1IDr
illustration.” Any enbodi ment described herein as "exenplary” is not
necessarily to be construed as preferreg or advantageous over other
enbodi nents. [1015] A nobil e subscriber "station, referred to herein as an

Access Ter?(g?g’e AG. 7BYarP&cdBi dwsrk @?%E%{mﬁﬁn tho@Blois eBALEI &3fne Wi th

one or nor stations. An access term transm ts and receives data
packets t hFdGg8; amk or nore nodem pool transceivers to a base station

{ransoet vel OB et sodh Bctend Tesfind doG o Rmarting! e fate Sl B {no

Access Netwpgkq. An access network transports data packets between nultiple
access termnals. The access network nmay be further connected to
addi ti onal networks outsi de DIEETAEEEDESCBHRTIOMN:h as a corporate
intranet or the Internet, and may transport data packets between each
access term nal and such outside networks. An access term nal that has

establ i Sheﬁtﬁh aCt'fﬁ’é’ﬁ/oH ?jé'rﬁpl‘é ﬁé‘%e&%ﬁféﬁde‘i’sﬂh&k{iﬁt% ﬁrgb%}rg se’Fﬂﬁ@ ggodem

pool transCelvers I's ca an active access termna sald to be
in a traffiao exahple, Mustancdaor dlustratiess Aatywembodagentodesaibedf herdirass
station, wherei nl t he base statioln isbadagtﬁd for cgegwuni catié)n Y“h a
plurality of*eMaRIERsds Gt ReRassatly 0,09 LOBSUHGH a5 PIEIAH Y| T edVaMigaRaUSan
access ter gigpbthehambosiirhBntshe process of establishing an active traffic
channel connection with one or nore nodem pool transceivers is said to be

in a connefl0id] seh nphileaubschbersgiatien, retarrachi@ herain azan\ccess deawinate t hat

exanpte. usilg s M SEHEInEN ART L cOMfitid it 8 SRAIE BASEL ¢ e
be any of stationsbekn atcésprsmiialdeinsats and resbivegs bata padkels throagh tomePC

card, conpact flash, external or internal nodem or wireless or wireline
phone. The©Or BHAMPILMIRP! FARRCRIMPISUGIR BRse Atatinr coptrelar, relfefeAdr hasaids

signal s 1o LheniRRPPLBLE BRI MBE/ Médetn 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



4 modem pool transceiver is called a reverse Iink. The comrunication |ink
t hrough whi ch a nodem pool transceiver sends signals to an access term nal
is call esoazfiod@ard |ink. [1017] FIG 1 is a diagram of acTxarsumiseati ons
system 100 that supports a nunber of users and is capable of inplenenting
at | east sone aspects and enbodinments gf the invention. System 100

provi des comruni cation for a nunber of cells 102A through 102G each of

whi ch is S%ﬂe@ﬁdpéar t@ans“c@r\reesreoaéhéw DASRorsé Aron 'ﬂr%'%drﬁrhgﬁi@atrér@“lﬁk
respectively. In the exenplary enbodinment, sone of base stations 104 have

mul tipl e r §veuge veiche Armmedemocb treaseeiransenss sigoals toareagaesarieaninal is
Simlarly, @r& ?f baaﬁ gnt ations 104 have nultiple transmt antennas, and
others hav&2§ GI%MW 0%t antennas. There are no restrictions on the

conbi nati omﬂf] t rRIGS N is @ata?ﬂam%fadldomqmrmom;@msroomﬁr elppértsiat s
possi bl e for base station 104 to have nulti transmt antennas and a

singl e recéuﬂ'@eérﬁfelﬂﬁ%fs asd tsocﬁmerﬁfl rnme@engegraiéeaahﬁemﬁa@sm &ngli ngl e
transm t aF trs bP thay %%‘ﬂ t6mC1 0BV IdviIeR cbﬁﬁﬁ\frﬂéetm ?orr ‘ace' ve

