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r [y i r d by reference _herein.
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priority to Provisional Application No. 60/625, 660
entitled "ADAPTI VE DELAY MANAGEMENT" filed November 4,
2004, and assigned to the assignee hereof and hereby
expressly incorporated by reference herein.
BACKGROUND Field [1002] The present invention
pertains generally to conmuni cations, and nore
GClodwiof iPridrity unden33Uds€uflify transnissions in a

wi relgss _communi gat il on.syst.e sing .adaptiye. Jdel ..
11000] 12 B RSBt o B8, o @ET Bb Bi6 P Baft gptication
19Y.S60 568, 6 30C bR d SWI APEIVE DEIYSY NMASNGERIBNIT 818 May 5, 2004,
using a circuit swtched, or fixed resource
@y seienpdio the pwsignee heetod ppdalirachsy sxmsassly picomesaiet§y reference
egg{ﬁuni cations using a packet sw tched, or dynamc
resource allocation, type technology. Crcuit
[1001] sW t cThengressid Ayspdicatiors Yért Ratemtgel biodshpriamity e Rieedional Application

]QI&; \é@%}g6@g gﬁ%%di‘g%%@ﬂi%g@ gﬁﬁ;&taw | ; @E{\/@E}\]I r,f,u iﬁtfled November 4,
. . . . b
Wﬂcﬂsigg;&ﬁ RE e %ﬁ&@mrefe%?%d ﬁ&fé@fvrb\é(gﬁégilzgﬁg%orated by

nd’recei v and net esources b
tefeaaersgilietein. and t he recei ver are considered static
before the start of the transfer, thus creating a
"circuit." The resources remain dedicated to the

circuit during the entj and the entire
nmessage follows the sak¥&§3%€ﬁ£ ket - sw tched
networ ks, the nessage is broken into packets, each of
whi ch may take a WD 2005/ 109792 PCT/ US2005/ 015812 2

Bield erent route to the destination where the packets.

Upon recei pt, the packets are reconpiled to retrieve
[1002] t he ofhgyiRiatenhreigEeHion PSriang agwicrallinte c AEBMEpSpleRs, and more

%%Eilﬁ%al td ﬁ%ﬁéﬂg]ﬁb% 3:833%%@@3? in rgfrél@&”&ﬂﬁxﬁg@@gﬁom system using

ssages are | ndi y route et ween nodes
#apliet delay manapetnedt.t o0 a destination through an
expedi ent route. In other words, not all packets
traveling between the sane two hosts will necessarily

ﬁgélig}%ﬁ@e same route,

[1003] Wireless communication systems include systems processing communications
using a circuit switched, or fixed resource allocation, type technology and systems
processing communications using a packet switched, or dynamic resource allocation,
type technology. Circuit switching and packet switching both may be used in networks
capable of high capacity. In a circuit switched communications system, a dedicated
communication path is established between the sender and receiver; and network
resources between the transmitter and the receiver are considered static before the start
of the transfer, thus creating a “circuit.” The resources remain dedicated to the circuit
during the entire transfer and the entire message follows the same path. In packet-

switched networks, the message is broken into packets, each of which may take a



even when such packets are part of a single nessage.
[1004] In a packet switched system or shared packet
wa@lad08/18978t em a Voi ce over Internet Protocol P&DUR005/015812
service may be used to enmulate circuit switched voice
conmuni cations. VolP is typ? cally a delay-sensitive
.application or servjce, .and_.therefore alit f
GiBBRh S5k 8 AR et oSSR ok i, e packets ar
reSiiledaaio iR MRCKEIngehbisese/ . TR Phckeb O MERRASsAREh, packets
types of transm ssions al so have various del ay
represputing mesysages or fragrgents of messegesiare idyBduaAboopted hgiween nodes.
there is eed. for .adapti el ay..manage t for
pacRife d il an e PRt 2 SRR IARED M ey ygeds, not at
paBktElrabERERb W b NI s atidEwoRAMANGB] [nd &1y stldve @leusadsse route,
obj ects, and advantages of the presently discl osed
evaR thel sugtopackeip areaaof g singly@essdse.nor e apparent from
t he (det ai i L
11004] { 1® 3 Bk GAABHEL {AHE by SEned B By QMR VofoB 658 Interme
Pro®cel @ulR) shwicafiagbs usetbtotenfulate circuie spideleid vgiog communications.
throughout. [1006] FIG 1A is.a wrel ess&ﬁéjgﬂun' catéori.
Valpsisetypicpiin gy felpy-ensitivg sRpliqatign, gy s8¥1GCo A PTG Hruality of

Se?%ig% g?%%@&faﬂsﬂﬁ aftl @R3d {hRefl B conSRBAR oi?a@l@e‘i delivery. Other

2 1s a block diagram of an Access Networ
sefvidds and tapesi ofttrasmisstmsralro Ivyvei vaniosy deleynrequiro@its Rir Gargets to

3 is a.flowdiagramof a schedyli.ng algorithmfor
ensign Q0Ps si r‘:ﬁﬁglé{’ P effed snec?gn'?%ﬂf n?@aé’%iv%n elqss figprgement for
schd @Rk thah&nisdiohd Inuséonahesicarinageezat i on of packet

data schedulers. [1011] FIG 57 illustrates a feedback

| oop for determ ning channel strength nmeasures based

on received data requests froma user. [1012] FIG 6

i I'lustrates behavior of a scheduler in presence of

Expedi t e dBRAMPDESCRIFEFION OF "FHE DRAWINGSY! e
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[1013] FIG 7 illustrates calculation of condensed

(10051 (2 Thq St isess a0 b Ao On o Hd by BaREBAdPRgod and
a@%ﬁ%m%%% ?ILﬂaQéllﬁ lrofl fe dRtailkl HEdCEiBiSS s BB Bd1&R when

FI'G 8 according to one o
takerb dlicomjunctigrl 4] thel @awir@si inl whichaliles refexsotre ddrpeters identify

algorithmfor i ementi ng adaptive delay nanagenent
Sy tepuadh

s, -[1017] FIG 11 illustrates a portion
[1006] Of thgs 3APRAUa16ksRbARNINMRkydfe 10 according to

[1007] FIG. 1B is a wireless communication system supporting high data rate
transmissions;

[1008] FIG. 2 is a block diagram of an Access Network (AN) in a wireless
communication system.

[1009] FIG. 3 is a flow diagram of a scheduling algorithm for transmissions in a
wireless communication system.

[1010] FIG. 4 illustrates categorization of packet data schedulers.

[1011] FIG. 5 illustrates a feedback loop for determining channel strength measures

based on received data requests from a user.
[1012] FIG. 6 illustrates behavior of a scheduler in presence of Expedited Forwarding
(EF)-only users with a single traffic type.



one enbodinment. [1018] FIG 12 illustrates a portion

of the scheduling algorithmof FIG 10 according to
woer@sandieri nent. [1019] FIG 13 illustrates a POF/UBZING/015812
of the scheduling algorithmof FIG 10 according to
one enbodi ment. DETAI LED DESGRI PTI ON OF THE | NVENTI ON.
[102 eration of a communi cati on system supporting
ser vﬁ:]ggg} a‘ilﬂStéaﬁf)? Felsitlations of gendenspdapaieadepelymysgial c(z) from the
p’é.?l@‘dﬁp@l %ﬁlg&g. be suboptimum and i nefficient. For
exanpl e; Vol P applications have del ay requirenents.
[1014] One AEEhYdlustratest sshedolec acchydimg windientbodanera) del ay

constrai nts,for nultiple users i pdependent of | oad_and
[1015] CoveriGe. LifisHaen @ RopiemmeR (S schebiir Hhigs 8 according to one
ealbb@@@dnk.Nng resources to guarantee equal delay and
iding optimzations possible to increase system

avoi
[1016] capadil®y 10| Wusiries abesticdding, alggsthemfor appleientinmypdiggive delay

ﬂaﬂ&égﬂ&mfﬂkﬁi&}{&@ ng non-equal delay for various

users, '

ere resources are allocated as a function of
[1017] | oad Fa@dl cilltetratgea pbARA W tHd\@hédling Wl AeitHinSFUIIE P according to
rel a%gi. to a scheduling algorithmfor the Forward Link
opg-pybefimenty st em supporti ng 1xEV- DO operation, i.e.

101 SUPPASE) TALSEBEE MRS B O B

onebmbedisent. packets and short packets, to fulfill the

al i requi renents of varjous _applications
[1019] \?J,hi | E&%T ﬁoﬁlélslir e%gp%%ggflt}ﬁeescﬁ?_d@igg@ggqeghmﬂﬂ@IG. 10 according to
ofi& BagsdilRgt. al gorithm al so provi des nmechani sns to
prioritize various applications. Such prioritization
may be based on the type of application flow, the

of ‘the 11 ovP Bl A pRR TSGR mARRN O i RPERGGN ca
for transm ssion on the FL based on the del ay

sensitivity of the application. In one aspect, flows
[1020] are Operafien eoft p srosemenisaionOsysiel syppating tsewices and applications

i hput sensi ti vi.ty. il e.the

b Aol 2o YR o SRS tin i 5 s xample,
Voiih applizatonsieave alebyuleliigeniBd) SOAS ehoiid&HslaRS voice by providing

i npl emented in the context of Revision A of the
equai-gelay) copteaits don myliple werssisdenpadentpfieahencipeverage. Such an

t ' t a tens o

RS Bl A ioBRBle (500 8 kAT el Y3k BB yoicing
optiteizefionsupessiblarte morgasdt ispdtem Wedphcidy. gi ke ons UhsIRIdiént, system

sug@/pes BS . defined in the 1S-856 specifjication,
WY 7PaPP IOTERE 200 BIVIGRE RoPeeapak Keley 8T ¥apipps users, where

rebOUirBES 26 8l1GARKI dsiaGREARA of 13 ERE cverdP24 Ver. 4.0,

. Cctober 2002. [1022] In the follow ng description,

[1021] t er nEbefdlewang digeussianueletes taa s¢hedulingagpdthirbfoe thefdrivard Link

A" will b N A LT ipal | .
ORRr Lt et ERc SRl Fhortfhud Secntmiening IRB3t tnsgitication.
Iedit Epedigeht & aYIRIduRhS aReAthnS WXeY RASaflSd Hefhe VArious multi-user

| S- 856,
packets and short packets, to fulfill the Quality QoS requirements of various

[1013]

-
Py

applications while trying to maximize the FL capacity. The scheduling algorithm also
provides mechanisms to prioritize various applications. Such prioritization may be
based on the type of application flow, the specific QoS requirements, or other
characteristics of the flow. In one embodiment, flows are scheduled for transmission on
the FL based on the delay sensitivity of the application. In one aspect, flows are
differentiated based on delay sensitivity balanced with throughput sensitivity. While the



[1022]

[1023]

[1024]

specifically "cdma2000 H gh Rate Packet Data Air

Interface Specification," 3GPP2 C. S0024-A, Version
wa@s10erh 2004. In particular, a Rev-A user BUPPS2DS015812

the Enhanced Forvvard Tr affi ¢ Channel MAC Protocol .

Ternms such as "Rel-0 users"“are wused to refer to ATs

he MAC La |
folgERE ecssSiaBiconpA ot &tsa g A i TR s B HyffRlepted in

thet&?lte?l?‘@? Revi RSt gl I4mADO shavficition, the dchOddingl mems and
w rel ess comruni cati on system enpl oyi ng a Code

mefbiods sire rfu:dkhﬁlrtagplheablﬂct@ erdfernateDRastess Happartigar, the concepts are
d d £
ap;gllcpﬁ g gg@ﬂﬁﬁ’ o{eg? iisér%%rg,l c%ﬂigulaugl WL 2 SHRBCbER lof YitbilSes as

tine intervals on a
deﬁﬂeHQn%’é 19-ps e ypidiflatons - spék;lﬁ@ﬂllyr &ﬂma@@ﬂﬁ'rﬂrglnﬁate Packed Mafa Air

such as a Base Station ene uni que
Intmﬁzqeﬁ@pmﬁﬁat &@X}P%Q S.Oﬁafh Ner. 40, &Et‘g%eé 8@4@ ed with the
Subsc Eﬁlo{’ﬁoﬁﬁ\ﬁ tlc')aﬁ( GLAR Mh 48 OREYIA GREF" Gt “Wsbillcdniitible

sub enés may al so be inplenented in
w1ﬂlam@U-An QVlH}I:iétuSBB tal ﬁ&fengto pinyAccesd Teronina (ATH shpgorting the Medium

AcasiCneal AR EBIEE 2B Bhareabeyoiatash BESER AC T 1 £5-856.

Tl mtBdsR Spakfirion,” 3GPP2
speg%hi?cally @hﬁlaféd(}SHlégg{r%tév?géﬁegu ]??taf‘%@e tW debgﬁ A ?Ié

d
C. @nmmp Ve uu (yr Myt 80804.r elne prrtigulen #eRei-A HeeT fygports the

Enigh gr ({r%% é%?ﬂ“W?ﬁo c%bof rﬁl{gr fIP)és g‘ngl-O usgrs” are

uséc?{oefe'ﬁ%% A Q@b@l‘tﬁg&ﬁe /P LagadareiRiogicat Layer@rstetolm‘ubtypes
ocunents 1 ncl Docunment Nos. 3G, TS ée 1, 3G TSA
defifedindS-836, M8 v@schz gnotppgthegeys: subiypes defiredih Regision

f ; i -Mu
;te aﬁara?e dVIES«?qFS& g%fnglyn%&é%ﬁgsgé@%%a gr é‘odé Divisir-Multiple

ALREE CHNIANsdRefkeiesdthgduing Jnmﬂ&od%ssngaﬁ eaahmf th@subeuebem units all
as 3GPP2, and TR-45.5 referred to m}‘bn as .t he.

codd maam@s st derinated fimeniglarialy gp| SHTETSGIORE D5 ( # oentral
cog}rug&ga ]?gr nod¥ rsﬁl:}? $ (80 &ibhiod, 1§§4hnﬂigﬁleﬁ@k4ﬁesﬁ&§q&dncamer

VOi ce an data conmmunicati ons between users
fr@tSficyd oretli:sty icalle | asséciatbd witltDiie sylascsher to enable exclusive

copmBIRpRISB Wb e SUVETPEe | LIV GBS S, e o Higented in
laﬁglﬁ‘{?es?&]pmwy%g Q»%?éx@a%%ﬁtaa%i k’%&@@ﬁfn@lﬁ Pheket 5wit61[1n@.r A CDMA

ers t e channel r ou whi ch_signal s !
systeaviaby be deslgxekiae SUPIOat GTIPT MEPTe StaQ@ﬁé@%ché‘ﬁ @B Q%Ei JRA/EIA/IS-

oSBEIS hBe HG0 CRvBBRR Scp bR o Widta

s@%@& SBELtruRY ClIans WyklehiTdrettdfed @NhaeinesetheelS-95 Istand:ard (2) the
as station, a first user on one sub crlbe{usl; forred
stanatandi offerad &y wqmoﬁmme@@n@ﬁ u@érG%ﬁTaélonin p r"Jec" re erre
subscri ta G
tor eI a8 %;PIPS ctlsg‘@odl-EHQn as%{e?{s{j Seunitals dﬁ?ﬁﬁﬁ%%&&ﬁn&@%s 3

SCr1 ber out és the data
T§2521025@ TSt 26 112) 36eTY 251913, hed SECTE 85 2ibsHs TBE5.302, referred to

héééia{sgﬂ@w SR n o NG, LOSat s fels 8 SRR Rifia v
Gg{legfl Pﬁjtn%rﬁﬁas F{oﬁéc@é" od 1 BYin @8 SE&PPRNEndBRES 5 referred to

i on servi e Seco
herein as the cdmaZOOO standard, formerly called IS-2000 MC, or (4) some other

wireless standard.
The CDMA system allows for voice and data communications between users
over a terrestrial link. In a CDMA system, communications between users are

conducted through one or more base stations. In wireless communication systems,



subscri ber station sends the data on the forward |ink.
I nstead of comrunicating with a second subscri ber
W@ @bsi1e9792 a subscri ber station may al so conmmunPCHUS2005/015812
with a terrestrial Internet through a connection wth
a serving base station. In whrel ess conmunications
such as those conforming to 1S95, forward |Iink and

fopvard lipk refericiosthey ﬁhwebﬂ)émtaha‘ﬁ%lﬁh sizagls Tveliroma kgse station to a
SRR ok EEI B S SR AER fom
subsaiber atatlon $o adfad lsratlarﬂ iByptramsenittingglatd oh easyersolik to a base

aspects and enbodi nent t he inventi on.
sty @0 Grsboca oy HBO e SrEER GRETHa e bt sgond user on o
se§&{@§{iﬂs€hbetr IsBe] SiteWAse bidtiy sdcied A davy &itoﬁm}ihoﬁ)rst subscriber

provi des comruni cation for a nunber of cells
statfonoamrh ra0@&Gtheedath tofa Whsec statien senvirigcthe WO@d subscnber station.

pSoLLespon ase at i.on 04A r h 10
BB e SRR S AP AR Bl B b o it
bé@é%ﬁnﬁﬁ @k nfikep1d Bdse Jﬂﬁitﬁlsmlhtah? logse] eechae samne @é‘r&ﬁlgahd second

ot hers have only one receive antenna. Simla

suppcrihgs statierm sndp sheidpda prathe forvarddink. tIngtaad ok coawvawra%wlg g with a
secggd %b'&&ﬁl? trt;{%\ﬁgn Sé %&b&r aa@l%ﬁ]lﬁ fﬁ&??&ﬁﬁmm@@ Wit 'a%errestrial
Sstric nbinations of trans

hl&’thaﬂ:l‘iﬂﬁgh angnnetion watham saning hasd kiatied. ofrewireless sommunications
possi bl e for a base gtg}lon 04 tqQ have r It.iﬁxgale .

such 28 §iAse caMPERREL0 55185 aloryadilmk  amd apvrise e HER!S g tragsmitted

wﬁﬁl"ﬁedlﬂyfniﬁ%&nﬁ t&idée antennas and a single transmt
antenna, or to have both single or multiple transmt

[1025] and FéCeilseserestasranasamiplOabi cbnmtlamaltmgs siesteaim d 09 supporting a

fheof S8ers By RANC oF Bl ER et Jesih e g and emmbodiments
oit @6 MRnaey. Rayer |a%r1€81 dMgdan@k aRdBtthdds maARChdel €o schedule

data services. One such service is referred to as Hig

trmsmi/mn 6yabm) 10AnSyssste APD aroyidepRomaupicetion @rmmmt?é af cells
El AT sS85 00
i AR s PR R 9 o o 104

theeeml F04CR tréPBetiveyPRInSHE \ek Eifiplatys e@bodifrieht, omo of\basd etytions 104
to a voi ce comunication systemthat provides an
hasfet mltipht recpive 19atenBrs AdapibsthavA PIpaeReTecr AiRa pinilarly,

st A SPITAC1 7 a4 rRBDE eyt Al P CAREY Rive singte

trinenit hititomias O fTHetcams moSiesteinSonsnar desembitdtiend ofitrheshit antennas
bandw dt h avai l Iefor radi Q transmi ssions ones a ..

and: yecpi¥s anfeanasy r Erergforss 1 is poesible o1 7 P e P v Btiple

tafsnftt 51&&&%5, gﬁ% % %ﬁgﬁ%é‘el\y@ﬁﬁénraoﬁr @ Iﬁ@@ﬂ’rﬁi‘ﬂlﬁl@?éc@ﬁe antennas and

system an Access Network, AN,
a uimglel fanait naptenineh oo Aeve dwtiremglen af mu&ﬁple tl:msmu andymeceive
ir interface 124. In one enbodi nent, the system 10 is
SB¥fe Division- Miltiple Access, CDVA, system having

[1026] @ Hi %c@éiﬁgn&ﬁﬁﬁld fb%rel%‘é@ﬂét@l‘raﬁ&fﬁfsﬁﬂh afdl€fe expénsion of services
specified the HDR standard. The AN 122 conmuni cates

availahleAVial w@eless cmmuna@tlgweclmpm aave 1gdt toi fhes deyedopment of

12(}}*2%% sg’rr\]ll%es ) One %u(\ﬁlla Xer\%fce t1sh reefg}"rerd fongselfl{gﬂﬁfat& Kite &ﬁsR). An
exemplary HDR service is proposed in "EIA/TIA-IS856 c¢dma2000 High Rate Packet
Data Air Interface Specification" referred to as "the HDR specification." HDR service

is generally an overlay to a voice communication system that provides an efficient

method of transmitting packets of data in a wireless communication system. As the



includes nultiple sectors, wherein each sector

provi des at | east one Channel. A Channel is defined
w@gooshe97set of conmuni cation |inks for transm BET/ORR05/015812

between the AN 122 and the ATs within a given

frequency assi gnment. A Chanfel consists of a Forward

Link (FL) for transm ssions Lromthe AN 122 to AT 126
agAntaolRddta  tsamnsmitigd agdrithe pumber gh dransaisgipas incgeases ¢hatimited

Jrﬁ@m ANk k302G Lsi G bed lﬁﬂ&ﬂ]ﬁ% s, the
bA 1%% a&%@%. veoggdl%l atar esc}(ll)jﬁeéste ?ﬁlgsm% e %‘%Q The
[1027] dat a Hi&q MBsﬂusmmslahlae@nmbmrmfaencatmochﬂ forte acoimrhing catminaystem

0 be he f t he . cket
o7 ivang F AGecss Netvorss AR ] o i disogss Terpial, AT,
196 veeR air theriAde 126 nilehe El'ﬁ’b&ﬁﬁlehh §hél8ysterh A08s l&a@&ﬁa Dﬁflsmn-
the quality of the Channel bet ween AN 122 and AT
Multipla dcsedso DAL syistesn bavang & Sﬂlgh DatreR gh2HARR,, overlay system such

R B RHENE < ey 122 SRS AT 128; as el as any
oftief ATS Raiketh Bgtdn® 120 (iRt GhVi)! by %ybh the(deimieiace THe File AN 122

126 provi des requests for data transm ssions by
inghysdgs npuliploasestomat whersit eagh sm prﬁé@iﬁég@t lepg @ne Channel. A

CHAGRA 4 GorpaR00Rlc LEPLBHAR R hE o RESoRRAMIE e lOR the AN

nmessage I nc rate I Oon and a secto

1pprantiothe Ale witldh & piate fmqmém@nasr.s@mt esAt Qleannel con51sts of a
request ed data rate fqr the AN 122 to send the data,

awr d {ink @dor for rapwmistprssTomdhe daY 22 19 &rh #h & & Revesse Link
f%kaaﬁgngg&gs &he ﬂ?@A«? 12894 {heq@ﬁazé ate and sector

rmation are typically required to process a data
[1028] t r an¥or dstadransiissiodstthe Al‘étléz peccivesra ilata reduest Brdmt the 25T 126.

1he GG e EineaHhs Wirest B Ot PREh TS SR e ghelefinof e
aAh pkaé’et \dafisthited2hdd he tsedt&aﬁsm%ch ki @A%is BBROELITEThRe AT 126

each DRC val ue corresponds to a data rate in kbits/sec
detgxings the dats e baseéd @n;ﬂa@ RQuality of ghdwchmk ¢tgen ANa122 and AT

19%;ccage o R S ot BT R EBhieh ) SRR EPTTHY Garrior-o-

TiRederehéeeratib NE/IN Wierthtd 8mbédinents il yC@e@ithdrandtHes &¥rebgahding to
that the AT 126 is not able to receive data. In one

the qupdity of ther ghansiehnghe Ak A26 greidesyreapestshior datantesmissions by

oG] L5 ub1°0AT 1985k vAS SR D i e g o e

DIRC clpeifral IIHe DROanddagkdficladusta dutorasd yortion khds Sedtdigportion. The
gquality of the Channel to calculate a data rate

doairets Horérmaipdipatesitae rgpestadodaiarale i the AdX d24iR %Fnﬂé{!? dgta, and
e RBBI R éll & gth%%%to%ﬁoﬁﬁ@hfcﬁ% W?ZZ% % séd the data. Both data rate

correspon DRC value Is transmt
ahd sedber JAfcbrmBﬁom arer l@glaek];y reguited ¢ progessnd data dmansmisslen The data

e portigh s et ds o DRC YA FRURT SenheBRin is sBAEK i as a DRC
ceéer dﬁ& @R@ vatub m:ﬁab@ag@éent Rehé mmmﬁ tﬁ@m {rR&face 124. In one

si gnal "al so provides the informtion,
emhpdlmwheeashaﬂm vghlhe@nxreepondas‘@s at datelamter fri kbite/bes having an

a%sggltgf tang uISengt?lt acco EngC onguprr%c{egerhl?r];e rﬂﬁtd v:ﬁué a531gnment. The
assignment 1ncludes a DRC value specifying a null data rate. In practice, the null data
rate indicates to the AN 122 that the AT 126 is not able to receive data. In one

situation, for example, the quality of the Channel is insufficient for the AT 126 to

receive data accurately.



transmtted data) for each of the renote stations
associ ated with each queue. According to an
weedpsdogrent, a DRC signal transmitted from anyPCEIB1065/015812
station indicates that the §envte station is capable
of receiving data at any one’ of nultiple effective
dat a . 3 exa f co nicati
o291 554 2yt Ao 102 i, BB SRR G lpo S BT L8 Gpanoct
calotigelul damg fatenns WISSH dirs ATO 106 iki dblle tolSeEdivé % next data packet
illustrated in FIG 2. FIG 2 is detailed
trapemgssione | 9w, Ahr2P dhon seperatesi aeqrrspponding DPRGyvalue:ghe PR value
. [ r erfac .
is BRGSO 15 L7 122X Euolip ot T BhROAT UL Wi Bypigglly data
trffdMissionk adepartitiondtainte packetse dlhe timBh2qhicsd tonphmesreng ipacket of
a schedul i ngm}lquori thmfor transm ssions in system

dagerig 2 OB ar at%aji%%ﬂﬂhéﬁl'_ 812 deternines the Iength
[1030] Of AaTARIMYRCEsipHI SMdPhrovilds KRDintbYnfatiofl 2lvRidhSthk ThRhel scheduler
transmtted to any particular renote station baseo?
usepdo detrsminee thst ensdandaricows gate sfop coaswuing nifemtatine dos receiving

rate. f.or,.receiving,data (as.indicated.in.the, nost )
e o) FEESh 4 ise Bl aton pRBb Bl ok o Pty According
tomRYenibAdiRént CODRYHGHS thasrhith¥l frdbl bny P66 GtakioR Medcates that the

every n slots. According to one enbodi nent, the first

repeta Stasipnds capableficeqeiving data asanniavsdf auriiplg effestivesiata rates.
sl ot [ .Stefi 3 : 1 ' .
10317, 0GBl Rafbl*ds Rkl <9868 MpRLHE ok Srngpigions
adapigd SereReiding tpashissioas Rimilkiple yaske ilhatated MR FREI 2. tBIE. 2 is

in [tiple slots havin simlar 4 slots_spread,
dqt%l@%@l@ﬂ@@i% VEISEFIR Pl s shition 50 aud bassgtatign geptroller
. . N t ecelvi
STBGESRI 515 BELR GRS 001 LS M1 0 R
chassa) scldaterv@ 12hfoa impldnantihgm sthedulopgeal gorithii0R#] tranamissions in

syt BUET e e el 1, R RS s rieneh ot & service interval
d@%?%@ﬁ astads 3 bh inShitdat& ahP g%cﬁfa@ RSABE sBHoh %a@»éﬁlit[bon the

rieved froma data queue 8 [

/ ) ( O and provided to t )
remitenstationds assentat@DBmstaptancouarrste fgiroeeivingtdatn (asnintlieated in the

tatiopn associ W t he data. gueue 830. ,As . o
i o8 FERRE FREC bt S STl s v Bpmigous in time
bt AeayBeetCordceeviryay sldtsh dAdcBRIifB cPoncthsdliment! 1RTESH fdréh of a

ina followng service interval using information

packet| igdirangmitied varipmta Ses odotarted st tineaghd th segpad portion is
trfNEHER: 4 LG Yscﬁérp ;at %33_538%3% gﬁf}/\ﬁl%‘g?g Eﬁy tsﬁ@gaﬂgntt tp%gtions of the

queue i s en u
palXel/akiSR A3l fdbilidultipld sI6tS Bhvibg a eisilatd slotsepreud.dle., el slots apart
810 interfaces with packet network interface 806,
ng & B

frgsp gpgheothesy Aeq9 FEhedineidadnstpnianeaus sypof Fregiving data
Rl;rcﬁlte?ﬁli}fé@ ehd NekARE ﬁltérgﬁ-i&?%ﬂ} ]gp%socﬁﬁgd “J%Saepa?ﬁaﬁér%%%%}l%

e conmuni cati on syste nl'y one base ‘station
[1032] showlm nddifidiG. the Ihaomel sichgrluleri §132) sel@as dhes patticolar data queue for

troll 810 or di nat es. t he, comruni catj on, bet ween
trf QRSP L GRS QHBUCARARNA ooe ATy L Do aEd from 2

datSQichie 830 2E¢ bR IR tBARK Blann AIANRE 808 TS frAfmiSRR B3k remote
PSTN 808. PSTN 808 interfaces wth users through a

statoangsoctitade|véiihothe dgawgudue@dtt shsvdisiussdd Gelody,. the channel
sohfktisge “efeetheMhes B8R heiipe B G2 S I Bhnsmitted in

following service interval using information including the weight associated with each

of the queues. The weight associated with the transmitted queue is then updated.



