MULTI - CARRI ER, MULTI - FLOW REVERSE LI NK MEDI UM ACCESS CONTROLFOR A

COVMUNI CATI ONSYSTEM BACKGROUND [ 0001] This application clainms benefit of

U S. Prowvei2oesalos7ppl i cation titled "Miulti- Carrier, MilptiraiStasioddever se

Li nk Medi um Access Control for a Conmuni cation Systeni, Application No.

60/ 659, 989, filed March 8, 2005, the entire disclosure of this application
bei ng considered part of the disclosure of this application. Field [0002]
The present invention relates generally to w rel ess conmuni cati ons systens,

and nore spVAUL/THaOARRIERyMUEFBFIsOW, REEVERSELEINKOMEDHEIMIm access
control (MO ARYESSCONTROIFORETCOMMUNIEAFIORSSYSTEMa! and an

access network 1n a wreless conmuni cati on system Background [0003]
Communi cation systens have been devel oped to allow transm ssion of
information signals froman origgngtk@ROURKD on to a physically distinct
destination station. In transmtting an information signal fromthe
origination station over a comuni cation channel, the information signal is

first converted.into.a form.suitable ficient .transm ssiaon.quer the
comitiMat i on 5 ARelicatieg ?’éibc?ﬁ?ﬂto?ff fg:)%ﬁl{’rgtv }Sbor?,af éfppﬁﬁ 1olnnti‘t!)e(r21 I'oh si gnal
i nvol ves (afy, Ndiufi-PRIVAMREREscOLik SAddihRr AbGXe Contdt dfor datdmmmditutione
information signal in such a way that the spectrumof the resulti ng

i dt h.

modul at ecSystany’l, évppligationrNe-fddo 8% filadidarshrindRP2.dbe owfire KbsehasIreH]
AL the desbl0aln0ind Ahliabel 0o Of bt diflodfl! A iRIpBRcAtANal 1S rept i cat ed
ttated &ar over th

fromthe %6 rier VE T ecel ve communi cati on channel .
Such a rdpkldcation is generally achieved by using an inverse of the

nodul ati on process enployed by the ori Hi nat i O{éést ation, [0004] Modul.ation

al sdOPdi | i t at Bie RGT pvEDtiRTcielates generally 49 Hifetesh e YRRV AMEISELP B &ffd/ or
recepti O%oﬁfsgécggﬁzﬂ&}, S BLEmANE Be GREMRON 6O ARHALLRbERS: SHAANBUAC)

Mul ti pl eacces ni catl on systens often include a plurality of renote

subscr i beayermif asystequelemeny sicit asram access tergdnal ape aw ficqesd —atvowk ip aghiseless

duration rather. than continuous access to the conmon conmmuni cati on channel .

Several nPPPHEULESIEE™ echni ques are known in the art, such as code

division nultiple-access (CDOMA), tine division nultiple-access(TDWVA),

frequency division nultiple-access (FDMA), and anplitude nodul ation
Background

[0003] Communication systems have been developed to allow transmission of
information signals from an origination station to a physically distinct destination
station. In transmitting an information signal from the origination station over a
communication channel, the information signal is first converted into a form suitable for
efficient transmission over the communication channel. Conversion, or modulation, of
the information signal involves varying a parameter of a carrier wave in accordance
with the information signal in such a way that the spectrum of the resulting modulated
carrier is confined within the communication channel bandwidth. At the destination
station the original information signal is replicated from the modulated carrier wave
received over the communication channel. Such a replication is generally achieved by
using an inverse of the modulation process employed by the origination station.

[0004] Modulation also facilitates multiple-access, i.e., simultaneous transmission
and/or reception, of several signals over a common communication channel. Multiple-
access communication systems often include a plurality of remote subscriber units
requiring intermittent service of relatively short duration rather than continuous access
to the common communication channel. Several multiple-access techniques are known

in the art, such as code division multiple-access (CDMA), time division multiple-access



mul ti pl e-access (AM. [0005] A nultiple-access comruni cati on system may be
a wreless or wire-line and may carry voice and/or data. In a

mul ti pl e-woce®HIETTUNI cat i on System conmmuni cati ons bePaEAIS2M6R0S1Ar €
conducted through one or nore base statyjons. A first user on one subscri ber
station communi cates to a second user on a second subscriber station by
transmtting data on a reverse link to a base station. The base station
recei ves (HeMisx afr@qmdncma@i\risignenmh@l@imca%t GFRNbY h eandb agwpligtdat inodulatfore dat a
is transmt 01 rd channel of the sane base station, or the other
base statid tlp?(?c‘felsi% 'ond subscriber station. The forward channel refers

to t [eUOSM SSi O Hudiple-2bRSE coaiun@Atibe s§stEtABEY Ibeed witeRdst @R vARdlihd1@nd ever se
channel refers to transm ssion froma subscriber station to a base station.

Li kewi se, Maye ceBdmYAicealPdRr nddfape Bomiuemlipleaqorkse reoapiRisations system. one
mobi e subSGLIRR, ﬁﬁs%&'t@&nfa(ﬂgrsaatr% 8&%@&8%1?{011&‘0& SARGL G Etfn%dsO’A fifg Pase
€ data trom e user

station réeceives a°rever se chann and Toutes
the data tbsroagbneasybsdritie smhmﬁdnﬁreémhmrwsmhm& P& EBYoridosubbeibteecond
user. I n many gom‘runl cation systens, ,e.gt. W CDVA, | S-2000, . the
forwar d cRENHRPY SHBSTRE GAREPR & IEFrRserak araé)aafr ‘F%%‘Ht etheslgse statien recekyGenci es.

[0006] Anyex@iRhid Hay3oti! e Aatd ﬂ@%ﬁm&%@‘&b&éﬂ" THe YS! 8 RanSmfiel! fNa dat a

rate (HDR) comunication system In an comuni cat1 on system t e base
stati on i fovankichamsl 0€fthe rsemetbﬁsasst@mnaonelms othet \wasek s(atibg,, toatie tdeend enot e

station is_.soneti rred to.as cce term A Functjonality
per t or med SR AT Ry B BRGaHBined BN GP Tt Bt Foort & Yo il

medi um acw@s@nwnitmin eMA@e réweede. chEMBel ANTER o drFRmid3edrU BomA a MiGsdrer . The
MAC | ayer offers certain services to higher |ayers, including services that

are rel at é’@tl% t9 Rebasp slateR-o AikTWishdhe sompmication meqy. beersducicd befiyednea
realized IJIB{ E?H{o%ﬂ% Quﬁslaﬁb&pﬁ]{n?&d M QEec%P%QeIJ &Y Qﬁax{a‘img!ataé&. ot her
on el enent suc an A

comuni cat’i I'na wreless conmuni cation system
SUMVARY [ Ba7dtation moeventhediane friom theeaspr elsarttevapq:)ahammals andnputes g data

conmmuni cati on el enent canpri sin is configured for
wirel ess %Hﬁ%ﬂhﬁc&{‘?ﬁhﬁrﬁ mﬁﬁi ﬁelﬁg@‘é’@t%ertwoa%gé%# §%ulEF SEHPRAMSERt P oRABY enent

conpr i ses camhfiARSAbA sftemd < ECH-YEIWORBMR! 15-SI0D Bl ﬁ)@leuQi dlafind1 RS L T,
a processor operably connécted to the transmtter and t

reverse channel are allocated separate frequencies.

[0006] An example of a data optimized communication system is a high data rate
(HDR) communication system. In an HDR communication system, the base station is
sometimes referred to as an access network (AN), and the remote station is sometimes
referred to as an access terminal (AT). Functionality performed by an AT may be
organized as a stack of layers, including a medium access control (MAC) layer. The
AN may also include a MAC layer. The MAC layer offers certain services to higher
layers, including services that are related to the operation of the reverse channel.
Benefits may be realized by improvements in the operation of a MAC layer of an AT, or

other communication element such as an AN, in a wireless communication system.

SUMMARY
[0007] In one embodiment, the present apparatus comprises a communication element
comprising a MAC layer that is configured for wireless communication within a sector,
wherein said communication element comprises a transmitter, a receiver operably
connected to the transmitter, a processor operably connected to the transmitter and the

receiver, and memory operably connected to the processor, wherein the communication



receiver, and nenory operably connected to the processor, wherein the
communi cati onel enent is adapted to police data flow, whereby a peak data
out f | ow cwobecaintssi s applied for each flow across all @ssiusp@d/ocsiri ers,
select a carrier froma plurality of thSe assigned carriers for the data
flow, and control flow access, whereby a potential allowed transm ssion
power for the data flow on the carrier is determ ned. [0008] In another
enbodi mentelemené ipradepind torgrohicel datal Howt edherehyoarpeek datmnytiionl copitmidtliows

at o out { FOUTELRL Ere Ho ReSsr Bl Msfiop sl svEiP e Poceom A bRl Rt 7o

carriers, asg@pealdangeraf@and da4 flbwomdacdol Abivtatcak, RESEENS Pot@ﬂﬂiﬂiaﬂbﬁlecﬁ or the
data flow, and control flow access, whereby a potential all owed

transm ssitGRSBENHER PPYer for dheglptaflew ow thtcarHer is determinefls det er ni ned. BRI EF
DES ON OF BEME&&%N 0 il £
com?uﬁ%(ilﬁ%jzat i ons I%—?E? em t hat s%%bg}%%%lg%%u#%@rd %&Eé@%?@o%g@fé@@%&%q%@of

i mpl enent iflogvsattansmitsdd oo mdpplet crmdrs,thyepaliding dare iosy, ditscetsse gedkedah n;
[0010] FIG fﬁ)g{ifs a bl ock di E%ﬁ.m il ugtrati ng an access network and an
access ter COpstI; i§fPg P ERhC HRtURiTeS RbRsugRadesAripsosalpcting® 3 i s
a bl ock dicagfedMonh b bhirhBy Jths@edP&Hrifl hAWR! B NoRN aff EGRDI FRWThARLS,
[0012] FIG 4 is a block diagramillustrating exenplary interaction Sbetween
hi gher | ayéiesebyna axteatislesldowesk iransatissiorh @owed formhacdats slogonn rtbé chaieeris and
t he physi %giegkf%gr; [0013] FIG 5A is a block diagramillustrating a high
capacity packe eing transmtted to the access network; [0014] FIG 5B is
a block diagramillustrating a | ow | atency packet being transmitted to the

access network; [0015] FILG i.s_a bl ock di ating different

6 agramillustr
types of flows that mﬁMEFsQEﬁﬁRJHTBQNe@E]FﬁEMWWG] FIG 7is a
bl oc bRgr am igrhust i g{éﬁ{] y., Tl . 1.9 city
pack?%d;éb{iml?] Fllgl}'(is1 gﬂfsg&gs %Poc C?%S’?a%*’%@ﬁ%ag%?%gs%é%he@élﬁp @le[ts ffow set
for a | ownhmbenof peckend {s004MbleFo6 inglémemingl at Kedi agi@maspektssbf ahé ng

i nformati on.that ma(yi be i ntai ned at an
embo iments SCuUsSSe erem,

[0010] FIG. 2 is a block diagram illustrating an access network and an access terminal
in a high data rate communication system;

[0011] FIG. 3 is a block diagram illustrating a stack of layers on an access terminal;

[0012] FIG. 4 is a block diagram illustrating exemplary interaction between higher
layers on an access terminal, the medium access control layer, and the physical layer;

[0013] FIG. 5A is a block diégram illustrating a high capacity packet being transmitted
to the access network;

[0014] FIG. 5B is a block diagram illustrating a low latency packet being transmitted to
the access network;

[0015] FIG. 6 is a block diagram illustrating different types of flows that may exist on
an access network;

[0016] FIG. 7 is a block diagram illustrating an exemplary flow set for a high capacity
packet;

[0017] FIG. 8 is a block diagram illustrating an exemplary flow set for a low latency
packet;

[0018] FIG. 9 is a block diagram illustrating information that may be maintained at an
access terminal in order to determine whether a high capacity flow is included in the

flow set of a low latency packet;



access termnal in order to determ ne whether a high capacity flowis
included in the flow set of a low | atency packet;[0019] FIG 10 is a bl ock
di agram iwbusavm@bisng an access network and a plurality eCTasec@s®os3er m nal s
within a sector; [0020] FIG 11 iIIustr4at es an exenpl ary nechani smthat may
be used to determine the total available power for an access term nal;
[0021] FIG 12 is a block diagramillustrating an enbodi nent in which at

| easti0Ohe of HE. 4Qdesisbloek miagnbm illistinting sans agsessy nétwotluded mupliiaditye of | ows;
[0022] FIG 13 is.a block diagramillustrating one way in which the access
t er mi nal ﬁﬁ%ﬁs%ﬁpﬁinﬁlst‘ﬂ@“f}ﬁrsﬁ%ﬁf’ power allocation for the flows on the

acceggo20er M nalfiG[ PPARIstrleSGan k4einplady RleBikdnishh At amay bd bigkrtaideRBnmertByer se
activity bit being transmtted fromthe access network to the access

t er mi nal s teirk #vieHatie pewenior ap 824] teAPGAl 15 is a bl ock diagramillustrating
| nfop 6@‘1150” t h%IIG.ny %sbaeblggfc B}a%a%ﬂ%u%raér%gana&ﬁgéﬁmteﬁ il vﬁﬁ%:h hiYe g?xﬁe 5%
POWEr ~a i’on For one of nore T110Ws oh the

detellm ne the CUrréen oca access

term nal ; theéddd28ds térhiinald Grithén @sdctsidhdlodeahultiptecfiowds;agram il | ustrating
exenmpl arﬁ functional .conmponents in_an access terminal that may be used to
det el23k an ed{¢mdd ds 81Plpele dingiam dlisyatng PR Wy tinaphich ihe aeqeprmtesmiral t he

current | 'dwaihﬁiéeduﬂq‘ae%ﬁ%?rﬁaggéggh f%lgl?g%y@oﬁthé cdess @rrhingW di agram

illustrating an exenp r erm ni ng the current power
al | odea23bn f or FGf 14s arbledkediagmes luseatirighalrg vef@ORTiviti Ib@. bei trsnsamibtbdck

G 0t am | USh 100, 0 BERHS o 0B BORIY RubgoLest essene 1o

i 11 ugeo2at i ng i HIGr Modsi alodindlagiiByilagrARishRiMetothat My BE aRGHathed Mthal i n
order for the access termnal to determne when to send a request nessage
to the ac@eeess isemingt je orfgopgietamme the cyrserd ppvet dllagation Emone PuBorafleYg an
exenpl ary | i .hat ween a schedul er running on the access network and
t he accessoln'?ltééraércl%gl%?Itgl%[\l/lvlH hin the sector; [0030] FIG 2 1 is a block diagram
i 1uge024a]i ng afiGhelt exeapiuactyonahtidoce tdiggraneilivanting ssxeapidrer funoiidtiahg on

t he access network, and an access term nal; L([J\SO 311, FIG, 22 is a blaock

di agram i ICPEEPRNS Hy 2R A6Ete MeaHBY dPfelay be 68 rQrfletorRineage cttadte jof the

transm tt gglehdcUibienit GRE I ESIM AL of E cATERISadiES WSO {fpraccess

term nal ;
[0026] FIG. 17 is a flow diagram illustrating an exemplary method for determining the

current power allocation for a flow on the access terminal;

[0027] FIG. 18 is a block diagram illustrating an access terminal sending a request
message to a scheduler on the access network;

[0028] FIG. 19 is a block diagram illustrating information that may be maintained at the
access terminal in order for the access terminal to determine when to send a request
message to the access network;

[0029] FIG. 20 is a block diagram illustrating an exemplary interaction between a
scheduler running on the access network and the access terminals within the sector;

[0030] FIG. 21 is a block diagram illustrating another exemplary interaction between a
scheduler running on the access network and an access terminal;

[0031] FIG. 22 is‘a block diagram illﬁstrating another embodiment of a grant message
that is transmitted from the scheduler on the access network to the access terminal;

[0032] FIG. 23 is a block diagram illustrating a power profile that may be stored at the
access terminal;

[0033] FIG. 24 is a block diagram illustrating a plurality of transmission conditions that

may be stored at the access terminal;



[0032] FIG 23 is a block diagramillustrating a power profile that nmay be
stored at the access termnal; [0033] FIG 24 is a block diagram

i1l ustratwogoa/qbispal ity of transm ssion conditions tharCrag20m6/08430T ed at
the access terminal ;[0034] FIG 25 is flow diagramillustrating an
exenplary nethod that the access termnal may performin order to determ ne
t he payl oad size and the power |l evel for a packet; [0035] FIG 26 is a

f unctiQ03dbl bl odkGdRags anflow| disgrant ilhgptrating ab cdemphary ofiethod dot abs atedsei nal ;
[ 0036] FI 27 i1 lustrates an ex | e.of ,decoupling flow access cantrol
Fromt1 owermiiet gt Rifeiingn e Bt PRt 20ant 1% SO G o406 oer s
of token buedeets for each MAC | ayer flow, [0037] FIG 28 is a flowchart
illustrating the steps executed when policing flow data in the RTC MAC

| ayef0035038] FlG 265 p funstippddilock digeeam illustistingaen agbadiment ef sn taceass nal
sending a,gakrher request message to a scheduler on the access network and
receiving a carrier grant nessage; [0039] FIG 30 is a functional block

di agfeaae] | | ust FaGi 2yilmstraaapeangfle de deonpling bk iocas ¢esisol TRt Fieky ddiom f 1 ow
data poli ci{_ug at the access termnal by using two separate sets of token
buckets f8PLEBERL MsCRqCsseferminghby [Lﬁmoi/wwmara&e sets pffokem bugkstsafor tsaele k

di agram i MN@tlgﬁ,}ifpgg,;an exenpl ary interaction between a schedul er running
on the access network and the access termnals within the sector; [0041]

FI G [®937] s a f Gt 2%isad flpvdokt itlhsiatiagthd btopd exatuted when eohoipk oy dah hod f or
determ ni t@l\g%brlent_ power allocation for a flow on the access term nal;
and [0042% i'&% functional bl ock di agramillustrating an access

t er njosag] sendi FIGA293E ral Block QEubesh MASIEANS 4P adcesS REFIMEL seRMink NE cAFEESS
network and receiving a carrier grant message. DETAI LED DESCRIPTI ON [ 0043]

The word TEKeHpNaIsHLe fo apshefiuler @ the accgesanetwods ahd geceiving aesaaripl grant
instance, QL. Ll ustration.” Any enbodi ment described herein as "exenplary”
i s not neCessari | y to

[0039] FIG. 30 is a functional block diagram illustrating an example of decoupling flow

access control from flow data policing at the access terminal by using two separate sets
of token buckets for each MAC layer flow;

[0040] FIG. 31 is a functional block diagram illustrating an exemplary interaction
between a scheduler running on the access network and the access terminals within the
sector;

[0041] FIG. 32 is a functional block diagram illustrating an exemplary method for
determining the current power allocation for a flow on the access terminal; and

[0042] FIG. 33 is a functional block diagram illustrating an access terminal sending a
carrier request message to a scheduler on the access network and receiving a carrier

grant message.

DETAILED DESCRIPTION
[0043] The word “exemplary” is used 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.
[0044] Note that the exemplary embodiment is provided as an exemplar throughout this
discussion; however, alternate embodiments may incorporate various aspects without
departing from the scope of the present invention. Specifically, the present invention is

applicable to a multi-carrier, data processing system, a multi-carrier, wireless



be construed as preferred or advantageous over other enbodi nents. [0044]
Note that the exenplary enbodinent is provided as an exenpl ar throughout

t hi s di sowezn@mestsowever, alternate enbodi nents may i nc@Cparsatos/ovssni ous
aspects wi thout departing fromthe sco of the present invention.
Specifically, the present invention is applicable to a nmulti-carrier, data
processing system a mnulti-carrier, wrel esscomunication system a

mul ti - car FPBMUNEEPN eSS et WaHlk-carierampobole hBY nstyedrknardie any iotigert oysteegei ve
and process i1 el tgnal . [0045] The exenpl ary enbodi nent enpl oys a
spr ead- spggﬁlﬁnu#%m]%?%?%%@d%S(ﬁgrﬁﬁﬁi[“eﬁeﬁ?%ﬁl tem Wreless comunication

syst gpodshr e wi dak exelaplaty@ibdddmert Rupleys\AdpreidSspeyPes wifel& BOMBuaRLIGN such
as voice, data, _and so on. These systens may be based on code division

mul tipl e S¥EdRs Wieghksg)commuynpicagion isystems pigl widelyedepbayed ¢o piomide)varions typee ot her
nodul ati o i GOV 8, rovid ertain advant ages over ot her
types of gigﬁ%@hﬂ?ﬁ@i |hng |r$(§:’r(zat§§ergggss§gp é%%géz;epsa}'é}%w.me@%%ﬂsg&OWCP%f ess

comuni catlivasiors ysiléplenagedse(GIREAG N Ethet @i vBIGID afulltifle cdss WWA?,%W@J&@ such
El A/,1 S-.95-B. Mobil e Statjon-Base Station Conpatibility Standard

as the "TI
for Dual - R@/SEHWH gh (Ecapldast & PYSESAR IR vades SpEpiaadvaripgasravar edeher ei n
as the | Styes §f@@Ms@indd&i@ngﬁh%%ﬁ@yﬁgﬁgﬁﬁﬁi y a consortiumnaned "3rd

0

Generation Partnership Project” reféerre erein as 3GPP, and enbodied in
a sef00d¢] documnirelase [cooinngiddtousystemNesy BCRRIBA26. Aipport @R THoZS. 212,

3GPP TS 2 GPP T 4 P T .30 referred to herein as
the w cov St S H il STURRICAS opiENabis, SEiidamst eiirn Gewuay
Gener at i oBtaRdartinfur shigl-Modi eRideBindr 8pRhd eShebRuRCTEN NS yIETRP 2ref@RY {R- 45- 5
referred 1o herei Bﬂaﬁésges CDMA2000 standard, fornerly called 1S-2000 MC.