ant ennas. r m nal s coverage" area nay
st ati onar y humbernobi dedls A$)2Ahalm)ulgh RI02G, 1 eaglar bbushichr iig r&drercé%bgra

di spersed t hroughout the system er al 106 co nicates wth at
| east one Sﬁﬂeﬁg&q'w PaS%F '%E%'LE%HP 'ﬁég‘f&ti ’8WQ%@9%IthﬁPX§HEP %ﬁXI i nk
at _any gi vemy5R{ifRBht, %ﬁ?@'&?"ﬂ&%eg?anéﬁ’é 1@4%56 Lgﬂﬂéﬂ%beﬁ/ fént@ﬁﬁ&é’ hal S

enpl oyed or et er t termn I s designe oper at e concurrent |y
or sequent Dmdry)havec@nlymnerrmqel\m antaruas nSavilarhs a‘qrmermhbatsemtatrbrasém

tati . f t in th
I e R L

" METHOD ANPhS¥SARME GBstriBRSA Bh Nee AoSBiatidpbERFarshhitafidMha S ehBive
TELEPHONE SYSTEM', which is assigned to the assr{jﬁnee of the present

i nvention antennraﬁcofrb@r%i@@;r ibys messibknder Acpasen station1 904 Ttaehanavmultirler ef er s

LS, Lo 2o ey SABHHAS AR, Shi ek BB BB bayCRLPE, HEbNR'

exenpl ary antpeiageaid $@n1gle)ftratrsrrm Batehnb) orhiry davell bathl 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, entited "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



recei ve antennas and ot hers have only one receive antenna. Simlarly, sone
of termnals 106 have nultiple transmt antennas, and others have single
transmt W02/ 956 PCT/ US02/ 17815 5 antennas. There alPE€Trus0z/€sisi cti ons
on the conbi nations of transmt antennas and receive antennas. Therefore,
it is possible for a termnal 106 to haye multiple transmt antennas and a
single receive antenna or to have rrulti§| e receive antennas and a single

transmt a%hfégla%sorm@rehaeéen@%éméﬁm 8nQhe COHBihRichst bRRaRdrhit AntdftR Ve

antennas. In 1 base station 104A transmts dat a to termnals 106A
and 106J oantheecgiveénhnienabasdhetedoiepnit i94Bssibimdai asteravnal 1Q6 tterhdveal s

00t o BT O ok £ e B U B,

1, wherei feddife Briémiad ainadapsiagiel @anBamkahichPd bf 30 SHAVES IbRES sikQEdsst | on
and overloading may reduce the throughput of the system Further, in a
wirel ess ouliipiaiteaisngh o yeeeive Amgnnas. f br FIGni xbase statiapol GdA dransmitsd dat a

ooy adat i ofein ETEIAAEIERA ot 1By or M ISR HoB8 AR TR a1
necessit at gdtd  BemneIs 1088 and a0edPhase tlaibhi WA trahsmits tRita W& ltérnsisall nat ed
by a system A congestion control systemin a wreless conmunication

syst em t ypil88F §NERIQbr s various factors Iike channel or |ink occupancy,

messagi ng gy ﬂH@Wire‘PéssUé&hﬁ‘un ion %y%?é%ﬂ Qfch *aesﬁ%té Sy S¢ ?lé’.eg,iSiO”
I's made to control congestion en the systeniis overl’oaded, T1.e. above a
congest i onwhereiartha systemhis| ddapted fan packelizext ransmissiansy rgongkstions yaside m nay

initiat ti .t d t he | db ' ti traf fi d/ .adj ti
at o £r ancAvRlPIng s 6duds The, TR GuBHm o PruRi ey oFnl dn dualldss™| cv
such that wbfniieatdipdydiem Rpmbied idmeriarest bomaRkedhaael yooatatiae

I
target congestion |evel’, e systemmaintains current traffic conditions.