[1033]

one is shown in FIG 2 for sinplicity. Each sel ector

el ement 816 is assigned to control conmrunication
wheidaearoone or nore base stations 820 and onePCEIB1085/015812

station (not shown). If selector elenent 816 has not

been assigned to a given rendte station, call contro

P;o %2%[3&{8)% gﬂrllé 8?@ rreawd %{est ne neggtorfle%g 8 téﬁge 806, Public

S\ﬁ'ﬁélﬁﬁtl%lé?)ﬁ@ﬁe NeBidRNPEAR S@t&{éﬁel“dléﬁoﬁ§ mwo&t@sm) 808, and
[1 Data source 802 contains a quantity of

bagf s@homsgnttbe prmmpBiesHeT system (Pndy 0@¢ basa staém@@Osﬁ @hqw;hm FIG.

s R GpPLA 82 LB LIRS R 05 BB e

reiddée datiensafif theobbramubitaticiatsgsté iﬂzﬂeOﬂﬁf e@h@ rconft@e®Emd packet
816. Sel ector elenent 816 then transmts the data to

neswerk ibartace 1896i gl 8BEN; RO8.c dihini808t intsafages: Withnesers through a
st&ﬁa%@%le&ﬁgﬁétrﬁ: &ﬁt(hg%go{?vﬂ.lﬁ? enpl ary enbodi nent,
eac ase statl on mai nt ar n

a data queue 830,

[1034] whic Basa gt domérotlert &1 O @oniteng mamy sel¢dt@celémerith 816, radthotgh only

stm The data is tr gnsm ted in_data
ong4E KR 5 it B ceion S o 550 S eRatplaneni ] g Siggsd to contol
cdn?nﬁﬁ@atﬁ%%@éﬂ oRTRP B Vase QﬁtlBﬁ‘se 8H @M e eiibte Sation (not

data packet” refers to a quantity of data which is a
shmmu) nmifrseddctarodementt & Gahas @t Qeemaessigpedto dagivent mnme station, call

e Rl et sl PRl SRR ORhEe T il ot conto
p@a&aomlsah@?&mtsbaemaﬁ&i SH) RPRBE tH38mbiStiion. t he

necessary control fields. In the exenplary

[1035] enmbodateepaurce: Reh sentaials enavanti@p of dater whreh i toykg fransmitted to a

gla(%rh ?e:}g 40 Yatlggecﬁa’[ Hitce %{6’5 %%\qgeso{hetﬂ?a giaf)?cal fﬁ%%geﬂﬁerface

S an | NSerts "a set of co
8061 ePsbktondpackeinterfaon BO®teckives de, dmcpmutdsyhénﬂﬁts to dreckelector

code tail bits conprise a formatted packet. t he
clemepipt 19 yScdoptscrlpraent, 18 kgt ERIBHisrin o8 3 e@ﬂbhase stafion 820 in

oIS BTSSR Bl L SE AR S o
stiutin 8230enplndaiys enﬂbtaoﬁumelBBOthhlch rstozed thadath palskransnetted to the

covered with a Wlsh code, and spread with the short
repigic SiRPIPNQ codes. The spread data is provided to RF

[1036] gﬂfpt TRt ﬁlanﬁiﬁ?t@& A ghtg paney ﬁ&ﬁ%ata ideh@ 830 t@fi‘lﬂmnel element

fies the signal. The forward lin
816. aifrs tiet exethpdarg rentiodimént, o rﬂmghrwalrd lami¢, ehhhtta paCtqué' refers to a

2005/109792 .P S2005/ 01581
ay 7Pt APl Eiior RETIRFbRL 1A Tt 4R d FHREGG Of fgfe to be
trhfnliRERIoVEdbshatRR réﬁb%‘%oﬁﬂﬂthlﬁ QPSR tdRirRd"EERI IR (such as ~
The receiver filters, anplifies, quadrature

1. 66Troubet)at By, cagin dataqmmt; szlwnclrﬁemergrﬁ’é% ingeits the gﬂctqsmyj control

S B PR SRR ok BEICRh BRI L o

R@&ﬁﬂ‘dﬁdye@hdMKt oRA) %nc\./éﬁiuﬁé1 of GR\ERita pabiet ARINELREEMs dAd anserts a

is provided to a decoder which perforns the jinverse_ of

sat loé cods gl aultSp ers\@ @19@4 mgk¢tu etiod iﬁﬁldaoGBCazar@ablés, gpdcpdmtail bits
oS BB e B ey 95BEH A 0 0
eribdtiés SHen R)rmatted packet and interleaves (or reorders) the symbols within the
encoded packet. In the exemplary embodiment, the interleaved packet is covered with a
Walsh code, and spread with the short PNI and PNQ codes. The spread data is provided
to RF unit 828 which quadrature modulates, filters, and amplifies the signal. The

forward link signal is transmitted over the air through an antenna to the forward link.



[ 1038] The hardware, as pointed out above, supports
variable rate transm ssions of data, nessaging,

W@ 006409792 deo, and ot her commruni cati ons over tP€T/US2005/015812
forward link. The rate of data transmitted fromthe
data queue 830 varies to acc%nm)date changes in
signal strength and en0| V|r nnment .at. t he

[1037] 7 e (8% ERGR, SRen S PR W PENalo dFFl by antenna and
roﬂfeﬁf @F aBkYeitdran gk trécdvdratiRerRab@pfRBY, F fladrabRE. de%idalﬁﬁlltes and

to an associ ated base station 820 at each tinme sl ot
quEhtzeSRbe signabl  Theodigtiesd isigne} im pravidedotot #eleadulator (DEMOD)

tatj.on 820 h i.ncl S jdentit f th t
s Sedireed Wit ik o5 PR e PROLESTRR i aBi e R e wanen
cdver. I'Befdentodiiphall datOiprdddabpacdeabast \ﬂﬁ&mpaﬂme the i mverse of the

Accordingly, circuitry at the renote station neasure

sigitad PEOQFAUNS Sunciings Aongmat kaseistations830n eperaficadly the de-mterleawng,
decg ' r o C cﬁéckttpﬁct o'ﬁg?tl“ﬁe ﬁéc% %&’ gatg P ﬁﬁ(fﬁhﬂ&ﬂ?dé@%

1T or matT on Fansm t
[1038] [ 1033’]16 THaedvirE; &5 poiatedt swtnebiove,t apbits eardible eamttmnsmlssmns of

station travels through a reverse, link ch (g
date TBESFRSINGL YAIeRs ¥1450a B ATIED OMENBIFFHORS ?@63?@30 liplg, The
raﬁ? yP B%% tit[‘égifSBEtteduﬁ’bﬁl 8¢ sdél uéLF:eBSQX%IHéE b yac@&ﬁ%@ﬂﬁf@ rl:thanges in

ormation IS ated I n ch‘anne el enent
sigfh saenigthranditte doise eavxrdnanm!lat shd echodte staBof. |Keshtaddhé memote

t he base ation t 0 nnel
st Bt D335 RS, o ol RpieeCtnd DR sfmah 50 35 jsgsogiated base
stét!urrﬁszo SRR afe SIRodIHE: lcht af fiﬁ&fl&és sFb@ehtofr toB8e base

| ocated in the base stati on 820. an alternate
stmmb&mmﬁuqh inhledeshtharidentity péthe I@mosqgaﬁl@ ke dateah which the

t he base station ntroller eqgt
fegbq%‘eét?@? D 15 QIR %’?%%r\ﬂﬂ 1 %SSS ‘Hgte g dek (@}%H?I (oAﬁ’&rh&gly’ circuitry
atcAB kéRbte &atidh Aneakirdd He st semsh and sethirsted thegoise ehvironment
circuit-switched system may invol ve a eo&ortl onal

atf thie remptgostpticmnio datamine the e Bifprmatiogdetheowansite g DRC
Slfor each user. An exanple of a proportional fair
g?gorl thmis presented hereinbel ow. The priority
[1039] f unctlierDR@ysigrk erahsthitted diyséadh rramvtenstatim travplettrath a reverse
data rate for a given user, function o

lipk ehgangl qnﬁﬁkre@ﬁlaﬁ% & bage siptien, w‘gthtrw{?sfgwwsfmewoupled to RF
m{pp gl d Q)Eetnhgl éxﬁf)odl (AP aké tﬂRC%nfd?HﬁnQ@'l@Ql%ﬁ@dﬁMted in

I rst serving users avi ng hi gh requested data
chizahelselement|8a6 @dd pwvideddo glwhannel memes$ 10pzgad in the base station

PCT/ US2005/ 0158 1 ans n sc u g
o0 OBkl b LR R BB 550 1 o
e ih&tame @ﬁalﬁl@p@%dlﬂeﬂ@ﬂhs Uscated 38 kidYbase station 820. In
Application flows are transmtted as datagranms, which

ataradteinatte pahodinent, sthé fchaunel aqch@hﬂfrregbzageeéoogbeﬁt motherbage station

h d d
BB o1, ST AL Bl S L, 3 e st

caifoMet 8i®d with a sane appl [ cat| on flow may be
transmtted by different routes to a_ sane user. The
[1040] dat agransmiission rsehedyling| &y at cirput-priehede sysithe may involve a

propgﬂ o%ale?a% g@%ﬁ%rﬂ, Nyibrein a priority function is defined for each user. An

example of a proportional fair algorithm is presented hereinbelow. The priority

function may take into consideration the requested data rate for a given user, typically a
function of forward link channel quality to the user, and the throughput for the user.
Capacity is thus balanced by first serving those users having high requested data rates
compared to throughput.



packet-sw tched systemis not fixed, and therefore,
the scheduler may use this difference in delay and
w@adjoago9vhe del ay for the various users to i NCPERES2005/015812
capacity. For exanple, the schedul er nay decrease the
del ay experienced by users réfuesting data having | ow
del ay bounds and/or delay variation limts. Such
[1041] appl ﬂaral@ﬁr@ﬁgom n¥hedinguin o eagket-switched exystem, V@qcmdmg to one
t T [ Y G ade, o
Lot filulel 0ARRY ARSI GelIS PATARREOL fio¥p JR€ ofnsmitied o
dntargranms, caticto are mdepeﬁﬂmpéeeﬁ-cdh&ﬂmd ®BsdaPfes A edrSa network. The
rrive having a deflned | at ency, or withjin an

AR BV e dizlyal e oand ¢pplpRts P 410t igengrally gyaranteed. Datagrams
HERIHAP Wt £ sithé Applidadibn tﬂvaS‘f’h ?%@W’Qﬁéiﬁhb@ 2 <ﬁfferent routes to a
applications having a | ower |afency requir
setuk @ysercoBhes gagagriins ard rmﬁsmbldﬂlﬂttthMBaren ofthe enxhtu elgl delay ina

d t Pr ot
phar PR i a0 E ek 0T I, o8 ehedaive ey vop domprerence
il delafBth® BEOSt tHe BE1hPEor e %ﬁ§h§dr§ﬁ;1h%a§%§£@ty &R Bxample, the
flowis assigned a priority function. In one

rraa deeremei bei da}ay}:g}mnpmed(lﬂt)lsq&rs rrequesting data having low

d h |
BRI oL ST S0, Y, SR B RE, RBinge g ar no
linhiesd td &teFP Wides] etbasndnsgﬁsgim B8} @ive rspéuiﬁds RRRlof S@fvuéFt (GoS) or

(SI ven user or a gvven application for a user. The P

oS EAMEERERED)- 14V IRINPI seaERieation foneramgplewrequirtethe packets
a%x?féo%ﬁ %: fl@ﬁx?edlcl%fsé? ﬁgg gﬁﬁﬁglagrﬁ Q]{IA\II%I% gﬁeg bIA&L. Therefore, it may
beatenivatile &d pnmstlm those comirednitativgs tod abpl@@tlpm hivéng a lower latency

adapti ve ment the en end del ay of
sEEFeIRSHE B CearP sﬁﬁ?agwﬁ@ WBeShifogterpiging, videh stcaming,
v@é?)rﬂr[)@&hg,tﬂlearﬁhifﬁﬂ’ﬂot&wﬁ me%?%dlﬁgc}%%cﬁmteﬁﬁms

end-to-end delay is fixed. 104 Not e
[1042] f ol | chel mapletnsmiespiionity cdassifidaticn s:hemma%ﬁ(”ﬂcwm gssigned a priority

iﬁ%@ ortl ng? ﬁm:bétlillggél aTI%f K‘%?E?D% é)'ﬁ'ggg) se gtgs%velﬁ:heg scheduler

Be giVBgagr esent invention is appli cabl e to other
systens mhereln users are selected for service
accordi ng to a schedul iPhgfdelgn) i t hm [1044] In an HRPD

RPAER) 15t PAFBLE% IS URRRAS My iy s

of algiveRss @rwgwagapﬁm‘c@ﬁdmfor ) lilsera FIflletPﬂ!‘eLs Qhlbelatell t1’!51‘5%3%&1‘?6)1&agram
be used to_carry applications wth _different

ip SBEh rBRRGIt ﬁleovartﬁlﬁ F 59 coewerednty, idgotifp dlsy _hmrmmnonty flow
2 0, I
e en 1 ot ek e fions Ronnich o8 B 835Rk e Maptive
delag seanb gemérdy i the elh(bm-en'ﬂdelffyodﬂ wgwergccghmmaat)bm is nﬁDﬁxed This
i ntended to be .exhays al ve. The , follo I ossaq%
it BReOI RS FRIB BT PY e CHBRISSoR WhARahe Prshior enelslay is fixed
[1043] but ‘T\ﬁ)tté" Wat ! the f@fl@%inge&iséu%loﬁ|c%ﬁ$1&é&saapgdlﬂmbs§}§féﬁi B&bporting
with respect to one embodi nent conmuni cat’i on
Higls Retey Raghgsdvata (IGREP) actajses sedeseiibgit indS<LS6e dihis sygtem is used as

af | gﬁllpfeh ml“h%%eslﬁRl\l(wention is applicable to other systems wherein users are

selected for service according to a scheduling algorithm
[1044] In an HRPD system, the air interface may support up to four parallel application
streams. The first stream carries signaling information, and the other three may be used

to carry applications with different QoS requirements or other applications.



[ 1046] Access Network (AN) - the network equi pnent

provi di ng data connectivity between a cellular
woeisaokand a packet switched data network (tREi/Tstoy015812

the Internet) and the ATs. An AN in an HRPD systemis

equi val ent to a base statiodlin a cellular

conmuni cati on system [ 1047 Access Ter m nal (gAT
[1045] deviEke followingi glgssamt is PeoAdRCior glapigy ingmdetsiapdin e gribodiment
pr&q_ﬁn? @1 H?g%l?beﬁg&t %‘He%ﬁ&x%ﬁ%ogigéa}y%%m&&d% el QRafiv8 The

onmunication s may be connect ed
folllewaneC glokaty Boncteniondeds tectimitsthe presphiopvemiasothateto, but rather is

DGHOR0 oo 2o G Ve ERMACE e  BADSEt Figayone| SgEfment of a
; oLrh‘l“g%Ldr S ooég?p?&lhg afl G4 ANA WAk H: S BB RISl PRk,

or“a given application stream
Each appli cati on flowis identified by a source,

destination, traffic profi qual ity of service
profile. [1049] Appli cat&é@ﬁm - a data
[1046] ComT}ALB&éﬁétNémoﬂ@ (ARS RO MGwbk Bquip@phti prdlidimg daﬂ&b@innectlvuy
appl 1 cat1ons streans have desi

ted qual it
betereon ¢ ecldgquistentnend a p@@@@}swaxegré;fa Jgel@e' éyplpaéwgg gnternet)
o4 124152 PSRN ArPEBLOBnL A MAALHS b Bace i i et

chAfnAkatiéd §Rkm.of an event. [1051] Average data rate
- average |nput data rate over

for
[1047] appl Aseess distmingl(AT105 éfVl%P@M%%ngate &?nne"ﬂ&'é%gﬂ gugg. An AT
t he S N ¢
in AERRPD R Srfiepdtitie b ioiE s SkiluricoffyBleation system.
ABET maypptontastedro & Icmx@ulﬁrt@devm sgejme$ allaaneraonal computer or
rel atlvelg | ar.ge, .vol .une of

itnay beyy seli-srnigifed data devigguch P%F?F%?"P%‘ %‘%}ﬁ%@?ﬁam (P15a).

rel at | fswe del ¥ thRshkdhaiad foblkodrbeto AT for a
[1048] ta"fpg’gké{‘r"élt@‘g‘ghoﬂﬁd@ééggnggtremily S TR

gRaseapPhicdtionl sn(eEiRC)Eachaapphmamibm Whiderifjedaly apource, destination,
transm r ested. data rate to the AN. [1055]
tragiag prof "Brinaﬁu? iSpiyjee Pt er of bits corresponding

[1049] t O t hfpa)‘ﬁ%&tidh‘ Etré&ﬁ? kej Qata fobtbflicaMInaydiedsponding e ah fapplication.
el ay bound) allowed for transm ssion . of a

Masi lepplicatibniiteams h@m denignetedyualigof suEICe ARApdrsments.

A

ﬁﬁtﬁteé I Gettdh@inissiohiof dafarbased diﬁodcﬁtreideeir nbmowmem eﬁm event.
Net wor k, however the nature of the traffic.is su

[1051] t hat Avreageadaia prie ket erageopet dala dgalpQyer aane; BT @h%wﬁ% 8?1’11"3“0“
f}(\llthl nacertain relatively small Del ayBound, wth
@hsonabl e data | oss rate. [ 1058] Forward Link (FL) -
[1052] t T answirsiead (&) + theddiref 6Dthe ANrstimessT or dersits HndHetationrin time of

Li ne (HOL) packet - first packet in a queue.
packets in an application flow.
[1053] Best Effort (BE) — Application flows that in general have a relatively large
volume of data to receive over the air, but the nature of the traffic is such that relatively

large delays may be tolerated, but the data loss rate should be extremely small.

[1054] Data Rate Control (DRC) — a mechanism whereby an AT transmits a requested
data rate to the AN.

[1055] Deficit Bits (defbits) — number of bits corresponding to the deficit packets.

[1056] DelayBound — specified time (delay bound) allowed for transmission of a packet

of data from AN to AT.



[1060] High Rate Packet Data (HRPD) - a data service

transmtting packet data communications at a high
walatoa10e92. Al so referred to as High Data Rat ePCHDR0p5/015812

and specified in the 1 S-856 standard entitled

"cdma2000 Hi gh Rate Packet Bdta Air Interface

Specifi on betwee

[1057) ; ooabrmsine Eeinasdif (B aruoation By opfial map smah Hmotins of

tr:ﬁﬁb' '?Hatoaﬁ‘n&é"'ﬁroin' tht ThtefR% 1@ t15H XB&s@ BRWER! h&Reddr @M¢ nature of the
[1 Motion Pictures Experts G oup I\/PEG) - protocol

trzifﬁp is rsads thag dheodate fpackeis shemdibe Wélfe dpsthe [ugesw]thin a certain

r (P t chedul i ng
regiu@’gl% sﬂ?ﬂ&%ﬂ%}]filuﬁd ‘gf}ireaé%}?%n(?aé Ois%rrge are schedul ed
[1058] aCCOF&lwféﬁiLkaFE)ELQG.ﬁSImBmBﬁ@”&Qhkﬁ@hﬁAN&tb@dTfOr each AT
a ratio of a requested data rate to throughput.

[1059] [ 1065?3@51411@@@@ Bé‘Fkﬁ[ cdirgtadyet in 2 gegHer enent s
rel |
[1060] Confmﬁi gRttcll o%ﬁﬁﬁaﬁc %%:(g]g@gi anota&ﬁdletrsr?t egatransm it ngyl?acket data
con@juthictibns ak @, highn daﬂal tateer Alsp hﬁﬁsﬁ]ed Re\ae High [Datk RafR_(HDR), and
SPEFR I oo -G (RAdAr SHENA SPORADREIEY Refengacket Data Air
hﬁ’é}ﬁlc}a @g&&ﬁ&tifoh@ws for a given BTS. [1068] Many

WTe s comuni cati ons take advantage of the |nternet
[1061] Pr ot Hted— ﬁMB)'amailomme@d%ﬂw@g@cmSSWﬁ padketsnt Per Hop

Behay.i or HB di ff raoutin roceSS| n
[1062] pack @Hlé BWI'&?JI orlarﬁjg?rhaé&?w%t & up of ag
[1063] Mul t Motdg Pfcttﬂf@ VIRpRs  Gkdupt ’gMP‘EG)Var peotscol i fiff traiy@fiission of

technol ogies which rely on IP to interoperate. IP
multinedia mategialsnect i onl ess network | ayer service which

06 SHRShab B0 BARC S R BOAE P

cdrﬁﬁﬁﬁic@!i’oﬂs@réi&h%ﬁéd addobding td BE9lectidaviester calatated for each AT as
apllcatlons %/ wreabetter service than the
asatwm @rew_es%m@ agate ter \éaéml%b nul ti nedi a

appl I
[1065] del a?ﬁ Q e @? ? ]% E(r}e pri %Wl t%lﬁﬁ%leonl W&’ acket data
céramuaicaiisig nhﬂahhwg Butsot hfmmed mj dblayasqulﬁezhutee gnd jitter.
Forwar di n (AF whi ch uar anI th ou%g\ﬁut | evel .
[1066] | 1063FV3F ) vglaP 1$5194 ﬁ’é QE)F O dragenent .
Sonme S t
o6} ) Tféﬁ’l?%%s@% e ?E"EH%J‘Z’?E‘;%S?SE“"%E@{ g e

BWS. 2005/ 109792 PCT/ US2005/ 015812 13 al so known as

b t _.net Kk Et {

r068) 5 O NG5 RSB iond N RS AP Tpla tocot a2
&Eoé{ﬁvﬁﬁtag@ eI difteerit NBrUBRpWBER] vesiS (RIEBR inlli diffRSent Nroutings for
| apt op conputers and other_ conputing devices. However

proicessingspackel dess KGengrally, Hentidraettis made twdofan muitifude of networks
bldﬁflo 1? Cli‘:l; anggsnﬁ }éagé aﬁ%%:‘lgﬁﬂ&gi??&hf&%@l&' o%n[Pbt%Ciﬁngcﬁ)e@ate. IP offers a

connectionless network layer service which is subject to packet loss and delay which
increase with the network load. The basic IP delivery model is referred to as Best-
Effort (BE). However, some applications may require a better service than the simple
BE service. For example, multimedia applications may specify a fixed bandwidth, a
low delay and little jitter. Another priority type is a forwarding behaviors referred to as
Assured Forwarding (AF) which guarantees a throughput level.

[1069] There are various aspects in QoS management. Some considerations of QoS

management are bandwidth allocation, and guaranteed bandwidth over shared media



[1070] FIG 3 illustrates a scheduling nmethod which
prioritizes transm ssions based on G ade of Service
W@ @uS)iowe2 QS requi rements. At the AN, data foPCT/US2005/015812
transmssion is stored in a nenory storage unit
adapted to store the data qudues corresponding to
i ncom ng application flows. A gueue is stored for eac
also knowie @s §Foageash BRIWoElss: iedih an | Bilemettwprk ¢iga Parelgsg Local Area
NERERETLAN)Y e Trar@ds FRRRE A0, NUAGE Cabitifcs in
lapiopr edrapetersaand mphdrcedmmtinfy devinesy Reweverandrelest tmatworks are

will ve, ltiple queues associ ated therewi th. Each ..
bapwiih e g R SHREY Con et R0 R 8D RS § critical
cdnbieratiehl ned transm ssion and reception requirenents.

or exanple, the priority type may be based on an
[1070] end- FIG.éhillusizateya sehedulingmethtod ovhioh prorntzesttrapmigsigns bgsed on

e’ SehsieP 51®) 5 QiF PespnBRlyp oAl B AN, il s bhgpyssion is
stél%ﬂ%ﬁ:?ﬁﬂéiﬁdr?%t&@%&hﬁhﬁ @bptdatia dtére the datangestel todgtesponding to

individual ly and then reunited at the receiver at_a .
inceméng anpheatign flove. A qyeue isfstazethiareach ipstapceof anggpplication flow.

riQrit i st |.[.eati . j: Qe
UL 2yt GRS RGO AT ntnces,
Wh@t\éﬁld@achgﬁ’ﬂﬁfce@s" %rodsdtét)(bﬂd)me ‘Hietefaregan efdicatich flowasay have, and
Expedi ted Forwarding (EF) priori type. The EF
often oviflt havey gauliiple guss A5pRGiated it%%/\@wnﬁav ﬁf}gh |9ushe hgh, has an
Ay 1b d d dat 4.98. h :
SSEB0 O, SUCIER) R LD, LSRR o ropion
réfnirefois orFoEo&ampleyrthe privsipyetypaymay bo basedr ed enrend-toend delay
as.a QoS class. | n addifion, .e queue has a. . .
rEBHEPETING SeaisoPe L SR, NO8 AR issiog mpEfall into
o8t mﬁﬁ@n@@oé gﬁwﬁfy%ylse\ép iFeRkkample] hesensidsiallew paBiadts 6data to
transm ssion of the EF application flow has delay |
be ernsmithed mdividhaltyhard then ceubiedrat the receign gt @ datadtime ithout loss
he del ay. r i renents e not net .t ' .
obp SRS Serdl REETO e evenost Tk et give the user a
réRBihieC@tpeftndel Seéhi & VI, Gald ¥ Highep paibrtit typenad tary esferred to as
meani ng_transm ssi on. pf the BE application flow has = .
Evcmc@@dglfqrwm@m@ (BF)r nrépuity diesnt She Bilit Prsty theg mceludes applications

necessari | i I,CLdel a ' f
HRRA TRl A BB P RS et
pE6HEgs EMgoriuhiesict80 ThepQeswntGafypréatitp typeemaehlay be referred to
managenent according to one enbodi ment, Wt hi ndthe A.h F
ag asQpR dlaser Inraddtionneachaquede g @ FERGUNITY SFICHIS therewith. For
i di ' . oS . .. ¢
e ARy IR o S 8 RS RSB o rmiion
tlicoER epplicatine floleh:GSaiBlayypguifementiawhich|afe tone wkt. t Iiemany cases, if
data is of. a given GoS priority type, ... . priQrity.
the, Gy EAFREND A BaRict (e hots0Bptigéroand ot Tansrlitied.  To
c ﬂés’t{%zﬁﬂ@{pgﬁ%ﬁ ﬂo%ffisrtﬁﬂiéhlly‘—‘ ReughpuhsdhsiBive, @baning transmission
deci sion diranond 202, the process continues to ste .
of fie BB applicationrlowt psdargdtthzoughpat teigjrrssants, Foub@cpqsylog pesgssarily

in th . _As.used her ej 1 gh iority t
gy i Sft S QhisBRE £ o R Bt Hon) 5t 1Y oo o
[1071] SPECIHIGCa iiMfstraleRl 2 SSAMR, nRifAPROOT iniplethstihgmadaptive delay

specify a del ay bound, while another ma specifY a
mdnagement according to one embodiment. Within the AN, a scheduler implements a

scheduling algorithm, providing high rate packet data transmissions to multiple users.
The scheduler checks the data queue to determine the GoS type for data. If any of the
data is of a given GoS priority type, i.e., priority type defining more specific



bound. In this case the priority type specifying the
del ay bound is considered a higher priority and is

wo bas/1e0psi dered first. [1072] Accordi ng to thRCPUSRes015812
enbodi nent, the scheduler first orders the bits into
packets for transm ssion baséﬁ on del ay requirenents.

Once hi ity data schedu] ed, anot her
fsqwme?%ﬁbﬁ%ﬁa &t Qﬁfﬁ}rﬂio% letnamgic%% (he Prossss gfmigues to step 204 to

7 data

ﬂéﬁéﬁﬁbﬁfﬁ&(ﬂa&: ﬁ}é gﬁﬁ%}}é@% t? ty%@%{‘ t packe)txg u%&i £ 8€in a higher

PrioHE s thps stefas l!lslang}oﬁhm&ﬁyctap@ deﬁtmi BF aatriatelr sspecification. For
ted bas d.on the a ta.in queue,

e%% % PIIo I1]‘1 H@e Sy spe delgggﬁia%:w tE?IHp%Y Qmélfy ajitter

baued/eln this cash tehpridrit tfﬂ%es'g@élfﬁng ﬁfeede\l'ﬁﬁb(ﬁmh'lg”éox?slﬁcgeg%ﬂ a higher

The scheduler finds the EF data having the ear
PriPHY addnfhus sensidared first.s i nt o a packet first. The

sche N:CO Ln EF, dat a 0
[1072] acco?\ !cng %Foa&he Il%é%h%ﬁﬁ’ gni stitﬂg Eﬁ@ﬁercﬁféé cfs E‘F bits into
padfketsEE)r daismidsion besd ¢l dekg ﬂet]ﬁl@elﬁaﬁg et@ndeOhigh priority data is
t he schedul er_then applies anot her

T so it e e gl o St R
[1073] e”boqi”bfr%ﬁ feh Svina B U4 ?zf tl.ﬁﬁ’rp éﬁ&f glu&v\eh Qflg %gﬁédugeralé? ta forming

al gorlthmt the rest o
pEdEkfetsrﬁ)r ’(rBE)mslﬂd)musmg tleiEP88a. The EBathais aeiesteﬂ besed@iit the age of

kets accgor to the proportional, fair
e 45 i i e 6047 T SRBDURIERS o6 B ciscmbento the queue, at

“ﬂl‘iﬂ]ﬂhﬂlé & dREFRBNBS lt'ﬁfers?atﬁ A Tﬁé Fclﬁaﬁl%r ﬁhd{:fhggﬁi data having the

rates, which has the effec owering t
e@f@)‘@ﬁdlmq' Istangf ené putsy this hen pMe’s firebd Ul scheduler ltltelnzmmtmues

del a Q tlon of t channe
PRk B SRt Ao TP e Ao 16 aBfoepiep 40, ol of the EF
datahrs beel pBetEiits phél@tPRe |ﬁ%hsrh@s1ﬁﬁxﬂh€‘séﬁeduleli‘ rtﬁ’éiﬂ&}ﬂ)‘ﬁtes another
Throughput is generally calcul ated as: Throughp

algprithan forrthe sesk of the dgtaslpths presenp swibediment, Abe e¢lt¢|duﬂgr applies a

oSSRk 4 6 e O 5 o,
stepr2dBdeThe B dpacisethefgRt agioVywicketd actifingN@dNR! proportional fair

con |t|on and | oading of the cell in scheduling
algpy ©Bi2dHs. Such a cal cul ation may be used for

[1074] tsghegﬂd{é ngg%hglﬂe‘f‘cﬁ{bdﬁécﬁﬁng%%aes ubdrd [Hue el t'hlg%gg%l% es, which

In one e channe sche
hasethei effect dfnfowvenimpi tha delaymboiatda CIl]ﬁrm‘o&S@vém ileat the Gscheduler

iR B Mot elas LOuTL B0y b Rinshon 6h g shemeber e
[1075] Per f poMEragegdoh ioF QBE\Qla@ap Gt ]sgﬁgcﬁﬁerpgécltisﬁ%ogéé%§ %% Taximize

15 based on DRC i nformation and queue sIze
threughpet. skhaeughputisgenerelly tglcu:lascéas station 820. If queue

size i |red r_a sch thm used in
t he alté?%gig Qﬁ% SZK ﬁ%ﬁrggﬁﬁ uler 812 may
Aceséing €o GhkeetBbsdidment, ﬂ{e@vmhy PogiveRAY:Sel ect or
PF = f( packet age) * g(channel condition)* h(cell loading),

which considers the packet age as well as the channel condition and loading of the cell
in scheduling transmissions. Such a calculation may be used for scheduling EF data or
BE data.