[

The st and3F 8§ &3 tt Hagyde thg standidppifesedr by o1 yonseridum onamesd “Bet ei n by
ref erence a escrhi-Bgd_ herejn.. be used with
hi gh dat aesg%g&(ﬁBBDR rcoﬁﬁ?‘%a? %8‘%%53’2{1 grr?g]. §sA§gB% %noﬁ%h?%ﬁ?/%ﬁ Sgtygteem may
be desi gnéefumentsoivichiding DocureernrNow r3GER 8d28.251, IGPP TS5 241217, @G0 H gh
Rat e Pack ta A e cification,” 3GPP2 C S0024-A, Version 1,
Mar ch 200%%‘%?0%5‘%@?%?%#?% 3?@’3?3 Eﬁt%ﬂ%@l Jeferied fe hatgin as the MHEDMAD

Proj ect ZstandbR€ ®endtidaid @ffeﬁeaeo}afgoé&@&'ﬁhhp 'ﬁgﬂeét‘%wﬁeqﬁﬁﬁgniﬁﬁgéﬁﬁir ated by

I y

reference _herein. [0048] A HDR subscriber station, C be refrerred to
herei n asP®iechcy eseferred (fpnbdrein as 3GPP2, and TR-45.5 referred to herein as the

CDMA2000 standard, formerly called IS-2000 MC. The standards cited hereinabove
are hereby expressly incorporated herein by reference.

[0047] The systems and methods described herein may be used with high data rate
(HDR) communication systems. A HDR communication system may be designed to
conform to one or more standards such as the “cdma2000 High Rate Packet Data Air
Interface Specification,” 3GPP2 C.S0024-A, Version 1, March 2004, promulgated by
the consortium “3rd Generation Partnership Project 2.7 The contents of the

aforementioned standard are incorporated by reference herein.

[0048] A HDR subscriber station, which may be referred to herein as an access terminal
(AT), may be mobile or stationary, and may communicate with one or more HDR base
stations, which may be referred to herein as modem pool transceivers (MPTs). An
access terminal (AT) transmits and receives data packets through one or more modem
pool transceivers to an HDR base station controller, which may be referred to herein as
a modem pool controller (MPC). Modem pool transceivers and modem pool controllers
are parts of a network called an access network. An access network transports data

packets between multiple access terminals. The access network may be further



(AT), may be nobile or stationary, and nmay communi cate with one or nore HDR
base stations, which may be referred to herein as nodem pool transceivers
(MPTs). Amoaocwews7sber m nal (AT) transmits and recei ves aaraspachas3s7t hr ough
one or nore nodem pool transceivers to an HDR base station controller,

whi ch may be referred to herein as a nodem pool controller (MPC). Mdem
pool transceivers and nodem pool controllers are parts of a network called
an access caeregindkio additienalseetwetlsoowsitle ghe moc&ss utawarkpavkiets Hebrrede

Itipl be furth ted t
a1 onarigesah B IR ald R EEREat At kO D techetoh cbepbieaminal
i ntranet GAT)bed mhemmaae nAWErkIB it 4c888 RO dindl INT) BRE he! ScBLNBER ?%ﬁ?EA]T)

access term_pal (AT) and such outside networks. An access term na
that has &effithaapegorpecioniwith eneagrimere stsienepocd slansseivieoris walldd areetive nor e

modem poolycdds QRIGEIY Ghd § §a1& {EH lgeelq Ahef¢ E[%%é( C (%:%%sttteﬁélgﬁﬂ&[m & %S%%Ztgé almg to

be in a traffic stat’e. term

est abl i shlpr@emohwahlrmhmgaa‘nf aocmve hanffie thamaeinesinetionVivith B e rahiorfdBh&ddpdem
pool transc jvers . is said tg be in a connection setup state. An access

term nal PRT)TIRSSAIVES Sripichiorbe 19 &\AoRReCHNR SCIHB fiftmi ABAecesY teroingh(ADwnag! ess
channel ombe tahy 4BNIH W ﬂhﬁficmﬁﬂﬁﬁhee ftlﬂ){) %ﬁ;ﬁ 'reqe Sdh'a ndl! RShed! gg | Co QL
a nﬁ']ﬁ%%r of

coaxi al cabl es. An access term nal urt e any o
types of @eaingk4$on exampls Wgng)ﬁbenmtlcmrrma)adl tableRC Maaatgsmﬁﬁ@al (AT)&ﬁkiy

ext er nal node or,wWmre S .or phone.

comuni ca;PLE oﬂnptgﬁ geqf 1 AVE "h%thWPE%Oﬁ%“%FédB@&g q?ﬂt AeF II(TAEF)i t@é)ﬁ%afélr gnal s
to the nodempmooflash| RESRIIVE intSrmERIMMRRNR 61EWfckBs C&a&'ﬁ@ime Bne. The
comuni cati on channel through which a nmodem pool transceiver sends signals

to an accEYEMUBICAIM chanke thfgu&ha}”lh@h the fageand termg haln@el). sepd0 sighalF ltethel

illustrat C n n em,100 that. sy
nunber of %ﬁ)ggi?}sﬁaéﬁgﬂ? %@Cégg%gg Qm%i %‘%ﬁéé%e%‘i‘%éf e Supmupigar cggﬁé@tngla of the
enbodi nentls’omhswhsheedmdelm pool Aryis@fven sar&rslsegr)amfo a1l g&dekd mmimDdAMeihods

may be use tscheg iansm ssions in system 100. System 100 provi des
comruni cafﬂ?ﬂafé? of cells 102A-102G each of which is serviced by

a cofgoagpondi ngl@apﬂhﬁtraﬁeg e e%%?rel&‘le@co RRGLbi eé%telnl Bod B SESTRLAN Y

enbodi ment, sone of the base stations 10 ave mil e recélve iant énnas
and ot her BURBSZe 0b rﬂS?rSo prd rie cedpableant emplemesiing | atr lqast some adpedtheofbdre
nt ennas t hers have single
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transmt asedeoseRdule transmissions in system 100. System 100 provides communication for
a number of cells 102A-102G, each of which is serviced by a corresponding base station
104A-104G, respectively. In the exemplary embodiment, some of the base stations 104
have multiple receive antennas and others have only one receive antenna. Similarly,
some of the 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.
[0050] Remote stations 106 in the coverage area may be fixed (i.e., stationary) or
mobile. As shown in FIG. 1, various remote stations 106 are dispersed throughout the
system. Each remote station 106 communicates with at least one and possibly more

base stations 104 on the forward channel and the reverse channel at any given moment

depending on, for example, whether soft handoff is employed or whether the terminal is



and recei ve antennas. Therefore, it is possible for a base station 104 to
have nmultiple transmt antennas and a single receive antenna, or to have
nmul ti pl e wecelsmwemat ennas and a single transnmt ant ennapCorust@eiossse’ bot h
single or multiple transmt and receiveyantennas. [0050] Renpbte stations
106 in the coverage area may be fixed (i.e., stationary) or nobile. As
shown in ?@G 1. various renote stations 106 are dispersed throughout the
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st ati ons. hod, andh SF T OEBRY Mg ModaHpednl &y ot GRYA Lallbldr Relephonen t he
art and i SyslescT WhRd id AsBabREd the Yss iyl 201, entitled
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i nventi on 51].. Th or d channe] refers to transm ssion fromthe base
station 16‘3{“&% stJ&Ltleomr gorgotaél\éﬁ%ﬁtr%‘?{selﬁ anngh, iefens ofoy Eansmesith §ome ther emeate t o

transni ssbariof 1064 lie BaeERuEoRLOL T BN eI EnBaGiRAA 8D el L he
exenpl ary enbodi nent, sonme of the renpte stations 1 ave nmultipte fecei ve

ant ennas  SRHOBY H& Bavgampultiple spceiie anteprdsvandanthern have bmlyFinG redeivéagentst at i on

104A ' : ions. 106A and 106J he f d
channel - Batio, PotRe sRyRT PR SRHiE ol B°RstiE st 14 g 1B6bEndi 106,

on the fofemadl diraneiebasetmion 904Bi temshdd Gatalta REHbk StARLA 1068 LETRHE St at i on
106C on t eeg?or r%‘?ﬁhﬁ?ngel, and so on. [0052] In a high data rate DR)
communi cat1 o ¥§ NGl Rasg eatoqy HCo Hranspaits; data doraemete statishel466Hon dhas an
access nefomvaid dhdhbel, Madotdpe renote station 106 is sonetines referred to as
an access termnal (AT). FIG 2 illustrates an AN 204 and an AT 206 in an

HDR W8%uni cat e Bightdata rptoOGEPR T wemaTund@ion ssystempi the | eSS se@AUTIAL A | On
with the I ndi cat ed previ ousl reverse channel refers to
transm ss%%gﬁ?so%%?ﬂﬁ%dk)r B8 ?%Cef%éle%\(l}ﬁém H@dr B efemote sation clhimnel

208 i s shemetineshbferred to 3hen heésy @BnitaBIATE EitaPNElL | N"%)flp litdron of
t he reveag%gg)gannel that carries infor ngt i)(c)n from aStgag%célnfs‘f‘c %&ént o the

AN 204. 8 an Bk compwpicatiohsisteat. may i ncl ude ot her channel's in
addifob£¥] to thene AT 206 is in wireless communication with the AN 204. As indicated

previously, the reverse channel refers to transmissions from the AT 206 to the AN 204.
The reverse traffic channel 208 is shown in FIG. 2. The reverse traffic channel 208 is
the portion of the reverse channel that carries information from a specific AT 206 to the
AN 204. Of course, the reverse channel may include other channels in addition to the
reverse traffic channel 208. Also, the forward channél may include a plurality of
channels, including a pilot channel.

[0054] Functionality performed by the AT 206 may be organized as a stack of layers.
FIG. 3 illustrates a stack of layers on the AT 306. Among the layers is a medium access
control (MAC) layer 308. Higher layers 310 are located above the MAC layer 308.
The MAC layer 308 offers certain services to the higher layers 310, including services
that are related to the operation of the reverse traffic channel 208. The MAC layer 308
includes an implementation of the reverse traffic channel (RTC) MAC protocol 314.
The RTC MAC protocol 314 provides the procedures followed by the AT 306 to

transmit, and by the AN 204 to receive, the reverse traffic channel 208.



reverse traffic channel 208. Also, the forward channel may include a
plurality of channels, including a pilot channel. [0054] Functionality

per f or redwbyotdmme?®3 206 may be organi zed as a stack of Ipayarss006/60$317 3
illustrates a stack of |ayers on the Al 306. Anong the layers is a nedium
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provi des tphgsigal timesiniseion fof bhakesdo the ANROAT 306 to transmit, and by the AN

204 receive he reverse traffic channel 208.[0055] A physical |ayer 312
is | @%Pﬁd bel g&{}t %QEWGE’F S¥arplaggnteracionpetwesy dhe IngherlaypiedtGor thetil n

servi ces Hfoenmtha ' I coall rv{c re r dt he
physi cal transm slsa‘inglr’]@%lfg%éca%g?ge ?o %Cﬁ}a%%% Atsog’@@?l’ &eﬁ‘@ ?ij@é at es
exenpl ar y '¢agivep 8¢ oo mase fiwwe 16 eonh thghe ghdrdywrs 410.0 Aoflow 48 6 AT 2 406xm bhe MAC
llayer 408, and fhe EhQ/Si cal .ﬁlhlg%er 412,f As shown, the MAC | ayer 408 receives
one or more -t ows A6 F6m’ MegHer! FapRssiomIsquiskmenis, usudly asseeiated eam of
dat a fromwathu_scﬁﬁe fcubar a@pilibatﬁfam?ﬁ fca}p}t & FERIS 11 8 SR ‘%‘H'tf’eﬁg&ﬁ o

usual 'y associated with sonme particual ar ‘application. Typically, 1i‘low 416
cor r es pond@BPlicgtian.syek jas veica gyen BatadR), videotelephouy, file tomeler prRtddd (IFIP),

vi deot el eg&gmg, el | € transfer protocol (FTP), gami ng, etc. [0057] Data from
the flows~416 0n the AT 406 is transnmtted to the AN 204 in packets. In
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406 have
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packet . at are to be included in that packet. Exemplary methods

for determining the flow set 418 of a packet will be described below.

[0058] The MAC layer 408 also determines the payload size 420 of each packet. The
payload size 420 of a packet indicates how much data from the flow set 418 is included
in the packet.

[0059] The MAC layer 408 also determines the power level 422 of the packet. In some
embodiments, the power level 422 of the packet is determined relative to the power
level of the reverse pilot channel.

[0060] For each packet that is transmitted to the AN 204, the MAC layer 408
communicates the flow set 418 to be included in the packet, the payload size 420 of the
packet, and the power level 422 of the packet to the physical layer 412. The physical
layer 412 then effects transmission of the packet to the AN 204 in accordance with the
information provided by the MAC layer 308.

[0061] FIGS. 5A and 5B illustrate packets 524 being transmitted from the AT 506 to
the AN 504. A packet 524 may be transmitted in one of several possible transmission

modes (TM). For example, in some embodiments there are two possible transmission

modes, a high capacity transmission mode and a low latency transmission mode. FIG.



[ 0059] The MAC | ayer 408 al so determ nes the power |evel 422 of the packet.
In sone enbodi nents, the power |evel 422 of the packet is determ ned
rel ati ve wo 206v9pmoer | evel of the reverse pil ot channelPCT[UB2@6j00830T each
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the flow set 418 to be included in the packet, the payl oad size 420 of the
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The physi cay ilugieles 2 highicaparityrraskets 24 firfsrd Raskelnd 29k thiids pansmitted o higk AN
204 in ac Ne1o¥ i nf. i j d b C layer. 308.
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transmtt b=l @ﬁ? [ . 14 - high acity packet 524a of
t he sane %&éig?ﬂs{wz% feh?e otP Léu,?\éﬁtlg}} %a%sélggg% St %%gt ECPW%VW’Iaaﬂf)gﬁéVn@écket
524b wi | | packel S24bnmneesquiore Rdadimg or the spdtern Q90 kighicgphcaapadict g2packet

524a wever, I | at en acket 524b causes nore | oading on the system
100 19987 a hi gﬁ?%-a‘gﬁasﬁﬁt%;{fﬁ‘%?mﬂnﬁo[ 16rihes may jexist op 2B A8k 686-f fier ent

types of bbavenSbAihbdl, SRY BWSE61P™nM AT 06 is! Rs50HEd e d BERL each

flow 616 on an AT 606 is associated with a particular transms n node.
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and a | ow, [ 1 ssion . nod an. AT 606, may ,incl ude one or nore high
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pref er abl exck@high bipgbitg el 664 heo6 888 of nbte Tbivansdhcytslyd B16b, hihs
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transni t t BEFI§TRDIG fpow high erragity flawe©16pap be transmitted in a high capacity packet

524a. It is preferable for a low latency flow 616b to be transmitted in a low latency
packet 524b.

[0064] FIG. 7 illustrates an exemplary flow set 718 for a high capacity packet 724a. In
some embodiments, a packet 724a is transmitted in high capacity mode only if all of the
flows 716 that have data to transmit are high capacity flows 716a. Accordingly, in such
embodiments, the flow set 718 in a high capacity packet 724a only includes high
capacity flows 716a. Alternatively, low latency flows 616b may be included in high
capacity packets 724a, at the discretion of the AT 606. One exemplary reason to do this
is when the low latency flow 616b is not getting enough throughput. For example, it
might be detected that the queue of the low latency flow 616b is building up. The flow
may improve its throughput by using high capacity mode instead, at the expense of
increased latency.

[0065] FIG. 8 illustrates an exemplary flow set 818 for a low latency packet 824b. In
some embodiments, if there is at least one low latency flow 816b that has data to
transmit, then the packet 824b is transmitted in low latency mode. The flow set 818 in a

low latency packet 824b includes each low latency flow 816b that has data to transmit.



[0064] FIG 7 illustrates an exenplary flow set 718 for a high capacity
packet 724a. In sone enbodi ments, a packet 724a is transmtted in high
capaci ty woadeosombigoi f all of the flows 716 that have daraTius2eocansnit are
hi gh capacity flows 716a. Accordingly, {n such enbodinments, the flow set
718 in a high capacity packet 724a only includes high capacity flows 716a.
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sect or

loaded, the efficiency loss of merging is not important and aggressive usage is allowed.

[0067] In some embodiments, a high capacity flow 916a is included in a low latency
packet 524b if either of two conditions is satisfied. The first condition is that the sum of
the transmittable data 926 for all of the high capacity flows 916a on the AT 906 exceeds
the merge threshold 930 that is defined for the AT 906. The second condition is that the
transmittable data 926 for the high capacity flow 916a exceeds the merge threshold 928
that is defined for the high capacity flow 916a.

[0068] The first condition relates to the power transition from low latency packets 824b
to high capacity packets 724a. If high capacity flows 916a are not included in low
latency packets 824b, data from the high capacity flows 916a builds up as long as there
is data available for transmission from at least one low latency flow 816b. If too much
data from the high capacity flows 916a is allowed to accumulate, then the next time that
a high capacity packet 724a is transmitted, there may be an unacceptably sharp power
transition from the last low latency packet 824b to the high capacity packet 724a.

Therefore, in accordance with the first condition, once the amount of transmittable data



is determned will be discussed below. ) That is, when the sector is
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transmttable data 926 for all of the high capacity flows 916a on the AT
906 exceed36diom therhjgh capasihidlossPd6a vhahe AT Yk ¢xveetsf meertave villie 9finedhe

econd con t transmitt dat 26 for th ca aC|t
FFow 9160 i BRuleCntelRla 936, L hRAGHE bEuE bt thedigh pitncty Fiois Bet ARG
capacity fld)\@\lﬁt&l:@q;acli@ﬁﬁﬁlbfﬂaﬂoi&/ed st condition relates to the power

transition fromlow | atency packets 824b to high capacity packets 724a. If
hi gh [¥803kcity f |h6ﬁ30091ﬂ6=3n6¢1@n ARlates frihg quality of |S@wqea(£1@§&§ecwerem@mts fgahe, data

from the Walt6amacdv: Slonm BL00 e #eiRods bRNGSE R ubs ol

avai l abl e sm ssion from at ast one at enc
much dat a flomofahis skt ha o/apatairngzﬂh@whlsﬁﬂ@as ithatahé Qvﬁdcdpama}i:ﬁumm@hes t hen
acket 724a is transmtted, there may be

t he next ti at a. hj capacit
an una)éceﬁgfrg]&r& Shr ch‘%ﬁg mltOEP é\vg?/?tigﬁw PROSST (SRAD- aSensegyentlys Wy 2 drgiket
824b to t RgpAitgHRADREA Eﬁéyﬂﬁ@gﬁéncez?ifla%snuggi%he&e@i , beAude {98 %f'ﬁ%ns\#ﬁtﬁ qthe

first condition, once the ambunt of transmttable data926 fromt
capacity heneve ese tsrat denst AR lopBlaisncBow & 6b avithadata mﬂrmnﬁdeﬁlwnvedelyy the

merge thr 3 n dat f e hi aci flo 916a
i ntg | ow ?ﬁp g% eptg%ﬁ?g?ﬁ%ggéf%lga glgélcﬁ%%ﬁ ffofv 118§ OééfE’%ermé%W&% Vl%?]

rel ates t endahe tigiyaheé hjghotapaeity ifloey O(FES)s flaui bRABBtifclhadd ihe 1bwdhteaapaci ty
fl ows 916a gégqu 906. If the nerge threshold 928 for a high capacity

f1 ow 916aPp OCBH%P?“]Y&SE@ Bigh &éPaOEtbflféOW?e%l@ DAY eXpariened veryduaci ty
fl 916 f
ow a tﬂaﬁsrﬁ@é’l%ﬁl ydel%m . ¥ Rbe vk Cdudh ]f}ﬁ %1‘1 qu%cg&\r'r\ﬁaé\%e%g{ i Je%%c%? imo%g Wetor .

Consequent ly, h capadity ransni ssi on
del ays, bessauses fottransmatgheir detasmi tt ed whenever there is at | east one | ow
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of h1gh capacity flows 916a may have strict QOS requirements, while others may not.
An example of a flow 916 that has strict QOS requirements and that may be transmitted
in high capacity mode is real-time video. Real-time video has a high bandwidth
requirement, which may make it inefficient for transmission in low latency mode.
However, arbitrary transmission delays are not desired for real-time video. An example
of a flow 916 that does not have strict QOS delay requirements and that may be
transmitted in high capacity mode is a best effort flow 916.
Setting Power Levels of Packets in a Given Reverse Link Carrier

[0071] FIG. 10 illustrates an AN 1004 and a plurality of ATs 1006 within a sector 1032.

A sector 1032 is a geographic region in. which the signals from an AN 1004 may be

received by an AT 1006, and vice versa.