| f the sysovenoaping iniadel mantead totdrepped calls andserious degeadatiadjinyoiee as
wel | . [102%%1 %Q@gestion Is a neasure of the anount of pending and active
traffic wrth $pect to the rated capacity of the system System overl oad

occurs whepozf]e MEashagioAnsbrard iiy oftehaiddessiatededsaddaint dsredutoapariusy -

Overl oad n?rag%ywr?igh 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



due to too many active users or high anounts of pending data per

transm ssion. One problemw th overloading is the del ayed transm ssion
responseswoAn/10198€r ease i n response tine often | eads to applriusat/ism | evel
ti meouts, wherein an application requiring the data waits |onger than the
application is programmed to allow Ap%I ications will then needl essly
resend nessages on timeouts, causing WO'02/101956 PCT/US02/17815 6 further

congest i ongypert Bbigsdtidfl t | PNhEORbNEIBA EHStiIES! @ Ndyahsm’ feackordi tion
where it can servi ce no users. Thus in absence of any congestion control,

t he syst encanditiopevherenit maahsewllc@vm usersat diusapaaisencevift ayucorgestion

ceoks to kEepiondRE bl i TR I by Yoo SRRAGRE b

capacity. ajﬁs@gﬁﬁg)(hé)ﬁamm@emb|e@<ee§@ngﬁgl restricts the nunber of users
t hat have access to service. In one enbodi ment, congestion control

provi des sbt@23]actEeRoestion eanttad sgekd [kegrBersysiRMouNNngr appraxineatelyhan
gi ve hi ghl y, %e@{rﬁé*egr ?@E&' aEﬁy ald)n%, hﬁet‘ﬁ%@r rtl_f/'es'ﬁﬁﬁr Jb"f‘tre%ﬁgﬁst?\e

service | eéave ter’‘co fon o us reduci ng the
| oadi ng on nuhﬂaerssystsers vt WVboamoegsaocheree erln ot ewbodbesist, songsstiono

servi ce. is a dLe uch a system all sers will gzave access to at
onet CcomsCPBTel bivides SAtEE oy oTTiRs 19 oAl FErcettape £ LoeBnEAEeh tedn  of
time. [1024}e ﬁgfé{%ra%dcééf%éttg%l kb %sébé“?ﬁb”@é’er?eihgteggé ISNEShRY
nDnltorlng t he ates of I ng and active users recei ved

si gnal st rlmgenhermmmeaﬂetrmcmmiem%sdme etbuquaumlygdlne émdmg@n the a
CDMVA wirel es the R is_ interfer nce | i asure
ST e el vl aha BonitE AR Seb b kel hEds BSSee bi¢'a 08

station. Aghéh IaOsy%ftemfml hssralwill hawei acedsp et Iedst isoend rel 6f séivie frémt he
thermal noise gives a normalized neasure of the congestion and is referred

to as Ri seltwsystamdpnrat leagtsomepertigaonf tirgel i nited for dynanic range
Lo b HOS! e 8koleol 1 R Rt i) e SEATIRS oy iy o>
stati on majhdeateeastesest Pandihg asidgaelivet aseisntagif ﬂfeermlww/\engnalatstrengmlozm
Additionally, the tim ng of cagongestion control acti i npact s e
réquired to achieve a desired quality of service. In a DMA wweless 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



operation of the system If congestion control is introduced too early,
traffic may be rejected that could have processed. Simlarly, if

congesti owoaenvres is delayed too |ong, the system may becansor/nmsperative
due to heavy traffic. [1026] FIG 2 illustrates a nethod 150 of congestion
control applicable to a wreless cormur)7i cation system and specifically a
communi cation system adapted for packetized transm ssions. The nethod 150

s p_erforrr@%rfq’esﬁan BRC OF Sat k@b, THeCkbrifesfioR d6R| P be Rietdtmide By
station contrdller. The nethod starts by determ ning a congestion [evel

and a cor r @opgestiangmalic zuch essbeRyeraggodatergde of all gsage or IR B, TtB  at