[1076] Referring again to FIG. 2, in one embodiment, channel scheduler 832 receives
information from data queue 830 indicating the amount of data queued up for each

remote station, also called queue size. Channel scheduler 832 then performs scheduling



el enent 816. [1077] During the transm ssion of a

packet to one or nore users, the users transmt an
wae\aksavd7ezige " ACK" signal after each tine sl otPCT/US2005/015812

containing a portion of the transmtted packet. The

ACK signal transmtted by edeh user travels through a

eyer ink ch nnel and is receiyed at base stati
PR GorERR Ay Bt e T Sttt SRBG Rpicsg by base
sthifon 8318 EXRIBE 8izY i€ ERRELIEst a séHR@udalofithhiTBEdd0R thé alternate
denodulated I n channel elenment 826 and provided to a
erobediment, shavaguschedden’lZomay aeceive qusre [Sizgdniormatigmirom selector
cogtr l.ler 810 or to a channel schedul er 832 | ocat ed
?% base station 820. In a first exenplary

[1077] eﬁbODuﬂﬁglthe ttdemiRRnns a paediol e dd3Rore ustrocthitaders nransmlt an
the base station 820, In an alternate enbodi nent

AGKaerdades CASH signab afier each Hmeskyl copfainig 3,prEoR péthed?ﬁnsmlﬂed
PGP 14 R0 S cAMRETOEELS, o 08ROyl PRl e
arﬁﬂsmehemdtasbasé statien ysaesslﬁnugh aveeaive antepmacagpiudi to RH wnit §28. In

ot her ard arc whi ch, ma
thg FHETBIBY FBD b LK faforipton, feoldmtufal GO fppmel element
Sf@)(ncpﬁgl&%g 't& ¥ cﬁéﬁfe‘i‘ debdhRr 8PY fdcaréalih 3 Eas%%hﬁlon controller 810

transim ssions on the reverse |ink. For exarrPIDI
o1 trs b ehenmwl sdmdglem&sarigcatttcb i fteebast stationi 8200 g Inlat firsaexemplary

cHRSORERE i S R, PR T BB 0. o

alfdrh &6 eiBo@nent, Hiee &aghéll scﬁ&ﬁlﬁr\wg if Toedted fiethe @arm ®ation controller
stations and estinates the noise environnent

8 o tand apnmects to aeﬂ@ct@lf eleraents §1hyithiay the basswfatinn CP’é‘iﬁ‘?ﬂeé 810.

ro7s 512 g o S SR ! SRR ! R

alRRBitéon@es Nivtiitle dnayn suﬁpbﬁ valablesqatd irasniissionst hEhe @rmtmw invention
station, The base station 820 nmay then, sched

me espdil SHEnds bp REVareXASAIE THte fRensmSions ﬁaﬁﬁ? Keverse link. For
r

U Bl Rl A o0l EUEIRE dulaf the Poed SHFPRER0 based

updiDT DR Abignal feorh aemotets&ttlonsl tB2Dasefstation &20hoekisneathe strength of
di scussed. abo ansm to a se ,.Or .

(e PG derciiroony St st R FoiRyispEment to
%Errfnﬁ@ arrﬁﬁadfrl’e&gvméw RodtBE kQASte 3BTiOR qth%cba\éé £6tib0 820 then

ase station 820 using a Code Division-Milti
tréwsaitstp e@iMissociatied memotatstasion thrarats afuvkieh dateds tOt lmatrwgétted in

o2 P LA T BE S8 RS s

tNnGibsibifs Sk 9BREse litkObdsbEup@Rrie \difigeltaten ﬁte’stdnotﬁé $dverse link
820. However, the present invention is_also applicable
in pmapnessimidarde tab dmb@thx@némf the fermardriiple
Divis
0751 Y S8 MG BpRfSr ST ] Aog BB ey 00 IO YLAR: o o

séléctéd1eng o s¢ledted eness bﬁtﬂd)n&mo&?ﬁatlcfmrto ahd aecidsiorgof the remaining
transm ssion resaources_optimally. W 2005/

rqngotte g@z@%ﬁww&eﬁ with the Bges sttien %%Paﬁweg aséﬂi% f%l@?losﬁulﬂple
PLRELSPA Balip s SR The SO U0t 0 e

séletedomsd, e seledted bnéssof nhdlrembhewtatloh by using a code, which is assigned,

to the receiving base station(s) 820. However, the present invention is also applicable to
other systems employing different Time Division-Multiple Access, TDMA, methods for
providing data to select base station(s) 820, to the exclusion of the other base

stations 820, for allocating transmission resources optimally.



the anmbunt of data to transmt to a renote station,

and nessages fromrenote stations. The channel
wa@ewsded7er 812 preferably schedul es data transPCBEESINS015812

to achieve the system goal .of maxi mum data throughput

while conformng to a fairness constraint. [1081] As

sho in.Fl t S are S ..
110801 1otk it sthedgle BC s NG SRl PHE PEmicgions on the
foeWwARdUINKC atHe@hael bchédﬁl@r BI2 fuaeivbamhe qubwd digd) wiiich {shigdicative of
forward [ink. I'n the exenplary enbodi nent, channel
the @poynt ef daga to EeRsnHt 1oa3 Eanate statippy mérraeqsa%ﬁ% fepap gemote stations.
S \% t
T]{lef 8& Heb %%%rﬂ lle?] g&q fng:geren‘g ﬁecﬁﬁs%grl'i?th sﬂﬁ‘ssﬁ)?f@ foichieve the
systefreghal of matiduumh déth GiroRglipmt whitp cemforihind to a fanmssmis&amt

system ich.i d a processor, Randgm Acges
[1081] Nenory, S % EI'QIJQU Eggr%%% nﬁ‘?@;"nlso Pt ?Heﬁsﬁa thmughout the
cdnﬂﬁﬁﬁﬁﬁdm%}%teﬁparmn% BEYL %&nﬁﬂmfctéﬁon RARCRRC O or(é"&tse statlon on

shown). Theé processor, RAM and program nenory nay
thel dokivead hdkt o thleteaemphcy embedinfent, hharmhhmhedlulgt&ﬂ@onﬂoedmates the

812.. .1 er enbodi nent t.he rocess and
rop i it R A SRR o 8V e e s ERPRATES MR g
[1082] I eSOWcesrdiny tpehd Odmibdlimeddinki Oabell YAKIILRASIA o HEG. 2 is
base station controller 810. In the exenpl ary
impleoentedrin & cogl@n@r Systead Wikl doflades g Brgpq:sls@rd R@dpme Access

MRERLE AN bt b etd b i et Bt T b Sy by the

prodéksois@ot i}@mﬁpmﬁﬂpfvce@or KRZAMranﬂ)prcf)gmmtmﬂﬁoﬁyﬁﬁay be dedicated to
schedu mg data transmi ssions_ i s discussed afte

thémon%ﬁ thg chprel %’@éﬁllﬂ 812- ol qthgr e@@@é}lﬁfmt%é%e processor, RAM
e&x&%g Yl Ca?aﬂt tolfea %9&'1 Q:g ﬁgﬁ?%gest)&rce for performing

WIP ess Hata app I ons,
adefitiormi Anictions alth@baséatmonmmuﬁlm'aﬁﬂ Dorn ﬂgﬁsﬁmmldry:embodment a

EORAGRL SO PR IHRPLEY 1) e ST SRRt Fof K dyis detiled
hévi‘\ﬁ}!itﬁﬁel%ﬁ'.e f’ﬂfo‘é‘@hﬂ)dﬂfé@ wiflBY SRS BSO S1Fand BSARHNLANE Smplement a

e | S-95 star]dard, the traffic data or voice
pnﬁaita ﬁmctiq@aﬁxisch@ubw; idataotransudssiansnin alisciissgdedtet lestablighing the

sec i fth data rates as high as 14.4
SprEB lrr eﬁnqrglszfgsg ng]h each subscriber station is
(10831 all 0@&@1}'%@&@&@@%& f@lfwﬁ*eielsm&tﬁdpﬁﬂwaﬁ&is g&ife demand for very
orthogonal forward |ink channels e the

cffigient witgless dafa osmwwtlant%t@ng thas inpreaged) signifighatly. i Bhe [S-95

n Li e r i
stk A0k RGO Rk hS. (B R S0l byer BTHoRIard and
reverfsy ilimks Iar &C@lfdaﬂctedﬁdhltﬁe 3$+-9b Stfhdards yisd gafficadatobwaodide data is

l i.nk channel renni ns allocated to a SUbgés:I ber station

patidenedyinic godet ¢haprel franes; that arei 20 mallisesends wide with @latagrates as

gﬁ apq4§lel@ st gin a?qss%bs;&g:hp %Ecﬁélﬁgér%ér s{aglgé‘g all%ca d at least one
Fgnifi canI% fferenc etween vol ce services ang g

o e limitesniirsber hod drﬂmgoneﬂl aﬂ)rwardh dink athaswels. n¥dsitesthe commumcatlon

stringent and fixed del a i rements. Typicall
bGYEPR ) oo S PRI SpSHer SHERH prasas T8 EpuEt finkrhanne
rebiEallotad tRB sthMrindr! skdtDBC WKk ddtsrPoLd A ronsz in an IS-95
2005/ 109792 PCT/ US2005/ 015812 17 the data del ay nay

sytsteng nee farwand lialb icharmal senediny allecatbdt to pubisoiiber staton even during

tn%tag \Iav Ier(le C}/e is no fgrward link data to be sent to the subscriber station.

e

[1084] A significant difference between voice services and data services is the fact that
the former imposes stringent and fixed delay requirements. Typically, the overall one-

way delay for speech frames is specified to be less than 100 milliseconds. In contrast,



data communi cation system [1085] Another significant
di fference between voice services and data services is
wo bas/1047b2 fornmer requires a fixed and common BECHUS200$/015812
service (GoS) for all users. Typically, for digital
systens providing voice servilces, this translates into
afix and equal transm ssion rate for.all users. and
thg B0EFBY 8 VPAFIE PRGFIeI e o ppirape S hgiscy of the
da?@@ cafiGSsysidm.contrast, for data services, the GOS
ferent fromuser to user and nay be a
[1085] par armtoﬁrer cignifidant differenica beeess Voive sendses andsiata gareinesyis that

of. t he dat cation
0 GRAR PR A OB T By BRIty 70 1 g Tpicaly,
f&%lgitald@s%sl providiggl voitet fevitdsanbik efarBfated into a fixed and equal
predet erm ned anmount of data, hereinafter referred to

trapsmissifn it ladt use{sla@g@q mygEmugh tlerable gabw, pr therarror rates of the
st BRBEE S BEINRE oL SriBsY IE Q08 ey ! SRRV G Sisdro user

rmer requ rmunlcalonl

arymhm bé phﬁnmnmtﬁmyecﬂhwincxemmml c&irald mfﬁg&sm@rmf |t]se data
provi ded by soft handoff. (fof t handoff results
COTRRIBPIGAND. SYSIkEh SFRESG 08 18  Fahs QBB Bsisas IS pically defined

asthclllgittJ{tQP(?el 1nc{ﬁ9&giﬁethé G at%( Sd eg@d am&mt%f data, hereinafter

I ona Ity 1S not for
rdferaciistoias aidata gaekeiuse t he data packets recei ved in

error,_ my retr dat a. servi.ces, .t L.
[1086] 7 oVt chptige FIERan WHeG BPveEaPRIRARIITE HigyArge services is
ﬂg&?ﬂﬁ f%%rﬂéﬁe&ﬁ?ésya K888e eBmniun@As A lihk Renid Gh tHedk@mplary CDMA

at a 1087] Transm ssion delay required to transfer a

cotaanjsaiide systame, s fpsoddest byjeoft thhndﬂf@ Hypdit hangp € rgsultstipgedundant

trglt?s}nilléseb&%,s:ﬁg %’g? tog Igcgrlgalabna%%gT uoﬁ%J 30 1&%ro% re%lablhty However, this
addiBosal reRAItyIR| B0t RQeiSed &r &tﬁ&&rahblﬁls&aﬁebdcamcﬂheldata packets
data comunication as it does for voice

reseivAdi il GHOF oY BrutetiapsmistednForedats sorvises, b JiFRFAY POWsr used to
Lit X
S4Bt el RFuS RS RIS o b B

[1087] dat a Eraavnsisdiss i delayc araquirddl ty tednsfehea Cdmmupacketi iandh the average
system There is a need (Peéf%gl art f co ni cation

t@g?%&h@ﬁ*sfatt%a‘ie tFoAHTHnates Bsedh 5ithe ﬁ@gﬁectwﬁm% of a data

(?thﬂﬁ%ﬁc@ﬁ&? lé?été{mpr’?l\éhglﬁﬁoﬂ (@? &Jb@t qla%’ @E@Qﬁﬂl@‘itﬁpa{c@ lin data

€S OT service Dbelng ovi de over a W reless
cmhmmnmlan{ni@esﬁ Hodhter meieel ctbmmumcg‘ecvte ibat it zeth metmedat meaduging the

R TR CT T TG N A —

tﬁer NS §PHORS dattaflfaﬁbﬁﬁﬁi% chiabfRY bR B¢ dothmirREdMon @Y stéhEThere is
delays i'ncurred in the transm ssion of packets of data

arreefhan thhart fon commmmication systems datl proyide 1mprqo§¢ﬂ alata froughput

WS@F gbﬁlzlfﬁne?%slgﬁl%r\]f (ﬁlzg % Iﬁg%ﬁ’g{ %ﬁ’ﬁtpp%gs 181‘ the t es of serv1ce being

f@@@dmvepﬁ“@f&hagsahméﬁl on of a packet does not cont a| n
suffl cient information for the user to decode and use

[1088] the eFhemeed forckeaneralized schedideryis GResd qnsthe rrourements god fggets of

o i1 a5 i e ABAPBRB ARl cogpec i

terms of the delays incurred in the transmission of packets of data rather than in terms of

individual bits or bytes. A data packet, such as an Internet Protocol, IP, datagram, is an
indivisible unit as, in most cases, receipt of only a portion of a packet does not contain
sufficient information for the user to decode and use the entire packet, i.e., the packet is

useless to the end user. The end user receives the packet of data, performs a Cyclic



Redundancy Check, CRC, on the packet of data, and

processes the data. Therefore, the user is nost
wa@omsagterl with the arrival tinme of the | ast bPC€T/OB2085/015812

packet and is not as concerned with the delay of

i ndividual bits in the data p8cket. This allows

considerable flexibility in rate allocations to

Rudppdaney Chadle (R @y theipaeket e flate, apdairpeesses ibsmdathe Therefore, the
1SS ' . of C . AFUr. nore, .in.a
oS08 of 8 B Els EROESE T e o o
concenadawitiathieodelnf ofiadivedual bied inyike dsta packent Thisallaws tomdderable

S. t_]g@ .vari atioon, is not_so unpredictahle that it
ey iPcrte loSHIARSs ) Gitleremd diieess Q¥eF. tpeosies aprpaliesrthan the
. ) et - bil i ¢
gt BE o or 5. BRI S L9k Chtt oo,
TER, it Lonnecti@s Hohs Variatien icdtpackets délayhés amgp@bleest long as the

rate over, a erjod of tinme. T xjimze use of th .
VeeE pot e BEr g maraf s grdrdreEarvan e Tn o
[1089] USer SAnbthr feathBCSthe YAHESE CRANEINS thY Hhfabllitf8F Mo cRiBR itself. In
This means that occasionally, the wusers nay not be

adiDBAypo sysiem, s variabilityaesnite nn vhrdtions of iks tespiestad eate over a
ar.e, | r...rhe .overall hr ough wi,l [, be. maxi m zed .

i of W, ThdmmriiZeBe of st P dbe HihepupEi {Biiefied Bierve high
rhieNgerBaild.,aders @équick it thEONENES datd e8! Mhistheans e ddbRionally, the
bal ances this against the desire for packet del ays

Userg TeRy gt beaervadifemperiasls tof time when, tely reiesied raigs aggslower. The

' Qi . ]
SRS 5 ANy D LR 3856 s o e wr
fey®hg peridds ofaimoon rifidweveradéalyrthe sdhedulkt Tedares tiislagdidye the desire
fschedul er ideally distributes the overall thr oughput .
ShoRekdi felayse And Lddrs vaperons éhbepaelalively qoasisiens ¢is( efplained
wRlidigwgbl e unfairness) are used by different systens
to affect the needs and desires of the individual

[1090] syst eAsotherTaspectocmsjslersofhef fairnese e the naultely wsersciapd system. To

h li I it . Fai ) [ )
SFRHRRNT Bote e el e sgPeihes g daibpiselie overal
tHRAEHuR BfhoNe AffferBRusaR. DiMRARSE bA8s bNBIAYET @} hllowable unfairness)
thr ou%hpu_t of a sector. [1091] According to one

asqrhesdi ffereat systemaitosaftech heanrcaduands dasirex b theglindiyidual systems.

ransm ssiOns in a comuni cati.on syst i t h . .
s RRER og Aot B, BPL <Pl of B et gpritng, oBeimess
pRodénedifferent dndahgdifl Rexibifiteinsiemal dife@ns 65esdh@ hence has an

accommodates a_ variety of different scheduling

ipppd opitheaveral] hreuehpt ofiasseies of users each having
[1091] 3 PecifdeGrautd 305 Bhe Sifodiai £ RAhSa ALkt Sh%ﬁ%{ljélﬁlgdf&y séheduling

ener a |zedgsche ul er, Nﬁlch mal ntai NS a
ttansmisgibpiin @ vemnmhicatis® sgsterh WHB2pplivativnetoamliplelndses of users
ed schedul er, i npl enents a

RTOTES & CEGUIGH thodiih a e SESTUFEd GRMGHBIe, woammodates 2
xgag?tpgg&g@m&&g&@ng@g&@&( :Igl?fe%t g %sgy %%%kgédcﬂ Rabifig specific
tRASNisESR0 08 uibERREB arg @erviced by a generalized scheduler, which maintains a
high throughput over all users.

[1092] In one embodiment, operation of a generalized scheduler implements a priority
function of a channel condition metric and a fairness criteria, wherein the priority

function is defined as:
f(4;@),U; @),



wherein Ai(t) is referred to as the channel condition

metric and U, (t) is referred to as the user fairness
woreaositee79The function A; (t) specifies the desPCHDB1005/§15812

of serving user i at tine t based on a current

channel condition. The funct!Pon U (t) specifies the

wisEEn FiQ ioieferte Patsdht B! ofnelonrmiic dh; () Brebelfed to as
thé\ﬂgk((itt’gi%sé ﬁbln t?‘;]@ hﬂ{%ﬁo é? g) ‘ﬁ?%cgﬁ%' t%? Iﬁ%sl.rlfla%ﬁ;/ht?gg 5«%&1?% user i at

tifB8ahbake8  on [a1 @&i’a&m A&ﬁﬁﬁéi' &ghditforonerRaeRtise nltJ (® specifies the
general i zed schedul er serves the user with th
deblrg}hh‘gftofrsenvmg tsgr § atrtiohe obaded (oA the( p3st history by jecmvedn servige. The

glve | ass_or type of users. he exenpla
1o, ¢ hsotRings thedei @SFITP ity MREASS, i @ ardof: 1(©. to

4 eases as the channel condition
de%%%é’%%%%y%tgﬁ%‘gel foﬁgggeha‘gseg and decreases as the
[1093] fai r ARBGdinigio ®ht @mbbilinidn}, d fperdisesschédder sepedsitidGsewith the
(t) and Ul (t) are determ ned accordingly. Furt her,

hibh@t ?ﬁbﬁ‘fy‘ fucthan AN T(B) igsian fau %19&11 ORsObr Bfpel Fafbrs. In the
one tinme period over which the anne condition

u t flCo @S df (4:62), U; (2))
o Eir Ly e WG YAl M Y e ey R
inti@ysebas ehetchamnel epetitienfunpon us &) ufcuaracésl and.decridasee ue the fairness
for sinplicity, a scheduler use a conbi ner )
ﬁm@mm Up(t) darenses. t Shefuncticny g ( fgm:id rth (X are tdetermingd accordingly.

irness . netrjc to reflect the r requirenent
9fhe wwé‘\mc&wmfgzss AT o1 2} deast Qb fisme P over which the

cl'%i. ?%ﬁﬂﬁ%ﬁ H Eﬂi@ 'u\éér"‘ﬂmi@gsvfngﬁc .'IrE %a@ﬁkeé"\l "4 alternate

east oa categories, BE a .
emlmdagemtg dlse pfiorityr mstiors $( arma}nty zbamen@lpmnt @dr aser function.
wel AF, etc.. BE and EF are as defin
RGPk OF SR bRy Sulgees g 6pemibes Tughv ESPmgRdo al users
arIGH&diR) thB aYe fAiriRs AletricbYelldt R us¥Oletiertintslat a t o
recei ve over the air, but the nature of the traffic is
[1094] suchAt geaetie elass iof e.m]ltl-msar gehedelea@s:am?nm wsgtseregeiving service

but t data | ps ouldb re S | ; .
b PR e B, ) Be”iter e P Bl lhgrcsrsgpris of
trAlRMessiore |Iﬂ1ayaj'6)1ﬂﬁilé‘m@fted syl Csuclﬁ aﬁmew \BE ﬁﬁd)EFtaP@as defined

Internet to the Access Net wor k, however the nature of

hereig. tSneetically.sBess Fifort () enmdicatians ipogeetel havoarelaeely large
voq&llnF b Bgt? t§ %cy@fg ovgmﬁ%lﬁ \ﬁﬁrf Qﬁt%@g@ﬁfe&ﬁ" Eﬂﬁ@tlé ¥L?‘clh%hat relatively

oun reasona oss ra
lafg’hOBﬁ}a,ysl may baadletatadiattat Stjnstdiam Slosshra&s sHotHRY/-HeOex tidieely small,

hecSes BB e S et P
th&lafﬁﬁ% 'ﬁi’)m 1!11@ rII"?terne rﬁ) e§sqf1§5v§r1$ RolvBerlths Héfg{]boéftthé R&ffic is

BE users and to t e nunber of served users Wt

suah dbgst thb Idatapgackets rshoald bend¢liveredatoethe fuselewithiins® wsitain welatively
[1096] In 1XEV- DO

Sntéagﬁéfliﬁ??éum%?matﬁévm?@q?ﬂaég?% Bound of a user

[1095] | MPreVepacket Hath 29dtbAkueh ab NREWLDON e doA6dBShAI%hE TRxBHity to
and EF capacity of the system Thi s capacity WO

al]mosm&b@e?QﬁlaP@Wmesﬁ@1mhllﬂualwet8ﬁorm@2§mur‘eoﬂhlemaBaCItY Here,
caﬁ?ﬁaﬁ)eﬁ,e g?( ﬁﬁzft%l%tu% putI ig? hﬁ‘idusegs an%uto e num er oF serve% users with

acceptable performance in the case of delay sensitive traffic such as VoIP (EF users).

[1096] In 1xEV-DO generally, increasing the DelayBound of a user improves
utilization of the FL thus increasing the BE and EF capacity of the system. This capacity



efficiency and the ability to take advantage of | ocal
channel conditions and nulti-user diversity gain.

wQ 2@9/1y97hn t he case of BE-only traffic, a typiPRel/US2005/015812
scheduler is the Proporti onﬁl Fair (PF) scheduler.
This scheduler is proportio Qlly fair in t he sense

t hat ut VI ded, .to |n
infgdeaal b P Ribbs R SbioR S el HF gt fipled, BF Heher packing
effl€ien®} and the. MWility t@‘t’&%%@mﬁb@é&locﬂ%ﬂhﬁél @Bndifibss and multi-user
proportional falir schedul er has been the schedul er of
digersitegaifor BE- onl y traffic because of the benefits of
t hr t i t ;
[1097) "R Shscl SRR BN 00 Sonddiior 36 Hhe 1 3BorebBA R cor)
schéduiere This eelhesluieh id Iﬁopcpmonalty falr inthet Sensestint the ﬁ&bﬁg'lip)at provided
gai.n AE used h such alpr schedyler w ||
topippiduai usars veuld g apbﬁoaswt? dﬂawl‘f}oaa tP the, waeg%@%ametry, Le.,

av%ﬁ%@ Qb Rel 00{13198&] Tl'l\pi)ﬁygoﬂfb Bﬁﬁmc ﬁ’% Qéblnyth scheduler of

there I's ano ass o ers:
chbmqlfat BEF(HIH)B trefficheraise of thedierefits of ﬂlrd"lhg}@ustorfeninﬁbse tradeoffs In

e, PissBh Ateort® o5 disenetrdp J Stiatats ofhoreh ot neplss while

préf uMiS@e divelty g@ﬂdgﬁs Qsuilersih afheh APPFSRh¥E will be referred
schedul er could be desirable in certaln appl i cati ons,

toﬁ&ﬁ‘@m@lls( fmﬂﬁemglwb$6badu19r utilize the air link

ef fi | n The . referre r
[1098] as t% %aaegla)g l%(: glglp{%&a%ﬁ ere ffﬁ‘@g‘f rrﬂags g,f: ehegulers The
“eﬁhilogi&mwf scacibeUsthedisen Mhis ibﬁedhﬂbhaémism’c Puehdidp equal throughput
schedul ers descri bed above are useful in the context

togll meronFgr thisfersan, ﬂlfo*FYSEFél aspageh 45 detoaniped py ghg pgakest users.

Aﬁﬁe@%m@%g& e S)Efsglﬁ%éon rol. f(ﬁ%l(lﬁé ﬁgﬁa ﬂﬂaﬁlﬂ SpBiications,

suph esskstutersl db ayot symiedllyi wiiize che dirl linkgefiiefntly.a ﬁﬁlesest;d‘mdelers are
whi ch _oper at th the two approaches for

aral |l el
reggred ip 96&6}%&‘@&“3 ﬂ% 31 qh?%‘ﬁ@hput and equal
[1099] thr PFttﬁr‘cﬁ&iggﬂl s%hédulérQ Ah&hé %gﬁas}%%dglgléﬁ&f SROGHLS \fRscribed

traffic, the “proportional™ ver fal rness
abeup lareewsefidtin dind gontext tolf @E—bmlgagiﬁﬁutFop rdelaiycheuisitive EF traffic, these
i, ndi.v al but to.the " or ma
scPGa S PR TP iSLA: 8uRE S B S Gt R e

[1100] rmy PR wmm§ ipBkents deﬁaryn%nﬁ{w@\éa{eeaﬁng Shedis @hd F8tRIs which
tail ight, etc. Note, "alternate enbodi nents may

ofierale arpparallel Wmtleawarmpmacls@rféﬁ BiE-endy itiatles, ace é’ilﬁfbwughput and

o5 BBy, PR, e S5 Ll D Pl P gl T pvgpgrtionat

v@fd@oeqﬁmﬁ fairrRBs e Ko @Il ty tegUughRitarorasd @ idividial users,
provided to each user Thi s, approach is simlar

bqt doéa@aﬂelgﬁr%&mpceamw d tp Hedigidualensels. off he delay performance
mEROARAOR i Ll ! Bl BRLIIELRY Nt

empvainmehets atpyahcdrporategthe BE dnd Bl bchedwimgy, intdecahmos ,mdﬂ’(mi, while
syste capacit be determ ned by the users having
mediing e HEQUEhDl Aoty s s gEReeidieLy.

1101] 2t CARkR rﬁéﬂt% RE4di an@UhAY BSprovided
L1 S quar s cfbol ay, e B SR REBanSEa Boprovide
to2dach user. This approach 1s s1m1lar to equal throughput and for the symmetry of

terminology, is referred to as the “equal delay scheduler.” An equal throughput
scheduler attempts to provide equal throughput to all users, therefore, the system
capacity may be determined by the users having the weakest coverage. An equal delay

scheduler attempts to provide equal delay performance, such as equal mean delay, or



equal delay tail weight, to all users and therefore,

systemcapacity is simlarly determ ned by the users
whaosngdhe weakest coverage. [1102] | n anot hePCT/US2005/015812

enbodi nent, the delay performance provided to a user

is proportional to the averldge geonetry of the user.