[0072] One property of some wireless communication systems, such as CDM systems,
is that transmissions interfere with each other. Therefore, to ensure that there is not too
much interference between ATs 1006 within the same sector 1032, there is a limited

amount of power received at the AN 1004 that the ATs 1006, collectively, may use. To



hi gh capacity flows 916a on the AT 906 may be set to a very | arge val ue,
while the nmerge threshold 928 for sone other high capacity flows 916a on

t he AT 908Orrage6/ive788et to a very small nerge threshol d 928T/USeala/oes3d®esi gn i s
advant ageous because sone types of highscapacity flows 916a may have strict
QCS requirenments, while others may not. An exanple of a flow 916 that has
strict QOS requirenents and that may be transmtted in high capacity node

i s real -t iSRG tBaothe by 100Gvstay; Wisinthis Wmii gleepaimdsnenti ofeppiverel@dtis whi ch
may make it . I G ; ] SSi b |.at en de. However,
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exanpl e ofchanifel 208.9R&:ht ATRH 0@ sss thetpohay kvsk 4120df tRCPadtels®P4 ied i traRRMES and
that may be bransm’tt d iin hi %5 capacity node is a best effort flow 916.
Setting PORERe TGP Fagic ghapnel 298 5q asneft) sxcordiis fatal aveipblerpweel0340071] FI G
10 i dor3i r at es @R i i 1.h r 1032.
A seotor 105 i ﬁ%gﬁ’g})% 1?’38%Sﬁﬁﬁﬁé%fiﬂqﬁﬁ%@ﬁgﬁéﬂe?%%ﬁﬁgé\‘%l1004
may be redeithiepowst lgvel AR21the6theahl W06 erseetos ranshld pakeBnE24pow piey teyegé Some

W rel ess Tuni i stens,, such as systens,. i s that transm ssions
interfer eq%%&é‘%@‘%‘.‘ éc?)){g h??l).r X RPIE+ 15, SomE S %g’lry?lgﬁ%gs ﬁ’i‘?‘aet 1s@et ef fSCIREPOMSS nuch
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limted anpunt of power received at the AN that the ATs

col | ecti veing otahgvailakle powend 034 farmar AT HOOARAY B0 de skagtlyniqual to atyiof theni t, a
certai n apRipke Sdwh9 1034 is available to each AT 1006 within the sector
1032 for transen?s‘gﬁlgoér!]\%ﬁsén the reverse traffic channel 208. Each AT 1006

set s[@0fid] power Thevethl #2Pabit Holwer 108K eias iSAet dsbdbt hiy bivensifid i 208wkl o
reverse traffic chanpel. 208 go as not to exceed its total avail able power

1034. [ 007" MHECHBWEAL it &0A Doy oAl qtiRatubsequan met dius.dngucinsmbodigentsy not
be exact| yheetua!lavhiPabld BowOMBG34 f3¢eln A22100BaL éwﬂ@'@?}_ eégagatouf EStrdr? phlyapsm t
| 208. xanpl e, i n sone

packets 524 on the reverse traffic channe
enbodi men#8ogatend034a plus et least soimecpastien pbawercduennddisd poraer dllveardn 100016b.

selects f i rmning the power, level 422 a packet 524. The_ total
avai | abl e&gg\ﬁeﬁlq&‘%@armezﬁ‘%h%?m‘ffgrgl@vﬂﬁgﬁﬁgta pﬁé(eé%ééls? R Aaes pgt exegedt t he
di screte pfmwetal hexlabls.polveP 1844 fBaend ATabo@vai | abl e power 1034 that is not

used _at _any given tine is allowed to accunulate, so that it nay be used at

a subfféfuent "t iThe otgkArailablp pewen 1 &Hbisuiapekt 4006 maymot alwayy sijhalthe ATwer
1034 for agod\durt? goévér AT REGH ¥é34%.%l§4 b AP GHH6 EOunRINES power allocation

1034b. In some embodiments, the AT’s 1006 total available power 1034 may be
limited by a peak allocation 1034c. The peak allocation 1034c for an AT 1006 may be

-

equal to the current power allocation 1034a for the AT 1006 multiplied by some
limiting factor. For example, if the limiting factor is two, then the AT’s 1006 peak
allocation 1034c is equal to twice its current power allocation 1034a. In some
embodiments, the limiting factor is a function of the current power allocation 1034a for
the AT 1006.

[0076] Providing a peak allocation 1034c¢ for the AT may limit how “bursty” the AT’s
1006 transmissions are allowed to be. For example, it may occur that an AT 1006 does
not have data to transmit during a certain period of time. During this period of time,
power may continue to be allocated to the AT 1006. Because there is no data to
transmit, the allocated power accumulates. At some point, the AT 1006 may suddenly
have a relatively large amount of data to transmit. At this point, the accumulated power
allocation 1034b may be relatively large. If the AT 1006 were allowed to use the entire
accumulated power allocation 1034b, then the AT’s 1006 transmitted power 422 may



al l ocation 1034a plus at |east some portion of an accunul ated power

all ocation 1034b. The AT 1006 determ nes the power |evel 422 of a packet
524 so t a0 20a6/868 not exceed the total avail abl e powerCTOB400600831he AT
1006. [0075] The total available power {1034 for an AT 1006 may not al ways
equal the AT's 1006 current power allocation 1034a plus the AT's 1006
accunul at ed power all ocation 1034b. In sone enbodi nents, the AT's 1006
total avaiFBHI®CHarBdengmpidingragee. | Hayevar, ifyhaApenko0s traosaitiecpok@3422 The

peak allo ! o Mo O T, . | to t current poywer
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1034c is equal tw.ce, it urrent power allocation 1034a. In sone
embodi menP§Vt ﬂ@fﬁ thtei ‘%t 1?’9&%?“?‘@“&3@%&‘%%% tHfs. t Netechatrtbe acpowdated
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the accumifitaavailaisepwar 1%’(’:16{9}” nATON Theymeehanishainvelobytheassgef a irtuahe AT

1006 wer e« gpved 360 I . I d, power all ocation, 1034b,
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b is sti avalpalie, b8

that the accunul ated power allocation 1034 9t s use
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virtual "bucket" 1136. This RLMAC bucket is used for edch data flowto
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appl i cati pdivdr! Avdchfiod 11054b." e AGthulated power allocation 1034b remains in the

bucket 1136 until it is used.
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[0078] The total power available 1034 minus the current power allocation 1034a is the
total potential withdrawal from the bucket 1136. The AT 1006 ensures that the power
level 422 of the packets 524 that it transmits does not exceed the total available power
1034 for the AT 1006. As indicated previously, under some circumstances the total
available power 1034 is less than the sum of the current power allocation 1034a and the
accumulated power allocation 1034b. For example, the total available power 1034 may
be limited by the peak power allocation 1034c.

[0079] The accumulated power allocation 1034b may be limited by a saturation level
1135. In some embodiments, the saturation level 1135 is a function of an amount of
time that the AT 1006 is permitted to utilize its peak power allocation 1034c. A bucket
1136 in excess of saturation level 1135 may indicate over allocation due to one of three
reasons: i) PA headroom or data limit, ii) T2PInflow 1035 decays down to an AN 1004
controlled minimum value, or iii) T2Pflow 1035 starts increasing when flow is no

longer over-allocated. T2PInflow 1035 is defined as the resource level in the network



in the data domain. The policing function ensures that average and peak
resources utilized by a flowis less than or equal to alimt. Policing
data fl owvopescanemsousi ng the foll owi ng net hod. At peri o@Ct/usaoenvsslis, a new
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al | ocat ed |r}g\?% ZQﬁeer that maintains quality assurance (QS). In such an

embodi ment® sRi¥ehpRViscape &ipam eaghiflowower 1238 may be determined for
eachpobsqw 1216\@pR §ﬂé@1ff%a_llyl 216 tot;ime/aﬁé)o\i\@f)o@&aﬂﬁqlor a %1238151%rmay 1ncP\ge a

current power allocation 1238a for the flow 1216 plus at least some portion of an
accumulated power allocation 1238b for the flow 1216. In addition, the total available
power 1238 for a flow 1216 may be limited by a peak allocation 1238c for the flow
1216. A separate bucket mechanism (which utilizes parameters BucketLevel and
T2PInflow 1235 described below), such as that shown in FIG. 11, may be maintained
for each flow 1216 in order to determine the total available power 1238 for each flow
1216. The total available power 1234 for the AT 1206 may be determined by taking the
sum of the total available power 1238 for the different flows 1216 on the AT 1206.
[0082] The following provides a mathematical description of various formulas and
algorithms that may be used in the determination of the total available power 1238 for a
flow 1216 on the AT 1206. In the equations described below, the total available power
1238 for each flow i on the AT 1206 is determined once every sub-frame. (In some
embodiments, a sub-frame is equal to four time slots, and a time slot is equal to 5/3 ms.)

The total available power 1238 for a flow is referred to in the equations as

PotentialT2POutflow.



1216 on the AT 1206 nmay be determ ned in accordance with the nethods

descri bed previously in connection with FIGS. 10-11. Each flow maintains a
bucket fowvosb@visergounused T2P resource, up to some naxi ROmUSeaslo083As fl ow
data arrives, bucket resource is used {@ allocate packets, subject to a
maxi mum bucket w thdrawal rate based on peakto- average access control. In
this way, average resource usage is bounded by T2PInflow 1035, but locally
bur st0P83| | ocat TBRsotaldvagablgwewer d23% Eardloynd frepsnitaddn péviglf Fapatity packeem
Peak-to-a ferred to as BucketFactor, restricts how bursty
the AN 10%%426%%%}5%2%&%%8\%%&0% be fromeach flow [0081] Mre specifically,
the total avail able power 1238 for a flow 1216 nmay include a current power
al l ocation, 1238 the flow 1216 plus at |east some portion of an

accunul at 2’8’%’8\%&;5}%4‘?@8‘&&0@ 1238b for the flow 1216. In addition, the
total avail aple ppwer 1238 for a flow %%Té’ Ee limted by peak

al I ocation 1R38c Q#Al%aiibﬁﬁ'ﬂa Q.r X%{i b Kﬁtzpmrﬁ%gnjs (whi ch
utilizes p=xabmbiefs Bucket Level” and” I nflow 123 escri bed | o)) such
as that sho in G mai ni_gi, ne r _each flow 12 in order to
determine the tot #”%(i?é’.lﬁ%%%%em%n égégtnj?(tr§gé’ﬁ?‘f iow 1216. Jhe total

avai |l abl e power 1234 for the AT 1206 nay be determ ned by taking the sum of
the total available power 1238 for the different flows 1216 on the AT 1206.
[0082] The followi ng provides a nmat hemati cal description of various

for and a Lth 1o, t LN 1 hat ian_Qf the total
avai T ope pouet 538 FadoeneRr 1395 a0 oke SREBETI: Mk 1R pholfe
descri bed3% mey be expressedibs:avai | abl e power 1238 for each flow i on the AT
1206 is determ ned once every sub-franme. (In sone enbodi nents, a sub-franme
is equal to four tinme slots, and a tine slot is equal to 5/3 ns.) The total
avai | abl e ppywaRITDZE R fiow, aflowis referred to in the equations as

Pot enti al T2PQut f | ow. [008'3‘1 The total avail able power 1238 for flow i
transmtted '

n a h capacity packet (bBjakammavebe) expr essed i
Pot entii al %%I@%%CQIT’MFTX f rabt & 25y, |
transmtte

X EL d.i Vdall
na || ow | atency packet 524b may be pressed as

fz flowi
ot ial T2P

Qut fl ow LL = [ 0085BudButHiuetok IhﬂdiwiinSFRJS!Binf)bQTQPBlf@t/@d power allllocation
1238b for flow i at sub-frane ’ ’ "
[0085] BucketLevel; , is the accumulated power allocation 1238b for flow i at sub-frame

n. T2PInflow;, is the current power allocation 1238a for flow i at sub-frame n. The

expression BucketFactor(T2Plnﬂow,.,n,FRAB,.’" )><T2PInﬂow,.,n is the peak power

allocation 1238c for flow i at sub-frame 7. BucketFactor(TZPInﬂow.

.n»FRAB, ) is a
function for determining the limiting factor for the total available power 1238, i.e. the
factor by which the total available power 1238 for flow i at sub-frame # is permitted to
exceed the current power allocation 1238a for flow i at sub-frame n. Filtered Reverse
Activity Bit flow i at sub-frame n (FRAB;,) is an estimate of the loading level of the
sector 1232, and will be discussed in greater detail below. AllocationStagger is the
amplitude of a random term that dithers allocation levels, to avoid synchronization
problems, and r, is a real-valued uniformly distributed random number in the range [-
1,1].

[0086] The accumulated power allocation 1238b for flow i at sub-frame n+1 may be

expressed as:

3)



n. T2PInflow n is the current power allocation 1238a for flow i at
sub-frame n. The expression Bucket Factor{r2PInflow i n, FRABIi n)xT2PInfl ow i
n is the woakoguoemp al | ocation 1238c for flow i at sub-PCEMS2006/008317

Bucket Factor{r2PInflow i n FRAB n ) I S14 function for determ ning the
limting factor for the total available power 1238, i.e. the factor by

whi ch the total available power 1238 for flowi at sub-frame nis permtted
to exceed thwkesevent, power allocation 1238a for flow i at sub-franme n.

Filtered Reverse Activity B | ow i sub- f n,.( FRABI ) is an
estimte of ”Fg’ﬁéfvﬁé’n f*g\%éln Piphe @Se@t‘tzlf’w ngg’gﬁk%(ﬁg"%%w e discussed in
greater detail below AllocationStagger is the anplitude of a randomterm
that dithers allocation levels, to avoid synchronization problens, and rn
is agosql - val ugdronifor, ks fithé ?d’nﬁuh efltheargdomittudposler #p2 tHaeisrappoeiohed 1, 1] .
[0086] The accunul ated power allocation 1238b for flow at sub-frame n+l may
be expr es&eflowy: at shEiraect L ApcteHP Ay caEtiorRdor E6BOuigwrrsmrayidedpelgw.
T2PQut f | ow ket I LN+ [ i j

por (i on of "eRere A S bt SaRlAt] 2o A5 For IETEMbIURICT p0%0: Mokt

sub- f r ame 1938bAfor dleenp lansyb-frgmatr+dn Anrex@dplaoy Etwation fos Bpclevlatelabgl; asv.
Bucket Level Sati,.n +i is the saturation |evel 1135 for the accumul ated power
al | ocat i oRT%; j¥- flow i at sub-frame n+l. An exenpl ary equation for

Buck el Sat impioukmnh! 295 884 bhek §Q9988] T2PQutflow n 425 may be
exprgésdgg]\d/ as: TI POﬁtI]f%[ O™ (4§j \'b 1tSJPrér%Dsgtyl oadn J [0089] In equation 4, din is

the anobunt of data fromflowi that is included in the subpacket that is
transmtted during sub-frane n. (A sub-packet is the portion of a packet

that is transmtted dpjppgma,subrfrares) Su oadn is the sum ofyy > TxT2P
represents a transmt trg?ﬂ?c’-’"to SimPhylebannel poter ratio and TxT2Pn is

the power |evel 422 of the sub-packet that is transmtted during sub-frane
n. [0090] BucketLevel Sati n+i may be expressed as: BucketlLevel Satjn+l =

[0089] In equation 4, d;, is the amount of data from flow i that is included in the sub-
packet that is transmitted during sub-frame n. (A sub-packet is the portion of a packet
that is transmitted during a sub-frame.) SumPayload, is the sum of d;,. TxT2P
represents a transmit traffic-to-pilot channel power ratio and TxT2P, is the power level
422 of the sub-packet that is transmitted during sub-frame n.

[0090] BucketLevelSat,; .1 may be expressed as:

BucketLevelSat, ,,, =
BurstDurationFactor; XBucketFactor(TZPInﬂow. FRAB, )>< T2PInflow,,

in? in

®)

[0091] BurstDurationFactor; is a limitation on the length of time that flow i is permitted

to transmit at the peak power allocation 1238c.

Obtaining Current Power Allocation 1338a for Fiows 1316 on AT 1306 from AN

1304 in a Given Reverse Link Carrier in a Given Reverse Link Carrier

[0092] In some embodiments, obtaining the current power allocation 13382 may be a
two-step process. Flow resources may either be allocated in a distributed fashion by
each AT 1306 (autonomous mode) or from a ceniral controller or scheduler 1340
located in an AN 1304 using a grant 1374. FIG. 13 illustrates one way in which the AT
1306 may obtain the current power allocation 1338a for the flows 1316 on the AT 1306



Bur st Dur ati onFact o XBucket Factor (T2PInflowm n ,FRAB n )x T2PInflow n

[ 0091] BurstDurationFactori is alimtation on the length of tinme that flow
I is per wotee/e7sbransnmit at the peak power all ocati onpPtZABe006@0%3a7 Ni Ng
Current Power Allocation 1338a for Flowg 1316 on AT 1306 from AN 1304 in a
G ven Reverse Link Carrier in a Gven Reverse Link Carrier [0092] In sone

enbodi nents, obtaining the current power_ allocation 1338a nay be a two-step
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The grant nessage 1342 may include a current power allocation grant 1374
for sonme @rovadd raspurchellptaiion uBhesomdt ¢henges. 1808lows fprantband Bidgnaling of

resource all-qcati -_and not er - packet .all ocat,jon,. that a he AN
S0a 1 o oPaleR ORL snBRSad T Earho iR Poyie R B L Aot 1§,
i n-band  sirgRledNheOAT dS0EI dettihbrief foWEH AlRRatidTOl 3FBACHdr Ghe EEspBRNRE

al l ocation grant 1374 that is received, the AT 1306 sets the current power
al | ocat i oAlo¥35B® gayal tonBe cypeBisPRI Allgeatianerant1 B3 7dqublie gront h¥74calkaceiss power
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al |l ocation I nterval. : contro OW resource
al | ocat i omesgurcenotation during thisntimevaterval.0093] As st at ed above, flow

reso can either be allocated in a distrjbuted fashiqn hy each AT 1306
(aut g@éﬁf}us rm%eg)sug?d Phoys HowetssoupPes SRt siGeT Bt 2 ?cag@ﬂéﬁglém%f?@ofa?@%%t ed in

an AN 1304y Ustin o2 1906 Hutdndhtbus o) drTorh ol Shirl 8hiidl¥PbY Sehedflef13iA NG
whet her a _current power allocation grant 1374 for a flow 1316 has been
recei ved f9wgtedtineanshN1BIY. usitg agranttI3éh. tThas Athe fBe6ste ivbres udeteymitengr mi nes

the curre r..all.ocation 1338a far fl ow .. ln other. words, the
AT 1506 qoisfet é‘slgf’ﬁhtep"%elr ra@ﬁfa%pogv%?rﬂa%% dar glﬂw%%gé‘aﬁ Foh EePE oD 16

Wi thout i mieeANEIB040NIfT i@MHeh ahs A d80E kutbBdBousT idstefiBieb ehd Bt PAwep as an
aut ononous_node. The fol | ow nggdi scussion relates to exenplary met hods for

the AT 1368093408 483%70eb the o d2E¢-ninrthemordsthe Al LRedetesmings dhe enreng3sa
for one o FRF A1dch@®N 13584 Golie XS 916590 ut intervention from the scheduler 1340.

This may be referred to as an autonomous mode. The following discussion relates to
exemplary methods for the AT 1306 to autonomously determine the current power
allocatton 1338a for one or more flows 1316 on the AT 1306.
Autonomously Determining Current Power Allocations 1238a for One or More
Flows 1216 in Each Reverse Link Carrier

[0094] FIG. 14 illustrates a reverse activity bit (RAB) 1444 being transmitted from the
AN 1404 to the ATs 1406 within a sector 1432. The access node 1404 uses the RAB to

inform the ATs 1406 within its coverage area concerning the amount of current traffic
activity over the reverse link. Thus, the RAB 1444 is an overload indication. ATs
incorporate this information when deciding whether to decrease their traffic rates
because of high traffic load over the reverse link or increase their traffic rates because of
low traffic load over the reverse link. The RAB 1444 may be one of two values, a first
value (e.g., +1) which indicates that the sector 1432 is presently busy, or a second value
(e.g., -1) which indicates that the sector 1432 is presently idle. As will be explained

below, the RAB 1444 may be used to determine the current power allocations 1238a for
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"filtered" RAB 1444 FRAB is a neasure of sect oading simlar to
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However , ?t her nunbers can be used for val ues of the RAB 1444. The cl oser
FRAB 1548liebsruaewiere herwesh the tye nragblesalnessl the Baailddd.exe-+ hhand Heindbet or

present embodiment. However, other numbers can be used for values of the RAB 1444.

The closer FRAB 1548 comes to the value of RAB 1444 which indicates that the sector

1432 is busy, the more heavily loaded the sector 1432 is. Conversely, the closer FRAB
1548 comes to the value of the RAB 1444 which indicates the sector 1432 is idle, the
less heavily loaded the sector 1432 is. An exemplary method for determining FRAB
1548 will be described below.