step 152. The ngest.i N | t ' . estion tric,
Such as i nao SEREERtar i & B8, F et 1 G g al RS R¥o ysiSP Bl P 6
Congest i on cBhgestiorCihdiSatss adat iy eragiatitted Hicin dthecH6GdssN natwdrkf ©F btdgsd 0 a
congestion indicator that is transmtted fromthe access network to access

term nal s itermiealsi ingicatiognge sonaestian, deveds ok flae ssysterm  Aeesrdinggta ene
enbodi nent , . ' Lngl | ot RS g ce 4 ndi e olaarity.
A Vogh cal SglETER B, B £ sdle Mt Wiy ST Mtied W BolBinE O A
and/ or ovégdicsldede, ard tHwDiteld iseteindicates uthat aystear ds i congested rasd/ar

correspondi ng %?é'éjst ngnf1 of Reverse Link, RL, data rate(s). A |ogical
zero, i.e. OVREC i @A dNE§ 9'ef‘hd?‘i,°&¥%t§ PH%ra_é'Qgt ERUWIESnBt CARRPOSE and
may be undeg) Raderi ofRbverS'Lifk,! RE! Gata 99@?%;9{” e2drs, 8. A b yent of

H
the RL data Lat e?ss. Al'ternate ‘empodi ments ement an alternate
pol arity scleamed, ntEamns Siesysiehyis noheongasdied iamdnmnay ey undelieansat, andcode

d | tiple. bit c ion indi. in, additi
'of or mat | o4 eftPiaTH BperaiBRRESERSR, AL G teRen, IS FLdRghldd Hipronte
access terW@meﬁwmaymleenentdmﬁ Altdrhatepdlarityrichdrfd. gnat e varyi ng degrees

of congestion fromsevere to mld. Each access term nal then nakes a

deci si on bdt@¥¥lon Simlaryy Qther erebriidenth mandewiemant @ codehwardner idpl e
oS e AL b A R P 0% 8 SBRoal BB AT,
congesti on |@@hdftdongestiond raay deeprauident téd thacwesss tterminail. IFey dxample,
instructed to adjuyst the data rate at a | ess severe congestion |evel. The
pri ori ti zafMEWPIR)ISHBaY degignate ¥aping HegteAseoJFongesHMIIOM SRVers oy Rd.
Service  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



accessed by the access termnal, or any other criteria specific to the
system [1028] Still other enbodinents nmay transmt a dedicated signal to
i ndi cat e WO ceaoyesti on condition or |evel. One enbodi nent pomiyso/I @SN t S

t he congestion information if the systemis in overload. An alternate
enbodi ment only transmts the congesti gn information if the systemis
under | oaded, wherein access termnals assune the systemis overl oaded

unl ess theop &giov]embmcordir%a;oeongaaﬁwmal %bhbit.oﬁgherheemmidmaf Badmy set
t he congestlo when the system is nearing overload, wherein a nmargin
i s used todatplajlows clonsumeethi oenteaindecisions.c hAinstep Nodr the Rceessreehuiks ns
may be used to i.n con est 029] Continuing with FIG 2, the
det er ni nat "8RS '5‘1”53 g’ﬁ?g@s?? 6'155%18?[( ep 152 may be based on a current
congest i onfoEy]i t | PAcHacEkisaEMRAMiNYorAMURICARIOA WIFPHhePLEbesShtidRkITsess

congestion netric, or may consider historical conditions. The inclusion of
past dat athg congestien mwﬁfﬁrma@@ntfemor&&i iof adls Iransmigsign data retey Atsleps

Cermnal i ACEamatoeas SifanATHE TebaUet SRRIAdE e rREMBRCRD A 4

i nformati Odebn@roncmahmid 148 i CB i sen skl £B-0n platessing eontiuesttepstep 380each
access termnal, AT(i), receives and e¥al uates the transmtted, CB.

deci si on diFRSPENESE anfovesload condition. sThe-pcgessiegmingl then detarmings Bs st ep
160 to fe&aﬂ |§s§b@?at8"&fr|s%%1ntc\9ﬁﬁ“réé&vln Tihg @\?ecrﬁr%\r es(ﬁ"[dﬂd?\abth N62.