This approach. i.s simlar to th roportionally fair . .
ool JEBPIY! Sehabule ol HerTs e haratets: (9IEm cpRaotty Is similarly
del@hfRQI Y MBRMAY hhvihf iflSl kg ebRamder . * The

proporti‘onal fair throughput scheduler tries to )

[1102] pr ovindmothier embbdintent, the dedaypedfominanceepravided tsponser gapapportional

to their average ometry,..thus signifi.cant . .
o1 RO 9 B S PProAC Pt o & e rpgpegpionaly fi
tht UcRPSNR G 8 W RiferreditdTab Blel“propdrtiir@NY Fiil @618y beheli@br.” The
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prepottionaldfair hrexighpeteschedwerofrics é @rovide ¥hareughn>§é fo gdividual users

avera onet r t hus | m 2l . it :
PRYSHBHE AERFER eI LA S RGP om capciy
cdrhpated n@tad equinl FhfoughputEsbbdulat eimilyrly) 8 proporsionaltyedair delay
with the bal ance of QoS consideratjons.. Specificall

schréulprwerd prrde e delay RerdeNmancHIR SR é@lﬁﬁvéu@ﬁwpporﬁgﬁal to the
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[1103] equafThé fdur betsgorickivd pReket adhagulamgrrd ilwstratedanh EHd.ek Ershaytegory
.control_wth oporti fairness. The equal del
S h2h SRS 4Rl chatinsas, The oAUl He M peoushon
st pa¥iides tl'ﬁg%-xgﬁf: BGAIL Wid P& ot Rifhebd €T edulll throughput

circuit swtc ystens, others are nore applicable
sdhedulpa bilehced stheoughputecmirol wath eqnal fExnes®, ThgePF delay scheduler
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[1105] In addition to inproving systemcapacity, the
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experienge. . For e , L1, C > b O34, 1] :
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R N g i o 0
eglnbe dienaser leepaiencevh doe asarfigle, wserseiuelbsedgtioaimity to BSs are more

G Ean Ry = oA R R PY GABRL o B DGy R s fsd contrast o
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Ity of service increases with increases in the
adéitiortfoyusets athegh geinvitgyiil clossarexinity 106 B thaprstpymace may be

DIESEENF S T0Eh 5P RECTER ToYetp P BT [rds] PYE gty scheduler, the
peRbRNGHP lt‘ﬁa%y:l?érje taltablelRPehdingon Sueburfens ¢dudds thie system. It is

wll be re to as a "proportionally fair o
thereforay dpsirableeion g sehedulen faprovidrgpalityiof service IRGreRsES Yith dncreases
.pr,oportipna falr ghput / del ay scheduling is
1$Lb&pge8{nte Ot%éﬁ&ghdutafléﬁgﬁtive geonetries of users

[1106] serVved stedduiersthagkevee by BEThnd HES usas anaedtilioe an appropriate

"intra WD 2005/ 109792 PCT/ US2005/ 015812 .
combination of proportionally fair throughput and delay scheduling. Such a scheduler

will be referred to as a “proportionally fair throughput/delay scheduler.” Note, in one
embodiment, proportionally fair throughput/delay scheduling is implicitly based on

relative geometries of users served for a single sector. This is referred to as “intra-



22 sector fairness." Another issue to consider in
design of a scheduler is the "inter-cell" fairness,
wapioshogrey be described as the average | evel OPCT/US2005/015812
service, which may be quantified in ternms of
throughput provi ded to BE uférs and the aver age del ay
i.ded users, etc. Vi de di, f.f er ent »
sebioe ey s Knhorsne arySien SRt Uer s sinter-ce
faﬂ'ﬁesﬁomdh%a&h@e ARSI DY ataetmemmg%omat bP rsatvtc;e fvameh may be
hr oughput schedul er and the Eroportl onal |y fair
quaatlﬁgd BctesaupBthroughpet prnmdeql keBERsegRg ke preastga ey provided

i vi dual -~y r

toyFAENStrS, HE mrvaer ) dipien iscR 5 Bl ks dived Bfthose sectors.
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any sc decisiton: DecisionMetric = f
aslithehembgeofus@bamvedlbtﬂﬂmstec’tomnCS@SﬁSorLoad ) wherein

Packet Age r renc 1) e e
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WoevismMbriBS AQBathet AiE, ChutnelGonditiomoSecser liceidk) s
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The funct.i.on
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SperiePp AR T GAEh PAEKGVHTE b e e PETION ATISHS. fifechannel
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nmetric, atag amnhetric, or any other neans to
Smtonhodé refes tos eevhlimme anidtprofilenest thedtotsd ttaifﬁmbnmgsqemd by the
i nstance sel ectio 1109], . Jhe Ch neI dit i
SoeHTR 1 BAP FOER Bl BT b e BUTPCETS hone Egn &) depends on
\éﬁﬂ Ve BmenffioR oA Rhedula. RUSH Q]ié Deétsiohietr#d say refer to a
roughput schedul er uses the Data Rate Control
bit DREYic AngRickeumhisic: awatagramemgliics O paxkother megny &y grovide the
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[1109] | ar gghe daRAECOAditi6H Li@fonﬁatson ﬁﬁptbbancqrpsmteldl inid yhecshbduler in
be to use_a feedback | oop t icate a cer

vpaouseweys) Eopexagplefbe p Rtgonatljﬁ éalg L}gﬂug}{p&b sggc)@gu]lers uses the Data

PRI g 40,0y P e St e

Adeties appeactacasd balib eise MRGEA VDR, |btuy imiaplicatepesty favor users
a threshold he in

iurgnatighyy AnaerinssBisly R DR do pe A0 toop to
1ﬂﬂéﬁe B%Eﬁalﬂiéﬁzﬁhtﬁ%%‘% Hhddel poiks. R suléﬁ‘ &Jopi 300! 15)'ﬁﬁlsﬁated in FIG.

I NCreases a he requested data rate increases
5l DRC i s WD 2005/ 109792 PCT/ US2005/ 015812

[1110] One embodiment, as illustrated in FIG. 5, is a loop 300 designed to determine

acceptable channel quality with respect to a threshold. The input, IDRC, is a function or
index of the DRC value, e.g., an increasing function of the data rate associated with the

DRC, wherein IDRC increases as the requested data rate increases. The IDRC is



23 provided to conpare unit 302 and to an Infinite

| mpul se Response filter (I1R) 306. In one exanple the
w0 2008/1c095t ant is set to | s, however, alternaP€r/us2085/015812

constants may be inplenented. The filtered output of

IIRfilter 306 is provided té3a sunming unit 312,

V\,hi.gh rovi des t,hgﬂé hr eshol alue to conpare unit
PERRAUICATIOCOTRFRH PR gt ARG ERan g‘tﬁ/?btgrlég’ sekesppasefter KAR) 306. In
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cfisel Gy, TR OReRG bt o loBe ooy et B 302 s 1
ndé ,thah80%. n Eldee iff theUdoniapison liRbblot e ingQ valueVilde She signal

geg&r al bias for the threshold to conpare unit 302.
Pheyaddeto i/ dp acquimlater, 30Ry isEHCts dngseasgiod dbe theesheldpalke output of
it : : i Lndi:Gab Org, | S..:
i aceiinlafoR 3081 BREIa&EHo Bl nb il ST Sy h SR 312 sums the
ostphisdefl wy/dmacaunmilater 308earchHRNflker 3061 whedein thediymdtfeom GIR filter

SfR PR Ceerdues T h SraROH kSRR VBHAI0Ri s sult of the
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be incorporated into the schedul er by neasuring t1
frompthetougiut BE camparBrmit] 39&s . In Fhis avdyy thet seheduderumdintains the channel

deci,si.o trig, used by.th chedul er. ot

AP e ot eRtised Tk reBhon i Pl B bersniesaf ool
tiffR8 el @BArE] cobld@ion'ie gdd, €€., BRdnaY ¢ per user may be
adaptively selected by neasuring the fraction of EF

[1112] yser Ihe nicterhgach sraynbetingdrponatedeinky the welassiufesrbya measuring the

a@g[}@%ﬁ, rgg& tgg@({@ 0%{3?@?, EEE% %&gall d:écispo%cllr(lgttn% 'usgg)by the scheduler

may not explicitly include the ChannelCondition and SectorLoad measurements. The

required DelayBound per user may be adaptively selected by measuring the fraction of
EF users that may not meet their delay bounds for a certain fraction of transmitted IP

packets.



24 [1113] A paraneter used by sone schedulers is

referred to as the "QoS class index" of a flow which
waeledosnex9t he relative priority for that flow HRPUS2085/@15812

a variety of methods by whigh the QoS classes may be

determ ned. Wthin a given S class, different flows

[1113] Y &f}é(ﬁm\éﬁews%i@ &Eﬁéﬁch&d\ﬁ% iscrrelé%%lﬁ%o J {L% @ c‘ﬂs?%?/dgf(” of a

ndex 1s an in ationto
ﬂdw véhi¢H definea tite mebitive priorityi fomthat flow. Thee afead Vaﬁdt}iaf methods by

bﬁga&@r}% ?’Ifét%elgﬁ’ﬂ@’e °t étgénﬂ 13{6&5‘{1 rﬁ]\é‘r’]?erh 89 & as§,a41£f§rent flows
m$Lheed 06y &idferdnd Qra?ﬁtf‘ eﬁ;ék eThé QIY emssenddkohemn H{dhc%gbﬁ Mo the

to fl ows havi ng QoS cl ass indices.
reqlizgd Priozide Jevel by a @@gmdgnummwe the Gmstlwh delivior of the
tra&n e BE flows are special cases of AF flows where the
%i mum required throughput value is set to zero. QS

[1114] cl ags ohe endBEintnt, thaQES Riagh il & 4 RGPAGALVE nEé:geE vENYB selected
[1115] Note, hi her S cl asses_are given higher

foerheoﬁc e@ﬂlerrfevmwﬂe BPHOY to foyrs bandes bigher QpSidass indices.
Het?%hﬁgglc?egs fiffext 5?? Zc%%%&%ﬂ%%% %E/ﬁd? | ﬂcg’!r: ngﬁllerel{\q/atéé ‘B floWs are

e queues are an ‘exa
spsaifiedsdsesf AR Yloss et theanifithiih -requdredheiaghpiit &alueds $¢titd zero.

umher, of EF bits that are_apprgaching a deadline.
Qqasna?ﬁén@ﬁ??eoﬁmghﬁ%‘ﬁeﬁpﬁ E’rﬁ% flowgne schedul er may
I f
[11s) 2 SQ\IdtQCIIu%%m@é ;éggrsleefsoaggrgwéﬁqﬁmg; PR RO ED@ga?wm not

nemssa'lly rienschsdulsd \fpit tramsnuttﬂb aﬁelbhléa Hﬁ?ﬁsta Waifidg Jin Mquﬁeues are

TR I G S AT N AN A

a dufdbed b$ B Bitétth&rhr@ ﬁygirgﬁ:hir@t E?dl@aﬁﬁhé/ gh thd é@n@@ﬁ%ﬁﬁ&du nstance,
dat agr ans, Bn)éabound relative to the

the |seﬂaed§ieamabfalsm enthrded gatarrfrgmt wsers writlc lsompetible DRCs, i.e.,

B o PRI T B Sk v

[1116] t harA @03 | 1948 . m&P bt appyédimhtelie cﬁﬁ'ﬂ&bﬂﬁddeﬂ?/ftﬁfee é&ﬁeters 1)
| ows, wherein AF is sured Forwardin or

dlqmlawsonmaf\ﬁheléf’ datagyem §es,47) «b@t@bau% pf mefm‘@eramgalutnne between IP
dagdﬁfﬁﬁrgé Bifg! @gldgiayt%%n%i reﬂﬂ{/ | SStfgIgIg ?)f the Dt’ datagram after

arri he 'sc edu
w}bﬁhﬂl\eeoﬁﬂemssiftﬂd d}mgrahybe&mmsemaﬂw e, a given flow

0117) G o R R et o By P = b afe?éfs@'g%& tpan R flows, so it

i i
50K, 90 55 S SRR Py or
ERowsigavithgea samaddsy byunidduhdiffenidg iim distribation whihe IP idatagram size

P, AR o R S 2 i
a divéh oW RafingWhe k4ind Blayp 6HRRAUNApackR iz QHBHtidHAL 4 Vbﬁsﬂow

of _packet size and inter-arrival time nay be easily
bubhayieg baléthetipteparringy t@gahstnmlo@fwwl@ approximaiely behdviedhe same

nd. wever a yery . .
as SV RLE ¢ IR AYACE tRtma B SHi 1ol T Bl - arrvat
ting dietridtlon, ik taidel theldataliig S H{strﬂithlbﬁrhﬁ .a VO flow, would also
schedul er treats flows with | owe

approximately behave as two VoIP flows to the scheduler Non-integer multiples of
packet size and inter-arrival time may be easily envisioned to be aggregations of a basic
“unit” flow type.

[1118] The delay bound, however, has a very different effect on the scheduler than the

datagram size and interarrival time distributions. The scheduler treats flows with lower



WO 2005/ 109792 PCT/ US2005/ 015812 25 del ay bounds wth

hi gher priority. In some sense, setting the delay
whoewsdooh2 a flowto a |ower value is a soft WegT/U82005/015812

increasing its QS class index. [1119] As discussed

previ ously herei nabove, schédul i ng of transm ssions is

related to. _adm ssion control,
oS B R SheR SSoe I PSR BRSPS gépa%ﬁglé‘@t Y flow to a
1of8f vAh& %%%ﬁrwa Es%i%#tg 08s thgindet.er m nes when and
how suc | ows "W | ransmtted. In other words,
[1119] adniAs ldtsnussedlpr@howm herminpleayewbiheAuling of wasmigsions is Telated to

bl f I
odrler aatsvl g hiensdieraP Qetof HECRREr fridh 2P or fow is
aJc@;StQ@Y& R6¢ks8hs ahd 8éneliliBng then BicaAines whes bad biew.such flows will
heref ore, schedul er operation %/ npact, .t he

betisefas Ia@mqr ovor@a; pdmissign eamire] dgtegmines veyeh daig will be eligible

o ARl B 4 Shiife Fﬁtaﬁ%{l%ﬁdg}ﬂ@ P BT ARe speifi

datbiclorhftatane E&d‘ersdﬁ the tSnstegsianl adstamoed. aThérgforéoschéduler operation

fl ows, however, radation is, typical l'é uneven. MNbre
mgp EBpAdt el adprissiggan %ng’h@mﬁs%"é%mé‘r VRYSeHkd first in

[1120] an aAE?d?REWtB JR é}ﬁﬁdd?mgﬁtggéfﬁ %1&4@%&%&&%@@1@ A8 BE/AF

proper thin a given E class, and i'gnhoring
floWe ath §ched1ﬂeﬂ: axchi thatdexch puffers rddgrséattqnnfggly uBerr EF jowis, however,

R T e e
P RP LG dtbsmﬁlﬁfﬁﬁf‘hfgﬁeﬂ"@& réla%ﬁ:stfhﬁ:tﬂﬂmge%roﬁé F}EFWitﬁmraS given EF

suppor te horfogeneous EF fl ows users are
QdSgclasse dnd igneingy tht drffqrmewn idetabr ebgusdessitingge yaers rith lower

users and 0 to _hj 0

RIS A AP 000 b1 et gt cBE e npinkiol Sty e desired
pOPladiBe.t MRisSApeshieh as takendo MAkEnispeied inabéd of, Eysers supported.
adm ssion control processing. Sone of these

Fonh@mgmms%ﬂews |the,EF usera arei dﬁg’faﬁéd u\‘l%depbwtﬁang with the lowest
t
ggé(tg? H%?Sr %‘tldl P(Jpag% I% gogﬂgﬁﬁ g,g Omne lug%\rg Zl?gss ng’gﬁgwheﬁas several

coelRshcey Gefictacee rithatd bﬁxsgeouh[etschedu/]mt hangle o1oe¢ rspec1ﬁcally, by
increasing to the right. V\gﬁ]the current S%\kﬁ d th
afigyisgiont pratrof rpéerzﬂsapgg. Verme | fuiess, CPReANSRCES, g ilystrated in the
rs to maximze the nunber of QoS fl ows

fglgogglﬁ%%%g }Z\igsgesn red QS. The level of |ow geonetr

[1121] user Thiyy ﬁma@miamy bH ﬂ'ld’lmhbdlghlt isvilliptrated maEé(ﬁng, wherein flows are
congesti o gﬁe schedul er ad t he er}/1 3 o the right.
shewRiiRy éaﬂ £ RCGHT Bygeap’\? iR EFOmSHE %ﬁ"’f‘ 04 o, the Tig

d’pgfﬂﬁr urfeht %ﬁerﬁQBad Qﬁ@@&fbﬂ@ﬂeﬁ s GOWRH ﬁﬁ@ht)j tbalsweg cometry
out a typicall'y be the function

mdaﬁ@mammlzaﬁterlmmtzm of 6106 OVYﬁerﬁMYlnﬁﬁc@SmQP 1 iTHg level of low

g%la]%gti% uggr% éqzrélﬁgogns d %@I tﬂggrrgr% \{% ggh%st%ﬂ uﬁ?er %cheduler
RBraBesBib Eevaic‘é\&/eceﬁt% B)hﬁlch lu@éiﬁ 5Y chengeichylovee pnaﬂ‘rys H@Wever it

a very hig t hr oug h& EF flow. The schedul er
1alﬂot)a’9€tpen%1blle ¢f_cempletely daliipg ot gney, gaBrbiapld &%@?aﬂy be the

p'gf,a@mlsgloa S BRRoIMa R Ol ABS o HABI oML

'St on
[1122] Consider a situation wherein all users have a single flow and have the same QoS

class, such as a VoIP flow, and the highest geometry user asks for a very high
throughput EF flow. The scheduler may allocate all FL slots to the highest geometry
user, even if this means no transmissions to other user. Generally, a decision of

admission for the flow is handled by admission control processing, which considers the



adm ssion for the flowis handled by adm ssion control
processi ng, which considers the WO 2005/109792
wEIDsSWBPeD5/ 015812 26 current | oadi ng of the BEEUSI005/015812
When admi ssion control admts the flow, the schedul er
perforns any basic functionaléty and allocates all FL
slots tg that user. Note, degrading |ower geonetr
cugertdording of thseysismr  Weien admussion qeonfinl @44%1'(%‘81@ e scheduler
PSR E8% R T HAES 0 B SSIEET B4 ERRRY R, acing
lmel‘ogeométryahmrmfmtsddmwmtmesm emalthme&mﬂ(ﬂe} nédXdmires the

| P onl 123] 1f I
RS OF B, M55 Sefiprable et pérdutionit.o nEhe scheduler may
oGl GEh AUALLOIMHI fherd BRASH WARD O ﬁﬁ&rh@@r(%)ﬁﬁn@a &Y traffic

| ow t hr oughput (e.qg. Byte every second
tepeHeduNefP ol not gi ve the requested or deS| red

[1123] te]b ][ ggghﬁ%‘@ gtﬁ(gmtﬁtg( ﬁ%@?%@g\ég&&gllﬁ ldggrtel&qug)f ﬁ%: cﬁecpu?er due to mild
cbﬁ%igﬁ@@ ishisking Yoraf vdr{ %v@ﬂﬁ‘b@ipﬁﬂgefg) ntB e very RB81dY, tR8E&heduler

dul er operation with respect to this user given

mayenat giviedhe reqyestedhor dsaiged throughpiitgo ghis user evien thangls thisowould not
?t%@tt th@ lFL”Bé@BJIﬁlraﬁ(ger tea Iai%lg h[e? %e%eéf)c?rrsﬁlnég cgfe tgi % ﬁ{\'ﬂi%%ﬁ gontrol to

aficipith eclfedhleﬁwpemlcdul Wwithi 3&spedt to taeded giveh tvngeRaDHStehload. In
traffic as. a scenario wherein all users are EF users

this cpsen theadpussion qrirofsay forcprlie seheduigr & providst sepfestocthis user
bgflnérb'fsﬁ goifts gg@gll ,8e ransm ssi on instances for a set

S|ng er and nul'ti-user transmssion formats.
[1124] Si nglFer uhce folfmngtdsscussmrstmﬁilé@zt korhdpeheds EF daraffibi@s a scenario

orr.espondi n sers' ueues. ti-user_for t e
iR &l Wipts I S57tS ik  Eare e Bpdcls e SRR st creates a
1isP 'maéélﬂh@at@%sm{séﬂaﬁf’]ns%@ess ¢he qu k&r of 1888dr0 Qﬁd ulti-user

packet netric to each he candi date i nst ances

trap$oission tirmatsa nSilng]atIEelt foamaimasesstoffed miﬂldntse?rom the corresponding

u%%g{(ilf on?Mw g‘ —m he | am'? ﬁﬁ%{?ﬁ ﬁ’teltnﬁs ltleues of users having

cwg!ﬁgﬁtﬁjw[m@sonparl son operation is def| ned as the
exi cal" conparison providing a well defined

"
[1125] nmaxi rhhgachestyler|tham aysigns risparket mﬁ‘é“wpf@c%@h afghe p@ndidﬂte instances
eagﬁgﬁeﬁqh@l caﬁ&%ﬁte\’\%ﬁ{ ﬁlpslo%l Lns gﬁes%ogg g%stgr e la.tégest packet

uSer has on

méntid>- Thk paslyes nfstiic Ay e ﬂﬁﬂﬁrmughpﬁﬁpolirﬁc&ﬂﬁm’ %eftﬂn a comparison
format, wherein tg create a nulti-user transm ssion
opsiafaihiselefiasd f3fhs “leKisahgompariEas RIPECTEN Velldsimsahoriamization.

126) 00k B SR QRN OB TN S v

atd eaatmseehqsmndll'ﬂi;ﬂbw of dheagpmantype,ang. pa Noﬂbbn]yn;ystem and a multi-

first-out b del ay bounds,are assuned toQ be
G TATARESIoB, Ot VPR o8 la 7B W Banempsion Aepiange for this

SR Bltsnﬁe $hAfPESror §he GhARE of Phd G¥Fs KWk @ fible DRESE Among
P packet, and anong different users, sele |on IS

ﬂpaéc fiesrsybits iare wlectedrbasedsan the tite-starip pt’rﬂme:onh@omdmgdf’ dafagrams
oft 4 Fitst-in a\ﬁrg{%ug %aSIS ehgelg}{rjl %ounds are assumed to be the same for this
example. Among the bits having the same time-stamps, selection follows the order in
the IP packet, and among different users, selection is performed in a manner so as to
minimize the number of users having data in the packet.

[1127] The payload polynomial of a transmission instance may then be given as:



[1127] The payl oad pol ynom al of a transm ssion

i nstance may then be given as: WO 2005/ 109792
wEIDsSWBPeD5/ 015812 27 p(x)=BDz D +BD- 1z D+1 .BCT/USB07015812

1 +BO wherein Bn represents_the nunber of bits

included in the candidate t”4dnsmi ssion instance

incurring a delay of n-BJAOtS' The yalue of D may be

equal p€x) +H&, el &yBpgand as- bt B znelyByge taken out of

t he queue when such bits have been in the queue for a
wherein Bhaeprosentsthe suabenpfibite impdided ih themndidate ttansmission imstance

. nor.e th D slao of, del ay. 1281 The t .

ingSRTOR IRy PR SISt VS P By S O BEaED] ypynd s bits

mhy'Be BR¥h @afof 1BE QAR RN s ®itEBhAOBednSintthe §RABEDE a tRR period
coefficient vector of the payload polynomal into N

exgeaslinssthe Waley hernd and thve iree piore thapdsslpisiaiidalagach group
b . ' .
3, ORI s Cho A P g

pddyhothhiyl, dDigmethed ¢otodesaett thaydadficiemolegtod o the payload @olynomial
_&){(ﬁect ed nunber of slots for the = candi date
in

nERTRS Mshthen simnthe cogffigientsewithiapaply SEaup tohian g condensed
rop Ra i, o 1RE pRABEERU AL Thy HELSAEREUIn T jsftuon obtained
byadisHdifge tHeatohdensed payloal pglydonaial b thesexpeeted anohbaseftslots for the
representation.of th ayl oad,pol ynom al.. The .
capdidpieramsRisFOnnsipmes dorpe Sresies Rg el eS| o gresty {Hhsqrocedure is
S HAEN P Wy h BSIMBRE Bpabwiis tHeag10ah 8 RmaMial plx){ #d the bottom
c(z) / Ng wherein Ng iS a "generic" span for the )
row sne(Pr) swtiicin i drenerndemrgd rreprosanitationaef te paytbadrpolynomial. The
msgpod. of, its.calcul ati ondei s di scussed herei nbel ow.
VRl RS & AN PP SIS E S0l ynoni al is then used as
[1129] the PRCheduehBitpolynomiilietiealopehiagn of a candi date
transm ssion instance anong a set of various other
al ter naf(zyex(z)da¥p sinmlarly obtained. [1130] Note the
above descri bed packet netric suggests a trade-off
whatineenis| afgenenc” spah dorcthamansmission fionmag npdir.coh§idédation and the

re selected to be equal to D, .that is if c(x).=
meER, of i ceiulafar s, Setserd WRarineclent o bhe Seting throughput
p(%l?x?dsh?m %St Qu2h ab lﬁﬁ: ﬂ%gﬁe? md¥GeH thB delbbifor! G088 lidadqtAY¥mission

ubsequent [y, bits incurring the next |argest
insteheeyamaeng asch of carivsis dtheealtérnativee,| each siomladly obtaszeddi dat e

tra i ssion instance. This is.a result of .th
[1130) .} gy Rl he okt SbRERRT nlthet el shER g PSPl hetpoen latency
erIBicEnest Add ﬁrodgEf)ﬁ’t_l.«' O] RedeYseREted! t8)be ddual B B, thiRYs if c(x) =
t he conparison begins by identifying the highest order
p@), therctheporkat anatag woplkd enferce panspnaswom Pt the bifs incuiigg e largest

rder ' ' ' | . .
o8 S S iy, B RO o PRSP0 3R, R Bbidrea i
scldRebhi ¢f enémdiate aanmasgch Shstarideng Thid s at fguldi ghest “lexical”

order; when a higher coefficient js found in

coFenayiseeRd MCRBPaeE thedrrkat metdosfbe th&alghguttm&%mié& In this
| tal. . at | . i Ci . of

wE}?, g@?@l%sg% %@%}é???c%ﬂngﬁﬁ% %11?311 gers]tg (i}gglc&eefaéﬁ Hb15BmiaP! I one

polynomial is of a higher order, then that polynomial is defined as the larger

polynomial. If both have a same order, then the coefficients are compared starting with
the highest order; when a higher coefficient is found in one polynomial, that polynomzial
is defined as the larger polynomial.