[0097] Each flow 1516 is also associated with an upward ramping function 1550 and a
downward ramping function 1552. The upward ramping function 1550 and the
downward ramping function 1552 associated with a particular flow 1516 are functions
of the current power allocation 1238a for the flow 1516. The upward ramping function
1550 associated with a flow 1516 is used to determine an increase in the current power
allocation 1238a for the flow 1516. Conversely, the downward ramping function 1552
associated with a flow 1516 is used to determine a decrease in the current power
allocation 1238a for the flow 1516. In some embodiments, both the upward ramping
function 1550 and the downward ramping function 1552 depend on the value of FRAB
1548 and the current power allocation 1238a for the flow 1516. Since the upward
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the flow e d i function _and .t he downward r i ng
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m . )
herein as tcg@l?_r%@ plogied {alsq f mchpn of eyrreny pgyey aliosatien 123%e) ava demardipr ent
pover  al | 8aafitydintoASH cA b HIRAG @ hat, subject to data and access terminal power

availability, the reverse link MAC (RLMac) method converges to a current power

allocation 1238a for each flow 1516 such that all flow demand function values are equal
when taken at their flow’s allocation. Using this fact, and carefully designing the flow
demand functions, it is possible to achieve the same general mapping of flow layout and
requirements to resource allocation as that achievable by a centralized scheduler. But
the demand function method achieves this general scheduling capability with minimal
control signaling and in a decentralized manner. The upward and downward ramping
functions allow rapid traffic-to-pilot channel power (T2P) increases in lightly loaded
sectors, smooth filing in of sector capacity, lower ramping as the sector load increases
and decoupling of T2P dynamics between loaded and unloaded sectors. Here, T2P is
used as a sector resource. For a fixed termination goal, T2P increases roughly linearly
with flow transmission rate.

Components in AT 1506 Used to Determine QORAB 1646 and FRAB 1648 in Each

Reverse Link Carrier
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1644 (e.g., + 1 and -1), which is an estimte
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si ngl e- poI first IR fiJter 1658 has a time constant
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possi bl e Vi thewstheflingitiag Aapca bahP. canyertethereptpat of thetfivet Imﬁltmﬁllﬂﬁ&mwthen her a
- 1or a,_jora+l The output of the limiting device 1662 is QRAB 1646. The time constant

Ts is chosen so that QRAB 1646 represents an estimate of what the current value of the
RAB 1644 transmitted from the AN 1604 is. An exemplary value for the time constant
Ts 1s four time slots. The QRAB reliability is improved by the filtering of IIR filter
1658. In one embodiment, the QRAB is updated once every slot .

[00102] The output of the mapper 1656 is also provided to a second single-pole IIR filter
1660 having a time constant 7. The output of the second IIR filter 1660 is FRAB 1648.
The time constant 7; is much longer than the time constant 7, An exemplary value for
the time constant T; is 384 time slots.

[00103] The output of the second IIR filter 1660 is not provided to a limiting device.
Consequently, as described above, FRAB 1648 is a real number that lies somewhere
between a first value of the RAB 1644 which indicates that the sector 1432 is busy and a
second value of the RAB 1644 which indicates that the sector 1432 is idle.

[00104] FIG. 17 illustrates an exemplary method 1700 for determining the current power
allocation 1238a for a flow 1216 on the AT 1206. Step 1702 of the method 1700
involves determining the value of QRAB 1546 that is associated with the flow 1216. In
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convergence to the fixed point, i.e., a set of T2PInflow allocations, under less loaded

conditions. The convergence time may be related to ramping function magnitude. It
may also provide better handling of bursty sources (high peak-to-average throughput)
with well-defined restrictions on TxT2P burstiness.

[00108] Where the current power allocation 1238a is increased, the magnitude of the

increase may be expressed as:

AT2PInflow, , =
+1xT2PUp, (10 xlog,, (TZPInﬂow,.,n_1 )+ PilotStrength, (PilotStrengthn’s ), FRAB, ) 6)

[00109] Where the current power allocation 1238a is decreased, the magnitude of the

decrease may be expressed as:
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by the PilotStrength, ; variable.

[00111] The current power allocation 1238a may be expressed as:

XT2PInflow, , +

in-1

T2PInflow,, =1~ (—————
’ T2PFilterTC

(8)
1
——— (XT2PO . _
(TZPFilterTC) utflow, ., + AT2PInflow, ,
[00112] As can be seen from the foregoing equations, when the saturation level 1135 is

reached and the ramping is set to zero, the current power allocation 1238a decays
exponentially. This allows for persistence in the value of the current power allocation
1238a for bursty traffic sources, for which the persistence time should be longer than the
typical packet interarrival time. ’

[00113] In some embodiments, a QRAB value 1546 is estimated for each sector in the
active set of the AT 1206. If QRAB is busy for any of the sectors in the AT’s active set,
then the current power allocation 1238a is decreased. If QRAB is idle for all of the
sectors in the AT’s active set, then the current power allocation 1238a is increased. In
alternative embodiments, another parameter QRABps may be defined. For QRABps,

the measured pilot strength is taken into consideration. (The pilot strength is a measure
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tell the mwnelabe AT 1206eif A ANORO4S's suaesssiiytdeyivirpché DR itfBanRa sent

i nformati gn_,sen t AT 1206. r.e cifically, DRCLock bi,ts

(i ndi cat | ﬁ%j theyéfsr"fo%’?‘ Rﬁﬁ“e)spﬁ?l C%‘Qﬁ%@’é&i b Ersieding “yRRnefeno)) pie sent

enmbodi menpgerwiher BRORABD Shiutnel Pt A NHimb e #? I gn, 1238a

may be increased when QRABps ?s idle, é%d&m‘f/ﬁ%%%%?g%\ggeéﬁ{ enl% ps is

busy. Cen€YrEint Peweraheqatipn 338 mely Reinereased whén QRABm® is[i018] 48] nflyGe 18

illustrat | i.nyol ving centralized control in which the AT

1806 sendg&éga?%‘ﬁﬁg‘g‘?b@?s%sg@‘i%e to the schedul er 1840 on the AN 1804.

FI G 18 aCentralitedsCowtreifot Bach Breoksedlink 84@rigenNdi Ng a grant message 1842 to

t he @ leé 06. | one. enbodi nents, the schedul'er 1840 may send grant

mess é 411842 P& -tI8dlpstraias g earbadimensiipvalying icentraliged ¢ontei irawhichl the Affhe

schedul er ; dfFARLHBY he A‘I@é [ ponse to a

r equest rr_essag][e1 18%%8%2{'% Elﬁg&égﬁf &ba@gté %léeﬁi%rig%gn the gg@t FIG. T3falso
illustrates the scheduler 1840 sending a grant message 1842 to the AT 1806. In some

embodiments, the scheduler 1840 may send grant messages 1842 to the AT 1806 on its
own initiative. Alternatively, the scheduler 1840 may send grant messages 1842 to the
AT 1806 in response to a request message 1866 that is sent by the AT 1806. A request
message 1866 contains AT power headroom information as well as per-flow queue
length information.

[00115] FIG. 19 illustrates information that may be maintained at the AT 1906 in order
for the AT 1906 to determine when to send a request message 1866 to the AN 1804. As
shown, the AT 1906 may be associated with a request ratio 1968. The request ratio
1968 indicates the ratio of request messége size 1866 sent on the reverse traffic channel
208 to data sent on the reverse traffic channel 208. In some embodiments, when the
request ratio 1968 decreases below a certain threshold value, then the AT 1906 sends a
request message 1866 to the scheduler 1840.

[00116] The AT 1906 may also be associated with a request interval 1970. The request

interval 1970 indicates the period of time since the last request message 1866 was sent



nmessage 1866 contains AT power headroominformation as well as per-flow

queue length information. [00115] FIG 19 illustrates information that nmay
be mai nt avoedocanetshe AT 1906 in order for the AT 1906 t ecuatsesosionsiwhen to
send a request nessage 1866 to the AN %§04. As shown, the AT 1906 may be

associated wth a request ratio 1968. e request ratio 1968 indicates the
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1906 may athedulse 184G oBiott methetls to @igpenteqadst intseroeal 36@#Ay bENRed espeaRt

interval 1970.indi cates the perigg of tinme since the |ast request nessage

1866 was SeNEH S nbTegBf MmAssee 1890 may be senfavhenisabiermpihed cousenitt he r equest
i nt eqom@i711970 PG 2R $IBSHE [ I he AT 1906
sendg a r]equest messaget 1%%%352{6%@%}%%%%%@9%%%@/gggl%%luineg?hagger R T gger
request neBskyAN 20BbanhihebdTu2R Wit therseater 2892, Ak skown &n FEGUEGttheressage

1866 i,t.her. th it). [00117] FIG 20 illustrat
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and the Afte 2098006 twhihih t}ﬁ%eStQEQO@z.ZQ?’&Faﬁ& Siesp pb@gls %flﬁ%caa(gn gfalﬂg 18fedul er
or S

2040 may det g}rﬁgl ne current ngwer al l ocation grants 1 a“subset 2072
of the ATE@IPSale{Gried foheacheht @P0@ 0% herenthe gbby 2006 inuhe srbset2i@rindbhdeocat i on

grant 1374088 i-gdaf.0 102006.. MWhere the ATs 2006 in the
subset 2072 i nol udlgeﬁng‘? er@ Zpﬁhﬁlfeo%ggﬁq%wﬁ)fg 1%,93§tdﬁt§n‘§%]ﬁesc?8?ré THEGt REYCr
det er mi nealienptiomtgrantsiridéhtfopowme al dAlboftthoMogisatis 38 é4ch AT 2008, orhal | of

the flows_12 0 ch. AT 2006. The schedul er 2040 periodically sends grant
nmessages %ﬁé‘ﬁf’%&?‘ﬁgp%@@é@éeﬂf SRR Bgssagss 2ot the Adisc2096n dhershset t he
schedul er 20040 HEohoneinbeIRATT e EHENRA! 20 Gay hdiOBALIARE JRBRY Sl 4 ! OF

the ATs 2006 within the sector 2032 that are not part “bo72.
| nst ead, tiRsatiQipagrants d 324 sortbe @ Tsr200h avithin ther se2©B 2030 than awtios pyrt @ tiey m ne

their own r p r.allocations 8 The grant ne ges 2042 may

i ncl ude aSlﬁ)(l#td?%z'pg\ﬁ?tga ’ft(ll)lrgirfgﬁgn%g ]Aaofsl 3896 t”Pletg?: &F?tgﬁtZ%ggv@to%m%’é]é’t i on
grants 13determihe thedd owh Gupeiit wolvdrQilllodationk 1088a, PAVE lorH |rﬁéé§§ge9'20@ﬁ§1%ér 1374

i ndi cates. h Ionq t he AT 2006 keeps the current power allocation 38a for

the corr e@fBiiin1¢ingpetiod dorsommer Rl vl the gewerti peave allpbasion gramntl 3pever
al l ocat| OPhIhSBing bafifd for a current power allocation grant 1374 indicates how long the AT

2006 keeps the current power allocation 1238a for the corresponding flow 1216 at the
level specified by the current power allocation grant 1374.

[00118] In accordance with the approach illustrated in FIG. 20, the scheduler 2040 may
not be designed to fill all of the capacity in the sector 2032. Instead, the scheduler 2040
determines the current power allocations 1038a for the ATs 2006 within the subset
2072, and then the remaining sector 2032 capacity is used efficiently by the remaining -
ATs 2006 without intervention from the scheduler 2040. The subset 2072 may change
over time, and may even change with each grant message 2042. Also, the decision to
send a grant message 2042 to some subset 2072 of ATs 2006 may be triggered by any
number of external events, including detection that some flows 1216 are not meeting
certain QoS requirements.

[00119] FIG. 21 illustrates another exemplary interaction between a scheduler 2140
running on the AN 2104 and an AT 2106. In some embodiments, if the AT 2106 is
allowed to determine the current power allocations 2138a for the flows 2116 on the AT

2106, each of the current power allocations 2138a will, over time, converge to a steady-



[00118] In accordance with the approach illustrated in FIG 20, the
schedul er 2040 may not be designed to fill all of the capacity in the
sector 2080.200am6mad, the schedul er 2040 determ nes thePCENSRovs/OpSINEr

al l ocations 1038a for the ATs 2006 withgn the subset 2072, and then the
remai ni ng sector 2032 capacity is used efficiently by the remaining ATs
2006 without intervention fromthe schedul er 2040. The subset 2072 may
change ov&ltq Yage Hagexanple it aneg nein G enters dacinlepdad seetes 2Egewizb 42flowAl so,
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illustrates ano her exe Iaﬁ%S i nteraction between a scheduler 2140 runni ng
on the AN'JEBAEKHETAIRE 100 100CWone embodi nents, if the AT 2106 is

al l'oyedagro det exiingndiie (Bhichaints RPYY sAEhAGAIANG &lAGnd Wil S df gus 2116

on the AT 2106, each of the current power ocations
time, convépdestais valuss dundyhst Bows ina¢agh AT-2106ewihytieatdl§ rank. ARe 2dH2Qulent er s

an unl oad 2132 with a flo 6 ata to transmt, the
current pggl\%(? E{a&% ?%eél asteg%ﬁ gﬁ%é‘ées?acﬁevﬁtlﬁét]fo f‘qtl 2@1 SZ%@% \czll‘ e $amEssagme 42, t hat
fl ow 2116 teadtetentipowdrealRohtidregRQE 2074 BE3216W QUG P8 cqAVBYRL estinbatdBY t ake
sonme time for this to occur. [00120] An alternative approach i1s for the

schedul er IE13eRdystate valpaiforethas flpyrad 146, of detpraninedhylyhesschedulon? 14ds Ubai t he

flows in gacRidind ' j | edul er, 2140 t hen
send a grant %rle&stsa ga%tzififggafggbg%ﬁi%%ﬁl@g%gﬁsﬁg%ﬁig eépg%\pe%]sogétboé)sgﬁﬁ% t he
current péwghe 8bvolhtt omthyr ATit2106 24udlao tiee dtéaoy-sBitd Bstirbate€ 1 RGHahe knt he
estimate of the ady-state value f that flow 2116, as determ ned by the
schedul er "51%§° 2@%”%8%@1%% Oqeng“eg'girﬁlla%é%%yaﬂ@smﬁly Prallawed iogaget s t he
current peNeichide9Gatdyert 263880k and NRtddoRsR1 al to
t he steadgwsat e;tegl esti n}ggtées 21740i na?he grecl)nt " Sé@a@ﬁﬁ%e%&n@ggﬂﬁgﬂ S
done, t heallocatiamse?i3dy fouBwelionsn 21116,beitldut Gwelbrtintetveatikn drom deasuhedulen
system COQFALdi ons and autononously determ ne the current power allocations
2138a for the flows 2116, without further intervention fromthe schedul er

2140[000200121] FIGs 22Zillubthaies aab@er @ndiodRher®$Odi BRAL RssAdna HESsa0e
2242 that is t,racp?rrritted fromthe schedul er 2240 on the AN 2204 to the AT

2206. As BEISHHECd HRE Ge sphedyles S248 opothe AR e the ATr2206t Asobeforeakiiencat i on
grant 2278:ah0meQAge 9547k fide! a current power allocation grant 2274 for one or more of

the flows 2216 on the AT 2206. In addition, the grant message includes a holding
period 2276 for some or all of the current power allocation grants 2274.

[00122] The grant message 2242 also includes an accumulated power allocation grant
2278 for some or all of the flows 2216 on the AT 2206. Upon receiving the grant
message 2242, the AT 2206 sets the accumulated power allocations 2238b for the flows
2216 on the AT 2206 equal to the accumulated power allocation grants 2278 for the
corresponding flows 2216 in the grant message 2242.

[00123] FIG. 23 illustrates a power profile 2380 that may be stored at the AT 2306, in
some embodiments. The power profile 2332 may be used to determine the payload size
420 and the power level 422 of a packet that is transmitted by the AT 2306 to the AN
204.

[00124] The power profile 2380 includes a plurality of payload sizes 2320. The payload

sizes 2320 included in the power profile 2380 are the possible payload sizes 2320 for
the packets 524 that are transmitted by the AT 2306.



the flows 2216 on the AT 2206. In addition, the grant nessage includes a
hol di ng period 2276 for sonme or all of the current power allocation grants
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Each payl padesilow] 2820biis thee ppoerdeyst dbi | & 1888htdnsy ammbed b4 with hh@ power
| evel 232 mfré)sr e&ch 5@5%1 bl e § ansm ssion node. In the illustrated

enbodi nent’ eaCh pay Y9 23%320 i s associated with a high capacity power

| eve[002282a an®i@. 3OMub@4ENE PluPQWR bf trahisPedhdi ' ol YorD@Wer
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cor r espondl W§ dhyfdadinssome embalinents, thewransimessioy conditiond 2462 infl8@Rk ths t he

o 7e 2300 OB A A A FIENBIRN T N I 22 08 BT TE N <o on >
cond[001ZHs 248Tht hahsmByioheondinbasl 2482 tiktuddTar? 406atddNpSRiFeconRRei 7Rt s, the

transm ssion condifions 2482 influence the selection of the payl oad size
420 and thge B'ﬁﬁi‘-,?geqt BRWT Cﬂgltll"&rz‘lé"pfﬁ@keétge%@uy [to Gusuringthat @ﬁaﬁq’g@% iiHn

condi ti ongod ki inbiel sk afindt hAGRLABONE! Mgﬁdép%%iﬁ?ﬁér?ﬁf}ehaellgg%teglgégzgfageﬁo t

power condition 2484 relates generally to ensuri
usi ng nor eonsiiRsy 24846i8 that thapowerlevell 423cett thel padket 524 dees fidtaabead, tht hétal

al | ocat ed caondi t i 484, hat .t he power |evel 422 of the packet
524 does %o@%ﬁ?é’é’%&%%fﬁiﬁﬁ ﬁl&@?f’%a&t 0 %f%pﬁ%&r‘ql&dst‘ﬁ‘édem%&thWari ous
exenpl ar ytom tahaitkdld powete084 forth® A Tt Betalrdisaydid akvg. power 1034 for the AT
2406_wer e di scussed above. [00128] The transmi ssion conditions 2482 al so

i ncl WAE28 naxi hhentisastmissien fenditiens 2482 also include a maximum power condition
2486. The maximum power condition 2486 is that the power level 422 of the packet

524 does not exceed a maximum power level that has been specified for the AT 2406.

[00129] The transmission conditions 2482 also include a data condition 2488. The data
condition 2488 relates generally to ensuring that the payload size 420 of the packet 524
is not too large in view of the total available power 1034 of the AT 2406 as well as the
amount of data that the AT 2406 presently has available for transmission. More
specifically, the data condition 2488 is that there is not a payload size 2320 in the power
profile 2380 that corresponds to a lower power level 2322 for the transmission mode of
the packet 524 and that is capable of carrying the lesser of (1) the amount of data that is
presently available for transmission, and (2) the amount of data that the total available
power 1034 for the AT 2406 corresponds to. |

[00130] The following provides a mathematical description of the transmission

conditions 2482. The allocated power condition 2484 may be expressed as:

IxT2PNominal ps 1y < Zie - (PotentialTZPOulﬂowLTM ) (9)



2486. The maxi mum power condition 2486 is that the power |evel 422 of the
packet 524 does not exceed a maxi mum power | evel that has been specified
for the AVO24@6961890129] The transm ssi on conditions 24@geTaissaciosssiude a
data condition 2488. The data conditi ong2488 relates generally to ensuring
that the payl oad size 420 of the packet 524 is not too large in view of the
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2320 in the power profile 2 corresponds to a | ower power |evel 2322
for tAY3ZY ansnilsinmximpoepoier chedipar k486 magbasthrtdiad od:S capabl e of carrying
the l esser of (1) the anmbunt of data that iIs presently avail able for

transm ssion, and (2) the anmount of data that the total avail able power
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mat hemati cal description of tHE transm ssion comedy Thél@ | ocat ed
power condition 2484 may be expressed as: TxT2PNom nal Psm .ep

(Potential T2PQutflowi TM) (9)[00131] TxTIPNom nal psjMis the power |evel
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during t hBOYFasilesP3iP drclodes paprectrarBition valusueid eavipodi-namiton tvaRiepower

| evel 232Zxtd@boirs; Lfied. in. the r profile. 2380.incl ydes a
pre-transi ti on r\?al tﬁﬁ%%%g% gs(')s St gengi%%/l&bo v‘é{{hﬂee.fo’i'xﬁ%ﬂ‘?ﬁde'ﬁ‘%sﬁjﬁi tithsj M i s
the pre-t ramstission wadeu@M. or TxVPPosdT@istonRS,ARd thd 3B&IH55kioR mg@ fdM
TXTZPPOSt%ﬁQan t %@Sﬁ‘&&%i S .Mst -transition value for payload size PS
and transhi’s$ioi“G1oud SRR _d‘? My RelPiemipawmexitengowehivel thadef | ned
for the AE R66ed asrdheayr Q(%,aanfllﬂlﬁ‘&/tﬁeo@flft?)%tigﬁ%f B! ﬂio%trren%%} %e?%&escg ed by the

AT 206. PilotStrength is a neasure of e serving sec ver sus
the pil ot APokr BdotBrengsh fier nsastrerod the sersingescetnb pHotBIWE , vekdus ithe phe ratio

of serving,sectq [ pgwer to the. pilot power of the other sectors.
o Ser VL RO F Ll PO B R BOUET o1 o e Dt ot
per for s pilit pooaDioshy pilbt povRy of kietoths: sHSSH. tIPm%? Bisb e uldd D B0l £:2 utphat ATs
206 in poor geomet ries (e. g at the edge of sectors) my
and down ramping that the AT 206 performs autonomously. It may also be used to
control TxT2Pmax, so that ATs 206 in poor geometries (e.g. at the edge of sectors) may
restrict their maximum transmit power, to avoid creating unwanted interference in other
sectors. In one embodiment, this may be achieved by adjusting the gu/gd ramping
based on the forward link pilot strength.
[00134] In some embodiments, the data condition 2488 is that there is not a payload size

2320 in the power profile 2380 that corresponds to a lower power level 2322 for the

transmission mode of the packet 524 and that is capable of carrying a payload of size
given by:

Zie - min (d in» T 2PConversionF. actory,, X PotentialT2P0ut_ﬂowLTM ) (11)

[00135] In equation 11, d;, is the amount of data from flow i (2616) that is included in
the sub-packet that is transmitted during sub-frame n. The expression

T'2PConversionFactor,, X PotentialT 2POutflow, ,, is the transmittable data for flow i,



restrict their maxinumtransmt power, to avoid creating unwanted
interference in other sectors. In one enbodi nent, this nmay be achi eved by
adj ust i ngwoheosebét$d ranpi ng based on the forward |ink piPCOtUSSt06R0FN.
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payl oad size 2320 in the power profile 2380 that corresponds to a | ower
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transmtt i L i , t el 04 i nvqglves identifying the
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2320. ConGensmtely, if fhetphekapéciaing tebgrimitied BEoHIIaRAY fbael théh dOYHs@E ency
node, then \%]t eg %58%1 . nvol &eﬁ i dentifyi ng the | ow | atency power 1evel 2322b
associ at et {'Eh {hEERg dhe QY Jatencyanower vel3332b meaciapd Syidp thesededtad ol ves
det er m ni pgyiydiadiRersobhe transm ssion conditions 2482 are satisfied if the
packet 524 is transmtted with the sel ected payl oad size 2320 and the

cor r 08 di ng PERES0P avedlveasdaermihingrwisdtiegr tAS@Ginkmiskion dehaitishneds? hat t he

t i I . hL 2 fi,sfi , 1 I t 2508 th | ect ed

payl oad orSETGERE PO 333 HaBuBRlariytod Deciclacirskrobasmboias kb AmRicoat o

to the phusisspindimypuwelavel 2092381 il dep DSOS #Bs 50hnihtd e AR SRS, hat
Lep

the transm ssjion conditions 2482 are not satisfied, thenins 0 a
di f f er ent ‘PP F487 2 9Ysited, sheneinestars25TS benselneted pappad size 2320 and the

corresponding power level 2322 are communicated to the physical layer 312.