det er m nes transm ssion rate consistent wt ving the overl oad
condi tion &br seb(ampléimccomnge&aunel embadiment| mencther@Besatiset|i eanit acedssn t he

Agai n ot alTERAVE e e g sThisSlen a8 e, Againi Attt ARR A L8815
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next congestion bit. [1031] The access network peri odi cal | y determ nes the
congest i onWill 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



i nformation or level. A congestion netric is nmeasured and conpared to a
congestion threshold, wherein the congestion threshold nay be a function of
the ratewomapeséy of the system The congestion bit themrCrnbozatses

whet her the systemis operating with a congestion |evel above or bel ow the
threshold. [1032] FIG 3 illustrates an _outerl|loop nethod 180 for an access
network to determ ne a congestion threghold wherein outerloop refers to
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The val ue are ermne out age
[1034] The value of A and the value § are determined to mamtam 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 (6 /A) controls the outage probability. For a given (6
/A) ratio, small values of & and A result in less responsive congestion control,
i.e., slower, and smoother. For a given (3 /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
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



probability to a desired | evel. The outage probability in one enbodi nent
refers to the probability that a given congestion netric exceeds a desired
t hreshol dwo ogpewsd i cal ly, the ratio of (S /A) control s thecouatsayersis
probability. For a given (8 /[/A) ratio, small values of S and Aresult in

| ess responsive congestion control, i.g, slower, and snoother. For a
given (S/A) ratio, large values of S and A result in nore responsive
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[ 1036] Each_acgcess rmi nal receives.,.the, congestion bit and.deternines a
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specific tg the access, termnal. If the last rate is greater than the
target rat the ageessitesminglycthegusterq 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



step 208 with a probability specific to the access termnal and specific to
decreases in the rate. The probability is |abeled Pd(i), wherein i is an
i ndex forwotlhaoms€ess termnals in the system d correspordd/UsSo2/dmes ease
probability, and each access termnal may have a unique probability. If
the last rate was not greater than thel{arget rate at deci sion di anond
206, the access termnal determnes if there have been N consecutive CB=1
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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, at decision diamond 304. For CB;=1,
processing continues to decision diamond 306 to handle an overload condition,
else processing continues to decision diamond 314 to handle an underload



di anond 214, the access termnal determnes if there have been N
consecutive CB=0O at decision dianond 216. If the there have been N
consecut iwe o@Be@s6 the access term nal applies the | ast daca/usat/e7sas step
220 to RL transm ssions; else processing conti nues to step 218 to increase
the rate. In this way, the access terrq% adjusts the data rate to

mai ntain the transm ssion data rate as | ose to a target value as
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underload condition. At step 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.

[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



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 term nal
and speciwomna9sdlecreases in the data rate. The probabi | iPCy/uss2/iabel ed
Pd(i), wherein i is an index for the access termnals in the system d
corresponds to decrease probability, angd each access term nal may have a
uni que probability. If the last rate wa not greater than the target rate

at deci si onrgliciBRnfhedl Aunitt? B aRASs L' %é@b% #heeprédistetramied" ﬁhﬁwb%; 8t ep
I e ne 322.

312. The access termnal then transmts at t w rate at step
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I ndi cator Lo [ES a8 APAGiubHhént 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



adjustnment at the nobile station. The nobile station thus receives
sufficient information in the congestion indicator to make the congestion
deci si on wp 02newsé pt of a single congestion indicator. Thecrmusopasesin
responsi veness of nethod 300 is at the expense of adding an additional bit
or bits to the congestion indicator. [}1] 42] Al ternate enbodi nents may
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softvare 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