[1131] Segmentation of the coefficients of p(x) to obtain c(x), implicitly ignores

differences in the incurred delay corresponding to the bits within each segment. In



differences in the incurred delay corresponding to the
bits within each segnent. In WO 2005/109792

wEIDsSWBZeD5/ 015812 28 return, there is a maxi PERURYPODH15812
t he throughput which now has_nore flexibility. The
nmost flexibility in maxi m zi"fig t hr oughput woul d be

btained if al.l .coeff.icients,of X wer e conbi.ned..ln
1ot TR s elmRminfE of o6 Ergnghe Bhith nolEhss SOME hESHH The
me &lek AN iﬁ,nlabaaﬁaizs@gﬂ@mggﬁﬁﬁtewuld He(obkaiféd fralieoePf@dnts of p(x)

provi des a conprom se. e |l argest order term has the
wefesambinedjinp siagle sppagnt(per (DPLrder @eyong vari ous

can ' e . .
1132] - £l RS Seerhlfty (3 TRt it oHOBGyiHES  compromise
Tlse gt otdee tenethbs dieepleatestf ingfax). Wihem thereeist haie dmeng various
segnents. This results in a sjngle.par er to.
caaﬂ%atﬁ I AnGRs; s teEnspf 90ch &ﬁa%defwogo%ﬂf?mf ¢ hfrefops, dt may not be
f i " . N2 i C )
nEs o sERRLU cockeRHTRRN) b iyt MR TeB s Tl results
innuhele phrahietes tonopemaibe, sehicknwe wilsgenote beloy andtmaB “the delay
specifically, hi2 is the nunber of bits jncluded i -
fragtion & Fuvuaahary; Wah4wp segments, rﬁr(SSa:n@‘éz)i%f: SEprshere 3@229@ hi
t:] I ; sdificd ‘
oA hmub B0 18 Ry Wil RpRE e g b
nurhieer od Héts aficludedria thacandidasd trafSmissiaif fnsepcdicumingta delay larger
different traffic podels.(e.qg., .different delay
thg gr1FaSS the ARy Peds ARG B rib G atber af bits pwrhing dgmelpr delay.
del : t it 3;
[1133] - {7 n¥oraB PR of ors bRvinE BB (rdfic, ThE il ifiBGIPAATP AREL (o,
diffferemt delap bosinds),hhe argmtent issmodificd mBststwich seiliey deley bounds are

opposed_.to . "del ay" al one, i tuf f.] bits into the
tog o aF oA et Bt Hetndhe BuS it ek i6lay MpRadsg A natural
. i t 1 t i k¢ ’ .
I8 P PR R BREETP RGOy Meollkhed Bt ielay alon, i
sttffingrbdtsduierthe bendiddta yratemission #stanessuAnt] infdetennming whérabits are

F bits with | r delay bounds will tend to have
t@%%??p%@?ﬁhegggsﬁs with |arger delay bounds.
113 k| '
[1134] | ﬁéélﬁgl, gclh ggﬁigﬁeér@%ogge afo'ﬁgpgglai & ofC g%tdﬂl@‘.’de'i Bfd. A

enbodi es an adaptive dél ay
realnbf this isrthat FHOBitc withllesert delay oemds Wil tendagdave ptioti§dbver EF

adapted for_ storing and maintaini ng queue i nfornation.
bifgprsh @FG&E@%“%H?% 604 al so stores information

[1135] rel apjog iQuRRc] £4&iaulet %édt'&}ihg Go Alca¥mBEEMBAt. Scheduler 600
t hroughput sensitivity, priority class, such as EF

inglBdeefu. adapiict delag contiblowniti6DB reoupled HonmynemeoTH ertdrggre it 604

o in t he .schedul er... such as.at her.. i nformation..
sdpled ok BTG AR SR SO SIORTBIS VIRRONIgApe it 604 also
sttel iRBAnsint refBifg tS cathQitette AndigdiR HelaPhd/or thadedhpat de@sitivity,

unit 608 and bit stuffing_ metric calculation unit | )
pPeody claseswch s £, BEn lcataad pthsr infpanption whighanay be designed into

st uf {4 [ ively. it .
iR DL e QB HGRRMIFLY TP BeSL il Ftydion o
nRfBry stolige padtksd i8BEdvidedotaliinatricaaldulition b, 608rahdtbiestuffing
queue select unit 610. The bit stuffing. nmetrigc an% )
mehEe apiquiatioadif e sThese UBEOERIGEE & S1taastHF @ad @ bit stuffing metric,

retsﬁ&mfgiiy.s TR Ralc Mt ifmetric is provided to the bit metric calculation unit 608,
the packet metric calculation unit 616, and the queue select unit 610. The bit stuffing

et

metric and the selected queues are provided to candidate transmission instance

generator 612. The packet metric from packet metric calculation unit 616 and the set of



generator 612. The packet netric from packet netric

calculation unit 616 and the set of WO 2005/109792
wEANsWBZeN5/ 015812 29 candi date transm ssi on POBUSIV0E615812

generated by generator 612 re provided to

transm ssion instance sel ect?unit 614. [1136] FIG 9

cA Bl D AT BERy WalioRe fhnacadrayided to

trhrﬁsnﬁisﬂfrﬁﬂstﬂﬁfes%le@t’ﬂrﬁ%weue data 620. For each queue
620 there is a corresponding QoS class or priority

[1136] c| asEIG22deads thesmempryi stprage dalli 9daasoftormujtiplg gpeues having
Il ]
péﬂdﬁ%o%gac Lhe Iehg ¥ t%l}ggtgred gy ng ﬁé&/aats :gtﬂguélsﬂﬁa 35(? ﬁgﬁj 438'8 queue 620

th%rerls 2} cdﬁe@bﬁmng Qo@t cl@hs ®k piofityctlas6R2 abd2 sérisitivitg dEhgna&or 624.
he tinme slot is avall ble for. a ne

bus .
[1137] packEEthrOaﬂﬁsmfl%’r shart iflushigbingtBe Sphedufipgmethads agcgragg to one
rpﬁ&'hﬂ Kepd ﬁ%ﬁﬁﬂ' 550 At defifmaed e Héc%loﬁ’ 'f%ﬁ(ﬁfde%Zalf the FL is
I'st of candidate transm ssion Instances based on a
bsaybs.et iDfhediirhe rsbad iaracdtaideble ¥arda mewnpavkststramsnfissiomt ¥f tie slot is

ste The cket netrjic gorrespagndi ng to each .
et & 1975 REANL AT BSOS et erafe Tt of;qapdidate
trét%lss'ﬁin B58Rce’ Pased! dtfa SRGA &ﬁn%hﬁp&eﬁv@d&faﬁﬂﬁﬁkﬁﬁ ifS¥hats at

I nstance having a greatest value for the packet
step504.c . Thet pasketomsitio cohresondingrtb Se¢loearididatertrarsniission instance is

AR R i AERETRRE I el elheng SRS having

algrafiest i forl sl pAYKES nihdc.| At 8fPNS107¢hes @Bsrbi8dion Mnstance is
nmet hod 500. At step 520 the scheduler calculates a
foymetteebfor frensogissiech queue entry. At step 522 the
[1138] Schegideny ?ﬂ\{s‘&%e?t Bt r{%édlﬁéﬁ{f ffw%gﬁafaghg £°£eteéﬁ hcandldate
gueue. Thé DI I'C values are co o sele
trslmmissﬁoxq itstamses§ aid Anplemamingssiep 504 ris tnasthe] 560. epAE%ﬂap 520 the
bi t stufflng){tnetrlc is used to generate candi dat

sqhegwgwglgwaws i Bt AHEES f9%icAeh UHeres 8D udie22sthg pscﬁeduler
glﬁ gﬁe’cﬂ@tf&o%h GudTERAS bi‘t,‘ﬁgi tlgé‘ GBlues are compared to
ca cu? ations aﬁ conpari so are provide

seﬂentel sbef queuef fd13=9]:raM1es1om istaace rdbapd? 37 nThe hit stuffing metric is

ndi date tra i on j nstan Wth a | ez user
g e, B AE Fonpiegan A thiag e 8 & fidies, step 526.
Efahfles b0 endfR MU SRERT HOEWBRL ca‘l&ﬂaﬁﬁ)tns ah@ cohPahfMeHrE Blovided
format corresponding to that user's DRC. For users
hérﬁmhelmm ch NULL DRC have been received, a candidate
tran SSI on |

pendRi ncetr'a%é}%&ﬁa*ﬁetgamg{ﬁ&%wef t.he us%ﬁ.s[lng?le-user

fcﬁﬁfa’t/i%cgeﬁbﬂafeﬁ tbf'leaﬁ:ﬁ us&ethst hdsipéndidg aiant BientrdrSiiisdfodXormat is set
rates at the Radio Layer Protocol (RLP) _layer. [1140

tonthe gpamigsd @W&?@Fﬁ%@ﬁ% foribataiseds Eorrpispysifrqm which NULL
D&&f HEJe ljJe%fl qg&%feﬁt gq:a{uﬁ[l §mg§3#1 rﬁ?s‘#arﬁ@ 35 gtee'éfeﬁ%gd}{ if the user

canoni ca user orna e use
had peadingdBF "\dath. florBE/AH usetsh NSTIL B@@s draf i ddrvédbsince thbse users

t d t t ted i
e o o Jo AT T BS R ET o 11

[1140] A candidate transmission instance with a multi-user format is generated for each

[1139]

defined and derived “canonical” multi-user format. A flag may be used to allow
derived formats in this stage.

[1141] Note, the set of candidate transmission instances generated in step 506 are based
on “canonical” formats. That is short packets are not included in this step. The purpose

is to help bias the scheduler towards higher geometry users and to avoid low geometry



[1142]

[1143]

[1144]

[1145]

[1146]

on "canonical" formats. That is short packets are not
included in this step. The purpose is to help bias
wao b@sgsedterdul er towar ds hi gher geonetry users apdI/U82005/015812
avoi d | ow geonetry WO 2005/ %B9792 PCT/ US2005/ 015812
30 users from abusi ng short “packets and thus reducing
u C
uss St AUERRRY Sout 5 Bk B G g 5 St e e, gy ackets

ar¢ Osdd ifp.a Iia%hn\gﬂﬁﬁméﬂf@ masigedtied sepn@s ihiseated i FTG SEI)Grhen the
i nstance has a payload which fits into a_short packet.

selegted spndid %mﬁﬁlgssm }néﬁaﬁ?ﬁc@asmlﬁaééifhl@hﬁ@ﬂ@ﬁ grtpacket.
f
Dol o pEBing OARIGRL Bactiblriidil fop kg b irfbfihe SrRient Bith FIG.
12t hinchigtstep, gaetedazhndidanstrmgmssmnfmm ALY ﬂumgght @change

the follo e 1 I.f. the sel ected candidate
Oftniaﬁﬂgﬁ'?lé’g\l%fﬁ%f Efﬁ’&% %ﬁtf%l 1914ng "eshgl e user' s dat a,
the (IﬂFIfStﬁla Q6lb&ed bRId®e trﬁns%hﬁé?&?ﬁm%aﬁcp BorRhih§ & siridle user’s data,

single-user format conpatible wth the user's or
a mihe ire-sdected format is elwed tot be eghd:rea: siagleczan fmxae compatible
transg]@lgl on, f t co ains.two or nore user's data,
t he 11 Iué%tt 2o ahe anot her nul ti - user

f or n@y If the @wctearcanaﬂa@, trifRghission] Foembt E&tamE twaRRGhére user’s
to carry the payload is selected. This post-

convdis ithh re-geleciad Remat areyrly be apgther agléﬁwm forragt. In either

a\rllo'oc%(séé: Cetﬂn% ":s‘xénﬁirlr%ﬁ ?‘oﬁfan Ségé?o 'f% i{{}% #ﬁefeg rflc?e{dngtns%letc%zl.l “Blis post-
tr anoavasioaris ifisfianoatrblied b? rflagh nisdt L@ aoid toepv&@sidns to some

where the schedul er maxim zes a packing efficiency of
the mylirerdos8ptsn i nstance, and a step 532 wherein the

Fi o 8E AT B SR0 o Ripfiths B KFHNENLRT kR frter

1neiud¢d hustep di36@dwheare EieGsch’b&ulefl’ heaxtimenes m spackmg |afﬁ¢1amye of the

s first. evaluat dto if.a use
e Aston I oid GSP S Tt g ler Perprie g apriori ACK
calb%ﬁ{tloﬁoiegﬁG' B. Uﬁ&ﬁtmﬁeﬂ? & 53@&1%9 ihctudethé RRthod as illustrated in
det ai | ed her ei nbel ow. I n ohe enbodi nent, the

Fl&c h3dThe fraghmission mef@mdwle fnmmvaﬂumeé pradetemnne ifiacmglergser format
. to e . .of t u rsf hes
is et SRciBaT irtront a0k IF T ustl iyt sl 18 T aten -, forther
deEsileg thetctibeloint s t he desi gnated nunber of transm ssion

slots. If there are any users which have not yet

ackridwine sgbediseant.dbe sehedelepdeterminerethe Wmmlt%n corresponding

I S

toyf BIRTE e wherf tor WABHTL I P PadsielliORRAC, Ifip) barrying
dataebltﬁ ITHIe&&hédm&rtcbﬂttts th%stgﬁate{i hidhbér dil‘trmhmg&matsbts If there are

enbodi nent_ i hcl udes specj fi ns and nethods for
anyoHefret WHgh Rave nef Hed 1'9@9\77 qu&@t Pomesy yeqeipf @f th transmitted

in ogxglhﬂ& ;. gjgﬂstzmﬁ% ah WOK fdsdaBe, Dlilif Bk bglg} %F&E Gy of the

cén te transm ssion I nstance and ation
qwﬁesatlm&tNMnmmtcsthe trpdsbdidioPacket netric cal cul ati ons
are perforned i.n ste 8 V\hll bit stuffi
of {temate embodic'melﬁ 1nc9udes spec1 means an e?l?ods oP completmg

the method 500 illustrated in FIG. 10, including, but not limited to, bit stuffing to create

each candidate transmission instance and calculation of a packet metric.

Packet metric calculations are performed in step 508, while bit stuffing is part of
formatting the transmission instance of step 508. In general, a single-user transmission
instance may be stuffed with bits from one or more flows of the same user. A multi-user

instance with a “defined” format, such as one defined as in Table 1, may be stuffed with



formatting the transm ssion instance of step 508. In
general, a single-user transm ssion instance nay be
warubfiedowi th bits fromone or nore flows of tPET/EsS2UBS/015812
user. A multi-user instance with a "defined" format,
such as one defined as in Table 1, may be stuffed wth

2005/ 109792 PCT/ US2005/01581 1 bits .f one .
<R QB PO ISFST RIGEROER Bt Resr i R G Clpedibte with
thé Qﬁmﬁldsal fortbt. N riu18-uBH fnbtabieeeWith Of Nidrivedr” Hothiat niSEbe stuffed
instance with a "derived" format may be stuffed wth

wiﬁn bigs froorooe er ororerpsess whishstransmétted PRASMompatiblorgéh the multi-
at ] ﬁ wvi%&lg %tlsghgjfg %dedatﬁéh?ag nec{g?feﬂ%ht, gp d:fd%‘ 'c&ﬁpanbﬂlty ” A

DRQ‘”I%aééﬂéidetddy soft Aomphible S0 codslivkal athlit-obér fompaif theeexpected
to a derived nmulti-user formt if the expected nunber

nuggbes |ofstpts tp dreode dhe %éreémr{dwo&?ainﬁ@ foraret ielgss than 9pequal to
th{a %P%rrgﬁ the Q84 ?fﬂgt! i E@cgétfp Flﬁm%r 133 ?%)%eﬁ%%/al ot éamed by

e expec er-o ot s may
comparing e Bignal-toHiateRegmat and NoiseR dtier (SINB.) asuphirtid iferethe received
ecei v

DEPNe 15 b fefgrs o deStR N 48 PRt Comshl e g, under
Ai%':ﬁgfgm V\g\%ﬁséﬁn Hoise @QWN) OHRIREE). KitdRalcBY BRI Pected number

conditions). Alternately, the ex&

offeloth exay befdetdrotimedrigycopmatiog dravequestisratsotopthe £Hieptivh data rate of
requesied rate to the effective data rate of the

thﬂzl??‘(ﬁéfd?flﬁ?tnat [ 1147] The fol |l owi ng description

[1147] assume%fmlﬁgr@émubmbme@@os X1abéek Afrcluding: DVEE/AF and one
cl ass of he nethod all ows extension to nult

iple
clgs of B sBee msthad llownexiersinmiy multiptend plagses At el According to

nbodi t
o bR cqthioa inon i 46 ﬁysggfﬁnkga%ﬁﬁﬂs%ch is
gilver B3 a Polyfhi@hiatof fhie Zyrai: + [hI]Z 1+ [l o] wherein i

an i ndex of the bit, and only one of the three

coef fj. gﬂa_q([ the+<|;[gul PAG BT ;0 al l oned to be non-zero.

Not e, ripti |s given as bit-Ievel,

wh¥RirCals sh ﬂl'dlex obi 'tﬁesblt Mm@ bnkyP oﬁ@bﬁﬂfe&ﬁf&é%b@fﬁdi@l@m hi, lo} is
metric and the packet metric cal cul ations may no

alkemmlstsémelﬂoy-zxerw dNate, dthpughethe desariptinn isgivemas bif- lemls}yplcally all

lLet S he curre t del ay .asso t

g ettty e SR SRR APk ol g ey ot
néBessaﬂlﬁmvoWe Hitdevel bécudnutatibnkel ayBound and hi = /3 8 +

uif 5 < a DelayBound , wherein f3 is apararret

[1148] assobetabee dliet purrdng defayr assogiatad Wish janbié rfsen yany EFaﬂ@M Set the
a erein pis a large nunber; and
fqtkﬁg’r‘ ﬂeig“‘il‘?}/afb’?ﬁ@gdégal ar, for exanple 0.25, and is
i ndepg _?goi!} hngFéﬂy 8‘@&&&9}?0151&* a BE/ AF flow, set
oI OWs:

| o as
and

=B6+u if O6=<aDelayBound
wherein fis a parameter associated with the EF flow and is inversely related to the
delay bound; wherein x is a large number; and wherein «is a fixed scalar, for example

0.25, and is independent of the EF flow type.

For a BE/AF flow, set lo as follows:

1
AvgThroughput — TrgtThroughput

lo =



1 to = AvgThroughput - TrgtThroughput WO 2005/ 109792

PCT/ US2005/ 015812 32 wherei n AvgThroughput is the
war@sage9t hr oughput of the correspondi ng user BETUS2005/015812

Trgt Throughput is the m ni mym desired throughput for

that user. For a BE user, 'IalzgtThroughput is set to

0. . Th Kk ' . [ i al
B BRI A Sl Coro R BAER BERBEL b
Tt?gglﬁ%ﬁoélﬁ‘ﬁ@qgitﬁé\%ﬁfnﬁnﬁ ddgireth reighphl foistHab@is@ien®ot @ BE user,

the defined or derived candi date transm ssion .
TigtEliranghput isstbto zons Themacked meinel (¢ Hethuouahpil pelxgpmpial) is then
%Ir(::ic l(()@c:cu_rrul atedBitMetric) is the sum of the bit
ONBIPT BLC8 Pesponding to all bits included (or

stuffe i.n_.the, candi da instance. The val ue Ng may

be s%%cq%%w?tﬁg-n%?ﬁwlggﬁﬂws‘?‘c{ defined or derived
whiee: Ng N the pBdric\phiy of the deRiedxe deeived canditiste franswhisiun instance
case t%e packet netric will be equal to the

wader gensidaratipioind theeequenulatad pHimaetpg sAccupnatedBigMgirio) is the sum
i | . function i.m ze A%} Feabr i S:S, i :
of i RifcBEHeR ok B o ML B AR (oF AT T8I B candidate
insBst@&nTRe valae Nemayy bl asteo tiienemiekspaahifehedéfewt afderived type.
creating DRC insensitivity,. thus causing de radﬁ% Lo th
ANerREY et S Wt I S B HaP 4G ﬁaﬁlﬁ% © 3t PB vt to the
alééﬁﬁp%ﬁgcg%ﬂt &éedt-i%l lfﬁ&lﬁ@%g%bﬁfé doh&ulerSwil ARAERST tPRRkiBASNpayload

a "pse -span” which may be set to
pengadsarisslomimtan2e sather thing throaglpup @ek tressmissien nstange This may

1 o ShoBBEAEAS  SsnghC T BABNAET B, Opl e

p?[f@mg%n%@ QUHEASE Sudydesidatifg g rlo® foll 3 @RS behabiee Sllustrated in FIG.
1149] The follow ng properties provide a bias towar

d
6hiAytotipe epponsh isdeset Ng ta fépseudhenin” avhich mpy be sgf tprae far 1 and

-AC atible with a nulti-user for vl Ul SO+ qe
2SR BSrdil, A e ol PTBh L P Plfing i r
PAGB Bhsed Antpdyad A, wHIE 1oR) ralh Gorpnitedtd discaisggedt bye setting Ng to
"t hroughput" pol ynom al as a selection device. [1150]
l@ger vddssgn uses a large value p termin the definition
of t hi .and. hj fficihentf: i tLd T,

11991 5 e b bors RS ERALE. ik ol B i s o e
scl@fdukknce p is comon to all bits. The packet netric
is calculated as if_the, corresponding entry of th .
bi t(Lhdf piRRE ds eqmmprible WEh grmulfinser et glsp pogpatible with all

packetmﬁ?}-ﬂskﬁ{}o@ﬁ%f&?ﬁ&é}%@mﬁa@ dhfigaibhaRughput

pol ynom m nates the effect of 8(5 in the

packet...nmet s | r k b : [
g
[1150] fi xedrdelayBowses holatdel valsers ternilypithaldefinitioseosfsthe hi and hi2

experi enci ng good coverag[e requi.re only a fraction _of
copdicivetsafmduhaetrics. The bils are stuffed in order according to the value of

JS since x4 is common to all bits. The packet metric is calculated as if the

corresponding entry of the bit metric is changed to one thus resulting in a packet metric
proportional to the throughput polynomial. This eliminates the effect of f& in the
packet metric for packet metric calculation.

[1151] Note, as described above, the scheduler applies a fixed DelayBound to all users.
Typically, users experiencing good coverage require only a fraction of the DelayBound.
As the number of users increases, the degradation starts first at the weakest users,

whereas users at high geometries may not be strongly effected by the load.



As the nunber of users increases, the degradation
starts first at the weakest users, whereas users at

whe@k/iggenetri es may not be strongly effected pgT/UR®05/015812
| oad. WD 2005/ 109792 PCT/ US2005/ 015812 33 [1152] One

enbodi nent adaptively sets The delay bound and rel ated

par anet ers .. e, a)..b j r ' o
R E I T A A s TR e
) B%meﬁﬁlﬂntg%@frb@tﬁhﬁ/oﬂ f EFSerso IThiddeleyRe@udtusedrby teaicheduler
the fraction of good users at a. desirgkg?lﬁe | evel . A
may hepitesativiehs incereged of deqeased o naiwiREy the dfAsHoR f sood users at a
De] ayBound i S:. | N i.n ' t forl di
e BB B LT B AR R o s
imslefieted ¢h diecenibddinredtri ¢ for  BE/ AF users uses the

sy TR spleth sl B et = ok hNTEAR 5

BEZ&FME@LE%%@}%%ET%M teRAt systenms, operational

oal’s, 1541 The FL transm ssion formats
conpatBibiretrid + H /JacieThROghpudexT ages Thtogghputkt ed in

Table 1 for, fwo sets of protocol .subt ' ' .
Otl@qqebnbg@gjcbéeﬁ@ppgs may E%\Hngfeg}?n d ﬁo e%iff?xféggt‘i?%%gg dptrational
goglg,sa%%gi 'y, including proposed changes in recent

contributions to Rev- A defining conpatible multi-user .
[1154] f or s FLiteensDiSicinrfdiroets compafitde Withicach PR (Ginslex are also listed in

nsm ssi on for mat [ | hi i iai
e AT ot bRt AP0 KSR &
speRi BAHMBhE kepBtiiely, iRAGkiag Propeied chahpes inuradzat cartributians to Rev-
the transm_ssion format carrlesR ncl.udin % lic 2 A
A Refining sampaiiile enyltiresyr fasgpatsaior D eép}'afh@es 15050, Do ch G2
e g.. ' uher of sl bRN; HSEHY i
oo AR T LR 2% bRl ARy o ipl
(PadReEsrs)| SpengPiRimbRLehghy. ot &Packetfize” of the cuurbba of bits the

T IDETE S X e e
is lﬂﬂedﬁ?:rﬁﬁlgpge'é] ﬁ%ﬂlurﬁpﬁﬁnbé?‘edf's@otg fHidES t@Adission instance would
r

single-user”” transm'ssion formats, whereas certain
taleeitp YpeBe forwRel lisk.oTha ‘Pedamidelsogth”sis Wy totalsmymbes @f preamble

mul ti-user, formats. || ptiQn, i. Vi Sd » -
hipst ¢ A5 1@ thaﬁEth‘ggi %n&f 2’?%%%8 rf?ﬁm%ﬁg?oél ef F%{ebﬁa or TERTpssion
foltR%s 11598%ch PRE Ak Ildi@sed B bEldei Not)audt ot defitfes amih sifgle-user
these formats. The nulti-user fornats are

trafsmissioguioshats, Whersarepartaim et amAE Revisiend, defing both gmgle-user
reanbl e for each ti- .f. i St ¢

el sy, Pt afisbh: H38Evsifh Kbt P nthhiph Fapats may

bd B6edaHmSicafle RO igdaxs eThe \WT 208510l 232 packets at each of these

PCT/ US2005/ 015812 34 Taple 1: Transni ssion Formats .
fofronts TREVRBG- et Fomaitdr s peshomy R b LREVM, Jcices, e, the

pr?eitmnglleefoyse%h ReYif- MU e Qlses a distinet Walsh cover. The single-user

formats all use the MAC index assigned to a user.




I ndex b(Kbps) Transm ssion Transm ssion Transm ssi on

Fornat s
WORWs/1097256, 16, 1024) ,
Ox1 38.4 (1024, 16, 1024) (12
(256, 16, 1024),
76.8 (1024, 8,512) (128, 8,512),

(512,

For

8, 512)

mat
(512,

(1024, 8, 512)

(512, 16, 102

16, 1024)
§§16 1024) ,

Formats Ox0 0.0 None (128, 16, 1024),

(1024, 1BCT1/082bp5/015812
None
(1024, 16, 1024)

None (256, 8, 512),

0x2

Ox3 153.6 (1024, 4, 256)

(128, 4TdbR)1: ’I(riﬂﬁnﬂs@ﬁ@)rm(a?sﬁﬁr‘]:m%]))() Ré’ﬂﬁalﬂd RBGA,

DRC Rate R» PVO RevA ‘mfrle User R ev A Muiti-User
Index  (Kbps)  Transmission Transmission Transmission Formats
Format Formats
, 40.028) , | Ndx8, 4, 256), (@28161023%) , Hawr4, 4, 128) ,
(512, 4, 256), (1024, 4, 256), gég4?02?i 128)} (2048, 4, 128)
Ox6 6[L4. 4 (1024, 1, 64) (128, 815107 k28, 4 256,
(512 1 64). " | (1024 . 64) Okgagide 02046, 2. 64) "
Egig 3 64% 528,4:256)? (zéagfﬁﬁé%ﬁl 1024,%,64),
06512, A32466) , | (102816,102356) , | (122068022),64) (RG4S, 4, 128)
T e (ol ting on k) )
WO 20p5/ 109792 PCT/ US2005/ P(E3316,1024),
(1024,16,1024)
0x2 76.8 (1024,8,512) (128,8,512), None
(256,8,512),
(512,8,512),
(1024,8,512)
0x3 153.6 (1024,4,256) (128,4,256), (128,4,256), (256,4,256),
(256,4,256), (512,4,256), (1024,4,256)
(512,4,256),
(1024,4,256)
0x4 307.2 (1024,2,128) (128,2,128), (128,4,256), (256,4,256),
(256,2,128), (512,4,256), (1024,4,256)
(512,2,128),
(1024,2,128)
0x5 307.2 (2048,4,128) (512,4,128), (128,4,256), (256,4,256),
(1024,4,128), (512,4,256), (1024,4,256),
(2048,4,128) (2048,4,128)
0x6 614.4 (1024,1,64) (128,1,64), (128,4,256), (256,4,256),
(256,1,64), (512,4,256), (1024,4,256)
(512,1,64),
(1024,1,64)
0x7 614.4 (2048,2,64) (512,2,64), (128,4,256), (256,4,256),
(1024,2,64), (512,4,256), (1024,4,256),
(2048,2,64) (2048,4,128)
0x8 921.6 (3072,2,64) (1024,2,64), (128,4,256), (256,4,256),
(3072,2,64) (512,4,256), (1024,4,256),




35 (2048, 4,128), (3072,2,64) 0x9 1228.8 (2048, 1, 64)
(512, 1, 64), (128, 4,256), (256, 4,256), (1024, 1,64),

WQ B303/1497956) , (1024, 4, 256), (2048, 1, 64) (2048pCHUSHRSY15812
OKA 1228.8 (4096, 2, 64) (409G, 2, 64) (128, 4, 256),
(256, 4, 256), (512, 4, 256), %§1024 4, 256)

/AkaYaW.Xo) OO0

26484128 (3072,2,64) (40906, z 64) ?@@84,@2’82-(@072,2,64)
(3072, 1,64) 1(1024. 1. 64) 128 4, 256) (P56 _4 _256)

0x0307D122864) | (BW3,164056) , ( 1024,64).256) , | (128485%), ©564256),

(307, 2, 64) |OXC 2457. 6 (40@od @49 (4096 (s} 2@%? 10244256)
(128] 4, 256) | (256, 4, 256), 512 £, 256) ég@ f‘sé@%o

(2048, 4,128), (3072, 2, 64) (20(1% 8 2, 64)

orre {55k Rk 2(che 8. 4, 29 4,25 6), (256,4,256),
0?%12 55 (m’ﬁ?ﬁ 256) | %?2’04?)4 128 )1128425 )5 )
(4096, 2, 64) .| (5120. 2, 64) OXE 3072.0 Nong (% f2?é6>1(]é’ ‘5" ,256),

(1284, 256),| (256, 4, 256), | (512, 4, 256), (ﬂ(ﬁ§4,148)2@672264),

,4,128)|, (3072,2,64),| (4096, 2,64), é&g% .
05/ 109792 PCT/ US2005/015812 36 [ 115¥P0AS %

324 (? g4y ST on 'faﬁdzafi%&) refers (3,4256), (2564256)
m ssiorl Tormat with q@g ticular get. of
|

from{one or |nore queues s¢l@2ddH o be tr(%]ﬁs“p?é?i éﬁ’zﬁ)’ﬁ}z%)

it. A candildate transm sgion instance rqi(ﬁugg,m@) €8072,2,64)
transn ssion instance to he eval uated-by edul-ex

L.

0%l gor|i246ih6 f Jr(4fsskstd| e t r 4H4lP0d4dn. Thd (%{,‘?’5’6&&64256)
trangm ssion formats (1034, 4, 256), (2048§5¥,455%8),(1024,4,256),
(3073, 2,64),] (4096, 2,64), |and (5120, 2,64), are ref

to ag the clanonical nultij-user transm sé?@%”?l&m"@ﬂ“)’

The rul ti-usjer transm ssi cn formats (14&4@9,62’;’@),
(256,14 2"36\ and (R17 A 2946 are referrdd

0xMon-|caAGAI caNonsul t i - user (ﬁ%ﬂ + The QALY (2564.256),
trangm ssion| formats are dbtained si npl y (by2,46246),i(1E24,4,256),

the dpan of |the correspondi ng defined fjo t
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0xE 3072.0 | None (5120,1,64) (128 4,256), (256,4,256),
(512,4,256), (1024,4,256),
(2048,4,128), (3072,2,64),
(4096,2,64), (5120,2,64)




obtained fromthe defined formats by early
termnation. In summary, transm ssion formats and

W0 p®saeCes my be canoni cal or non-canonical; PCT/US2005/015812
single-user, or multi-user; ,-and defined or derived.

The term "nom nal nunber of “sl ots" vvi Il be used to
[1155] el eAs hQekliRier r@ﬁbﬁ@-ﬁ@i‘sﬂ tarf é%nﬁmgﬁgﬁ (ﬁ;gnat with a
transm ssi on format and t he rede maxi num nu
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Insy{}]tlug] e °£ﬁ‘8&gt§}a§13%‘ae%§%“ﬁa“%ﬁ83%? t he i nconi ng
[11s56] fl OVTHmfbllbﬁfnﬁgaﬂés‘éﬁﬁﬁérP bf khe SAEXBFRhg(neths addORethald eéﬁuders an
W t hout causi ng unaccept abl e degradation to the

oomthé%f‘dl;ﬁcmﬂﬂlmee@ whisihe qetetspgnding ns@dione q@ms ntay|bewerved in

o tree! ]?u&t#j?f ety %gg;cglr?fé %%ehe@%v& if bg r tog 5%‘1 5 %Aﬁs‘i}?&e queue

oﬂ dutd. udthegforb Uteaclhodjuelue Mak @fedific JoI fequitemedts aﬂébc{aiddpﬁherewnh
or Vol P, anon

Tlg:t Sgsrsftcl;rgg in %h@%eu%&%&%égggq%%gpg angy,be mformeg wherem less
th&rhp?"gihlp b&@f boiuts Ki}gp s asﬁiufsmlscslf&nn@é{r?eo&g@{}) V\E:g faB/QrV\Eacket for

serve to e system opera
tramanissi@noinige Fhe user session properly. WO 2005/ 109792

PCT/.US2005/ 015812 .37 Anoth fl
e FONGEOOI SR R e ol S o e
(eﬁd%tﬁsul&fé&)ada?cIlérﬁrﬁﬁq JfSth SRAY taRe e8¢ sé&"veél Qﬁ%u@ ﬁ%gfntehﬁﬁoﬁ)f\mthm

he comruni cati on system [1160] In other wor
Phb’slgw ha}zerap@ketéaﬁil@focwabwed amueduél;mg an¢ansfand methods may also be

atl n to | east one user. There are a
ex\‘tﬂ;eglrr(‘i|£ﬁje{1yjg ﬁfi %Iéetd%lﬁgfl ows, each having specific QS

[1158] requNdtearo} zﬁinﬁ@eﬁoﬁ 6b1RFod H@ﬁﬁselﬁﬁﬂﬁed toPWhBBMinB2WBer@in admission
different set of S requirenments, such as target

copliplowrtes e admit/rgisrbipcominadiorsdbared o8 the cwm system load and by

' . bel
e e
met) Withowrhusfuunaegeptatdededradation to the already admitted flows.