[00138] If in step 2506 it is determined that the transmission conditions 2482 are not
satisfied, then in step 2510 a different payload size 2320 is selected from the power
profile 2380. The method 2500 then returns to step 2504 and proceeds as described
above.

[00139] The design philosophy behind multiflow allocation is that the total power
available is equal to the sum of the power available for each flow in the access terminal
2606. This method works well up to the point that the access terminal 2606 itself runs
out of transmit power, either due to hardware limits (PA headroom limited), or due to
TxT2Pmax limits. When transmit power is limited, further arbitration of flow power
allocation in the access terminal 2606 is necessary. As discussed above, when there are
no power limits, the gu/gd demand function determines each flow's current power
allocation through normal function of the RAB and flow ramping.

[00140] On the other hand, when AT 2606 power is limited, one method to set flow 2616
allocation is to consider the AT 2606 power limit as strictly analogous to the sector

power limit. Generally the sector has a max receive power criterion that is used to set



profile 2380. The nethod 2500 then returns to step 2504 and proceeds as
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[00143] Control of hold time in the grant message allows precise control of resource

allocation timing with minimal signaling overhead.

[00144] BucketLevel control in the grant message allows for a quick injection of
resource to a flow without affecting its mean allocation over time. This is a kind of
‘one-time use’ resource injection.

[00145] The scheduler 2640 may make an estimate of the ‘fixed-point’, or the proper
resource allocation for each flow 2616, and then download these values to each flow
2616. This reduces the time for the network to get close to its proper allocation (a
‘coarse’ allocation), and then the autonomous mode rapidly achieves the ultimate
allocation (the ‘fine’ allocation).

[00146] The scheduler 2640 may send grants to a subset of the flows 2616, and allow the
others to run autonomous allocation. In this way, resource guarantees may be made to
certain key flows, and then the remaining flows then autonomously ‘fill-in’ the
remaining capacity as appropriate.

[00147] The scheduler 2640 may implement a ‘shepherding’ function where transmission

of a grant message only occurs when a flow is not meeting QoS requirements.
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control of tlhe ax duration of transm ssion at the pea
1s allowed, through the use of BurstDurationFactor. In conjunction with the peak rate

control, this allows for control of sector 1432 stability and peak loading without central
coordination of autonomous flow allocation, and allows for tuning requirements to
specific source types.

[00152] Allocation to bursty sources is handled by the bucket mechanism and persistence
of T2PInflow 2635, which allows for mapping of the mean power allocation to bursty
source arrivals while maintaining control of the mean power. The T2PInflow 2635
filter time constant controls the persistence time over which sporadic packet 524 arrivals
are allowed, and beyond which T2PInflow 2635 decays to a minimal allocation.

[00153] The dependence of T2PInflow 2635 ramping on FRAB 1548 allows for higher
ramping dynamics in less loaded sectors 1432, without affecting the final mean power
allocation. In this way aggressive ramping may be implemented when a sector is less
loaded, while good stability is maintained at high load levels by reducing ramping
aggressiveness.

[00154] T2PInflow 2635 is self-tuning to the proper allocation for a given flow 2616 via
autonomous operation, based on flow priority, data requirements, and available power.

When a flow 2616 is over-allocated, the BucketLevel reaches the BucketLevelSat value
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[00157] In keeping with this approach, the total power available for an AT 2606 packet

allocation is the sum of the power available to each flow in the AT 2606, subject to the
AT’s 2606 transmit power limitation.

[00158] Whatever rule is used to determine data allocation from each flow 2216 included
in a packet allocation, precise accounting of the flow’s 2216 resource usage is
maintained in terms of bucket withdrawal. In this way, inter-flow 2216 fairness is
guaranteed for any data allocation rule.

[00159] When the AT 2606 is power limited and can’t accommodate the aggregate
power available to all its flows 2616, power is used from each flow appropriate to the
lesser power available within the AT 2606. That is, the flows within the AT 2606
maintain the proper priority relative to each other, as though they were sharing a sector
with just those AT’s 2606 and that max power level (the AT 2606 power limit is
analogous to the power limit of the sector as a whole). The power remaining in the

sector not used up by the power-limited AT 2606 is then available for the other flows
2616 in the sector as usual.
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524, Thi slaffaen transsissomoyhemes sector it liginiobdet] HROMBEcARPIO I 2hdink Bi
self-inte A i capacity flows 2216a may be nerged into |ow

| at ency tér ﬁélﬁ]g%‘?%géﬁﬁ?éﬁo‘g?am&g’ﬂ? el IHPgHaRta prthange pesging agalwiays el ay
requi r enealisvegluch that it can't wait for all low latency flows 2216b in the

sanme AT 2606 to transmt, then upon reaching a threshold of potential data
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i mpor t ant’ §hesg trayehpubwien Breirpdvesmetiocation is high enough, as
the highest throughput for an AT 2606 occurs at the largest packet 524 size and low
latency transmission mode. To say it another way, the peak rate for high capacity
transmission is much lower than that of low latency transmission, so a high capacity
mode flow 2216a is allowed to use low latency transmission when it is appropriate that
it achieves the highest throughput.
[00162] Each flow 216 has a T2Pmax parameter which restricts its maximum power
allocation. It may also be desirable to restrict an AT’s 2606 aggregate transmit power,
perhaps dependent on its location in the network (e.g. when at the boundary of two
sectors an AT 2606 creates added interference and affects stability). The parameter
TxT2Pmax may be designed to be a function of PilotStrength, and limits the AT’s 2606
maximum transmit power.
[00163] FIG. 26 is a functional block diagram illustrating an embodiment of an AT 2606.
The AT 2606 includes a processor 2602 which controls operation of the AT 2606. The
processor 2602 may also be referred to as a CPU. Memory 2605, which may include

both read-only memory (ROM) and random access memory (RAM), provides
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2616 usedC WY s (gwépeqlgpém pRya euieent state and additional signals received by the
transceiver 2612 and detected by the signal detector 2616. The wireless communication

device is capable of operating in any one of a number of states.

[00167] The AT 2606 also includes a system determinator 2628 used to control the
wireless communication device and determine which service provider system the
wireless communication device should transfer to when it determines the current service
provider system is inadequate.

[00168] The various components of the AT 2606 are coupled together by a bus system
2630 which may include a power bus, a control signal bus, and a status signal bus in
addition to a data bus. However, for the sake of clarity, the various busses are
illustrated in FIG. 26 as the bus system 2630. The AT 2606 may also include a digital
signal processor (DSP) 2609 for use in processing signals. One skilled in the art will
appreciate that the AT 2606 illustrated in FIG. 6 is a functional block diagram rather
than a listing of specific components.

Multi-Carrier, Multi-Flow, Reverse Link Medium Access Control

[00169] Up to this point, the previous embodiments discussed related to single carrier

systems where a RLMAC bucket was used for each flow 2616 to police as well as
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the previ 4548 ' ' ted 4.0 Single. carri stens where
2 RLNAC, b kR SRRGLITRC S, i W SRR EBkRs T BT eEmE3t 20s dieemivro
access i nthehamd@p afopmver. toThe allevited SoRMEAnNNREES 36 SeadB ST BRA6 NG Chdy May
al so be i nted in multi-carrier, multi-flow, reverse |ink system

| e
where each &g %%“Ffeﬁ?ﬁ}ﬁ&?t YREAPUE PORSEAngs E pejistied veghiasdbe QualityrodfSeivice
signal s, E@Hrahstaint®lof tQg 0, i.pl; i vl y €, r ency
bands. For exanpl e,ni £ a cgﬁ){??ze%mhgégr%egér}gdﬁtg%%{%%% e(t)é')’fngﬁgﬁ\\/ﬁ%%mg
(n’egahert%‘)n,StrﬁHEQf/lthelfqt‘éqﬂfe(mgy Ris;@verdlhdrmel, odbad imeach seawr)i ers. [00170] I n

b - i i 2606 tipl. licati fl
T L R Lok LI IRR LT e ST RN S S AR A Tk
Access Coperaméters| sones off winieh aidﬂdvh@leﬁéﬁdgmhilé’&ﬁ&§ mebeﬂégxg%é&‘eﬁgﬁdeﬁt \Zed

y

control, the 8 i is control I_ed | an AN 2_604. AT 6 has a’nmaxi'num

t ot al arm':l}ﬁtmgz @%@%@ﬂ%ﬁﬁ theppa-phypicel-layermaskétqroveee rallssatiinl fot kectagiswgned

carriers.2olilgenMAGH @ﬁmkh%é%-gnaiﬁg%nd%r%hwdgg@n goals, the AN 2604 can choose to
control the flow 2216 allocations, for flows residing in the same AT 2606 as well as for
flows 2216 residing in different ATs 2606, across different carriers in the network by

determining an appropriate set of centralized parameters.



t he amount of power to be allocated for transm ssion to each flow 2616 on
each assigned carrier, such that various constraints are satisfied such as
t he Qual iwp 20d6/8e189i ce (Q0S) constraints of the flow 22PET(US2¢p6/0083eT ay,
jitter, error rate etc.), and the |oadiggg constraints of the network (e.g.,
Ri se Over Thermal, or |oad in each sector). [00171] The MAC i s designed
such that _t rmne ized set of paraneters, sone of
whi ch ar ePoHgR: AL ecarrier-dependent, while the AT

2606 gdet rrrine -' : - V. ‘I cket power. all ocati or each
fl ow[ 221% in egg}?\éﬂcgfgﬂwgge%ggﬁ%éengﬁglﬁll%\ijeairilﬁocu ey ,qiatgcfzqvg QQE%QC‘;‘@&P 2604
can chooseontl dosactoRLt daeridr aovigR2MN© thk | AT 2606 mSdecb@pled WS floRSIigN@id N t he

same AT 2606 .as | for flows 2216 residing in different ATs 2606,
across di &écrné%?tvﬁﬁmqoé%yﬁ‘sf%wﬁéﬁmﬁ'i@ 617 o dekenrhupkaiyfoansacipMiAdpldyat e set

of centr aflowezb16ar SEEEFRY. 27P0)Tigd if LinGarLd et System
[00172] Wen an AT 2606 s atssi gﬁ*‘e’%@nﬁlﬁ%‘f Bﬁ’a\éﬂ#@e?%l&% Sirné’,ga‘t“he AR ow
2216 acceS8WcHPrasressroatielharr flowra2il6rdages polipiegl ateccoupled Al 26061d Budtecoup! ed

fromflo - dat l,i.cing at .the AT 2606 b ing two separate sets of

t oken buc etg%a@l%sg@' g@ﬁdk}% eﬁ%ﬂ?’%fj &Y 8y 2pligatio é@le’lsfllzé% 287f1r8§1'$gu§at@ﬁ ﬁ);e&: from

t he si ngl polivéug ioken dotied 26864 défthewhh Ghe Hb@%o%?a%@éi%ﬁé@%&n?%ﬁ%ﬂ&%&?@“f | ow
chantsm. e

2216 data2 l)i ﬁll ng are coupl ed by a single bucke at a
gener at ed @33 a na‘g’ﬁl ¢rabRdieants (theRe 39 2esingle folising rfoyetioat pat fhoyw 226! i Theng

t oken bucksgici : ' ' in_(for..palici he data

L ow 2216 I8 oo A sRs P bl BehelR Mol SRR PPunetd Briesor 11 ow
2216. Thethgwpr equagtcf alimiti dm oseembedintehy theallew 2066 pitth P2EYG) ES0Mt 6B Sse
utilized Xa? itdloon@zm.is. | ess.than or equal to a limt. In one

enbodi ment FHEOpHAo5aian 104} MRH-6HHEY SYHEM qad thaplicingnis pedfgrmedimthe

al | ocat i oduta @dorgaiful ti-carrier systemand the policing is perfornmed in the

data domain. [00173] The followi ng steps shown in FIG 28 are executed when
pol i OPHG] £ I ow Dz Bllgating siaps provaT @ FEE 2&iymer excTotebagien péliche fibe 262604

confi gur f t pken bucket, attributes (step 3010): [00174]
Dat aBuc k?ﬁ%@gp%ﬁ = g%ag'g{'o %ﬁe%’&@ﬂ 5156%1@36%@‘?%% the folipwing\da®| ow |

(2216) (itnkedchekedattribfed (G¢p BetoaTokenl nfl oW = Data token inflow into the
pol '[861@9] bUCkelBatgz 36a per_subframe Oﬁ(l n Cctet sg6for MAC flow i (2216).

ucketLevelMax; = Data token bucket 2636a maximum size for MAC flow
1(2216) (in Octets).
[00175] DataTokenInflow; = Data token inflow into the policing bucket 2636a per

subframe (in Octets) for MAC flow i (2216).

[00176] DataTokenOutflow; = Data token outflow out of the policing bucket 2636a per
subframe (in Octets) for MAC flow i (2216).

[00177] Next, the data token bucket (or policing bucket 2636a) level,
DataTokenBucketlevel,, is initialized on activation for MAC flow i (2216) by setting it

to a maximum bucket level, DataBucketLevelMax;, (step 3020), which may expressed

as:
DataTokenBucketlevel; = DataBucketLevelMax; (12)

[00178] Next, at the beginning of every subframe n, compute a maximum allowed
outflow from the data token bucket (or policing bucket) 2636a for every active MAC
flow 1 (2216) and set the total available power for the policing bucket 2636a equal to

either to this maximum value or zero if this maximum value is negative (step 3030).



[00176] Dat TokenQutbowi = Data token outflow out of the policing bucket
2636a per subfranme (in Cctets) for MAC flow i (2216). [00177] Next, the

dat a t okewohwekms786or polici ng bucket 2636a) | evel, Dat aColseddobssit evel i,
is initialized on activation for MAC fhew i (2216) by setting it to a

maxi mum bucket | evel, DataBucketlLevel Maxi, (step 3020), which may expressed
as: Dat aTc}@qu{;_gket.Laggal i = Dat aBucket Level Maxi (12) [00178] Next, at the
begi nni ng e YAt PR 1or the Apat @itBovweti the politingtedkenad36aundy ben t he
dat a t okegxpreekahs.(or policing bucket) 2636a for every active MAC flow i
(2216) and set the total avail able power for the policing bucket 2636a
equal to either to this maxi numvalue or zero if this maxi nrumvalue is

negative . Th ot al _avail abl e power for the data outflow of the
pol i ci ng %%%g?%geﬁvaﬁﬁm%s‘sed as:

Pot ent i al BakaDekgeRyiRswAt DhRbRerBuEBLevel, , 0) 13)

( Dat aTokenl nf | oW +Dat aTokenBucket Level 1 n, “0)”(13), [00179] Wneré ?f ’

represents the MAC fl ow 2216, n represents the subfrane, DataTokenl nfl oW
repr afpgfgis theyis the t dat | acat i 2639a for flowi (2216) and
Dat a oke%Bucke#Egr\?epi rr#%‘{se%ghetg%cg/{fﬁél glto&'d %gpa | FPESENiSn e 39bithme. dat a
flow i (2DusiToktnlsfidh rrap@sents 1HR0E 86 civeosk daﬁ%l%ﬁ'%&?%jbatfﬁ% Rod i”@‘ﬁ’g@“ket

al I ocati on Bt }e{&@&}%) |f the answer to step 30 IS no, en g step
3060. |f tieDdRkeBuskales!:southe ascymylatedrdate ablenative 2682 fal daniioy St ep
3050 durip18eWsaBGkat pal | ocation in every assigned carrier j at subframe
n. If the total available data of the policing bucket 2639a for flowi

(2218918% ypf r alNextndetemineifi this RateaTpickaBllok sidB U kb B0U0). 1€ eHEAnSwWEEHQidpSt €P

3050), whj J e_expresse : tenti al Dat aTokenBucket Qutflo\vin = 0
(14)? [0031 ]‘gtq’%eﬁ“ege%"p{% R g?@ﬁ QJ:@FP&B‘V@ 9@ 344055 Yesy thenexequite fHeow on

the jth chilowarg gy 30500furmanae satkaagkes Rod S flhow c equal
to zero and_t he t?’g al _avali ?abl eﬁ power 1£%§§%§?er¥ﬁg&%c?%§?éé%%%n t he
jth carritr ity torvailabihdaa phtatlicBedackd@oad fa fTE2PARLT 6)wibfidmegual t o

zero (st ePot%bataWﬁe?z%u@ﬁéz@Mjfoiw?f e(rlrg s lge(?roe()s(t%[r) %6?8)? w%?c:h may be expressed

as:
PotentialDataTokenBucketOuzﬂow,;n =0 (14)

[00181] then set the total available power 1238 for the ith flow on the jth carrier for high
capacity packets 524a, PotentialT2POutflow; jHC equal to zero and the total available
power 1238 for the ith flow (2216) on the jth carrier for low latency packets 524a,

PotentialT2POutflow; ; 11, equal to zero (step 3055). These equalities may be expressed
as:

Poz‘entialTZPOutﬂowi,j, ac=0 (15)
PotentialT2POutflow; ;11 = 0 (16)
[00182] where i represents the MAC flow 2216, j represents the jth carrier, n represents

the subframe, HC represents High Capacity and LL represents Low Latency.
[00183] If the answer to step 3050 is no, then go to step 3060. This ensures that the

power allocated to a flow in every assigned RL carrier at the AT is set to sero when the

flow exceeds the data bucket allocation.



Potential 2P Qutflowi |HC = 0 (15) Potential T2PQutflowij LL =0 (16), [00182]
where i represents the MAC flow 2216, | represents the jth carrier, n

repr esentwoth&/®utsbr ame, HC represents H gh Capacity anecCriuseepnesents Low
Latency. [00183] If the answer to step33050 is no, then go to step 3060.
Thi s ensures that the power all ocated to a flowin every assigned RL

carri t the AT is sgt to s(gro when the fl ow exceeds the data bucket

al'lo at| n. [ 00184} iR fetesnpingd ity ghis isrtheeend of arsubfrime tmhéstemd06H). alfshef r ane
n (step 3Qf8Yer tbfst ?%6@%1@6%&&&5&%s9e6p0§6$)h“f%é1ﬁt argspverégségrg ABostep 3030.