I nstructions stored in nenory storage 414 and operated by processor 412.
Cal culation of a threshold value may be perforned as described in FIG 3,
wherei n twe ochowshol d i s cal cul ated and applied by congestcarusormsi®l unit
408. Alternate enbodi nents may inplenment the various functions of AN 400
with alternate control units and may c I ne functions within one unit.
[1046] FIG 7 illustrates an access network 500 that is adapted to
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frequency pherefrse] thg resull detaroine® thespolasity. ofRbeaiongestion bitt rMhes@&putof

led t & tri t unit 508 in step 184 of
et hod. 180 cBPRrlor 308 RS prayipsL i GanoeREo ol YeneZalPLada: Unit 508 may

measur e t hey§%7: of CoRGRIING dvith 8], S7,0thaRiesiré@ anrdshold'§s Cabd dreddeAdio or
some ot her netric indicative of the congestion condition of the system
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as in step 194 and 196 o 3. The outerloop threshold adjustnent unit
504 al so reorgestiorabitdoud tcopigestien ditnpauntet G04f and @neampasatos BOS. wideei n

out er Loop PHRRGHGY TablE st Bus oo HerTle sohoBRien BRECSLARR LS, .

resul t. of bBgesPNOMINEPBOO! THEIDUARS 60NURAY I 198 iMRIémented irl Roftdese ed
threshold in conparator 510, as in decision dianmond 192 of FIG 3. The
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t he 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 resuit 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 15 congestion indicator, which in the present
enbodi nent is a congestion bit and, therefore, the result determ nes the
pol arity wbD ochelssongesti on bit. The output of conparator PE@AISIF1IBIDVI ded
to congestion bit generator 512. [1047] Continuing with FIG 7, the desired
threshold is also provided to corrparatfqre 510, wherein the neasured
congesti on netric of unit 508 is conpared to the desired threshold. The

result of $RBAGA! Accotfink oIV biBBairfent i oalfio8nd frg‘ﬁa‘féé“a”r%%aéhf%dam’”“t

of adj ust nment the ou |'oop thres val ue margin is

mai nt ai nedcbeg w:ﬂm triedrio @igaimsb@n bhtezidlopl Mremldlearmindlsbhegaiash acdkditedeshol d
val ue. [10§1SJ ﬁ S 8 illustrates an access term nal 600 adapted to perform
the methot"8Fh@dG 5A  The access terminal 600 includes receive ci rcuitry

602 for gﬁls freﬂy%exr.wd)ﬁemwovewwﬁao@.cnﬁg% &@*f.e'dawlrhr@/taﬁgéts%ov' des

the congest b|t to a congestion bit counter and a conparator

The count eaclh@tcesadénnipalheongestéah cont;@cmtennanoedgeEaclmrach.ss teroumalved at
the access term nal 600. The counter 604 .18 ted i n war e,
wher ein ¢ nieHSEAD 8 QvPudhE FogtoR a8 o gRled By 4 BrBRFelA ndbalfe &5 on
bit. [1049hedhaashif e’ REPHaRORS QB &S rddirel thstdalatrate Bélowt 8 thiyet Fateget
data rate and provides the result to data rate adjustnent unit 610. The

data rate SQG?Iﬂgtt%hQ agaess taqymm@ls Whenrtbe agsespdermival isoligesmiting at a

condi tions r

conditionsdg&er %3)%%%?9109 ga(?gét r%k ﬁé a‘é@? e?ﬁw @%ﬁ?éé@ﬁégﬁ)@gﬁ@ééﬁ and
under | oad condmbncu;submgaheda@tosatee Itheasystxem cahgesimnansr adteretidyecst thent
unit 610 al so receives a,coun nber of consecutive

congest | onaﬁ??%s RNy WH'e%%Fﬁé%dHSr‘f‘@t? Gite t'ﬂea'?:@lﬂﬁmﬂt tocEekest SRt . I n
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604, the data rate adj ustment unit 610 justs t e data rate. The unt
val ue is carmadetdermmai moeR beruoh sysidra iconfestidroimdimatoradj ust nent s.