[1159] As used herein, “flow” refers to a data stream directed to a given user. The

source of a flow may be one or more user applications, including, but not limited to, file
downloads (ftp), web surfing (hitp), online gaming, or VoIP, among many others. A
flow may also be generated by the communication system itself, such as signaling flows

which serve to keep the system operational while maintaining the user session properly.



Each fl ow may be generated either by a single
application, such as for VolP, flp, signaling, etc.
WwW@ro0st109T8y be generated by nultiple applicati oPCT/URBIN5/015812
are aggregated into a si ngl flow by the Base Station
Controller (BSC). If the BSé aggregates flows in this

r . .
AR AORS s} Al O YRR 10 i, whorein
dataemaamanmdsto teRh et lsath e ghottzm afelye comhmbmcatiinesystom.
di st |sh n dat a ner%t ed by. di fferent
[1160]  zppit ier gried g o d &8 £ dat3, apgis g U ¢ gqreumication to at
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difadied sheysaletdiow RLP) ReTransmi ssi on queue ( RTx
ue of the flow x%pand/or the MAC | aye
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E}e'gﬁﬁ’dd AR thiPEEpdridtRiRE dYRie ﬁ:!h@d\ﬂ&t is ba¥ied RerbiBelow.
uler. Thi's assunptioh is appropriate, since the
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Y&

thedéACreyes retrangmyssios @@B@ 4 Auiorppiic Repsgtkreapest 4ABQ), or the
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welbdeftidd fmeaamBRaby hick) theAédlbmnghnftalyegaenémn@ Cthéncib]i‘rﬁmumelay
t hr ou t requirenent, the size of the data to be
mwréﬁﬁ’s ﬂwt theg ofigly bBe HitgestateBea B @signeds 11 Raath of dalp pech as

g%ggéé)flg%&gﬁﬂlovm OW ?‘(agjeg@l} cﬁ%fét&?ﬁaﬂagf)?ﬁ% tﬁgg the same
tlmmamp;dlnﬁmdml daﬁagra:r(sﬁlﬁ}iy roefryrraullhplef dpplisatidm tdwe]afreméé rwhich
eral, sim Eflows S tol.erating sone
g BT bheniedPi e, b ab o Sason R i irent es b AP aBtrg s te
;?ﬁcaﬁﬁnf hrawe thﬁ@dtfﬁﬁ'ﬁé )irehﬁ&ekﬁowﬁntﬂ'tﬁb”gcﬁétﬁﬂég €his assumption is
hroughput. One exanple of an application classified

ap@@pmateAsmw 6\@/ conmletth dategr@nois 0 be amncg@ﬁé}yateeqjv@ybﬁa user before

conf I i cati,on. dited ,Forwardin
anf SE A AL i, B PSS bifed 11 1R FeBing end
pﬁﬁ@;ﬁﬁ)ﬁarl ly, have a low throughput requirenent, and

ave stri ngent end-to-end del ay requirenents. The
[1163] In the design of a scheduler according to one embodiment, three major QoS

classes are considered. Best Effort (BE) is defined as in the glossary, and specifically
refers to flows which may typically afford relatively high end-to-end delays, but require
low Bit Error Rate (BER). Although there is no minimum throughput requirement, the
size of the data to be transmitted may be high. Examples of flows that may be
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reliability requirement may not be as strict as for BE

flows; it may be acceptable to lose a small fraction
wo@bocappi7prati on data, such as, for exanple, 1 PCI/R%2005/015812

Exanpl es of applications cl gssi fied as EF fl ows

i nclude, but are not Ii m'tea to, VolP and online
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a St P U oy G SRB. g5, 1P stmbRls o gyt clifamples of
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Such as the signaling flow that is required to keep
ganiag.syst em operati onal, and the fl ows generated by

t est Rl | O S

rypi VAR St R edIRE el 834 plcfoce B B Rrenck iy on BE and
AV afldved ¥ @f tleonshigenathironghpud esqritchedt, byhidaris abtoefor BE flows.

including but not limted to, delay hou target .
OthersisgHpERe, tWor @pF giispastaye simpilare 1o ﬁtf@i.er E%i%@f}ﬁa%@emﬁc flows,
d,& i i t i .
N e
Withorh thid &8 classeof iflogrst theteheayabxé flomsdwithydiffetent priovitiess As an

the datagramis to be cessfully delivered to.the .
g ApDicEAMS, Bifng | LOL aad fPe Ay ity B  idacSnferencing
apgr'ligﬁﬁfrﬁ%yo_fbea cHRi@gE@ M Wﬁ%ﬁét‘ fgﬁqﬁtg}_e tHane g tvideo fpart of the

mbodi ment” is an octet. Note, this'is different from
videasoafrdenicinge applitetioy.  bOuhue \shinite weayl e i qomsideted to have lower

del ay- budget components other than the FL delay. In
p%%yi}?‘?ﬁlg)@?fhéﬁ‘?ta}lg@r?gg Vf‘%@ apﬁ‘fagﬁ%und of a datagramis
r eachesiditiditiodBié AgwaBeh&ated byruseiipplicatidhe, &lsdten shpporting IS-

ot her. WD 2005/ 109792 “PCT/ US2005/ 015812 _ 39 words, . f
83thbasdinteapplyngengratash floyes, sueh ashersignaling flogethat isdgqeiegdatp keep

o8B AT Ty S ARCy LSBT il e oo

sydfem.” Tar get Thr oughput " which is another specified QS

par aneter. The target thr%%ﬁgc%Bb{e%;lggbfgtvgﬁ%&%fmgsideraﬁons
SRS Blnl Sl ARRH BN GEhY DR, vt
rebibiltity, jitter, etc.

The delay bound is identified by the variable referred to as “DelayBound,”
which is a parameter specified for each flow referring to the maximum delay within
which the datagram is to be successfully delivered to the user. The DelayBound is
measured relative to the timestamp of a datagram, which in the present embodiment is
an octet. Note, this is different from the end-to-end delay bound which would involve
delay-budget components other than the FL delay. In one embodiment, once the
DelayBound of a datagram is reached, the datagram is taken out of the queue. In other



an appropriate tinme constant. In one enbodi nent, the
time constant is set to 1nms. [1169] A third QS
w0 e@diloepent may be reliability. Typically, theCT/US2005/015812
physi cal |ayer of the syst %g1 provi des 1% Packet Error
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reffhitBerts FrQReh thedfaws. FEHer somsepté BF bagacity @hd FairiBy d&ﬁsnd on the
used for scheduling BE flows, and schedul ing EF f
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1.-BE flews are degraded without differentiation.

[1171] For EF flows, it is desirable to have an uneven degradation across users as the
system load increases or congestion occurs. The degradation is first felt by those EF
flows considered as having lowest priority. Among the EF flows having similar QoS

requirements and a same level of priority, degradation is to first affect the flows for



[1172]

[1173]

[1174]

[1175]

[1172] A "transm ssion format"” is a triplet of the

form (Packet Si ze, Span, Preanbl eLength) which
walewsniges certain paraneters of an FL packet.PCT/US2005/015812

Packet Si ze refers to the pﬁ sical |ayer payload size

in bits, Span refers to the maxi mum nunber of slots
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préajnﬁlsdﬁﬁﬁonﬁﬂanpg onally, Table 1 furt her i ncl udes the
atible transm ssion formats for each DRC in
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t he canoni ca or mat correspondl ng to a gl ven
DREe:hamﬂ; hForchlmdltdeBICsmdd:x, ket¢ept theddekEMRCT in Iﬁe&melao there
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i bl )
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beCeiRalontthe Fb tchrrii 98fa to faQfsBRt Babld hldétail§th/é' DRCtifGices as defined
exception of DRC Indices: 0x0; Ox1l; and 0x2. Note, as

ind§856. rAdditionsdlyr Takje fafustheningludesihe pmpatiblegransmissieg formats
foP'Qa\[éh I;c%;(ger preanbl e | engths conpared to the
canom cal 1 or mat, these may not necessarily result in
a ddnather eRE¥SDOY RegaA nepetifitatidn, ot @l DRC ifdex| ustienef the
al | formats conpatible with the DRC .index 0x0 and the
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n
IR e s AR B DRC S bporfs AP ETRAAEE Ty pequested
bycthe &7l aal idémifredtby mmmmge@ﬁerm@r AUB2ATSHOESHE LRy décbdes a
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ol gies Hsige e R GauA Rt A i PRT then such
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forr%tf. Ci asgle %&%ﬁ%ﬁt X, {’ h@% ﬁa%lése tOXO%XSlo ancfi %XZ Dﬁcte as some

multi-user formats compatible w1th a given DRC may have larger preamble lengths

o

compared to the canonical format, these may not necessarily result in a data processing
gain,

For any DRC, excluding all formats compatible with the DRC index 0x0 and the
multi-user formats compatible with the DRC indices of 0x1 and 0x2, the payload size of

a noncanonical format is typically less than or equal to that of the canonical format.



conpatible nulti-user transm ssion formats may not
ensure sufficiently reliable reception, since the
w@aysoeisi ze and span of these formats do notPGHUBEDY015812

this property. [1176] In one enbodi nent the schedul er

may not utilize nulti-user péédkets to serve users

é‘i‘f‘{}n icﬁjthe chei ved .S 0x0, Oxl. or 0x2. Also,
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t FL. .The, term.used i i.s doc nt. to refer to

‘%‘ﬂ@"{ﬁ?f foredt thopdsh sme i}ﬁi’ 15, ¢OMPEL 5 vith &l dRklsuses fopmats of

lowerdhtdat®. transm ssion instance."” [1180] In one

enbodi nent of a schedul er incorporating adaptive del ay
[1178] panadenssmissiaaringaaceiisefeisds thereombdratiopyf @ teensmission format and

Uk er | nc e; a.bLt stuffin ric; a
(R RRR ot ARGl REHER ey b oftrif by B B9 Fhofpof. 8 e,
thised of MAC lilitesfoethe isab ke Whamah€badtebls @ cAB¥ data octets and a set
i ncorporation into_a current transmi ssion instance.
of Reingsrs tosthg corrpiponding ueues dediestingraagthiovhich eptetsrareds odcarried
) . ing in various queues,
ngt}geﬁ)a%%%lnga%%'ﬁ?% thfv%{ln\g/%h@{gglnfgﬁg%t egt ransm ssi onq
[1179] i nst dibeeschéhie may gonkratat £ sétrafhisypodrtioal trindmisafv@einktances, and

creatled, aq[%aﬁket, metric is calculated for the o
A4 08¢ 1 {heshi lnepnses i frapspaissionrpa the Flke Thadenm @sedsin this

d}b&ﬁﬁeﬂ! 6 defep ]zcé eheof tl?esi‘;‘\"y biRGtida %ﬁﬁl&%g\g? gnélt:ﬂl%géa 8 “candidate

roma set of simlar reated ca
transyisston gistamcé.fist ances. The packet metric of a

candi.dat e rgnsm ssi on.instance is determ.ned by
[1180] &7 B0, FRRGITE e DRHEOet ooty DRy gy managemen,
vhfshsudesics Breldted ‘Bg%’éi §tkgulty, 3R McdRieOM) 4 Bﬁtsﬁﬁﬁﬁ% ?}H@E‘ic; 2) a bit
y

di vi di ng the sum he span of the transm ssi
nfebiginnd 8 a packet metricd dEhe hivmetsiviis udedrio selett ancies vibrh are eligible

0 PCT/ US2005/ 015812 . 42. Pack [ kK] .= 1 .
1 HEOBRRIRR. i & SO roRSiRiedt “RBRES o by e metris
deterrhingebe blepirpRhich Gitlsbr 6&BE), Saich ireqPREMME Sh Yhrious queues, are

.instance within a L. . o
included in a given candidate transmission instance. Once a candidate transmission

instance is created, a packet metric is calculated for the candidate transmission instance.
The packet metric is then used to select a winning transmission instance from a set of
similarly created candidate transmission instances. The packet metric of a candidate
transmission instance is determined by simply summing up the bit metrics of all octets
included in the candidate transmission instance and dividing the sum by the span of the

transmission format of the candidate transmission instance:



set of alternatives, Span[k] represents the span

defined for the corresponding transm ssion formt,
wWORMp/10%8pr esent s the set of octets that are i neCT/USHOF/015812

the candidate transm ssion instance, and BitMetric[i]

represents the bit metric of 4% he ith octet included

in the candi date inst ance [1181] Therefore, the

T S e U

candi dat e transm ssion”i nst ik er e act ual ly served

n 1182 eneral , if bhit stuffi.n s
whetery & ropiesute e dideR 8 Tyl Rdi et RisSion, iAftppgg within a
sERLE ﬂte@xﬁat@@@t 'S%ﬁn[ﬁrt&f)reheﬂtsh afe t §RAnDAEARRL fhiC tRE ddMesponding
octet i be set Targer than or equal to the bit

trapsopisgion forma(t R[kj repmemth itlee sc4 9E octstst thatsarpranyclistedfin dpg candidate

&{J@ssrlsnﬁrgs ueues ]%Sﬂ\g] {%L%(eprerse s Ol{]eﬁbel? {ng C c%fr thé 1ﬂo ct@tqncluded

ﬁﬂ@cbhdld&eﬁsf[aﬂa,' metric of the octet i shoul d be set
| arger than or equal to that of ocgtet |

[1181] Bit Nﬁﬁlﬁe&rﬁa the mackelt medfq (may He eetelfprﬁ’a%&% g pitimate of the

“%s{@g aﬂgéu[sntﬂ%g%%ﬁ@ﬁ[oﬁel%e blﬁfnteﬁl ot Ef@%%%lﬁét‘é ahs 1f%g%?swce were

a&rﬂilaﬂyg@mﬁaithglﬂldel i ne ensures an oct et st uffed into a
candi date trapsm.ssi o i nst.ance contr.i.bytes

[1152] packdd chunah & B ostoing, Mo & amecig i arge b Hifobit stafing
nﬁ%&@&f g’/&%ﬁe&%c’ce@ Hftﬂ@l% {n%%rﬁ:rof thd 4841 i by bé Elﬁlzﬁﬁérr th§1§or equal

Cri erein, as wel | as alternate metrics,
to értesmatriechf octet poIIMhIsmas& ot stsmay bé &bnn@néferewequque& S1m11arly,

e el kb S 0 L8 g

R&ri@BYthefocteh EsHIRId belset 1aPEST tiaimthr Mgl to that ofbefetj i €sent
metric coefficients. The addition of two netrics and

t he rﬁﬂtMetszcﬁzI:aBﬂMﬁtr(cbrﬂ e viBitSonedlericlitefitSefingpegric j]
Scal airSBnsati-ogr- Bﬁsmﬁ@mmg ab Pigehidi] >MIM&HT /)
when two ne rics are sunmed e correspondi ng

[1183] coef T4 gatedalofuitiélmet Mﬁumelaymmmaétsffaf énte Lnoacdidawh eansmission
metric is_multiplied (or dlwg % y. a scal ar, eacha1
IF%@CE&QPMb@FeéﬁPéh%P@kﬁhP’PF& #dgest by thejsme &RppUAs; ghgther octet
WRMRisShatlated N S enabl es cal cul ation of the packet
netrics using the bit nmetrics calculated as given

[1184] her e|Aiaﬂm\mem[:ﬂdés&]lbe'ﬂ*tmrennm:samlhmltapenteamems 'may berepresented

re d flne t he | exi cal sense, i.e., when two

IHQPYP@§1 ﬁﬁ%ﬂ? first the coefficients of the

hi gheﬁ&zrzﬁf[?,i@% Ezv%lm JY37) ﬁczqqm&edwd:zf] x‘eqmﬁj'S]xstl-mﬁﬁS]txhﬁ[Mm]x

coefficients of the next hi ghest degree terns are
W& 1RoVERiRETy bs200s6! hessdtdc typss eahPErGkd, ., M. repment metric

oRRRFIE cHie R pinl o af SR RBRRENT fvisgn of  mete

R 8§ Raldlare WRENEAIRARI SAPndRial AldeBRS WiieiSRHer @o metrics are
conparing bit stuffing netrics as well as for

suomiesls Hhregeqreespendingeeqelizeients of the two polynomials are summed. When a
metric is multiplied (or divided) by a scalar, each of the coefficients are multiplied (or

divided) by the same scalar. This enables calculation of the packet metrics using the bit
metrics calculated as given hereinabove.

[1185] The comparison operators ‘>, >= , =, <=, <” are defined in the lexical sense,
i.e., when two metrics are compared, first the coefficients of the highest degree terms

are compared. If equal, then the coefficients of the next highest degree terms are



Bit netrics, Bit Stuffing, and Packet Metrics [1186]
For bit metrics and bit stuffing netrics, only one
W eoosi1af791 he correspondi ng pol ynom al repr esePCHUBZINS 015812
are nonzero at any given ting. The degree of the
nonzero termis the same for the bit netric and the

Yredll c%llfcf THd nE%Eé dte e&ﬁe}]] af Q 1%? the®o! h% ypqgfﬁﬂfg SR 8 gf the two

I's " honzero usua erre
podyhointisl @@resﬁaﬁmbﬂs rge eque]f fi | "Ehce nioh@anstms opkfaBpns .are used for
MC7 vv|I| %calle d the "priority state” of the bit
copapating pK giifieg mietrics gf VieH2s fogrcp REPHELRFBIS. The

Bit febritist BRR uftfin %d%@é'i\}l@tﬁ@s operation inplies that
erm corresponds he | owest priorit
[1186] oct i, binmekttidseandahd BTng emmgs; rangy pmn dsrm of tﬂ)';@ corresponding
est r|or|t octets. The pri.ori
ot s pdns Hoosme 6w #9Ps st oFit Aoyl i gonzero
teﬁh‘ i fet sadR Ry thé“Biﬂ mh&#lc Rvd tiebie Ghuffing ﬁie‘ﬁ@cn fé¥Sd given octet. The
Current Del ay[i] CurrentTime - TineSta QSL and by

dagegenef tis peryere @ﬁr@etwlmh will aispdlydee R?f ¥ Hbe correSpondlng

coteﬁ'rél %’(&Jt te L 2|r gl‘z/lg;d eﬁ?% Q@f be {all]ea N I IP%Wn{}p SAMCBY the bit

(sefn®pPiegicel(or def coe IgoﬁdlﬁgSdoﬂel%):) f Dhie deﬁﬁﬂtlon ofEdezh companson
interval defined b riority thresholds js map

opetion ippliss fhay thg temﬂ@ogﬁspep P s %@ﬁ%m@né)hactﬁfﬁeand the
f
R TR Bkl U8Bty LB B! D TR M of o bt

(safing)ahetiy .forl ire oct€ut rseiet@hm}i[by] the fcutrbmt ctﬁd:a’}anlcmsed by the octet

conpared to these ordered sets of thresholds to
gﬂ@%%?nine the interval into which it falls. This, in

( g: Bﬁu? ’J)tbgf@{me %’%&%Z l .'E?ﬁfe”%ggr glt |t on uses M
ar?{ %ﬁénﬁ%aﬁ Qfd@&ﬁ%?éf tﬁf&h&ﬁélﬂm\ﬁ&ﬁé th¥ “§ﬁ§1§t§r9ch1fe§ﬁ01§§9cféﬁned for

e value o Mis set to 2 in ohe embodi nent
thehflavh to svicts dfet veteiebélopdsen®int dimetampfi] as gu Eaempeately defined

tilg%tar?lg ffgr é(%tgt\t/v I sﬁ%@e&)‘ o Idﬁﬁaet:c{] ﬁ.ﬁ nol dc?r}téas lc?s is mapped to a
pridHoSHAL, d?h@BHoﬁfy' @fdshylds bid 8 xﬁ"@puﬁg/ of ﬁh@'thl‘is d&fiiRt intervals to
unchanged during the lifetime of the flow, _although

preril steips brasc franspsdifigdr iOn@%pﬂéleé’ﬁlﬁb fowjeactuflow separately. The

Cg& r&tﬁg a‘};@ )f, tﬁfolcg ' Ve\%{g}%&@@ ﬁlde e gclé!afeﬁi]cse{:ss f tﬁﬂ%&l{b‘f@% Yetermine

theoiakaed] Ghto which g¢hfali2 Detiay,Canwirac ey thSBMorityratate of the bit
A EThroughput - Target Throughput) [1189] and bit
ssfng) mefliget ri c |s set to: WD 2005/ 109792

[1 187] Thr CT/ #?%g%e % ggefso%?l&g%eﬁ}lolds and %\/Hl priority states for each

ﬂéwg’lmnewmh i M Mege;t T hr aneginphotljment which is a software implementation
of a scheduler. For each flow, two priority thresholds and three priority states are

defined. These priority thresholds and priority states may typically remain unchanged
during the lifetime of the flow, although each may be changed during operation via an
appropriate
DSP-Driver command.

[1188] For throughput sensitive traffic flows the bit metric is set to:

GoSFactor - Thrghpt2 DelayConvFactorBM

IS, =
B max(s , AvgThroughput — T argetThroughput)

[1189] and bit stuffing metric is set to:



wherein: i. The GoSFactor is a per-flow based defi ned
paraneter that is used to provide various |evels of
w@r@drowd2 service across flows. 2. The AvgThr oRQPS1005/615812
the filtered (averaged) tot aI t hroughput of the fl ow,
including the FTx, RTx, and*DARQ queues of the flow.

A first-or | nf i nit ponse (IR filter
with 7 LMMﬂ ots (1 see), is
used for P& Atglguehan —FrgeFapgl)Thr oughput i s a

ﬁﬁ, i/ ow based defined paranmeter. 4. The
r ghpt 2Del ayConvFactorBM i s a per-fl ow based defi ned

oy 7 opher G"S%“j@? P ARPLARIRHERMER BF A, Brovide

a very snal p03| Ive nunber Fsr 0&8] For the bit
st uf fi n"gherrhzgmroughfvutdethaﬁlt&emealvmged) fotad)ﬂsmqughm of the flow, including

pol yno [ for t rio

Be For | BEETE RN ol s 16 B b o B P ae
+ Accel léersadmso A ff8et withatime norstast, Ag.ease00 slatsi(brden dd wed for
is a pel defi ned paraneter. The

Accel erati gln actor normalizes the Del ayBound which
may be di re r dlfferent flo an_exanpl e,
cons? deﬁijh T\t%g Hﬁ’ff‘f”é’ S B fIRe- Q%Fﬁggmgne%%ra%te’f he

di fferent characteristics of the two lications,

t hey *nayhenZgipthilefaat @WF“%’%’B@@%H%'PQSF defingd parprnqtere
to the scheduler, however, one ganme does not
necessafhd ergifatﬂ@e&lyﬁwgﬁ e¢toq£§MJs p pgr-flowabpseddefinedmrameter.
application. It nmay be desirable for the scheduler to
treats botie: ragapdehts atvergRmalpbsitivegu@ber. priority. Assune

e first game has 300 ns of delay bound and the
[1190] s ec orF@r et ﬁ&lﬁﬁnglmtrms of delan sengitivarfjows, tke polynemigl cpefficient

i ing to the second gane ol der
f{;}qhe%%@&sm%}ses%ﬁ? &ggdul er discards them There
may, Hﬂ;sg{)e-«vmqlerbmmb;e't@rreﬁw@nmcfu@rdtzenaﬁm first gane
whi ¢ch are o] der than 150 ns. Wt hout

th
VACESR Biea sosterdiontpctor iy 2 eimapiBed pramtes s AcsgleratipaFactor
nt)hﬁﬂzegﬁf@q}eg%}ﬁ}iuﬂg wibiPhial Ye ﬁﬁ?é'reri.’_cqg{ &fre ﬂb&}ﬁ ASGAWample,

gane. setting the Accef erationtactor of eac
cammtﬂerdwlol ahfferelnh valise pymes. o Pwmet tb cthaldlﬂfeaemthmarmqmats v the two

Bou settin he edul er may nor e thi
LT e Pt G trTont HilssaRue e Bnes e 9 e feheduler,
hB®evdr] WNebaatd Hek 'ﬁlﬁdn&%‘éﬁﬂﬁl @ave @ Sigher priority than the other
Accel erat ol nOf f set val ue nay be set to an |nt eger

applicatiph.e ltohay he desiragtesfor vlad sebediier toAvmae beﬂlaetpphmﬁms wvith equal

oo ARy ® oS BR300 3 petty BESHE 8o BscipaSndygame has

18e sy, NTied abnyt hﬁle &Héré Wﬁ[lehdt BB |aﬁ§"@6ﬁe§’st bedbhgin tthe second game
exanpl e, anong one

olslet dhaay 530 m@oms éléﬁt S@redlzlér disgprds tth@n otTh@Fe Wah hgwever, be octets
b%ﬁéﬁlgv %o Aﬁl%elfﬁgtatgaﬁf%(j&}ﬁ% arteh%lder than 150 ms. Without the

AccelerationFactor, this would result in octets of the first game gaining priority over

octets of the second game. By setting the AccelerationFactor of each application
inversely proportional to the respective DelayBound settings, the scheduler may
normalize this undesired affect.

[1191] The AccelerationOffset is a per flow based defined parameter. The
AcceleratoinOffset value may be set to an integer multiple of the largest value the

AccelerationFactor may take. This largest value is independent of the flows and may be



|atter flow s octets wll be included in any candi date

transm ssion i nstance before any octets of the forner
w0 b@#108sum ng both fl ows are DRC conpati bl e BET/0S100%015812

transm ssion format of the given candi date instance.

[1192] For the bit netric, t4% poI ynom al coefficient

for the pr|or|ty state is set t consiant val ue

by thspreitvasegmplarmentation) S@H&X@F’ﬁ & [q@ong two ﬁgws, one
w@ﬁﬁht&@u&a@l\éﬁbﬁeﬂ&z@mﬂﬁfd th Btﬂe{j@flth"é sﬁ%mtaféfama@@fset the

rioritization. Additionall t wo
lagtppflowat mcmets wiHl\bierigclaggst mxanymaaﬂgda@qunaisnmsmr instance rfore any

havi ng di fferent, average. i ngo t hr ou t

Qe Y RS Do R g ) Bo 8wk, B cobfefinte; gt the
tr;%%hss%&%n@iﬁvothﬁe ®bn bﬁidﬁia%@inmaﬂw h respect to the

flow s typical throughput so as to avoid the

[1192] appl Feathedsit wietric, tthe phiygheial taeeBisismb der thei priosdy state is set to a

by h data to effi t
‘Fﬂsiﬁn{?fﬁ‘}x%ﬁ%g’i]?’%’x [)1/1921” foch trattic flowis oY

cl asgisf | edbspmraricvimoughput sensitive class or del ay
sensitive class based on FlowC ass paraneter. The

whereinethe | PSR etimelee Xsi s e Spendfingt payggneter uﬁc; for soft

PR AR A s L o s i

blchavirfpedisietdny everdgblilddmiigrthioaghput (bgt fmtmhntqu tonthe qusue), the
ﬂﬁ%{%ﬁétggﬁgyu? ,qu,reealc\:géggrggs Iequ ﬁﬁ%\oﬁ g@fg respect to the flow’s typical
6 %§F 05 1ak 1ty v&ﬂiltﬁ g%l‘ﬂca‘ﬁﬁﬁ vﬁﬂpﬁ{é' IERdr thidi@hsehesihe priority

ement e partially as a software
manq:lybl_srmmmglrmre date toefficregtly dilk i packetsodi nent, the bit

cs.arge . esented. by 16.hit tl
[1193] V\:hl cﬁ# E};gynglg: ﬂ%‘ﬁdf 8@%&@@({ ié]?%%rough@g S€ ZHIVC a%gé? rcrigfsbleénsmve
cﬁlbgﬂésfeﬂ %mlowgk}ig)pﬂﬁh@fem M8ef BR ndthiOMCY ($thafeeX (i€ af element of
s to 111" maps to MC7). The
{O,ewe’f}hl fingd ﬂSe@;HDW& gnl ficant bits hold the
coefficie }S val ue. J utg,] }ltryes representation,
corrpamv,sg% aper at ﬁcf ’Efét HERRB e st uf fing netrics may
be direct| QSmperf%Fﬁl@@l"ﬁet%@??”f"Wése 16 bit

quantd.ti.e b4t ¢s are not explicitly
[1194] reprf.s i‘ébﬁtnsjﬁf%ﬁég Hﬁédré Senent at | on, as
i nfor mitl Eﬂs By heFQ@CJay&dhﬁﬁcmatztbe bit stuffing

met r iMdCXFhe pri or e metric is the
sane as t 2 S”bf thw%“lgtlgétﬁ {]}isgnﬁﬂfftetrl c. [1197] The

[1195] Packeh ofiBbimbbdigient thsHediaeds impRafthtedia0 Roabiiiddilyeasi sssoftware

cal cul at ed by appl ication of: W) 2005/ 109792 .
impiemesmtios; giserdmeg to this embodiment, the bit stuffing metrics are represented

by 16 bit quantities which may be denoted as [B15 ... BO]. The three most significant

bits determine the priority state (e.g., “000” maps to MCO and “111” maps to MC7).
The remaining 13 least significant bits hold the coefficient value itself. With this
representation, comparison operations between bit stuffing metrics may be directly
performed between these 16 bit quantities.