I f the answer to s is yes ra¥e n,

updat e t héhegaat éhq«mdeﬁ everykebiihmeel, update ehcodata &ikeh BECHIAGE] fM’e‘ver( Y2 0a by
setting t frame n+l equal to the mnlrrumof

the curr eﬁf gafioiv g?ﬁ@é?’?%@%é@é%@rw&?erWke keyebior fmpamok enualftb e t |
plus the adnivim af &d cdat@ datd ATRMIGN 265398, ﬁ% 1??1%%”%%12’ Ifol\é%grgé:t ,tlgtql fom

subfrane (2216), DataTokenBucketLeveli m nus
MAC f1ow f X %T@Pia&‘ﬂn@%@ r@@@cﬂtwnt?@%afpr clath flowail (22¢6) &i eutframeah (SRY) ane

n,j ecdijpp cket 263 maxi rrum ize for flow i
(2216), Dat Lo ”eét’)EEng (% 943 E S gpPer 1‘%3 octplsy Iigm MALedlony ia€216)
Dat aTokengutiised e payledd in mmﬁm Elpéiaﬁlaﬁltelrpw d; Dab@%%% %s]e kgyel i n -

jecdij n, aBucket Leve*pél\/%f( 00185] where df” x=nu &'s from
MAC f 1 ow |g%?ﬂ R o qV‘hl a@ﬂtéﬁacﬁerie@dﬂfaxer(sqep 076 brhilamyn C =

set of al be &@hiéss@d &: assigned to the AT 2606, j ecd n is the nunber of
octets from MAC flowi (2216) contained in the payload in all carriers j at
subframe n, DataTokenlnflowi is the current data allocation 2639a for flow

i (2216), X Level itiis the accunul ated data allocation 2639b
for data tfggé?@g%gljc% n+&0bfrane n, and DataBucket Level Maxi is the data

t oken buckist(DRGAGRHIRAWI D& TSk BhchdWel, (22
[ 00186] The output of this data- domcal n tSZR g c%?e?ggggg%ievem( guI at ed

by a second set of token buckets 2636b whi ch |s defined in the T2P or power
donmgomss hese wEsond b flow S hu S 2636b, determ ne the
P Bk Seuth BFEETEn WBER) ot o s

potenti a | owed tF"Ansm ssI on
assi gned lnaameen at S'ﬁbﬁsmeeaﬂ”l: @ét dfhﬂfl @06EH ds Rl 86 the2RBOROE EP He QSS%t‘?lean

assi gned %%{brelr of o ets f% MA%%&%%%Z&PG%%%ﬁ?&n%g 1; Q}?e g:}flcr)adem all carriers j at
subframe n, DataTokenInflow; is the current data allocation 2639a for flow i (2216),
DataTokenBucketLevel, , is the accumulated data allocation 2639b for data flow i (2216)
at subframe n, and DataBucketLevelMax; is the data token bucket 2636a maximum size
for flow i (2216). Return to step 3030.

[00186] The output of this data-domain token bucket 2636a is then regulated by a second
set of token buckets 2636b which is defined in the T2P or power domain. These second
buckets, or flow access buckets 2636b, determine the potential allowed transmission
power for each MAC flow 2216 in each assigned carrier. Thus, each of the second
buckets 2636b represents an assigned carrier and the flow 2216 located on the carrier.
Thus, under multi-carrier, flow 2216 access is controlled on a per carrier basis in which
the number of assigned RLMAC buckets may be set equal to the number of carriers
assigned to each flow 2216.

[00187] FIG. 27 illustrates an example of decoupling flow policing from access control
in which data is first placed into a flow policing (or source control) bucket 2636a for
that flow 2616, and then, subject to a peak outflow constraint, allocated to the different

carriers using a set of carrier selection rules 2639¢c that, in one embodiment, may be



Thus, under multi-carrier, flow 2216 access is controlled on a per carrier

basis in which the nunber of assigned RLMAC buckets nay be set equal to the
nunber ofwoansdmsmoassi gned to each flow 2216. [00187] PCEUS2MWei0bd3wst r at es

an exanpl e of decoupling flow policingshromaccess control in which data is
first placed into a flow policing (or source control) bucket 2636a for that
fl ow 2616, ancf. t hen, subject to a peak outflow constraint, allocated to the
di f f er ent SO&FY PeFEMPEY Ay stragonsfwhigh miasr bes exesuteiddry a prazsss689prdceador i n

one embodidgmpl . ERY HedbN Slrdds TRIRY s afccneéézcﬁ%%%)lo ﬁ%{‘éﬂhggqqn?%)pfeﬁhés its

executed by a processor or processor neans.

own acces ¢hreugit Nowhioh chieesppfa 6b tHeab elreakhLNt daf@stg h ThudVhh < BuBs @ HReRds t o t he
1 through?gl% arri t he nunber of buckets 2636b nay be set equal to

rs.. Thus, ( :

t he nunbe %&%E@ﬁ"é&qﬁéﬁ? fhermunibsr ofassigned egiripmrer eqcbdioeel2he final power
al | ogwsin f or ThaGiaf pewéraddbation BAE h&16 irS deterni ned hy using
the output of the secﬂ())nd 1FT2P domai n %ggfgaa‘;?gLGefr? eﬁhggg?eg%%%n 3e§ﬁlarm§e et of
rul es as BEfsedhoerpw oftheseemdSEIR domain tstd mkeabutitee 263612688 J@P389] The
AT 2606 r - igned carriers based on a netric. In one enbodi nent,

t he aver ag(ggstsarsgdr?ilrrﬁg§§%§%r of the pilot signal of the AT 2606

( TxPi | ot PQaerier Selgcthvh POIRY A%h@Adarg0ee’ ranking netric. If the carrier with
t he [0 ?l\@ t ave&ﬁge TxPi | ot Power T's unavail able for a new packet allocation
at a 3 n subfPGAd, 260eaAnkssall assigapd raviers haserkenla crotiic. efnsone Binsboklithéer ti me

const ant {i@ravaMek 3ahRg; I} Q he.fo | fect - the AT 2606
can gain £rom e%pla%:n%}?ﬁg%se) ﬁ%)rB% B&ﬁ@iﬂtg %aLBFWSr‘%‘t%agT%I%é?Wﬁ) Faynke |
filter tiwsdesnstagr . radnng hetit hEthdeater with GRgewek ew@re%e NxPaptPotef ect s

| ong ti nelﬁ\{a%lik%ltl%gns in total interference seen by the AT 2606 in each

assi gned EATYT & 2 168t RACKHAllogiiin Ay @ epveagubiange gherquse pikarilowerofnkader age
TxPi | ot Poss@fieran d"h@\fﬁﬂeﬁgﬁle':ceﬁﬁaﬂ{%lsa@crrfg&ﬁ%E?Fﬁ&?’éiw@ﬂ ﬁelgr{ﬁé fcglﬁ)%&iililg-r ?fﬁ%cAT 2606

al | ocates_packets on each carrier base el r ranking unti 'AT 2606
runs out Bf 4{ht2206 man tgsid frevnexpeitiogshore rterm Tatkngrwhitidtioak HiyewsidgT & MA@ of t he

pr esent ratu iterate (add or drop) over assigned
carrier sr@gés}:%hgn%tn Etg}?t? ?%]n%legg%%ﬁjﬁ?‘%t%éé%?r 3655 constan trefdecty deng Gmeout  of
PA headr ocmiatip@0ihd0tal Misifeeade debn BYItEE ATEE08 G ¥R S tric.
The AT 23&% achi ev | oad bal anci ng by favorilng %aésr%%grggﬁv% ?%n%\/\lg?ge

e

interfer avefgge WRABghuS: oy fwigtion fegverage TxPilotPower and average FRAB
1548 are also possible metrics. The AT 2606 allocates packets on each carrier based on

their ranking until the AT 2606 runs out of data, PA headroom, or carriers. The multi-
carrier RTC MAC of the present method and apparatus may iterate (add or drop) over
assigned carriers based on their ranking until the AT 2606 is out of data or out of PA
headroom.

[00190] A signal-to-noise ratio can also be used as a metric. The AT 2606 achieves load
balancing by favoring carriers with lower interference. The AT 2606 transmits over a
subset of assigned carriers in order to operate in a more Ep/Ny efficient mode to
minimize the energy required per transmitted bit summed over all the assigned carriers
for the same achieved data rate.

[00191] Another metric that may be used is interference. The AT 2606 exploits
frequency selective fading across assigned carriers to get multi-frequency diversity gain
when possible by favoring power allocation to carriers with lower interference measured
over a small time scale. The AT 2606 tries to maximize the number of bits transmitted
per unit power by favoring power allocation (or first allocating power) to carriers with

lower interference measured over a large time scale. Alternatively, the AT 2606



subset of assigned carriers in order to operate in a nore Eb/NO efficient
node to mnimze the energy required per transmtted bit summed over all

t he assi gmedo@amsisers for the sane achi eved data rate. [PCOAS2ocAORIINer
metric that may be used is interferencgy The AT 2606 exploits frequency
sel ective fading across assigned carriers to get multi-frequency diversity
gai n when passi bl fﬁﬁg favoring power allocation to carriers with |ower
interfer eﬁ@@eYﬁﬂ?a‘Q ge%%&fﬁ‘ée% psmigsign By animimiving A 2&0Hit power far a
maxi m ze then r50@fq; i i uni t.. power by favoring power
al | ocat i otr% (o?’.{i 1?1%% 55t2 Qasllilyo%:rgittfe{;\lgﬁ%gamﬁa?gﬁtgﬁ{:egrmsﬁlpgpw EPPTPRVRESLYi P8RS r ence
measur ed \eedarers.arge time scale. Alternatively, the AT 2606achi eves

inte nce efficie t ransm ssi on m nimzing the transmt power for a
gi ve;&]glggket 52@1"' é?t?%%ra?ﬁae F%%g%élﬁ érb{y £80%en sapfe saidoassizhed ciryienpayobe i at el v
choosi ng iruer me&used i ' I € e. AT.2606 on each
sai d asgi neget?;r Fier %@%%ﬁ%ﬁ?@% pﬁn@%@ﬁ‘?ée‘rd& anﬂa\r/r%é%%%v tﬁ-géf't Hsm t

pi | ot powBYO Blettgs caly bp gxeraeed Qyary thing scaltheBlee time somt deteAm@antHearaAxyraged
over a tigg - [ cal e determ nes the trade-off between reacting
to noisy rre%vr% ?@%&gﬂgg ? %H’P[eggslg’?mﬁ/élf’lgd? AT, AYELREANE, r CAIS Frgcling iy everly

snoot henesmowheriedsnalties due t0\@Eer fildringl i Ng. [00193] I n anot her enbodi nment,

t he ®§ %5806 may ranﬁ all assigned carriers using a conbination of netrics

i ncl AT,  but Matothssmkedimgnt, dhes Ade RE0G madi ok sdleassignod earrfeBO 1G4} AT 2606

may deci deorhisi | . oom.. and maybe data

co%si der at i Ong#f@ﬁﬁ%ﬁﬁé{%ﬁ@ﬁ%@ztﬁ& ]}%ﬁg%ﬁgég @ﬁ%éggc?ﬁé &Vei er with

? i gh@9_19t4t.’rx Pi | ot\BcG8h mmﬁ%ca@petib @opmn caie HabdkoP PRl mnrdoﬂlé_dilﬁlﬁgnay]ﬂ)?g%&5] t
r ansmi : : nunber. of. assigned carriers in an efficlen
node corrp‘HPlgles lgﬁss't ﬁ% Qig@mp lﬁlFmdég% [S%tzgo@f"hﬁ’?ﬁés dhe @ggier evith highest

trfansn‘itthi@lcﬁBcsms(a@r@eqa;V@fsd}ﬁg%Epglfiocg%a'f 's using packet sizes for
V\hlg@i})@? ener,ﬁé required per bit inthe’linedr region is favored, as

opp W30 tra ARGy agrAssa Insgber ofi assigned afarmas in enE YN BfficRAC keideSi zes
for whi crbo%ﬂﬁ{ [ .t 1.s in.the non-linear (convex) region.
[00196] The Nﬁ%yf‘%@g‘? S |g°$£e]sgﬁt%é%teb°$| HR LRSS detpinal, tahpmEtag AetoRs AN 2604
- AT 2606regapemaier oficarfins Usichabkdtanes ig wHiBBHSCAkSyGaiRa g@f Bi‘fﬁfth‘éo"‘“
into two Parts : sh?rt t(grm | oad bal anci ng and | ong Term average | oad

bal anci ng AT SIS TANRFEAE OBRTC to SRAIMIEE e kessor ngmber of chinsdrs binged

manner  bypaaRRsEEE fRbhlich GRPOPIHiAPAYis in the non-linear (convex) region.

[00196] The MAC layer achieves load balancing across carriers with AN 2604 - AT
2606 cooperation. The load balancing time scale can be broken down into two parts —
short term load balancing and long term average load balancing. ATs 2606 achieve
short term load balancing in a distributed manner by appropriately choosing amongst
assigned carriers for transmissions on a per packet basis. Examples of short term load
balancing include: i) The AT 2606 water fills power across all assigned carriers when
RAB 1444 or packet 524 are size limited in every assigned carrier; and ii) The AT 2606
transmits over a subset of assigned carriers when power (i.e., PA headroom) limited.

[00197] The AN 2604 achieves long term load balancing by appropriately determining
the MAC parameters for flows across carriers, and by appropriately allocating carriers
to ATs 2606 in the time scale of active set management and new flow arrivals. The AN
2604 controls fairness and long term power allocation for each flow 2216 in the network

across each assigned carrier by appropriately determining the MAC flow 2216
parameters as discussed above.



assigned carriers for transm ssions on a per packet basis. Exanpl es of
short term | oad bal ancing include: i) The AT 2606 water fills power across
al | assi gvedowmasiser s when RAB 1444 or packet 524 are sipz@/ustoveiessii n every
assigned carrier; and ii) The AT 2606 ansmits over a subset of assigned
carriers when power (i.e., PA headroom) limted. [00197] The AN 2604

achi eves | ong. t | pad_bal anci ng by appropriately determ ning the MAC

par anmet er S<<F-6¥ Messages 2642y appropriately allocating

213 S st

carr [enesyt o ATs1@ 686117, i - ctive set nmanagenent and new
flowarrival's. The AN %gggge%%%@?% fsh%bglin?%’llé’ Iigcgﬁﬁaﬁ@ﬂﬁof“égﬁp%ﬂ?th&ﬁ%cati on
for each £PQsepRsa chmier hagues tussdeelH6EIS tHeaehe @l 16 Gn GRE ANESGHAY FJG.
appropri atgly determ ning the | ow 2216 paraneters as di scusse
above. Car tr"’?e%”&ﬁf‘%&%‘?si %ﬁ %ﬂéq%ﬁ&yg%é{%tse%% AJEEricy ANt [ 10Grs @R 2642Go 1Be AT
i |1 ust r at 260@NTEROU2ERNnd AY Vs ' ral . in which. the AT
2606 sends a carrier requnest rressglgagp%%g%ﬁtéo%ﬁﬁne&@gtﬁggtﬁag?erggﬁﬁaq@Hq?ﬁe AN
2604. FI Glheeptapdousing agnessagesdiiven sshhmeul Simila6 40 esienish TOPBTAY Fdq@Bstar ant
nmessage 2 . The AN 2604 .and AT 2606 may cooperate to find
t he best g%r%F %’g?ﬁagﬁﬁsgﬁ ?lggmiggrcaf’?\eer er'i‘g{(\?&ﬁ‘?@tﬁﬁsﬁ‘&s%fl srelaathe A 20ehanthene.
Simlar tANeR6Gsk iseqCAFAEH Réduwr 265BUAEE CLABE GRBE heM 5B $4ug! epcarrier
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2666 and CArth F £1tveD guodendhe; AP0 L6p¢ gpligst 6mIATs. 2606 mquesTing G@AGitiondl | ven
mode, thecdMierd GRMbnr &kd 06 requestin itional carriers when
data and ICDA headr oom ] ﬁgit?ﬁglhe%-sgémﬁﬁl ngrslﬁti%' g’%‘o%‘ gNgfq%\é}é Genode, theafiNo g 04
may haVﬁ 2604 mﬁaegall I aﬁnﬁcpéﬁgdim@smdﬁuanﬁ, TXPilbtPbWOMEHT, pitbt gvavfhelng{h
st rengt BﬂidP adroom i nf.ormati o ich the AN 2604 uses'to e
al | ocati ng ca‘fgﬁile%‘?rgo om%]lfg‘a %’bg"&“%g’e%r%@f‘ URey ifewherp gb®atingl c@zers ®r G ant
2642 messAFes2606N e aSMACHIRMAALS - 265 rier Reguest
nmessage 2666 to the AN 2604erégr an inc%@gg:e ecré}g%gefq4%a eésaﬁ%ﬁg?%(?f
carri er s. 2SKndEonquse AXT2608082Y: sandza ContardR ssjugst dess s228 2666 Rethe LN OE09 For
assi gned | Tl 606 .is |ink budget limted, but infornms the
AN 2604 ai‘f %’Ffeﬁéi%m nSe grf‘@gfhﬁr@e; OF (FBrTRES. o A Qi Ad 2006 ap asfonRmpuslst
message Bascothie munbes of msigred cofricaSwhan el £R%061SH ithi A
headr oom j ﬁJSti f%/ﬁggﬂ glecr ease nunber of assigned car?%?@d%%ﬁielﬁu%ﬁtd‘%@adr oom
or data raKEYS{ 00 pffra rdrppping erqagies. | Thef ATA6OAtsendEhe CATric? GOGuEAr I i er
Request R&SARC2EHOR RN i . regui renents, ayer.age queue
| engt h, a.ve.rggghg P ot Igg%?ﬁlﬁ)lh&eét %yglg%%§ dariitt "Whon &a%a anc\{ %A %eadroom

justify and decrease number of assigned carriers when PA headroom or data makes

current number of carriers inefficient. The AT 2606 Carrier Request message 2666 may

contain flow QoS requirements, average queue length, average TxPilotPower in each
carrier, FL pilot strength in each carrier and PA headroom related information.

[00199] The AN 2604 may grant carriers based on AT 2606 request message information
and load balancing FL overhead etc. criterions using the Carrier Grant message 2642.
The AN 2604 may choose not to send a Carrier Grant message 2642 in response to a
Carrier Request message 2666. The AN 2604 may increase/decrease/reassign the
assigned carriers for each AT 2606 at any time using the Carrier Grant message 2642.
Also, the AN 2604 may reassign carriers for each AT 2606 at any time to ensure load
balancing and efficiency or based on FL requirements. The AN 2604 may decrease the
number of carriers for each AT 2606 at any time. The AN 2604 may drop one carrier
and assign another one for a given AT 2606 at any time — AT 2606 service is not

interrupted when other carriers are enabled at the AT 2606 during the switching process.
The ATs 2606 follow AN 2604 carrier grants 2642.



carrier, FL pilot strength in each carrier and PA headroomrel ated
information. [00199] The AN 2604 may grant carriers based on AT 2606
request meesagesTsbor mation and | oad bal anci ng FL over heat/use@e/0es3it er i ons
using the Carrier Grant nmessage 2642. Jhe AN 2604 may choose not to send a
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1708 il 48 coespps! toymeans ples foadon blonbsam”g)mnm&z 400414706 aﬁhIdOWbS 4700,

4702, 47 0 t 2640 FIG 29
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FIG 33. phusGung8oimbdaki arﬁ;lbuaiesraedrﬁamf 93. J90di38%1& ﬁﬁh{deﬁ §
message bI ock 4042. [0020 Those of skill in the art woul d unders and t hat

i nf or mat PGP A% C&irighadge Si?éelb&?ké@éﬁt ed using any of a variety of
di f fleoest t echnekOBf 88113A%d S WV E5derfdd 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.

[00204] 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 constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular application,



exanpl e, data, instructions, commands, information, signals, bits, synbols,
and chi ps that may be referenced throughout the above description may be
repr esentwo 2bgs/09618ages, currents, el ectromagneti c wave®CTnmgwendss1fi el ds
or particles, optical fields or particl or any conbi nation thereof.

[ 00204] Those of skill would further a grem ate that the various
illustrative |ogical blocks, nodules, circuits, and al gorithm steps

descri bed buhsuwbnmpbmientationtdecisioas etnimbdlhotemntistedirsiel @s eghshgr ioparray fhan

i npl emented as e roni c .hardware, conputer software, or conbinations of
both. To e%PP?OFﬁ'FlPﬁSP%ttIBV‘T%OE i nt er changeability of hardware and

sof t ige2es] vari awe Vaddist [IRkirdeeC RIBRAD M b, RhQsHss, Jﬁ;ﬂd &iits ?ésrcﬁﬂé& $n, and

steps have been descri bed above generally in terms elr functionality.
Wet her s gepnectine tidntiei embodamenip disrieontceblerein inay dodmplentensaif ¢vgerforniepends

upon the t C a n.and e5| nst rai nt osed an t.he
overal | s&gh ] égg%{aﬂ% (rét rggef‘?gorh‘e?y ]Ig %I P’E%%SSB%ZPF et FARERHBMal ity
i n varyi ngpeufys iftegraRdcdircpar (ASIQ), ar flampbﬂogﬁahhﬁm@ tesa&&y (0 £8P ek ON
deci sions should not be interpreted as causing arture fromthe scope

of the pr @%%mmblénﬂ%ﬁ e["@f@zdéfcmﬁe Sotar Pbdéaﬁslsms )i discietsgibeedwast ocks,
nodul es, Gﬁcrn@é“otr%bgem%ﬁ{qupﬁgn tHe J@%fﬁ%%l#ﬂﬁqng%%r@qﬁe %unc%%n Qt%?ﬁbﬁ%se

di scl osed hePeln may enente h™a gener

processor hewgindi @gbaftrabptgpeﬁe pro@ses sy HelSR)cromocas gl bwdh Itmihl&ﬁﬁ@ﬂvé ItBe
integrated circuit )g SI@'LY a field pro r ammabl e gate array (FPGA) or other
pr ogr anmaBf&ers8Ei B2 &Fi copwnfignal RFessYy GOPYA ?rstIB‘PquBB‘if‘éuerdiOEcsﬁ%?e

har dwar e gRRIRRBENIAS pr&ess@wn%ombn@é '1ﬁfile§ri&ﬁfe‘a°5s ge@drﬂﬁlﬁﬂléno ggb@%ﬁhé he

functions described herein general purpose processor
i cr opr oc€8%6%S;, Bt ﬁnCQIhbmamQTEeratal P tdnd pr oeopmcessay, laephmgflity of

br ocessor TaaPRESOREbne Sfe??%eﬁbv%fogro%s%é%ﬁﬁ.%h@?wonowé 5%k A teorbes.
e.g., a coﬂiarmaﬂllo@nflgﬁraaoxDSP and a mcroprocessor, a plurality of

i cr%)rggessor one or .nobre nicroprocessors in conjunction with a DSP
cor e [9%P0lany ot REr steRt 1Pfc BnMmegindaor oflgotibop olsperiied &1 egoanedtion méthhdle or

al oot  hssdiataknoseASEh Al iR CHROH B Sadhac Predylngel n My

be enbodied directly 1n hardware,” in a software e execd
processor mOdnlel exeautccbbblarm'bcasmrobr inhecdembinatfors of thaawe. nwgémmyncscﬁﬂsd de in

RAM rrerror ¥ﬂay redide rﬁi&z& memorg,e rH%lle meEnFl)cl?g,VI lr{TBlr\T/ID I’n%émory, 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.