than the - ROS%m dansErod Rentapates VB ArRPoRAhReanRs @Hﬁﬁn%{ﬁt*‘%t&% Fate.
Wen the GoamNhe'hedEfid sa@qu dfoin@ividlis? dcebss hafnihBRs ek defermMaliBs of t he
access term nal a(_jIJ usts the data rate consistent with the congestion bit
i nf or mat i odata 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



[ 1050] As described herei nabove, congestion control is enhanced by

outerl oop adjustnent of a congestion threshold, wherein the adjustnent
applies womangisseéto the threshold having a predeterm nedporalsabiisisy of
exceedi ng the WD 02/ 101956 PCT/US02/17815 16 threshold. According to one
enbodi nent, the outerloop conpares a neasured congestion netric against an
outerl oop threshold and al so agai nst a Hésired threshold. [1051] As
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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



wi th the enbodi nents di scl osed herein may be i nplenented as el ectronic

har dwar e, conputer software, or conbinations of both. To clearly illustrate
this intwoobangseability of hardware and software, variou®cirlusosiisaiive
conponents, blocks, nodules, circuits, and steps have been descri bed above
generally in ternms of their functionaljjy. Wether such functionality is

i npl enented as hardware or software depends upon the particul ar
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| ogi cal 9ﬁh§l |804Hd ﬁ&el%&u?ésr&iﬁélb%@‘ﬁé?élh bed in connection wit h the
enbodi nment s dlsclosed herein may be inplenmented or perfornmed with a

general purpose processor, a digital signal processor (DSP), an

applicatio le ﬁﬁﬂ% cuit (ASIC), a field programmabl e gate
array (FP *@K*Fﬁfggﬁﬂ réelogic devi ce, discrete gate or

transi stor Ioglc di screte hardware conponents, or any conbination thereof
designed to perform the functions described herein. A general purpose
processor may be a mcroprocessor, but in the 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.qg., a conbination of a DSP and a m croprocessor, a plurality of
m Ccroprocessors, one or nobre mcroprocessors in conjunction with a DSP
core, or any other such configuration. [1056] 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 nay reside in
RAM nmenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a CD-ROVM or any other form of
storage nedium known in the art. An exenplary storage nediumis coupled to
t he processor such the processor can read



information from and wite information to, the storage nedium In the
alternative, the storage nedium my be integral to the processor. The
processorwand1tiess st orage nmedi um nmay reside in an ASIC. TiReTASHIZISEY

reside in a user termnal. In the alternative, the processor and the
storage nedium may reside as discrete gé:)rrponents in a user termnal.

[ 1057] The previous description of the disclosed enbodi nents is provided to
enabl e any person skilled in the art to nmake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the g&leAIMSori nci pl es defined herein may be
applied to WO 02/ 101956 PCT/ US02/ 17815 18 other enbodi ments wi t hout
departing flr ofnmetbod ferrgenesating a sengestioneindipaten comprisngus, the present
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novel features discl ﬁmUhﬁ?@ tondebfoBmatigT 1S CLAIMED |'S: WO 02/ 101956

PCT/ US02/ 17815 19 CLAI M5 A et hod, for generating a congestion
i ndi catdr, conpfPrRIPa§NgheiepraestianTyelic tadbe destipd thresbalsh ands a function

of a desired th i I Le aring the
congestion netr P@ﬁ?@ﬁgﬁjhhee (@gfI[&{ggqﬁhfsggﬁﬁ;ﬁ?%gﬁﬁs%%%rﬁpﬁgn§F]Heg)out er | oop
threshosd i n responsendasucathpangesiionimetrié toths desided thrgsisoldon netric to the

desired threshold. 2. The nethod as in claim1l1, wherein the congestion
metric is a Rise-Over- 2 Thermal neasurenent. 3. The nethod as in claim1l,

further copprisd Wethdd CRTRAEINE 1NRhERMIIRS IRMGEBISH nétActif® MLDVBRP

threshold; and transmitting a congestion indiCator in response to
conparidg t heTheymadmgasurenenktric to the outerloop threshold. 4. The
method as in claim1, wherein updating the outerloop threshold further