[1196] The bit metrics are not explicitly represented in the software implementation, as
information may be derived from the bit stuffing metric. The priority state of a bit
metric is the same as that of the bit stuffing metric.

[1197] The packet metric of a candidate transmission instance is calculated by

application of:



46 PacketMetric[k] ~BitMetric[i] Span[k] i eP[k] as
descri bed herei nabove. Note, even though only one term
w@booshe7hi t nmetric of an octet naybe nonzer o, PETIUS2005/015812

general, coefficients of the resulting packet netric
may be nonzero. [1198] Many4®RCs are conpatible with
noncanoni cal singl e- user formats with smal | er payl oad
Si zesPa&Qﬂe@,f&ycF_l_t_l_s_ BAgsliLEp!l € to convert
singl e-user candi dpvds] i fo multi- user formats to
achi eve ARQ gai ns. [1195 I f the winning candi date
ak Idadt5ibES Bbeihabowd. N6, dven titigh dhBCoriedBris b€ thedit imbeic of an octet
scheduler is of multi-user format, only the conversion
reAy herongenopd. gengsk copfficients of ghegesulting P%‘}]Fét mﬁvr@énay be nonzero.
for 4 D

[1198] | egg\gﬁn%e %0%3 Pl Iﬁﬂ%}ble wﬁﬁ?%a néHenRUPAOLE ﬂofraﬁﬁa{l’t? with smaller
paglpad sizey, thdsrefcﬁe Iitas tnetldebixtible de iconeri ﬁngﬂsaﬂén candAtk into multi-
The_ di scussi on of Si t.and bit stuffing netrics given
useh formath &R e hasyis 8 he general case where each
oct etyei u i M glda [

L1199 G R i o kO e g b fiep of the
seheb:duldar neof multeusec forttal cnbntbe eginveysion of thedh024,4 256) format to any

L SR TN M TR p—

(.8t ﬂlfefun%& r4¥B Férifat BRE mbl eXrPasedctied bR dRidiestused).
ti nestaegrdp anong the head-of-the-queue octets of the

[1200] queuekh 1s¢uselon|0c£\blt e it gedfing metricstgien b@emgbfafef@mlders the

PRy BERR B oI, Pl i i

e tiothet abdayculated eahishg. fAlRehdte BrmbbdinttatsGedicnthOebaplexity of
of an octet. O herwise, there is a risk the

el gelonlation(sly uAsemyeg die wyeqoar@\%ﬁ@re% b dBRsstanin. ope ertbgdiment
Jsagcgl;%téé%{égm ggte(ﬁﬂ {/m\éfﬁcgb%e A a&a'd f i€ %tldégptl?ﬁ%%%ng'aﬁnong the

|ngms erred to as a
head-oif-the-fuiki® bictetsno fitthe i quiwss, ofahey ﬂbwadfhlﬁ nidtide guagithen be used for

eGP felefyoBs fost - S S lBoB it pupies i dipieto be a
rﬁ@rﬂgbﬂ?aﬂﬁn&légsﬁg FurRfich o AARCuAER By o3l ol Jcfit! bthe‘%mée there is a

t'he- queue octet that nmay be pend| ng in the
i3ARDe cheadefithe-fudvel gctctt(mbje podvent codsgentiviecoctets from being served.

WERLGR strel el ot i ﬁugﬁg@w e T G ST i bW gnetric
[1201] t hes qntdaaﬁﬁnqwﬁ&d-&rtﬁe fadeasht hdlugeﬁ tiee RTX ey 64 flow is
RTX, DARQ, and t hen F'? gueues to find the first

ld@ineivdlqplé@eth@l ot hegdtodrthe- ﬂlilfhlg octets thpivmay berpendingia the FTx and

in net C i r th T
HRRE AT, SR ST RE (o pblel oy Sy Bisiling in he
IDARQ q@d it fm&ely toTbe 0lfidr282] thicipaddifiige-yeeuerstet of the FTx queue.
enbodi ment, scheduling such as illustrated in FIG 10

Ecg thig é?%@?,ﬁé@emﬁ&}@rn&th@ ofdest; timesiamp amPRS flgse Hirpregpeues, one
LiSds@a tﬂ%ﬁﬁr Qﬁ%’f 1, DAR %’Iaﬁﬁnﬁ%aﬁ”f‘yp gﬁelﬁ?% Iﬁnd the first

per or m sone or e ’conput ati ons ‘on €ver
nonehptli queue fondetsraiihinl|tie Bineﬂtsmp Thbe ussl inanetuis e:ahtylatlbn for the
ftlcgv{fm lgh%equ%ggsec?fsthg FIE)\\;IV\D rrrlé(y a seot l?er srgr\r)e%smttl!;e orﬁ%r ci>fSRTx, DARQ, and then
FTx. A

[1202] According to one embodiment, scheduling such as illustrated in FIG. 10 is
performed whenever the FL is available for a new transmission. Note, specific
implementations may perform some or all of the computations on every slot, including

non-available slots. This is because by the time the access network determines the FL is



WD 2005/ 109792 PCT/ US2005/ 015812 47 avail able for a
new transm ssion, there is usually not nmuch tine |eft
W@ 2006409792 out the cal cul ations involved in theCT/US2005/015812
scheduling nmethod to determ ne a transm ssion
i nstance. [1203] The scheduf#r nethod ill ustrat ed in
FIG 10 consists of the four basjc steps:
‘ayikbleafor grneyY transyaissign, thayeds Jarali ?ﬂ&%ﬂ%&%‘rﬂeﬂ to carry out the
calc?ltaﬁgts)fs%ﬁmlgéd ﬁl%? ?&Heﬁﬁ‘hr%m&ﬂgd fAAL R Ea trglrfi%igsl&bﬁlstance.
maxi m zati on; and
[1203] pri Omhe(sbhdaAIéKmemdd:ﬂlmﬁratemm Fi@ Idnéansistst ofothe dburFbasic steps: 1)

determnsa I|t of. an AT, havi ccesfull
gé’é*??étéfé’do 3 getcRlosandidase) ispRsen. {MRInEESa 2 SPIECHATCOT gpp candidate

g gl t?éim 3? hﬁac'ftﬁ@e ‘éﬁjic%ncgeﬁﬁkﬂlgﬁloﬁ | dnit 4§’fa przorz or PACK
can a

sm $sion 1 ndtances. A candi date
csicnigtien.usEhe calanlstivs ifoPACKS tetamaingd ehprabahiliyl ef wgeAT having
for sponding to each avail abl e user, wherein
Sﬁweg%%lhr@ g Cﬁ%B?CkIe one not currently prohibited
[1204] f I OMp&REih € Bedd 1d PRG.PI00RICES) SRILAE YRR dllef g@RyatésLBBABL candidate
ur t her nor e, the recei ved DRC fromthe user is to be
transmNBJDn instanies: wxs;endldate sipglerusgy franspassion nglgers witle g sigle-user

P e R cu AR BRE. e fn (AIALAREFR one not

cﬁafr@ﬁtﬁj@ﬁﬁi@t@d iffosh anOReity the @ﬂi’c@cﬂbl fsﬁlﬁtype fis-eany freason Whirthermore,

a NULL DRC has been recei ved n at e |nt?lt ance
the; reseivpd dPRGwksRm1 fésleclm ¥ B anoaéi @Iaalga Atrervgse e giger will have

n\g']g&?%gd %'ﬂAEQaﬁ Beyingdicdn ¥r oMy ibstom ?dfﬁié? be served

['ow. ransm SSI ormat of e candi date
uipos NUICEe DRC. t ey aaamdaieaainsﬂlmsinannmc B eatddi fay a user from which

user's. DRC as detailed in Tahl.e 1. 5 ndi

aYULL. DRS: has bgsa ﬁF“s“éY hen%ap idete lfﬂ%tL*eﬁ& ] &fﬁé aﬁ%‘?dd g’a%%“f data

t%g d%ﬁ& thia) ﬂ’%w Withid sREEDChYBARRI SHai oAl fr@ﬂhﬂ’;ﬁé $Tx queue of the flow.
(2048 4, 128 (3072, 2,°64), (4096, 2, 64),

’Hredra(nﬁmﬁ@],oﬁ f6141)a,t ofﬂmndusietesmﬂ’ﬁwe Agthe seuesead dormse cerresponding

s or, e;[vE]g mul ti-user formats. In
‘fﬁ%ﬁ dr is to be conpatible with

[1205] the f& rcﬁﬁdldat@fmﬁlﬂﬁlsélaﬁdﬁéiﬁﬁﬁoﬂ RR9ed &sgamatasf@raeh of the five
Furthernore, a nmulti-user candidate transms

it esac @ammlsﬂ@aﬁrgfays §He24et,2 50t (2048, %M%),f@p%m@ (4096,2,64),

@%n&lé(lé?gﬁ gfho Iﬁ%r}‘mh% ngrreq*%teeghgat%zé gﬁ’g?mqg?ﬁ% a?—g 8Erved in

Hekih&ser ﬁfrm@ts Thedsitioathe IBRC 'of adsteis \whde sompiiibiasvith the format
erased. [1206] A candidate transm ssion instan

efnyhof cangidatgr dm@gmi%m@e NestaIcEq DYUhERPTnga BRAG- updto pndidate
: ‘Em?quoﬁﬂ{ﬁﬁ ﬁi}ﬁ? bfi Brl? o?’thﬁ%ﬂ’o\bﬁg coh@FiBRY, $r BM¥rwise it
bits fro e

m f same-user's fl ows:
12 )dlsmﬂdbd ﬁumefu%en' coisRlepationsit will eatryiherdaks Qi”stwfomrrmdzmelsers or at

flows of users wt ati ble DRCs. [1207] The bit
lsaghope peprisda IF%FM%S tesendi ng order of bit
[1206] St uf f A NGB iR smdSion TRMc8 R dn} 6T HeNBB@YSSis generated by stuffing
conputational requirements nmay result 1n conputation

Tnifs fbore onbiot nsdre flowsgwiretein: ) piaglefusenformatsanay onlytherstuffed with
b1t egorfnotlhe Same eugérl 2 ﬂg\?vg,d b)ng]uﬂc-{ls%tr ormatg1 Ure SRS é with bits from the
flows of users with compatible DRCs.

[1207] The bit stuffing is performed in descending order of bit stuffing metrics. As

mentioned hereinabove, computational requirements may result in computation of one
bit stuffing metric per flow, which is then used for currently pending octets in queues of
the flow. In this case, the bit stuffing metric helps to determine which flows will be



the flow In this case, the bit stuffing netric hel ps

to determ ne which flows wll be WO 2005/ 109792
weEFasWBZeDN5/ 015812 48 served first; however, PCT/USMES/015812

not determ ne how the octets of a given floww Il be

served. This assumes the octéfs pending in a flow s

ue appear in the order of i mest a and the A
SPRE G BTorore b %8 i Flaring Bove tBe GEP'S Ry Sipmellpw will be
seivell heTlay @bignes thbioStetsSpstiish {Ph fiows AHRUES appgit il @lle order of
necessarily for RTx/DARQ queues. [1208] As nentioned

trRgstANa i8¢ dhe ecfety of laollpwraye sraves! inuthe opder thepeapmmar bnthe queues.
’ e o 4
i isedlor Er B bich, W L ARETRb1C60r B RO e

[1208] r et r Jusiesiidned hemithbove, 2ald\RQvGHSLRavieatiulbble duRMEY, one queue for

%%t[ansm' ssions).. If a flow has nonenpty RIx and/or
rie) ansaitted data(Filx)s wapd ofheg quenesifor resiangmissipns (RTx queue for

Iﬁgla{(?ﬂg?{ﬂ?ﬁsig’ﬁssﬁfb/% bl&?{(g faRt P MAR Qa)lye(r) ]zet{aﬁngmissions).. If a flow

t he- queue t 1 nest S anong an
haw menpnpty- RIKRIDd @ARARQ eqiessies, Ghk ypibseffing mséttit fonghe flow is

cBRlyed Bt BlobeotTthe ot et tpsSigupt orpeg any of the

AR LRSS LA ) MR St O e

of iarfewanPitosiudimgotromr 4 rggvenf floWeshquiduaso de performed roayed on the

be pr oxi ed a fixed grder of X1 F

<Sira Dl N BT b B anhle Eediebnt gReng i ACACLUDARQ queues.
[1209] tr angitiesimhe3tinipi6dsad 6Rfring 0N ERMRABEGAIS aFidWhRy B8 @pproximated as a

formats and short nulti-user formats that carry ?ess

fpgd Ardep 2ARBRDARQE T¥AuetORs| dered.  These formats will
[1210] g?eg%gﬁr§gﬁﬂg 13# P%rgﬁ@nagc% 'ﬁr%ﬁsrﬁ{qgi'glg I sggr%éggad@éénanzo%%a?Qingle—user

d”see
foomgd end thoreamdltpaek fananitat datynlels tHasK2ititsReE not considered.

T{%gck?t. klz;LlL To avoid.the situatign of a user having
shk ematsnlll by sansiderd iy dhe packings eifigifnay tmasimipation step. The

o g : L L .
SRS SR BRI el AR Mot 4 Hha 6 W bbuste pe
pedwsi deri ng noncanoni cal and short packets in this

11] 54295 RIS it o DBk it Siab Sanid opifhon but o targe
candi dat e sf,?!’r ?ta&?lgg%glg g?lg I[réei%%‘?)fl I%Ig({(hetg; :‘bg ﬁuﬁﬁgs pr 6%8!55%{? ggﬁs? tently.
Anothes| besefitioé mdt eamsidating nmadvaropicabfandcsleriopatkets in this stage
.cont | t.ion, propbl.em di scussed .her ei nbel ow. such . .
b ot BB Gt 3 ein P ddRoR 4ieais s ik aise in
fiagi¥ebased sohkddmgi th a previously started and ended
mul ti-user packet for a certain nunber of slots (e.g.,

[1212]  countgresting maulfiuseicandidatasadlels mossiblswionigke Herthar aprecagtions to
a@%ﬁ%té {p%?egltim L%v.’e#l%ﬁéuf%]@%gﬁ%eeco}gigﬁgﬁog?ﬁ?ﬁ%nf %csdsgetd%errreal}{below.

Ol suth usstiodpia aé @vsidwerving @ $hlltivustopicket G safnetiBRrlace with a
first nmulti- us&r packet. This approach hel ps enabl e
Prryiqusly; started,apd | spderd syHi-user prokek foroa rertaiar ymabsrnofasiots (e.g.,

cOEMedYh Hhe HFEE iRAEKES folfoRite ENidt BF tleQ8t multi-user packet. This

number of slots may be set to the minimum of the spans of the two multi-user packets or

possibly to the span of the first multi-user packet. This approach helps enable users to
quickly become eligible to be served in a new multi-user packet, thus avoiding long

runs of ineligibility.



runs of ineligibility. WO 2005/109792

PCT/ US2005/ 015812 49 [1213] Wth respect to step 508,
w@tdosnodbe |i st of single-user and nulti-user PEnUSZTIaS/@15812

transm ssion instances is created, the schedul er

sel ects one of these candi daf®s (assurri ng the above

gene iSt. C s .at | east one _candidate _. i

n213) JF oot dpmict orgne ﬁ@@)aﬁﬂrﬂ?es oo Byer okttt fapdidate
tRAGKRE o irstafcdsOlis RB&aRedOf the hghednel 48R bk tdtetheld Landidates
and sel ecting the candi date with the | ar gest packet

(prsuming dke taheven sentatpdc listdicortaias at| feasti ese ompdidatei frangmission

Lgs?%ce)a b’h%stl Sadiet ecromS ug L fhe' e jac est l’lgerélgn??S bq%\éhe ?%thﬁlcelkmdates in the

I=user orm

I, ghé seleating the bmmwem&wa&tgesoy@keﬂ 19¥@ic-a5 MEwinning candidate.
mJItl -user formats. [1214] In step 510, the

If figmageis df isrlosisstiaio prefor ﬁ’élglﬁ-liﬁ@?r FrRymatsred arudti-user formats. Also,
it 1% ﬁ@scifggﬁasﬂo%ck ﬁlﬁﬁérargfé(?nﬁlﬁ s n : et? ?(/grdlo%ldr uRF Fnser formats.

changed to nmaxifm ze its pac i Ci ency vv|
[1214] changhmj;eﬁ ISéO,SEhe tfinsetAssioro fératas offetheax/mdnigOcditﬂldhﬁar tragdnission

n of s ep 510 thus . may, provi de ARQ
@fy& g is ’[ei %‘f ﬁ‘q?h%nge%%a%aw lfsr%ﬁ%wgse@%«?my without
chiRtife R sefofOdats b&% Seldaed td 68 EBtied t,g &0 Ctld?lgpleﬁcﬂ'{ §Bdtep 510 thus

may be converted to the | owest rate honcanoni ca
medymybeidadRQgamsmt that is conpatible with the served

1215 5P Pl R AR EAE N SPUR 08 Bl e e

o | Bay BB conk s oS BicOlbwebiStadd) 66ndaBomical"Mhile-wd&Eformat that is
format. [1216] The adaptive rate control nechani sm

cpp@pile prith thy spryed 11$@é’|S)DR@ wadeipmey cary thesglseied detarmghess. Other
oHRIRAR Bl i oo s Bifigf RERSighe ool epmission oo v o

nanldaser fohasiefore, it is not desirable to convert
singl e-user . candidates into nulti-user formats

[1216] achi e aROigRITAS. cqniroh mechpnisa igsidenthe |AIJ§&r111qeb'r t%aﬁéapted to
ronrggrslglg'?ﬁ&r ﬁa%ﬁetg ol\/?a%% ﬁiic% (# &:ﬂﬁé?le%lﬁ‘l 10t g%c{/nllésﬁzgflﬁgle-user

formay oiitth snedler ‘payleab sieew] thdrefblmtt is aioy desitablestodioavéro single-user
th otentia erse effect f the continuation
‘ggf‘éﬁﬁn cbl@é‘bl' %Wégorﬁgf%tpﬁﬁl@?mm%%ﬂ Referring to

[1217] F' G Aglalougﬂ %ﬁﬁhﬁ&ufo%aﬁ%aydﬁé B6MVeRBd @o ¥ lo T“tﬁ?@ begP%te multi-

e.g., |ess thanthe nom nal span
usm &n:mets Qaselousgnas dheopaylost ﬁtﬁb,e)t ib eaylmelblwktp cdvoid sualm widespread

not transmt the. tr,ans on .i nsta n thou
e hRv ek UG R kg dokdse BiEGs oF Tk tontintilion problem
despipedheRidelowist ance. As this step is optional, it

be turned off so that the access network

may
[1218] ter mR@&Qr@gg th Elabk dire schadien may deterningra waximen mignber of slots

r d or _af
(bR A3 SRR, B IR PR Bn Sty v
wititroo draﬁimitl’mé &ﬁﬁﬁﬁmﬁ@ iitapcs bedh thdufloitsahy hbedegoti ATKE from
nunber of slots of  the transm ssion jnstance, to:

users served i the transmission instance. As this step is optional, it may be turned off
so that the access network terminates the packet transmission after detecting an ACK
from users served in the packet, or after transmitting the full span of the packet.

[1219] One method of implementing this step is to set the maximum number of slots of

the transmission instance to:

MaximumSpan = min(ScheduledeF ormatSpan ,Max ;. gervedters (DRCSpan[i]))



Maxi munSpan =
m n( Schedul edTxFor mat Span, maxZEser veduses
WO DRESpEPA[1])) WO 2005/ 109792 PCT/ US2005/ 0158RCT/USDI05/015812
wherein the Schedul edTxFor ngi Span is the span of the
schedul ed transm ssion format, and the DRCSpan[i] is
h L
v SRRl AR5l U SIBIUE L ST iy
andl ther DRESpandi]pa dheespan[of 220 panSeigel timspfissiore (qsmahpetespending to

utili Y. t he schedul er have been di scussed
therfféﬁpgﬁlieﬁig[g}seeﬁo d tpéelﬁ' Fig%eﬁtl%@mtpﬁgkeﬁ‘ar amet ers provi ded
[1220] 1O SB@erdIC BEAUE epardtnefehie ubfiRd By wer sihieliekf dnee Bdeabaiscussed
paraneters refer to those paranmeters which apply t

. 0
herginabpyeawElere isriresentsd the pansickyrs pravidsdstot the splfaler at the DSP-
ar a ers [.f] I ;
PR GRRBE Pl AR o MR L oy o al v,
and Blowpdratnbierd refies ahssdeqiatandters kpecifiedsfor eaddiefow bdpRrately:
filter used to generate the average throughput,

AvgThr glmapsHramyefst abl e that is kept for each flow.
The filter is iterated once every slot. The input to

the filter i ! r .of

1. b 0 Py LSy A L R S
sl ot . TR4ilfdr bl toigenetpidabesyevdgehhmagiput, ivd THroughpot, sariable
in which no new packet tr%%tm SSi onesqst arts

b. Thr gt isisepEprerhriest. o MBRIICTES AFEI RFersemlots orhe input
t hr oug ) : av £ oG
D oUGRAHE 1BER Thd dutRbdBE béiks sévE@ i QA &fmg gfiR ’ o in 2
c. Thr ghpkeDhhtosyatsriu Bt slot. BBM flt@anupdatédowith aetodnpiit on slots in
t hr oughpu sensitive netric to delay sensitive nmetric
for bi ngcgld’fofqugpar?%‘?trtfaes@%?Fleﬂls@ftﬁon d. Fl owd ass -
Describes if the flow is throughput sensitive type or

del ay bJargiptiDadayGaueFactorBM — Conversion factor for throughput

e. Fl owEl i gi bl eFor rasur.e ing. -.40 DRC
er asur SSHYS HC P RS &%ﬁgalf %‘&/E‘ﬁ g‘i %ﬁﬁﬁarues ol d
- to be used by DRC erasure mapping _algorithm 2. Flow

par ane¢ dheghptARdayCrnvERGHBSM —Sranypiionddacien fos thigpghput

i ndexin n . } hi . r / .
2005/ 109703 AP ETDk] Bakilfe MOBE fr B iRk i ctfFuiaton
PriorityThol d[ 2] - these describe th riori.t stat&

of t hed-FipwClass uPesqstpes Hiks %Wé%t?ﬂao%ﬁaﬁfﬂeaﬁﬂ typp gt delay
current.delay. .The el ements of the PriorityThold[]
array are st r%)ctures that contain the variables

Del ayTg.%chngEligibleForDRCErasureMapping —to be used by DRC erasure

mapping algorithm

f. ErasureMapDelayThreshold — to be used by DRC erasure mapping
algorithm

2. Flow parameters

a.Userld, FlowId — provide a means for indexing and determining the owner

of each flow



and QoSMetricState. Wien CurrentDelay of a flowis
| ess than PriorityThold[J . Del ayThold, the priority
W@ @ba09732 set to QoSMetricState. If  Current DeP@yUSBR05/015812
greater than PriorityThol d[ Q. Del ayThol d, but |ess
than PriorityThold[1].Del ayThold, then the priority

ts th Zt gu Ll?gsqg&e{trg%ﬁtgé,l I?r ot ’Eﬂﬁ#{gig&e%) Q/SECE'I 13 &%tpar}o%ty Istfate of the
Priori tyThalmhdlmEekay Fff%?ﬁc]‘illorétg?ﬁfé duf@niddi Y. Trﬁﬁeé&ﬁérﬁs of the

is set to PriorityThold[1].QSMetricState.
QoSMet r Pu@itatkoldH rarmaj larssstiugkeesdhat opatainethe variables DylayThold

vy PR Bibiate, A REE L DRl g T ess i
d. Accel prigityPRéNifog PelayThoR], ﬁié?ﬁid)ﬁ@y stald i§ SR ICOBBMetricState. If

infinity, (1.e., never discard an octet before serving

it): otkuerehtBelayis sicalst by RrisrityTaokigl/AelaFhold bay less than

relativg,. 1 ' e ter
wni on + FO SR CRTIROR fep BOhalifly LS serth

Tar get ThrigxitgThelt[0]. QdoSdMeteicSthrel Ifihe CurteniDrataybis larger than
(stuffing) .netric_of throughput sensitive flows;

0. Fl owAbPEg beifid dictey o, dhthe PRaTi At B g8(@] ndex

set to P.ar b [

& her vi aoFTRAU1 AL e Yk SIS vaiables takg on
FI owAg gvagst &l .ndBxcoarespamiirestgdbephiaity statesof HMHLO0, er., MC7}
The scolpe gf t he Fl owAggregatelndex is limted to a
user, irtaPect¥Vel¥- sane index may be reused for flows of
anot her user w thout confusion. h.IntraFlowPriority -
cont ri baticpgjefationi&aciar an aggregated flow (by the
schedul er) are served in the order of

I nt r aFl gwReéleratibyOffétong the contributing flows wth
the sane IntraFlowPriority, the order is determ ned

by the L o ci . .
GhsFact SPUSHOGR 28 eI bR &SP lyedetom oo et
anong f sedvimg it):. oth¥sideMe trépreséatsulee amyadlt B delhy,trakatibe to the
metric coefficient in priority states in MX. WO

2005/ 108mestapp-pf gbsnsctetssiepwhich the oofetis figearded Fomypequeue.
DSP-Driver interface, flows are not specified as BE,

AF, EF, f @argeyThreughpot -hArpanamétet wee in the datr(stpffong) metric of

Rat her, .t he DSP- Dr.i.ve£1 i nterface uses a uniform and

| owe | evEOUBBBELSERHHYHIORS al | flows. At higher |evel,

such as at the BSC, specific high- |evel descriptors
of fl owe-Flovhgeregatcodx e foivs sitbritlewAggreBReEAex\Fet to 0 are not

categorj zat i re. t.o be ed to the hasic
par anet EraesiB e Fopep e COBRBPRG s il PR SaRe gponeero)
each fl @Mue of the FlowAggregateIndex are aggregated at the scheduler. The scope

of the FlowAggregateIndex is limited to a user, i.e., the same index may be

reused for flows of another user without confusion.

h.IntraFlowPriority — contributing flows in an aggregated flow (by the
scheduler) are served in the order of IntraFlowPriority. Among the
contributing flows with the same IntraFlowPriority, the order is determined

by the timestamp of the contributing flow.
i. GoSFactor — used to provide levels of grade of service among flows.

j- DSBitMetricValue — value of the bit metric coefficient in priority states in
MCX.



Such mappi ng tables are generated for conceivable flow
types by sufficient sinmulation and testing. [1222]
wab@sfial7bowi ng are exanples illustrating the uBEr/v82005/015812
various paraneters . For BE _flows, the follow ng
paraneters may be used: a. (ﬁ%l\/btricState =0 (MO b.

o B OOl S S 63,24 LA B o £ ety
m&bﬂﬁéﬁ dlevelQie@érﬂftbﬂ'” Réther, @he E@Pgﬁﬁ%}r]ﬁt&ﬁ@@hws Duniform and

owAggregat el ndex = 1 (aggregate all BE flows of a
lqys»éerv)el desgnptrm gimdlzﬂmrm@b ecleyelBmich asaat the BSC, specific high-

1efvﬁ %ﬁy Zﬁq tff;o nsV]'szliac (g%equl %e%%@éﬁ%ﬁ%? e onzatlons are

to-b&®mapfped tEftﬁébisﬁi\mQﬁétatsﬂéﬁﬁédlﬁi e DIP-Diinér mtefrﬁ}:e for each flow.
[1223f For AF flows, the follow n araneters nay be
Syels mapping t@;mrgeggp@glé‘o&cqpcew@@)% yw types by sufficient simulation

ag“egrlﬁ yThol d[]. QOSMetricState = {any, any} c.
riorityThol d[]. Del ayThol d = {O, 0} (Infinite) d.

[1222] Del ayifefolowing atd exanipléseiflustratihgribe udeho Oegiops paramiters . For BE

ngSItlve val ue f. Fl owAggreg tel ndex = 0 (no
35+ b A UOKNE PFampIIEREY B@F%ConvFactorBM = 16. h.

Thr ghpt 2Del ayConvFact or BSM = 128. i. FlowCd ass =
Thr pat SReSMdtgesState = (MG | gl bI eFor DRCEr asur eMappi ng =

200501 0BHE S RO RLNRESaRS Fuy, f"léi{zzgl AR ows,

t he f.ol a.
s r?@g@gg&ﬁﬂ@@éﬁ@d@xbm}m@

Pri ordi tD&]adel[u}d%mﬁmnehSt at e = {2, 3} c.
Priorit ThoI ayThol d {O 25* Del ayBound,
0. 5* Bel ?88 But‘ljél ayBound Appl i cation dependent

e. Tgf gﬁfom&%&ﬂdex 0 (aggregate all BE flows of a user).
g. Thrghpt2DelayConvFactorBM = 16.
h. Thrghpt2DelayConvFactorBSM = 128.
i. FlowClass = ThrputSensitive.
j. FlowEligibleForDRCErasureMapping = 0.
k. ErasureMapDelayThreshold =0 {infinite}

[1223] For AF flows, the following parameters may be used:

QoSMetricState = 0 (MCO0)
PriorityThold[].QOSMetricState = {any, any}
PriorityThold[].DelayThold = {0, 0} (Infinite)
DelayBound = 0 (Infinite)

ISR

oo

TargetThroughput = A positive value
FlowAggregateIndex = 0 (no aggregation)
Thrghpt2DelayConvFactorBM = 16.
Thrghpt2DelayConvFactorBSM = 128.
FlowClass = ThrputSensitive.
FlowEligibleForDRCErasureMapping = 0.
k. ErasureMapDelayThreshold = 0 {infinite}

B o@ om0

b v
.

L



wabkooghat72Del ay ConvFact or BSM = 1. i, Fl owd assPET/US2005/015812

[1224]

[1225]

[1226]

f. Fl owAggregatel ndex = 0 (no aggregation) g.
Thr ghpt 2Del ayConvFact orBM =1. h

Del aySensitive. j. FlowEligi bl eFor DRCEr asur eMappi ng
=1. k. ErasureMapDel ayThreshdl d = 0. 25*Del ayBound.
[1225] A Signaling Flowis provided as follows: a.
QSMetricState = 7 (MC7, highest priority) b.