[00207] 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. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

[00208] WHAT IS CLAIMED IS:



EEPROM nenory, registers, hard disk, a renovable disk, a CD-ROM or any

ot her form of storage nedi um known in the art. An exenplary storage nedium
i s coupl ewot200aidee78pr ocessor such the processor can readPpcmfuseovanossm7 f r om
and wite information to, the storage pggdium In the alternative, the
storage nedium may be integral to the processor. The processor and the
storage nediummay reside in an ASIC. The ASIC may reside in a user
termnal. In the alternative, the prOtAdM and the storage nmedi um may
reside as discrete conponents in a user termnal. [00207] The previous
description of the disclosed enbodinents is provided to enabl e any person
skilled in. tAencidd dfallvedtmgaesausestahongmageple fioRserhbAited YFdsO Hitinle

nodi fications to these enbodiments will be readily apparent to those
skilled i fTfE: SPPPISRE t he generic principles defined herein may be
applied to ot hgpj; i t i ril e.spirit. qr. scope of
the invention. gf‘l)lrl]ﬁggeétihe% %r%%@n‘%ﬂé}%% e% ?ag{n&alke{s]&r%{)&irpﬁ{lsemds ?Qf’thﬁg 5 mited to
t he enmbodebirflay strossrallassigher dartieiss t o be accorded the wi dest scope

consi st ent vvithI% he principles and novel features disclosed herein. [00208]
WHAT 1S CLAI MED TSR APRST {10mha plHrpltry ob paid ppmedicayiorelon spid detadtamig

mul tiple fmddws transmtted across nultiple carriers, conprising: policing
each data flow, whereby a peak data outflow constraint is applied for each
fl ow across al PO 8eeps, evherebyed pastritiahalfovesk transmidsiomnpoavep Farsald ty of

sai d assi gﬁg@'lo%nr%aﬁffaﬁafis a&P%W%g&a flow, and controlling flow access,

wher eby a potential allowed m'ssion power for said data flow on said
carrier is determned. 2. The nethod of allocating resources anong the

multiple %I i claiml, wherein said.data flowis policed
using a f?'r gﬁfégﬁﬁﬁ&ﬁa@ggﬁg eljegorué“fefsiagmélﬁ t@e %ﬁlp}lq Havpacgowding i daimylf | ow
access i swheminrsald duh fiswngpeliced @eing afusksickéiQo SRARArAPS Higfér ﬁ&\?fbfa%ig

r flow and per carrier basis. 3. The thod o

channel power. a pe
al | ocat i ﬁﬂl\ﬁ?&fﬁ@?‘ﬁégce%ﬁgnwm e 4 sesard buakatieishepedransmistsaffiul ti pl e
carriers afamdifolr bPa pbAel na PRELEIG 3L Step of policing data flow

conpri ses:
3. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of policing data flow
comprises:
allocating resources among multiple flows by determining a total available
power for each flow, wherein said total available power includes a current power

allocation for said flow and at least a portion of an accumulated power allocation for

said flow.

4. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of controlling flow access

comprises allocating resources using a grant.

5. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of controlling flow access

comprises a step of allocating resources autonomously for each flow in each said

assigned carrier.



al l ocating resources anong nultiple flows by determning a total avail able
power for each flow, wherein said total avail able power includes a current
power al Iwoabecomefsor said flow and at | east a portion ofrcarvsaaewossiat ed
power allocation for said flow 4. The,gethod of allocating resources anong
multiple flows transmtted across nultiple carriers according to claima1,
wherei n sai det ep of contraolling flow access conprises allocating resources
usi ng a gPanthe Bethpd of allegstiag sowce IR gIGuHipkofiewesamnoiiel audgsi pl e 1 ows
transmtt - j .l ers.according t laim1l, wherein said
step of c%ﬁlthﬁlglé ?%S%Ctgevﬂg@c@ggﬁg?ﬁ%}ﬁege& sgd 5@88?5&%%6‘&&??% or@dur ces
aut ononousghip ffosr canpdises:] ow i N each said assigned carrier.6. The nmethod of

al I ocati ng resources a{mng ltiple flows transmtted across nmultiple
carriers accor SIS issined carfiprs using asmet@icsansh of sel ecting a carrier for

sai d data fl owagesnahb $8Skets 18R KlINEsi S Lgned carriers using a netric;
and al |l ocati ng packe%? tgssai asséfglgérﬁ%éﬁz%%'ri ers. 7. The nethod of

al l ocating resources anong nultiple flows transmtted across multiple
carriers ac i o.claiml1, wherein said step of selecting a carrier for
sai d dat aaf F@{v%q?gtgnﬁ(ﬁ Pgéiq.ca EPOUTPSy QW%V@P}%&%%@T’&W“%C&SQSQ gned
carriers whiipleociridftRcQtingQwehih 1Mvhedin 80dsth BPSE L Siafly Subset
of said assi g]ged carri ersd\%\hqen data or E)nowerslémf]t eg%lhgagqﬁgegr?}%}tsﬁgdd of

al l ocat i néa‘ti’l UGB FEIsgHong nultiple flows transnitted across nultiple

carriers accor ¢i,nd ¢f ' eiL,n said step of selecting a carrier for
said data flow gorrprn?ns%]é&%praélﬁggn@? %a}l%ﬁssé%lre SCQIT%??%Y‘J ?Otéiﬁtasoéi%ﬂwégsi gned
carriers limitady #8d N O efficient node. 9. The nmethod of allocating resources

among nultiple flows. transmtted across nmultiple carriers according to
claim1, wher el PSCYRESCEASS B pubset cspidagsignediearriens when detai ad pawenlifuitods
conprises: sending a carrier request nmessage, whereby a nunber of said

carriers mayrbe )
8. "The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of selecting a carrier for said

data flow comprises:

transmitting across a number of said assigned carriers in an Ey/Nj efficient

mode.

9. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of selecting a carrier for said

data flow comprises:

sending a carrier request message, whereby a number of said carriers may be

increased.

10. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 1, wherein said step of selecting a carrier for said

data flow comprises:

sending a carrier grant message, whereby an access node may increase, decrease

or reassign said carrier.

11. 'The method according to claim 4, wherein said step of allocating flow resources
using a grant comprises:

receiving a grant message; and



i ncreased. 10. The nethod of allocating resources anong nmultiple flows
transmtted across nmultiple carriers according to claiml, wherein said
step of swbeotdmgrsa carrier for said data fl ow conpri seCTABREl6NOS3A7 carri er
grant nessage, whereby an access node nppy increase, decrease or reassign
said carrier. 11. The nethod according to claim4, wherein said step of

all ocating flow resources using a grant conprises: receiving a grant
nmessage; andsefefiag sadicurrenirnosier ajlenation &irl aowatespomding said ftow egspomdi ng sai d
fl ow equal . r.allogcation grant in said grant nmessage. 12.
The net hoéu%%tg)lo%%:étl &tﬁagﬁg%gﬁ?]cs&&%r%%e Siple flows transnitted across
multiple carriers according to claim4, further conprising: determ ning MAC
par amet er 42f OThesélod bputfocathORSoR Al Chk el hkiple AR AdsfiAld Mosal d
carriers to arriving of said Tlows in an access termnal’s active set
sectors, WHBHRIBgasigrshcaendinastotckyimid Alrther hpmprsingong term | oad bal anci ng.

13. The met hod Catal resources . ng multiple flows fransmtted
across mul tipl g@%@ﬁ@iﬁgggg PR @5%&@?’3@@9@%?‘5@18@8@@4 si ng:

det ermi ni ng MA@lgariagediarearfedy tos@tiving bPWEd A6HO $:5 aiS AdBsCRIhinEr Sact@B et
allocating said carriers to arriving of said flows in an access termnal's
active set®dysrWhLedY i asgssigmmainalachieyes lopgiaal load balenaig.| ong term | oad
bal anci ng. 14. The nmethod according to claim5, wherein said step of

al | ocating resources autononously conprise using an estinmate of a | oading
| evel to gB-I ddetrectheb ol allvestinglissoults ametniganultpled]dvaaadnsmiitddesids ces anong

multiple fl transm tted gcrpss |tiple carriers according to claim®é,
wher ei n Sg%ugllpn%ﬁrpgrs(%ﬁ%rﬁ}nsggg C%Hnévwg?‘g’@gc‘ﬁp?ﬁmg%ansm t power in each said
assi gned carri @stern@ihing NAG Sir@EleeRVBF $8d A6 YidoYs Qiid cdrﬂel‘g?'(ﬁﬁ sai d assi gned
carrier, or a conbination of both said average transmt pilot power and

said filtered piecatingsadcamiersyomtniving obsaithilews th asmicgssaentnalis #tive 4&. The
met hod of (4l i , multiple flo ransmtted across
mal 11 pl o SR P aehdt aRERESTE TR s i TR of + anki ng
assigned carriers using a netric further conprises maxi m zing a nunber of

bits trang4u tTheehddiesd aedbitding to claim 5, wherein said step of allocating resources

autonomously comprise using an estimate of a loading level to allocate resources.

15. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 6, wherein said metric comprises an average pilot
transmit power in each said assigned carrier, or a filtered reverse activity bit in each said
assigned cartier, or a combination of both said average transmit pilot power and said

filtered reverse activity bit in each said assigned carrier.

16. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 6, wherein said step of ranking assigned carriers
using a metric further comprises maximizing a number of bits transmitted per unit

power by first allocating power to said carriers with lower interference.

17. The method of allocating resources among multiple flows transmitted across
multiple carriers according to claim 6, wherein said step of ranking assigned carriers
using a metric further comprises indirectly measuring an interference seen by an access

terminal on each said assigned carrier by measuring a transmit pilot power or a reverse

activity bit.



power by first allocating power to said carriers with |ower interference.
17. The method of allocating resources anong nultiple flows transmtted
across mmwOI2pde9empri ers according to claim6, wherein farassaepossi7 ranki ng
assigned carriers using a netric furthgs conprises indirectly neasuring an
interference seen by an access term nal on each said assigned carrier by
nmeasuring a transmt pilot power or a reverse activity bit.18. The nethod
of allocating resources anong nultiple flows transmtted across nmultiple

carri er s agoaiahd iR el b AN GOTRILSLI AL agali g sal d packet s

on a per packet basis, wherelly an access Bt term | oad
bal anci ngmuitfple Trdervettmdingfto alaim Gafirthgr c@BEMIGES]REBAYs AU bidiRls@nfd OWs
transmtt & %%Egrs?s multiple carriers according to claim9, further

conpri si ng PERE RES 1Sy Veryam a5ressderminal agievesrbor igrmilead belergngode nay

i ncrease, decrease or reassign assigned carriers. 20. The nethod of

all ocating resources anong nultiple flows transmtted across nultiple
carriers &¢cdhameiradpiellasating resdvesesiamongintildple floers traasiired ac@RPri ses fl ow

requirene . I n_an 0 eadroom.i nformati on, 21. The met hod
accordin gﬂl{uglpcl:‘?%?ﬁn&i f?&’?{I}P ¢ ﬁ%&aﬁg%ﬁt@%@n@rﬁr&s%ﬁmg SrfaItHy st equest
nessage wessage, végtebgtaniaotek iddle ind§ (RAGRS, c@@&ﬁ&&r&&%@ﬁ%@%@neﬁa& ers 22 The
nmet hod according to claim 11, further conprising a step of “sending a

request rrgssage when a request rati o decreases below a certain threshold
val ue. 2320-THie meihpd el dllasating regotrcesciraong maltipleafidwetramsoniped sirg  det er mi ni ng

sai d grang,f c termanal s, wherein said grapt includes a
current po&/et [ea oéé':fgtﬁ %ﬁ&ég gon(fclgﬁéa Wﬂrﬂgnr‘?ﬁ fOH S CeBied sogrrrpeetlawm 11,
wher ei n sEfjdirgments, gnaedegsh iand poweshaadhohtinfenfgss 0od for at | east one said

current power allocation grant and an accunul ated power all ocation grant
for sonme at |east one said flow 25. The nethod according to claim 14,

wher ei n A dTAS SietHRk BHBRETDUBLY 145} LIBE &.00r &oh0adi ng | evel to
deternine a current power 3T ocati o’n{iu O?Ia% OS\EN LR PSRN ATEMEShi ng a

val ue of Hessageexhamatequess bverivaltiackemics hbewai thfdshald vdRieer m ni ng whet her sai d
estimate is equal to a busy val ue; decreasing said current power allocation
if said estimate is equal to a busy value; and increasing said current

power al |22caThomeihbd 98doddias itb BBLR 11 StRAMontiRist d Lhe method
according to claim 23, fur%her conprising d téq'?{r% ns?%{goﬁsgbglgﬁt%q%%uﬁtr
message when a request ratio decreases below a certain threshold value.

23. The method according to claim 11, further comprising determining said grant for a

subset of access terminals, wherein said grant includes a current power allocation grant.

24. The method according to claim 11, wherein said grant message includes a holding
period for at least one said current power allocation grant and an accumulated power

allocation grant for some at least one said flow.

25. The method according to claim 14, wherein said step of autonomously using an
estimate of a loading level to determine a current power allocation for a flow comprises:
determining a value of said estimate associated with said flow:
determining whether said estimate is equal to a busy value;
decreasing said current power allocation if said estimate is equal to a busy value;

and

Increasing said current power allocation if said estimate is equal to an idle value.



al l ocations for said access termnals not part of said subset of access
term nal s autononously. 27. The nethod according to claim23, wherein said
current paoepocaldbtgati on grant include an estimate of aprsTamdyssIBIE val ue
for said current power allocation for gg |east one said flow for at |east
one of said access termnals. 28. The nethod according to claim?25, further
conpri si n%: cal cul %ti ng a magnitude of a decrease of said current power

al | ocat i oRPus 5thad AFRAELIAS FusHBiny §3.further comprising detdrmining Fureend powgni t ude
of an incr, i oHS - : ' f A A conmmuni cati on

ol emont  conay FoHe [l afiRe Yl AL e O Rk skl S aco PR

communi calionomeustpri sing: a transnitter; a receiver operably connected to
said transmtter; a processor operably connected to said transmtter and
said transmtter; and nenory operably connected to said processor, wherein
sal d access. IRidhedbd becodliApiPtatEXAIR shiARUIHELIANS RN bl Sal d
menory conprising: policing each data flow, where a pea at £0ut f | ow
const r ai nindudegngstimgterada séeadit-sfatovalae fos ssidaintreatgmivgn eowsion frs lease! ect i ng

a carrier i f said assigned carriers for said data flow,
and cont rgﬁ %ﬁf)%%; géclgge%g?e %ﬁsﬁ‘gﬁ?es&f tg%‘?%?ﬂéi al allowed transm ssion power

for said data flow on said carrier is determ ned. 30. The communi cation
el ement aégorﬂ{?r}g éo claim?29, wherein said data flowis policed using a
first buckgt $apdaqerEHRg 1o G2 durther 6mpaising: and sai d fl ow access is
control |l ed usi : t 1 _traffic channel power on
a per flow ande%g?aﬁgggiﬁgﬁﬁ%@séﬁgaﬁg% eﬁégmﬁygé??%eﬁ aLIP‘éarji]i?HtuS’éJé@ordi ng to
cl ai m 29, wher donnwaiddampingdfungiotatmd f | ow i nstruction conprises: allocating
resour ces am)ng It]iéé)l e fl. aR?y determ ning a total available power for
each flow, wheF&fHallgyMaghiideqlan inosease BERE AN UAVRAEMPEIEIURetian: pover
allocation for said flow and at | east a portion of an accumul ated power
al l ocation for o

A communication element comprising a MAC layer that is confi gured for wireless

communication, comprising:
a transmitter;
a receiver operably connected to said transmitter;
a processor operably connected to said transmitter and said transmitter; and
memory operably connected to said processor, wherein said access terminal is
adapted to execute instructions stored in said memory comprising:
policing each data flow, whereby a peak data outflow constraint is applied for

each flow across all assigned carriers;

selecting a carrier from a plurality of said assigned carriers for said data flow;

and

controlling flow access, whereby a potential allowed transmission power for said

data flow on said carrier is determined.

30. The communication element according to claim 29, wherein said data flow is
policed using a first bucket to shape traffic on a per flow basis and said flow access is

controlled using a second bucket to shape transmit traffic channel power on a per flow

and per carrier basis.



said flow 32. The conmunication el enent according to claim29, further
conprising a schedul er adapted to allocate resources using a grant, wherein
sai d i nstwocbécemefsor controlling fl ow access conprises a&anTiussaoemassion for

al l ocating resources using a grant. 33 The communication el ement according
to claim?29, wherein said instruction ?or controlling flow access conpri ses
all ocating resources autononously for each flow in each said assigned

carri er. 334.ThEremmumeationalérment efesnding taceion a9 ghareinshidipeliowg dakker ei n sai d
instruction for selecting a carrier for said data fl ow conprises: ranking
sai d assi-gi StE‘é??‘PP@P@Pﬂg?Sng a metric; and allocating packets to said

assi gned car r iaBééating Pesolftes MOHE FHudailé A0webedertmBLeod thtal@viilabld ai m 29,
wherein said step of selecting a carrier for said data flow conpri ses:

wat er - f i IpPvagfoseerbr e rwlerein| spiddsial gypelableomics inglugse A CHBENLPIIET or power
limted; gnd. t S 4 & sat ' 1 ef; en data or
pover 1| Aipgon SV AODERRGRES aboRHiE anle R R P ARG HC" et i
sai d st epaidffiosel ecting a carrier for said data flow conprises: transmtting
across a number of assigned carriers in an Eb/No efficient node. 37. The
comuni cation el ement according to claim?29, wherein said instruction for

sel ecti ngsa FI dduhurdiOftiohd b bacdrtia s ORRA 26 StrthSCgifing LRREARE: T equest
message, whereby a number of said carfier may be increased.38. The

communi catleped @l Alventt resoumes isigg b grant.avhargig saighiestaichios rgopielling Elovon f or
selecting a carrier for said data.flow comri r r conprises an

i nst ruct i“6FSF PRI ARG 8%?}ﬁ5?u8?§ﬂgr §§§§§n%%§%e€y an access node nay
i ncrease, decrease or reassign said carrier. 39. The communi cation el enent
accordin%3to claim 32, wherein said_ instruction for allocating flow

r esour ces3usThrrcommgraipttionsipmeridscordipgde ¢lairg 28, Yhermin sHESBHHICUORMRY set ting
sai d current  RAYRLwHEAS AbhPhisdHioRafy L E&HRAR AddomBLy FbR4cR AR int ©

each said assigned carrier.

34. The communication element according to claim 29, wherein said instruction for
selecting a carrier for said data flow comprises:
ranking said assigned carriers using a metric; and

allocating packets to said assigned carriers.

35. The communication element according to claim 29, wherein said step of selecting a
carrier for said data flow comprises:

water-filling power across all assigned catriers when not data or power limited;
and

transmitting across a subset of assigned catriers when data or power limited.

36. The communication element according to claim 29, wherein said step of selecting a
carrier for said data flow comprises:

transmitting across a number of assigned carriers in an Ey/Np efficient mode.