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 A 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 3 from the outerloop threshold in respbnse 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 Atodcorresponds 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



2 conprises: subtracting a first value O fromthe outerloop threshold in
response to a 4 first result of conparing the congestion netric to the
desired wbresbtiowbd; and 6 subtracting a second val ue 8 fr ecrtuse2/ost®r| oop
threshold in response to a second result of conparing the congestion
metric to the desired 8 threshold. 5. The nmethod as in claim4, wherein a
ratio of Ato 6 corresponds to a 2 pr bility of exceeding the desired
threshold of the congestion netric. 6. In a wreless conmuni cati on system
an appa#atus, contarlosprijresholsbadivsiment unitonasativeatoudeigEAinewan outepepat i ve

nmeasure a congestion ,C..O0 i el es nd WO 02/ 101956
PCT/ US02/ 178158 20 4”3%?@&‘90%%4{4#@8‘3”&]‘%cgecﬁ?rﬁgﬁﬁée‘r%{%hogit operative to

determ ne an outerloop threshold as a function of a desired threshold. 7.
The apparatus_as in claim6, further conprising: 2 a conparator coupled to
t he congest/i ofherappar@tyfeds in eatnp, finther §eBANSINT: out er | cop t hreshol d

adj ustngnt unit, zﬂ%io‘f%ohﬁle%?b%@‘c@ﬁgésﬁb??‘ﬁmetrfc ﬁ%‘&gﬁﬁetrﬁé’rﬂ U PR 0
response to conparing a neasured congestion metric to the outerloop
threshold. 8. The apptriopshashold adjastmént unit; bperativenpdetarngne 2 rexsecond
conparat or coupled to the ,coggg,sti on netric nmeasurengnt unit and the

outerl dbp threshol d S8PIRTHAEHNCIGRIA IN FRRACHSER CORRAING A Beagutate neasur ed
congestion netric t0c@nﬁ%‘iﬂdn%efrf&ﬁ%ﬁﬁ@b@ter‘?&?tﬁ? Hoitg outerloop threshol d
t r

adj ustment unit adjusts e outerloop 6t shold 1n response to the
second conparator. 9. The apparatus as in claima8, wherein the outerl oop

t hreshol d gdjﬂit nment ¥nit .2 COo r}sE,s: first.nmeans for adjusting the
outerl oop thr %BPBafﬁ;Pss%%ﬂaéw 0 |r|c8mpﬁ's{/rkﬂ'ue_ A fromthe outerloop
threshopd in reapRieadicendralos tolpetltd 18 cosgeavn Metrichheasiveafdrt @itnet ric
to the desired threshold; and . _ )
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: A
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 Ato 6 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.



6 second neans for adjusting the outerloop threshold by subtracting a
second value 6 fromthe outerloop threshold in response to a 8 second
result ofwomrperseig t he congestion netric to the desired pChresstioisdy 10
wherein a ratio of Ato 8 corresponds to a probability of exceeding the
desired threshold of the congestion rreiri c. 10. The apparatus as in claim
9, wherein the first neans is a set of ]2 conput er -readabl e i nstructions
stored on a computer-readable storage wunit, and the second neans is a
second set 13f cdhparparatggdsiinclaim Pnwhetain s sutarpopdhersholbadjustment

conput e - r eadabl e.. st. i SN2/ 21 11. The
appar atls as inthgﬁﬁégggdﬂgférﬁ t gagﬁgéﬁfg5ﬁﬁiﬁ%ﬁgﬁéﬁ%gégrhstnent 2 unit
initializes the outerloop threshold to the desired threshold. 12. The
apparatus as in_claim9, wherein the outerloop threshold adjustment 2 unit

det er mi nes 18he JUPSANPEEHUE RSEHRIE ﬂa‘O’Hﬁ@i’é”ﬂﬁ eytaroor; theashetd gdivstrognty
respectyto the dagidfemiReS TR dtiterloop threshold having a predetermined margin

with respect to the desired threshold.