Pr i didrBFTFoive] the Qg pardnaiers may be used: c.
PriorityThold[].DelayThold = {0, 0} (Infinite) d.
Del ay BQuoSMetri€Btiternf 0 MIC6) e. Target Throughput = 0 f.

v dnp PoEbAyol Sas e L 2. A1 O
pel o GEAST Sty o Dt il G Rl Bonga

1. ki Beagwoahip NatEddpehdens 0. 25* Del ayBound.
[1226] Thé BE AF f pgws, may be prioritized by using an
apprep MasggetTlvonglipuati0on of the followi ng paraneters:

1. MO_,...,MZ7 states allow strict prioritization. 2.
GoSF%cEFé‘PWASgreg%Pﬁ"dE’F ‘T“@r(fl? PSPSBIONE. Tar get Thr oughput

typi cal t-{equire some m ni num
thr o%‘g#ﬁﬁh‘%@ﬁég%%‘%%%mj}'uszoow 015812 54 [1227]
The £F THrgys2D@lxybenviFastbiBSMpri.oriti zed by using an

appropriate conbination of the follow ng paraneters:
1. MoOFlowChasy=dedaydensiliYeow strict prioritization. 2.

Accel ergt i et vides priorifization during bit
st uf¥i r‘Fgo ﬁﬁ%{%&%ﬁ{gﬁ uref/{,? P me{'pri ority state, but
doesk.n(ﬁrﬁgiréﬁﬁ]%lbé’laﬁfﬁr@é}foldQ@.Z@“D@iayB@@ﬂﬁEt sel ection

(since this latter”  step uses bit netrics to calcul ate
t he Spaakes Floet ksipeoviddd stfolldees not depend on the
AccelerationOfset). Wien two flows belonging to the

Sa”ea.us(gdSSMEn'fc%téiEﬁf(M(Enhighésﬂpiﬁoﬁt}Q conpeting to be
included in the same candi date_transm ssion instance,
t he bl RiosityBhaldd. QRSMetricBiatest €F.al}i onOf f set
PriorityThold[].DelayThold = {0, 0} (Infinite)

DelayBound = 0 (Infinite)

TargetThroughput =0

p o

AggregateIndex = 0 (no aggregation)
Thrghpt2DelayConvFactorBM = 1.
Thrghpt2DelayConvFactorBSM = 1.

o om0

FlowClass = DelaySensitive.

e
.

j. FlowEligibleForDRCErasureMapping = 1.
k. ErasureMapDelayThreshold = 0.25%DelayBound.

The BE/AF flows may be prioritized by using an appropriate combination of the

following parameters:
1. MCQO,...,MC7 states allow strict prioritization.
2. GoSFactor for soft prioritization

3. TargetThroughput typically, for AF flows that require some minimum
throughput



receives priority. 3. DSBitMetricValue affects the bit

metrics so it has a direct effect on the packet
woreaosile9792rhi s paraneter nmay al so be used for sPET/US2005/015812

prioritization. Currently, this paraneter is not

i npl enented. [1228] The DSP-Briver interface provides

a flexi bIe nmet hod, of aggregati flows at the,
[1227] schedts BF HoRGmay b Brignpegaizeany 5 B FBIP i spembination of

i.fferent fromthe aggregations that
th%‘}ﬁﬁcg%ggaﬁﬁgeé?

the BSC. Wen the BSC aggregates a set
offo t nd single flowto
t he i ﬁ@g& el’rMé7§% glgé’%ﬁr?cgﬁﬁ%ﬁragl?el ves a single

set of paraneters for the flow The,sch duI ef. cannot
tel | 2¢ HeccglsrationOfsetgoyieyRronizaton d &@@ Af11opg octets of

i's don AV hAT t\’bhéﬁ N Pabibed bdivot
know tﬁg@&ﬁ%@oﬁ@gg@% d&eE‘ﬁotS&ifb% TI The Avgr'll' ?)tc&;ughputclon
vari abl (mncmﬁﬁsjdﬁsr stdpeaﬁmbm Imeltl’msdq gaipuﬂatedhe panket metric, which
aggregat e n ara ters

ot =y Balsstmofaeit PR GreGErORSTT 1 Gl aoys bejonsing o
aggregaphe s;ﬁﬁ@us%? br #d &1%re‘ﬁ@ﬁ&r§/ﬁ'la d6mPetidg bePr-1Elddvieithe same
interface. The list of variables to be set equal for

all ¢ omandlldatteutmgsmism instance.ghe flowrwith the larger AccelerationOffset
Aggr egat el.ndex. QoSl\/bt ricState d. PriorityThol d[ 2]

e, AccePEiuEiTBIoE Nt o . Accel erationCffset g.

Del ayBound h. Tar et Thr oug ut WD 2005/ 109792
PCT/ @Sﬂ@ﬁBﬁM}_&g@i@ uesaffects t qglgpmc@rso it has a direct effect on the

DSBi t Me I
i 1t or ek e, FuB A ??5’?%%’%1*"2%“%“ Dok ricritzgtion,
is to b@u@@ttlydt’hﬁs‘lﬂmnéﬂemslmt Hhpleiénted. 1230] | n one

enbodi ment, an aggregated flow is assigned a sing
[1228] bit (TheSB-Rygyemsterfage provides aflexiblemethod of éagrsﬁatmeﬂows at the

%@egipgf&aﬁg%'ﬁqa%ag%ﬁ 89§ ﬁgﬁsﬁeﬁgﬁ% Eéh%&?lﬁo %Ietalalrt{fer%nlt from the

akSreg@idni [tRdt @ahyDigs @shetbly theBI®.advinh-the BS(]qalgregates a set of flows,
trmestanps of its FTx/ RTx/ DARQ queues.

this|agetegefefappedss es agingle flay, tOhféﬁéG@dul%@doth& eﬁcﬁ?q%%r receives a
¢

PRy I9 405, I BP0 ok e v

apéxt. em{eanggte@alcﬁmstdbnb lat thagcheduler, the scheduler will naturally know the

contributing flows.

[1229] The AvgThroughput variable includes the total throughput of the aggregate.
Certain parameters, such as the DelayBound, specified for contributing flows of an
aggregate are set to the same value on the DSP-Driver interface. The list of variables to

be set equal for all contributing flows are:

a. UserlD

b. AggregateIndex
c. QoSMetricState
PriorityThold[2]

o

AccelerationFactor
AccelerationOffset
DelayBound
TargetThroughput

Bo@ oo



flows, and secondarily by the tinmestanps of the

contributing flows. By setting the IntraFlowPriority
w@20aet7er s to the sanme val ue, the sel ecti on opCEUSIDS/015812

contributing flows nmay be nade strictly based on

their timestanps. The IntraRSwPriority paraneter is

nostly intended for BE flows. [1231] As discussed

her el. n&idFectoerach fl ow has an FTx queue, and may have

yeues. In the software
inp|3err@gg%%¥§ﬁ?93 Single bit stuffing metric is
cal cul ated for each flow This netric applies to

A}ﬁa&dﬁge}&gé%ﬁﬁ? rEVtregéé% dftfe g;v&ﬁly\ﬁ'ﬂl A owPAbSlySanid Isal}%nazﬁwhlch

gueues I’s se ected to be served
isito Uk vetdlifférenttyuis RewBr.e al so served in the or der

det er m ned 1232] On t b, d
[1230] ¢ e oIS ApAARR RS 0T i epignest & AR (offiag) ametric

Tﬁg)in&fi?{ asmlﬂ%?d@ﬁnﬁéﬁarﬁ]? RARIGRE )zﬁonﬁrlﬁhﬁng ﬁows of an aggregated
acconplished by sinply nodifying the MetricTS val ue

flgwv efihé mrEqnaalpl ofha canigibaling flowMist ¢dlaised bagsdreit ther head-of-the-

oSS RSSO PR TG i T ISR o i

stREid AW ever, ARETIr @i fny wfchOEoritak@mgOflowh eary abtved of dleterrmned
if both the RTx and DARQ queues are enpty. It _tak
pomashobiiethe dairaBonPrioRty FIRIGISES @sqlgneé?r%t Yackyof tiengontributing

eue e
opNE -2 Shfaiaty et of U (ARAEE H4® BY sctting the
%ﬁ?ﬁ%&ﬁ? @blfahfewrak tbrthe Ez&né aalne ,h®sebention suter pHesntributing flows
efine the npat i i

t t., of .
ks Bade SiFcil bara 97 IiEeRmer ABh JEJAHlgRRapYy parameter is
nﬁsg?lrgé@eg%rl%glfo?v%he speci fication, configuration

es are ned for ~certain protocol subtypes
[1231] that A&n@lbélﬁsddhhaeramam amﬂmﬂow has aeFie queuseandf moynhave RTx

whi ch N h.
agql/lﬁgpeb?]%@ég%#q:sa ﬁ]’ilesgq el A Vgn%mogo g}ﬂf&%ﬁfﬁ%n% metric is
csgagg%p%é&lﬁ%z THI® rﬁéﬁﬁ@%pl'lé% 1 §dh§ i BREFTE R@eue, as well as

ul er create a candidate transm ssion instance
octetst @i thierRTxd ané DARQaquenes: iﬁ ailowh iscselestaduiol borervegh sindividual
recei veq Thi s, .i referiq? s NULL-to-Rate
QU @F S EhSeTYen hg g rfrr]r]b ses the fol | owi ng
[1232] T est Ofet dopRarddnbldibabnt froiabe theability 3o Givscasa theAricpitedf a flow
to serve flows with finite DelayBound . h. RTx/ DA

ify theu BT xc anthion DARQ eyupess mzwerrxamermﬁ an aﬁ?ﬂé%@lSﬁ% by simply

%ﬁé@h&%tﬁlﬁﬁ@%ﬁ%@iﬁlﬁéé%%%%@e? G Al SR
: NULL DB6JFacesr ’@(eiran.éimsﬂonPﬂ&ztﬂ’FKbps) both of
vvh| c 8 et r “t %Iﬂ%u% eﬁ'z%}atTapéﬁTWOk 7, sane

transni ssi on %01 ain °proto subtypes in

[1233] ReV- AheAdabREGIRARRAPHSiTFdeof QikIabh thelval® ofSPHWotH the RTx
protocol subtype definitions.
and DARQ queues are empty. It takes on another value if the RTx queue is empty but

the DARQ queue contains data. And, yet another value if the RTx queue is nonempty.
[1234] In Revision A of the 1xEV-DO specification, certain protocol subtypes define
the NULL DRC to be compatible with a set of single-user and multi-user transmission
formats. Also, in Rel-0 of the specification, configuration attributes are defined for
certain protocol subtypes that enable the access network to serve a user from which a

NULL DRC was received with a (1024,16,1024) single-user transmission format.



[1237] When a NULL DRC is received froma user, there

IS no guarantee that the served packet will be
wgaomsrerdul | y decoded by the user. A future i nPCDUSBF015812

may involve actually nmonitoring if users having sent

a NULL DRC and which were tH¥n served in a packet are

actual Iy reasonably successfully decoding. Dependi.n

[1235] on t e citherceasss tha sghedpler qnay KEFatsy ﬁv%ﬂ@i‘%f? sijgsiont. instance
ccg:ng%ig]?lg 20/ 8f § wfQrdhenidhanunRORARIBEMNd. TRIKS réBRed to as

ate transm ssion Instances created for users
NULA-tosRate  @onMettsionDRC Thieosubeduleraimpéses cthn diotlawimg restrictions on

transnj ssion instances created for users that sent DRC
NG LgtprRate £ORESIONS t aj n r easonabl e appr oxi mati ons may

be made in a soffware._i I ation to facilitate
t ha chlegred dosepye Wé“ﬂ@lﬁgﬁﬁﬁggy%ﬂﬁ‘f’?i -user instances

t hgt ﬁ%{@dﬁ@ﬁe@céﬁ[}tbets%wghpm sensitive flows.
[1239] Wth respect to scheduler timng, the tineline

[1236] wi t hOthex thamtthdss restistinng. thet eshedger daps got digdngyishsvhether the

art i e nancritj S tt er
B0 TR BB b 6o BOTSRELA9C] B ok 1 1288 opo. o
ob Qe are Vifinad k& be woiipgtibleavich tHe wmte SagmEstion Fomatsein, certain
the critical segnment may not provi d%/en,gaz)gh &Joces%or 1
projedob subtypesaprBevodt Aed trisienems madrig Talle i for precilic protoco

d ... ynder wor st - case | oadi ng. Therefore, sone of
S?tﬁgéee&gf@g?dgﬁl ations are to be delegated to the

[1237] noncWihédncalNSEDnBRE. is Secaieed fremDR@swrmlthers ipfno gusmantee that the

users nQt. be kno duri t he noncriti.cal segnment
sere paghehall be HEPEREY _ﬁéﬁ%%%u%ﬁwt P DR TR _ng&“mﬂént may
oy PLRYAIR R ofttSting & dRbs! hvRRNSHnEANRULL BPREMARSWhIth were then

I nstances "and to sel ect the winning candidate. It is
sprved fith laepacket DR@ctually weasondbly snecesioll s dagadingh aPgpendiggion the

t he wi nnin andi dat.e nay .beco i nval in :
et AR RO TR BT 7 bl 0, o Ppocimen
k8 tht 'cahdid a8 Eind@lsSioni isteles Ch@fled] fori wdgrst thet sent a NULL DRC
noncritical segnent. Wen the actual DRC val ues ar

e
lowerdharciie candigito GosymisgnstaTgs9sateshiopn usy that sppt DRE of 0x1.
critical.seqgnen this. : ' . .

12 S0 BT S 6 e LA i
1O EciRRN @dcredtiorof MEd baduidade mudfi-user nstantésvthpt contain data for
si ngl e-user candi dates b. One nulti-user candidate (if
tbmyglm)éa@r@a)ve\ﬂqm-a few spare users that may be

Ser Ve t 2 e fonl tAghiH SISt 1§ AMHER into tw

[1239] int ﬁgldég%%i@ att0 g&@%ﬁg g&metﬁm?j%’c%rgmqg??%eeﬁ?lllmm' Iln - e o
phitE\h©Grdkelart i6 theanondtitickd ssgmatt, aihtbe ldtter part kethe crigicalrsegment.

Ther RGeS P ST DSROLHS BT SyEug A el Soghient. Howerer,
tﬁ@%ﬁ&%&é{?ﬁbﬁt nBryGot pRARde e%t)ﬁ%{ brobéRbif Eyelesit caty ¥el domputations
ar ge e

erasure rates nay tolerated (e.g., when
isudved imuthei schsdulerd iwnders wopit-oape Hoading. os Therefosgssape of these

SRR o, B P GE g IR B e o
PB users may not be known during the noncritical segment, the software
implementation uses the DRC values of the previous slot to build candidate
transmission instances and to select the winning candidate. It is possible the DRC
values of some users may change, and the winning candidate may become invalid
during the critical segment. To overcome this problem, more than one strong candidate

is selected during the noncritical segment. When the actual DRC values are received in



then the AT may choose to hand off to another sector

or swtch to fixed rate node. However, the DRC | ock
whriosgester ati on nethod has a built-in delay, wdTOS1085/015812

at least partially due to filtering, to prevent

unnecessary handoffs. Thus, 57el atively long run

l engths of DRC erasures may still occur on the reverse
thrs |cnt40a1 Fogment s rdned: set/efcaae&areém fivkalugted, Thegeduced set of

afelﬁst%lictégﬁl% bARNLes may result in unacceptabl e

Pvice out age. A DRC erasure mappi ng
orjthm seeks t vl ges on the
g (‘1 5334 DYREST) ﬁ%ﬂl EJ]é’nga nb% % r%gll?%ﬁ%%é’sicrl bed in two

St 6P OneMBItileS tandi R @f(ﬁiyairéhfﬁeci) Rheith AR aiusers tBiR@ay be
erasure mappi ng. The séecond step describes the

nodi fseoat intiet candidate if pome ofitba yperp seyved lupthe prydrdaje Rgcome
A FI.LG 14 ]gﬁescn bes the DRC erasure nappi ng
al gorPYWRFRF by the AN at every tine-slot interval

[1240] fOf ﬁ'ﬁ SPE DO 8L DSad AN JbbPhbteschddfle paBIERs td-ah AR&hen DRC
e algorithmis run at each sector of a cell

mﬂsmtﬁ&oh ds emsedictWhen amyddUis, senting mulépls h Ty pithynongelay-sensitive

lgelil(}crlgggtgp te tljzit%gttraéﬁg,ﬁefgpg?ly ‘fthg Pﬁel%%lg? rrétg{'a n%%e tolerated

é"gulvﬂerp&lé'@%lﬁ%s@fﬂﬁe@ﬂyﬁh’ﬂmﬂt 1d9R6T $yarmi bapaﬁityar Waen the DRC
242] The mai n output of the al ]gorl thmis

eﬁslas urate -1mmes1v¢ly Aigh, v PRC lack bihFepld be S?tﬁé ZEWd@F N, and

d
e T

Ha%vem X DRICD [deki it B&egationrmethod ihag atlhmlt—hmtie]sy, whichds at least
i.e. successfully decoded DRC in asr fa Sv 1

pesiely fdop te SWisTiRg.§ RIAET YRDICEHGDN %ﬁofﬁc é‘P%n figely long run

16[D§%g ﬂf{(? PR nl?ﬁgl StiR €SBt %ﬁdthe NeVerkd 18Kkas Fble deM¥P-sensitive

'S greate X Ers Len. This threshol d
applidatiess, tee, BROreffias tiese reegspres gna)s rq:wltfmruwc@w‘qle \aopounts of
2005/ 109792 P ¢U82005/ 01581 vvh%e? %er\u ce outage .o oo
spvipsadtaget A IBRG Srasiie BPRPIRG RETE 1° FOWEYET SCTigs) ovtas
Eis( ghedul ed to an AT when the correspondl ng FL
pac et delay is high. Thus Max Ers Len may not be too
[1241] hi gh ThEdraséifmef 4] govithmeisgdescritedFnr s gapsh| dhe dirst sigps expipins the

Max. Ers be in ran f
st AR et e, e 58095 o st QP o e
I@Jhgc@l%&lélf oft RO iRevRi@sAd FIG. 1deddsarig the ER(EIdraZﬂB mapping
the DRC is erased, the Eras Cnt is increnented

a@omhrﬁ@nn by TheeANY atsevenst ting-stof @ﬁeré'éh%a :eé?il ) thaﬁfﬁ%i Hgigble rate

Iﬁq%af%c}r e[axléﬁ"lfmtﬁ gg@hh@% %0?% Pélg aercgfr ppe gza hlag an active
quete, (Whidh i€lssteup Uy theUBSC Migrpthek fideng Far simplicieyl thd akgorithm is
set to O at step 712. If the DRC i s not rase% 5

dgeesiberl do TR & Sﬁ@tzmtftf}ﬁaé @tmetﬁﬁéﬁﬁ% pied oply at every

I%l?OLent E{ is set to 0, and the DRC I ndex
gre | ) DRC I ndex at step 708. Processing

[1242] cont iTHeaRaihmuspuef the algorithm is the Erasure . Mapped_flag, which indicates
to the scheduler that the DRC erasure mapping is performed and limited FL scheduling
may be performed for the AT.

[1243] The DRC index_store is used for storing the latest valid, i.. successfully
decoded DRC index. Eras Count is used for computing the run length of DRC
erasures. DRC erasure mapping is performed only if erasure run length is greater than

Max_Ers Len. This threshold ensures the DRC erasure mapping is performed only



712, wherein Erasure-Mpped-flag is set to 0. [1245]

The FL schedul ers descri bed herei nabove nay be
woresfioes to work with the DRC erasure nmappi nBCT/US2005/015812
al gorithm For each distinct data now of each AT, flow
is eligible for limted FL58cheduling if:

(Erasur eMappedFl ag =1 &&

whérowEYiPg Pk gsFoobRyas Mipichykich. Pagkeite HAWFYSTelanRe seheduled
> asur eMVapDel i

tORPGRERT BCRBP R EORE BRel 0P B, Thus M Brp Jon may not

bd fAitEg4.eBort BE flekisgé.Bi, Moll reasbnabie tettingsffdr bak| Bry_Lox may be in

DRC erasure mapping. As default EF flows are assuned
therange € te 46 slokppi ng whil e BE and AF flows are not.

1244] | 1298 s#eRdRh HTHEDTH Sthe! k68700 firficonelhy faR¢ DRAS @y érased at
val ue for the packet at the front of the FL queue
ddcisien dianlodé 502 pafthetDREG iFFrasedzTixe Bras $Ams dreseraynted at step 704.

rasur eNVa IaThresoIdisthem’imﬂn i r
TE% 3%, nbggrl)&'ﬁ’&ﬁf’ﬁ’?arfeaotﬂ/ 5 B’raxmélf’rgsvﬁpug ’ rraaf){rm%gslg{tf ﬁg% quk,ay%, It
Eﬁis_']@lltfa{s @;e%@PQh@SMaQGEESPLEQ I fhe eriiee Nbgpe@efiay Hoket'to 1; else,
i n; a

ow is eligible for limted FL scheduli nE,
Etdsaref Mapped_flgg aneletred.aitd. o0t toap @t piep7d endfl thsnDRfels nef erased at

hedyl er: E i i ai bl i
oSFRGH ins 9or ShhrblroRlophl BiRLATR L PRk G {50 0. and
tHeODR U rdex Ust6te ik Isan®NDRE] Ditlek s spCOSW Rriocessingemhtinies to step

DRC i ndex,” DRC i ndex mapped [1247] It is possible to
78 rvelrerein Ergsueen Nogeed Al iiest ihbex napped as a function

of I Setle@Rets des i i LP $e UnblifiE® it@Svork with th
[1245] Dm_i%ﬁgﬁ_g%hgglgg{asnd S raezl- %ﬁlﬁtgﬁo VféI;ﬁllcieih'\?def aul t1 settiorﬁ W _e
DRC eBRGrel meppingajedrithmepPededch dixtdnot Rata flow ¢ each AT, flow is

schedul er, DRC J1ndex 0x3 would correspond to
ehgibls fophmited FLSehRUHERGH: f or mat (1024, 4, 256), whi ch may

WO 2005 005/ RSP REBrabMapping==1
Conver { LA T . Al o

Al of
these mul ti - weﬂeadquWustaJaZdizrmeP@e'?ﬂﬂ Mreghald PRC

R P e ol TR G e bt s wo gy
of 1 Agie REGLe Abwofort PRCAGbaL hespiest ek defstlt IRKidkws are assumed
Al'ternate al gorithns rgtxﬁ%{)pl y a nore conservative

eligibbehfor mapping vwhilgiBEaan os-aiz et t r ansmi ssi on

formats to |lower data rates as Eras Count increases.

[1246] [ 1248]cablliofQmendDelaDiddipadgst theri‘Grasent el nesdueo forf e packet at the
Vol P. .Sp, in the event AT has, .not.de d
frqng nefy qo’? egﬂ nBPEUe- Gsr %g%sﬁ e?aciﬂﬁt tlﬁe%{‘r iy g[tQP %t BARQ  quene).
Ergéﬁawaﬁélgﬁttﬁlésq@m% thOMRRmuR egudes delag feId Partitilyr flow for
0

a second transm ssion attenpt and reduces residual

epmotesnapring thas paineilar BRe 35ehe OrreriREThaidndydryHeld” . Jf 2 flow
to. hannel ich. AOL:
5 8l 5 TR BRSSO TREC e imig Ry Rl ghf et Lormed on the

Hihspshabd may be optim zed for DARQ, possibly
dependi ng on the DRC i ndex or DRC mappi ng

a. Flow isnot eligible as a candidate for single-user transmission instance

b. Flow is eligible for multi-user transmission instance with requested DRC index,
DRC _index_mapped
[1247] It is possible to dynamically change the DRC_index_mapped as a function of
erasure length. This may be achieved by using DRC_index_store and Eras_Count. The
default setting for DRC_index may be mapped to 0x3. For the FL scheduler, DRC

index 0x3 would correspond to multi-user transmission format (1024,4,256), which may



state. Another enbodi nent makes a DARQ transm ssion

attenpt conpatible with only lower rate nulti-user
wpawkeo7dDr mats, e.g., (512, 4,1024), or (256, 4pADREI0N5/015812

in the case of DRC erasure mapping. [1249] Alternate

enbodi ments may provide addb?i onal steps and nmeans to

the schedul er presented herein,

le, th .
poBEbe lcomseru s 12540 125 4A%% pRilopf (fjese multi-user
fowa? e’t corgga%t%leh@\tﬁ_ aﬁt]ﬁkétlhbﬁcjeso ‘Q’S rthep HOSHOWMA b 8e it %ecode the

In a degradation of
mzﬁ@e&\ﬁ)lkﬂ r{auighpus if hast Mﬁmﬂsﬁm (ofdefedesteo B thevdriuph requested
woul d nost |ikely_ use the hi r priority states

DRE) aeenr oblpte’ He5H B JIBE (GH by FHET CABRHR Qe lmit
vl L bhoYti-Qfe éttﬁﬁsn%gélgf £ rh RS0 10w E BRefatcilad BRS UBERincreases.

certain conditions 1250] According to one
[1248] enbadbteptht DARQ oﬁugmwuémttedﬁdtoa fos Vol $9,/in dreeeyent an AT has
a.user

nqt (Slﬁ?qd%tg tged trratgsng’ge% g‘lél}té—llﬁ%‘ e St gg} glte ﬁ\'sy fr]an%nlssgon attempt DARQ

& 9!&3}55 ity iof % BBodd B¥EsmisMEnl Bft&t Mreﬁﬁéds&*eﬂ&ﬁal packet
prkl\;/llg'gl'ﬂ S|E°')1ut }é 0K AvgRequest edRat e t hﬁ t he user’

erm’rl rotel QA&Qaieefohnanqex Bowever) isvitednigyAGK ehsonel eEPrfOémance which
he rioy at e
s B e S P e 20 ARG
mBy 88 Qptilndad. fol DA goRsibly dependitigion e BRIthdeabe DRC mapplng
requi rements may be jnposed on the users for thi

stpteo rotothen embpfistenhmakess DAGIQ ipyBissing aﬁ@%’—“’&‘g’ﬁﬂﬁ feryith only

16§eE RO BRI 95,5 4689 Sinth £
% or%l?tuyersp{ag"]%%]flc))ltnI ﬁa%v&sqzﬁdi?st u f| ng)@ggrret ri ?:caseo
Dmyeramreﬁﬂbpfm@e a function of head of -t he- queue del ay,

ut may al so bea functlono | ow s throu
[1249] Vo> 2BBmatTdpaemiL By o5 RS atbtow) B HRGES Bl peheduler
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the users for this promotion. Other methods for improving BE/AF capacity are possible.

[1251] The above method also suggests the priority state of a flow’s bit (stuffing)

metric may not only be a function of head-of-the-queue delay, but may also be a

function of the flow’s throughput.



with the data rate. Let AvgRatel ndex be the average

(filtered) Ratel ndex of a user. Let CClThreshold be a
w@a20aet7er such as 1.2. Then, if Ratel ndex > PCT/US2005/015812
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[1255] h(.) Taeeageosdhi ¢alfennbereoirs to ambid\vgRumstaresd Réftich insay require

the aver %g
preemption. One such condition is, as mentioned above, all four interlaces being

occupied by low-rate users. To avoid this, simple methods may be utilized. One such
method is not to allow more than a fixed number of simultaneous transmissions of
formats with 16-slot and 8-slot spans. As an example, this number may be set to 2 or 3.
[1256] One embodiment monitors the decoding performance of users that transmit
NULL DRC and are served in a packet. Depending on the PER measured over these
NULL-to-rate cases, it is possible to turn on/off the NULL-to-rate conversions for each
user. Similarly, it is also possible to turn on/off the restrictions on serving RTx/DARQ



requested rate of a user. Setting f(x) = x and h(x) =

X yields an approxi mately equal - GoS schedul er. [1258]
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data source to the access terminal in any slot t that is a continuation of slot s.

[1260] The above stated restriction imposes constraints on which users may be served
following a multi-user packet. As an example, if the access network serves a multi-
user packet to a set of users which then early terminates, then the access network cannot
serve any packets (single-user or multi-user) during the continuation of the served

packet to users that were not served in the previous packet but were compatible with its
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implement the described functionality for each particular application. As examples, the
various illustrative logical blocks, modules, circuits, and algorithm steps described in

connection with the embodiments disclosed herein may be implemented or performed
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npttortiedinised exgept i aeqpedange, it the following claims.

[1264] WHAT IS CLAIMED IS:




generating a bit stuffing nmetric for each queue. 4.

The method as in claim3, wherein selecting one
w@amwdilgade transm ssion i nstance conprises: gROEUSI0051Q15812

a packet nmetric as a function of the bit netric; and

conparing the packet metricé4for candi date

transm ssion instances in the set.

CLAIMS

1. A method for scheduling transmission instances in a wireless communication
system, comprising:
receiving channel condition indicators from a plurality of mobile users, wherein
the channel condition indicators correspond to forward link communications;
determining a delay criteria for the plurality of mobile users; and
determining a transmission schedule for the plurality of mobile users, wherein

the transmission schedule is a function of the delay criteria.

2. A method for scheduling transmission instances in a wireless communication
system, comprising:
evaluating a plurality of transmission queues to identify delay sensitivity and
throughput sensitivity of an application flow associated with each
transmission qUEUE;
generating a set of candidate transmission instances from the plurality of
transmission queues;
selecting one candidate transmission instance from the set; and

preparing the selected candidate transmission instance for transmission..

3. The method as in claim 2, wherein generating the set of candidate transmission
instances comprises:
generating a bit metric for each queue; and

generating a bit stuffing metric for each queue.

4. The method as in claim 3, wherein selecting one candidate transmission instance
comprises:
generating a packet metric as a function of the bit metric; and

comparing the packet metrics for candidate transmission instances in the set.