37. The communication element according to claim 29, wherein said instruction for
selecting a carrier for said data flow comprises:
sending a carrier request message, whereby a number of said carrier may be

increased.



current power allocation grant in said grant nessage. 40. The conmmuni cation
el ement according to claim32, further conprising: determ ning MAC

par amet erwof2006/®aisd fl ows across said carriers; and al | ecatisegemosd?
carriers to arriving of said flows insgaid communication el ements’ s active
set sectors, whereby said comrunicati on el enent achieves long term | oad

bal anci ng. 41. The communi cati on el enment according to claim33, further
conprising: determ ning MAC paraneters for said flows across said carriers;
and al | o&a8t i Ty sanduiaatidnedemers aacariinigrig clim 24 whékimveid instseitign for

comuni catjon elenent!s active set sectors, whereby said co i cation

el ement &€ F‘é%%?%ﬁfgf()f éar‘&nd?tagjd’“b%‘?’ﬁmeﬁ&ml?ﬁ.COHPHEXCE(?WSQ&?E% el enent
accor di nget Qng b 3hed Zrant¥ieisdhd) wirhdhy MSACES b8 a9 incédseCRbidag sresour ces
aut ononmousl y Conprises using an estimate of a loading |level to allocate

r esour cegeasdi@n sTidecagmruni cat i on el enent according to clai m34, wherein
said netric conprises an average pilot transmt power in each said assigned
carrier, or a filtered reverse activity bit in each said assigned carrier,

or a comgonarh®rorhuliehttbnséterd\vet@dm gttt @SR, whiein anivastretidnged d
filtered reverse activity bit in each said assigned carrier. 44. The
comuni c@loe#ing ftaveFrsoyeeoriaySiept CABRHES4, wherein said step of ranking

assigned carri s b Cafqur t her conpri ses maxim zi ng a nunmber of
bitstransmtte Eeg‘gygh%?atn%%rgéb@ first allocating power to said carriers

with | ower i ntsettingrseidaarredtpowinallocation focatironpeidnesiid Howeqdaltgat o cl ai m

34, wherein said st 8 of ranki n%ﬁgssigned carriers using a netric further
conpr i ses"“ﬁ‘?ﬂﬁﬁ“@’?ﬁrlaﬁ GAYQE SFATA Y S BTRPEPFEPERice seen by the communication

el enent on each said assigned carrier by neasuring a transmt pilot power

or a I evefseTaCLitintiicRidy eléfent Hifordf @ia%@z%rﬁkﬁw%ﬁﬁmggior ding to claim

34, further conprising allocating said packets on a per p et basis,
wher eby the codatermimiag MAC phametdrs fotshishitewsiness stidrcamriessi@ndal anci ng. 47.

The conmuni cation el ement accordi.ng tq claim 37, further .conprising an
instruction fAOSEMEH %‘H&%{F?‘i %tflvg}ga(?%tsa O%Sglg,sa%cg%vl%aggccess node nay

I NCr ease, glements’s active set sectors, whereby said communication element achieves long term

load balancing.

41. The communication element according to claim 33, further comprising:
determining MAC parameters for said flows across said carriers; and
allocating said carriers to arriving of said flows in said communication element’s
active set sectors, whereby said communication element achieves long term load

balancing.

42. The communication element according to claim 33, wherein said instruction for
allocating resources autonomously comprises using an estimate of a loading level to

allocate resources.

43, The communication element according to claim 34, wherein said metric comprises
an average pilot transmit power in each said assigned carrier, or a filtered reverse
activity bit in each said assigned catrier, or a combination of both said average transmit

pilot power and said filtered reverse activity bit in each said assigned carrier.

44. The communication element according to claim 34, wherein said step of ranking

assigned carriers using a metric further comprises maximizing a number of bits



decrease or reassign said assigned carriers. 48. The comuni cati on el enent
according to claim37, wherein said carrier request conprises flow

requi r emewo069e1se | engt h and power headr oom i nf or mat i ®T/U$2006/Db8317

comuni cation el ement according to claym39, further conprising an
instruction for sending a request message when a request interval increases
above a threshold value. 50. The communi cation el enent according to claim
39, furt H@msmﬁt@mesumgpawenhysfnnsuélchtmgmwegéﬂamdga@er%wlééqwqﬁessage when a
request ategore gcr eases below a certain threshold value. 51. The

conmuni catron efenment accor di ng to claim39, further conprising an
instruction for determning said grant for a subset of said comrunication

el enents, wherein said grant includes a current Rovver al l ocation grant. 52.
The comﬂﬂﬁr c heg W@P@ﬁﬁ%ﬂn demertareRydng te FRih34oWheiREy BidsteeidapfBRt nmessage
I ncl udes édjc!a?xger ‘Eélh d nh&fic ﬁ}rfh:e?ékﬁh ﬁs'égnﬁﬁ‘fegﬂgﬁfeﬁﬁﬂﬁl %ﬂ‘éﬁférfé’ﬂehé’é’at' on
grant an AR accunu ate power ocatton grant 'east one said
fl ow 53. séhreby thierwoninnati¢ation eleamanbn axdicaii asgighed cdraemwmﬁasuhﬁg ein said
instruction for . autononously usi ng. a esti mate of a loading level to

det er mi néraé‘s’é‘ﬂrﬂﬂé’ﬁ?o‘ﬁ?fv%r“ %f/qrﬁf‘c%fl ’6}'1 For a flow conprises: determning a
val ue of said estimte associated wth said flow, determ ning whether said
estimate is equal to a busy value; decreasing said current power allocation
if said ettihhe eommusigation ngmantmgngrdmltgglana%é} fuﬁ@ﬁ@mmgmsgaalbcetmg ent
power aII cat | i.f _sai t I I

comuni ca (fjl ‘?(%ﬁ%n L g C%rg ag% hér%ll)gﬂl%‘%g?u&%rﬁ dng e?en¥e@\lt :gﬂ:fahslc—:v%s Sho

i nstruct |teﬂmfdzﬂbdahemg] ni ng current power allocations for said

comuni cation el enments not part of said subset of comrunication el enents
aut ononously. 55. The comuni cation el enent according to claim51, wherein

sard cul LNt TROUSHmhicATa LR RRaliiab UARA ANMERE! EBGifs 4 S! eady-state

val ue for said current power n for east 0 said flow for at

| east ondngifucsian cﬂorcsemling acatricogragl messags, wlﬁaﬁebdemeaccmmmm gay eeast.enment

accordi ng, to claimb53, rt her oarggrlm ng the follow ng instructions:
decrease or reasmgn sa1 assigned ¢

48. The communication element according to claim 37, wherein said carrier request

comprises flow requirements, queue length and power headroom information.

49. The communication element according to claim 39, further comprising an
instruction for sending a request message when a request interval increases above a

threshold value.

50. The communication element according to claim 39, further comprising an
instruction for sending a request message when a request ratio decreases below a certain

threshold value.

51. The communication element according to claim 39, further comprising an
instruction for determining said grant for a subset of said communication elements,

wherein said grant includes a current power allocation grant.

52. The communication element according to claim 39, wherein said grant message
includes a holding period for at least one said current power allocation grant and an

accumulated power allocation grant for some at least one said flow.



cal cul ating a magnitude of a decrease of said current power allocation
using a downward ranping function; and cal culating a magni tude of an

i ncr ease wei2ngy/@s7sapwar d ranpi ng function. 57. A neans fom/tskéosmessing
resources anong nultiple flows transm tted across multiple carriers,
conprising: neans for policing each data flow, whereby a peak data outfl ow
constraint is applied for each flow across all assigned carriers; neans for
selecting a carrier froma plurality of said assigned carriers for said
data fl ows3a - Ok ' flow.access,, wherehy a potenti al

al | owed t? gngﬁegﬁg%ng%%ﬁgﬁ&i gé%%é%%?lﬁ%%ﬁ WREL§IR spidppgtictipn for

det er ni nedutsgomdisdy n¥Bgsn bvimat bHe Ratling 160S BIERESnIASR eﬂrrér{i?owe} tiple flows
accordi nga]io Ia%m Efr wherein said data flowis policed using a first
bucket to ?%Egn FEHIECTRPESSSer f1 ow basis and said flow access is

control | ed usi a&e@nisRy RUSKS . mt _traffic channel power on
a per flow and per .ca‘rgﬁn\glrl basigqésggﬁg?%goctﬁ%%sl oSFud PYocat i ng resources
among mul ti pl ed¢teviingvehether seiddstmnedsequal td phesyoalde er s accor ding to

cl ai m 57, wher gl i d ans for policing.data f|low conprises: nmeans for
allocating r esgéﬁ:r?%aélglgﬁ' ncémﬁﬂ{ rt’(?vﬁ‘{%é"hf’?aéwg lg%aé‘iﬁﬁt’é’ﬂaé‘%ils\/ﬁthl tat Hugpgalugne of
sai d access tesnd nal by determning a total available power for each flow,
wherein said total available power includes a current power allocation for
sai d flow and RfrepHRg saig cpgentineenfllepation ifismid eatistepio venal 2 Ao Ve, f or
said flow. 60. The neans for allocating resources anong nmultiple flows
transmtted across nmultiple carriers according to claim57, wherein said
means f or>%offhe obmimgichlionelanersacodiny oSSR RGHePEobliGk@54 NY_ T esour ces
using a gran The neans for allocating resources anong nultiple flows

t.. 61.
transmtt e%“é"&f’ai%f ATIIENG CuEFPapET aliQcatiensgr sad epmmwnisatiomtlements sai d

means { orndguitopbii Bhs GWORSAGS S AR GRS ISR 3l | ocating resour ces
C assi gn

aut onomously for each said flow i n each sai carrier. 62. The
means for allocating resources anong nultiple flows transmtted across

mul tiple I 4 : ing to claimb57, herein said neans for selecting a
carri gr f%ﬁ? ThELom AR Hemént accormng to ci’z\{?m 5?[, wherein said current power ?

allocation grant includes an estimate of a steady-state value for said current power

allocation for at least one said flow for at least one of said communication elements.

56. The communication element according to claim 53, further comprising the

following instructions:

calculating a magnitude of a decrease of said current power allocation using a

downward ramping function; and

calculating a magnitude of an increase using an upward ramping function.

57. A means for allocating resources among multiple flows transmitted across multiple
carriers, comprising:
means for policing each data flow, whereby a peak data outflow constraint is

applied for each flow across all assigned carriers;

means for selecting a carrier from a plurality of said assigned carriers for said
data flow; and

means for controlling flow access, whereby a potential allowed transmission

power for said data flow on said carrier is determined.



said data flow conprises: neans for ranking said assigned carriers using a
metric; and neans for allocating packets to said assigned carriers. 63. The
means f orwal2b@a@tisng resour ces anong nultiple flows trarewuS@d/08831DSS
multiple carriers according to claimb5Z,; wherein said step of selecting a
carrier for said data flow conprises: water-filling power across all said
assi gned %grri ers when not data or power limted; and transmtting across a
subset of “8ai theBeingdellogatingaesouprsrantmgahomupipheflows aicoatingth clfie neans

for allocayi SSQIH iple £1gws, transmtt across_mnultiple
carriers ga\g?%li%ng t o&g?%%?%l%éﬁ%gﬁ fggﬁbdlcg?téﬁ S@‘Tpeé'@?fg%?l? ARGl 1 j er

for said datinaid sid Howprisess contralsdtidibd 0&RB6E B86keRtTWADHaRnifRiE aSsi gned
carriers in an Eb/NO efficient node. 65. The neans for allocating resources
among nul PFEHWS] ??%Wntarpfﬁijﬁi”t%“é‘cpeééﬁ“%%b?ﬁﬁ-ti ple carriers according to
claim57, wherein said neans for selecting a carrier for said data flow

conpri ses; ns for sending a carrier request nessage, whereby a nunber of
sai d carrPer #0s foAllesatig reswrcesgmons amtiple floms|tposnitied acesour ces anong

nul tiple Hud¥fe bR Lple carriers according.to claimb57,
wher ei n neans '(faor Sg{&;ﬁ@%ﬁg&@g@qﬁglﬁ%@lrn Ss?gﬁa%‘e%&%tfﬁf ?c(fi’c?\'ﬁg“lilﬁtg fe¥ conpri ses:
means forc&Bpdiesy a carrier grant nessage, whereby an access node nmay

i ncr ease, decr%lase fo?’ﬁ]'rlea Si 962 said carrier, 67. The means for allocating
e O ?“iaﬁ? PYwES 2reRs gikiple dows assasisied Witheat ddant i d

resources anong efuﬁe

al I ocat i ngf daix ateeSBmERBNG del@miih hRbE] 4Va0461e BblyOCRL LA AdyWiESQur ces

using a grant conprises: neans for receiving a grant nessage;. and neans for
setting sifditeravaiiblepansr ingludasatduoient prwer ablocatienfondidifiow ahd af leawaequal

to a Currﬁ&{ioﬂm\@ﬁa@cjuin%?a@édngd%egraﬂﬁ%e}dﬁgﬁﬁag rant nessage. 68. The neans

for allocating resources anong mnu Fransnitted across

60. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 57, wherein said means for controlling flow access

comprises means for allocating resources using a grant.

61. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 57, wherein said means for controlling flow access

comprises means for allocating resources autonomously for each said flow in each said

assigned carrier.

62. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 57, wherein said means for selecting a carrier for
said data flow comprises:

means for ranking said assigned carriers using a metric; and

means for allocating packets to said assigned carriers.

63. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 57, wherein said step of selecting a carrier for said

data flow comprises:

water-filling power across all said assigned carriers when not data or power

limited; and

transmitting across a subset of said assi gned carriers when data or power limited.



multiple carriers according to claim60, further conprising: determ ning
MAC paraneters for said flows across said carriers; and allocating said
carriers woa0aa9¢isnag of said flows in said neans for al lPOTAISROVG/00SBIDUr CES
anmong nultiple flows transmtted acrosggmultiple carriers's active set
sectors, whereby said nmeans for allocating resources anong nmultiple flows
transmtted across nmultiple carriers achieves long term| oad bal anci ng. 69.
The neans for allocating resources anong nultiple flows transmtted across
mul tiple gar riHar Wale B i further. conprising: determning
MAC par anet er s f%?ﬁgg%ﬂ%opgl& g%ug%e? agl;oihé I%uééﬁeépﬁs%ﬁmﬁfe GE5% ng sai d
carriers mwltgple cauving asfordarighotlames7] whereinthaleas of @lecihk QeatdcPfhr's§RIOUr CeS
anong mul %tglﬂe flows.transm tted across nmultiple carriers' s active set
sectors, By LM reans for all ocating resources anong nultiple flows
transmtted acressnifiold I L fer ad. bal anci ng. 70.
The means for allocat i%\é%sggglg%ggé%ﬁ%ﬁ%k@ﬁgé%ﬁgg&ggnf%]%%écé%rdi ng to
clai m 61, MRHerei n sai d neans for allocati ng resources autononously conprise
a nmeans for using an estinate of a loading |evel to allocate resources. 71.
The neans for allocating resources anong nultiple flows transmtted across
nul tipl e 6&r fhemseaacfatlbdding YesobRlethBdng WRATE AoRRLdn IRk, § rg%)sr’rprl SEs an
average pilot transmt power in each assigned carrier, or a Tt er ed
reverse a@Pﬁ\Pll‘i GPTHFTS ap¢prding o slgim §hevheseinspidrmeans for seteotingatamsior ff bot h

sai d aver@ggdgtgﬂgwogngmsggt power and said filtered reverse activity bit.
72. The nmeans for allocating resources anong multiple flows transmtted

across nul ti pl weawrfor endingeomrtrneges: méRhgs, Gheradh el Rintbes 8f SidtEReOf

ranki ng al%%ilﬁgiad caryiers using a netric further conprises maxim zing a
nunber of S it t ed per unit power by first allocating power to said
carriers with lower interference. 73. The neans for allocating resources

anmong nul 4. pirBe fde@NStok b 1 j carrier. ccording to

12l 62, pher s uctol TSI FR0u TR nt HLoR RoBfhsFifediigea metric

further cowdPlestsriqrsaéaoeding to cteias T, iwtgrein meahefdr GEI0NGR; S@RReYr {}@ access

term nal cf%'fhﬁ&%?uéhai d assie%ned carrier by neasuring a transmt pilot power
| :

or a reverse ac V|etr>9_o%lpfl§ 74. The nmeans for allocating resources anong
nul tiple flowanéandfsiBehdifg aRaF RS Srant message, whereby an access node may

increase, decrease or reassign said carrier.

67. The means for allocating resources among the multiple flows according to claim
60, wherein said allocating resources among the multiple flows allocating flow
resources using a grant comprises:

means for receiving a grant message; and

means for setting said current power allocation for a corresponding said flow
equal to a current power allocation grant in said grant message.
68. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 60, further comprising:

determining MAC parameters for said flows across said carriers; and

allocating said carriers to arriving of said flows in said means for allocating
resources among multiple flows transmitted across multiple carriers’s active set sectors

?

whereby said means for allocating resources among multiple flows transmitted across

multiple carriers achieves long term load balancing.



mul tiple carriers according to claim®62, further conprising allocating said
packets on a per packet basis, whereby the neans for allocating resources
anong nmulwopbe/Mbas transmtted across nultiple carri ePsTaskioewass1short
term|oad bal ancing. 75. The neans for gklocating resources anong nultiple
flows transmtted across nmultiple carriers according to claim&65, further
conpri si ng malg%s for sending a carrier grant nmessage, whereby an access
node may PRcreRdBeanyforallocatingresumensiamongsaylpledlovartranemittedZBrosshe neans

for all ocalltisle CESIRH £ES o A lows.transmtted across multiple
carriers acctgi?gi ng to cfra?%qggl,a%\%héelffelllr{r?\le;s%?rap%sé?g’i er request conprises flow

requirenents, deteuniningr’dAK paaimpeyefor eddoaeatios! QidBitieR: and/- The means
for allocating {les urcei anong the nmultiple flows according to claim®67,
further conpri 81NG1ES MBQRYTPEoaERGNE gt said Bawe st s msarsefonhliorating equest
interval telsfeasasoRbaNRipR A eshnhiiy i D8 sl locating
resources anong the nul tlppl e flows acc%%‘%?sﬁdﬁl?gp%{lgp{r%%%,%thVSrSFﬁsthtorS’
g onpri si ngﬁﬁrfhﬁ &#id magps @@Pﬁmnﬁ ric?qmels amrm% gﬂgiiq_ﬁm/ﬂeﬁ's @raﬁfﬁﬁiﬁ@é fa?ﬂb@st ][ 0
ecreases .certain reshol.d val ue, : e neans for allocating
resour ces aﬁd’%v"?ﬁ%&r?%@?Ye&l%"% C%O%%?%f% to claim67, further
conprising neans for determ ning said grant for a subset of neans for

al | ocati ngo.r %@hﬁeﬁﬁﬁcﬁim@@ﬁﬂy&é%ﬁf&s Bﬁl@ﬁ\%tﬁerﬁ&ﬁmetﬂo% e@:ﬁ;@in%t%%i ple
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72. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 62, wherein said step of ranking assigned carriers
using a metric further comprises maximizing a number of bits transmitted per unit

power by first allocating power to said carriers with lower interference.

73. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 62, wherein said step of ranking assigned carriers
using a metric further comprises indirectly measuring an interference seen by the access

terminal on each said assigned carrier by measuring a transmit pilot power or a reverse

activity bit. .

74. The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 62, further comprising allocating said packets on a
per packet basis, whereby the means for allocating resources among multiple flows

transmitted across multiple carriers achieves short term load balancing.



idle value. 82. The neans for allocating resources anong the nultiple flows
according to claim79, further conprising neans for determning current
power al Iwoavécmersbor neans for allocating resources ampog/usaédsiopdse? f | ows
transmtted across nultiple carriers ngg part of said subset autononously.
83. The neans for allocating resources anong the nultiple flows according
to claim79, wherein said current power allocation grant includes an
estimate of a steady-state value for said current power allocation for at

| east one’Zajldremnesns fosrallgeatingaetoutnes awbng aiudtipte dlos/s fmnsmaitledaatokng r esour ces

| sm |tiplLe carriers. 84. The neans
forai oo abfirfe LuAUS dLERBRTD it B8, et et s P aengings cemarm 81

ns$ ' j - > f said
further cguaprmsssage, whesshy aheccsahodd @by titréhsORBBhitds 10fss@nd68 S€ 0
current pgﬂgr al l ocation using a downward ranpi ng functlJ%? and neans for

cal cul ati #¥§"Smagni t ude of an increase using an upward ranping function.

76. 'The means for allocating resources among multiple flows transmitted across
multiple carriers according to claim 65, wherein said carrier request comprises flow

requirements, queue length and power headroom information.

77. The means for allocating resources among the multiple flows according to claim
67, further comprising a means for sending a request message when a request interval

increases above a threshold value.

78. The means for allocating resources among the multiple flows according to claim
67, further comprising a means for sending a request message when a request ratio

decreases below a certain threshold value.

79. The means for allocating resources among the multiple flows according to claim
67, further comprising means for determining said grant for a subset of means for
allocating resources among multiple flows transmitted across multiple carriers, wherein

said grant includes a current power allocation grant.

80. The means for allocating resources among the multiple flows according to claim
67, wherein said grant message includes a holding period for at least one said current

power allocation grant and an accumulated power allocation grant for said at least one

said flow.

81. The means for allocating resources among the multiple flows according to claim
68, wherein said means for autonomously using an estimate of a loading level to
determine a current power allocation for a flow comprises:

means for determining a value of said estimate associated with said flow;

means for determining whether said estimate is equal to a busy value;



WO 2006/096789 PCT/US2006/008317
57

means for decreasing said current power allocation if said estimate is equal to a
busy value; and
means for increasing said current power allocation if said estimate is equal to an

idle value.

82. The means for allocating resources among the multiple flows according to claim
79, further comprising means for determining current power allocations for means for
allocating resources among multiple flows transmitted across multiple carriers not part

of said subset autonomously.

83. The means for allocating resources among the multiple flows according to claim
79, wherein said current power allocation grant includes an estimate of a steady-state
value for said current power allocation for at least one said flow for at least one of said
means for allocating resources among multiple flows transmitted across multiple

carriers.

84. The means for allocating resources among the multiple flows according to claim
81, further comprising:

means for calculating a magnitude of a decrease of said current power allocation
using a downward ramping function; and

means for calculating a magnitude of an increase using an upward ramping

function.



