;1" #%e3es@: 1 ;| =>nr@@@wo 02/ 27969 PCT/ US01/ 30418 1 METHOD AND APPARATUS
FOR DETERM NI NG AVAI LABLE TRANSM T A W RELESS COVMUNI CATI ON
SYSTEM ' who BAGKGROUND |. Field T W&W vention rel ai@syudoq/zfaka
comuni cation. Mire particularly, nt invention relates to novel
and i nproved techni ques for deter m ni rf¢PoPe avail able transmit power for
data transm ssions in a wireless comunication system [l. Background 15 A

.nmodern day conmuni cation systemis requrled to support a variety of

appl i cations. a i ltiple
access (CDwA) symh‘;ﬁﬂgﬁﬁ mmﬁ?ﬁ @Rmmﬁget ween
“users over a terr &SVAHABIE TRANSMIT POWERINAJWERENESSI tipl e
vaccess 20 comuni cati on symmx@ tent No. 4,901, 307,
entitled "SPREAD SPECTRUM I F SYSTEM USI NG

SATELLI TE OR TERRESTRI AL REPEATERS, " and U.S. Patent No. 5, 103, 459,

-entitled "SYSTEM AND METHOD FOR GROYNEORVE |N A CDVA CELLULAR
TELEPHONE SYSTEM " A specific 25 system’i s disclo i mliu\“ at ent
Application Serial No. 08/ 963,386, entitled "METHOD AN H GH

RATE PACKETL Bield TRANSM SSI ON, " filed Novenber 3, 1997 (the,HRR systen).
These patents and patent application are assigned to the assignee of the

present .nventl%@Pgegeﬂeﬁrmr@h%m@geahtaxeoh%ﬁrafeagsn o tang §f"9 are

typi cal | o conformto one of re sta Such

ned
i ncl udel(f het eﬂrsﬁ@t/mrsﬂy@ Ie rur%. P eoselaarrrgﬁn%‘eddeshruaﬁe

Standard f otheDuglaildbite Watehandp&preeadobpeiitd Uitanehliskicts Snstem wﬁﬂelt%s' S-95
standard), the "TILA/EIA ]l S-98 Recomrended M ni mum St andard for Dual - Mode

W deband SproRRHUEHeatIn S¥SEHY ul ar 35 Mbbile Station" (the IS-98 standard),
t he standard of fered by a consortium nanmed "3rd Generation Partnership
Proj ect” 31?38 odied in a set of docunents including Docunent Nos.
3G TS 25 21 ég@%uglgbzm 3G TS 25.213, and 3G TS 25. 214 (the W CDVA
standar d) and the Ph sr cal,. Lag)?r Standard for cdma2000 S re d

Spect rum Syst ens "(‘Pﬁ‘é“b W %1%15 stem ig gegyized iy supRatt g3yarigty
New CDMA stappslivationsr eOnensudh ad)ﬂnynmomxectyaﬁdq dslaptcede fdivisicre . milil’rip?le CDMA

capabl ¢ of eepbPREAGPRRTChE: SyBohS R oid S Romphin Y ROE eyl g
S0 on) overusetigover wé;eldeanldl liskerde lhserrkfsCDMArteclsapqueﬁ irba snauknpie aceess

}S gplvfgleio%/ypélagr@ﬁﬁﬁatﬁﬁ 2¥tefh H@rargeré'sg& aetu sf grfrag%.r (r)\gﬁg@bm 307 V%

all users aSPhkdi Da§g EC(TMMt iNBILIYP EEerj%EﬁS %MW%T@N rrpl e,

t1 88 over al |USIN@\BAT(HIHTE?®I§H\E$§TES‘F1EM_? REPEAPERSECdrid €St @a@@nﬂ %Sdt an
nmsec uire S, s i 0 n

guar ant eed)éug@fﬁg gt g ‘F@E %&gﬁ gﬁ\éﬁ mfé(ﬁ%d E&heg ﬁﬁé’rdf i gned

to the useermVEF@RMﬁrIN erﬁZDMAaCEdMMRdEEIcEPH@NE GYSTEM."e s spedifica

i et AEBAL SRR AbEd B 19REPGI AIBAMACRERACND 85 b0Edd ik

resources drate, a

t
i gher _al | ceitiash "METHOBAND APTARATUEI FOR HIGHeRATE, P KETcRARR
link. 15 | nTRANSMBSIONE! Fil6E NHEENHRY3 bwﬁb{tﬁe tHDROJQ%'Eé}h? dHeb& ANt

for different users further oto e vari.abl e armunts of
del ays. TheAThB2tsn éPHg‘E%F PiF AsEENE tt9aﬁﬁa?%1§n%f‘e?ﬁe ﬁi@@rasert tiRvenficn apd) ay
i ncurred i nincbepdratakhereiroby sefdminmenessage. The transmi ssion delay can be a

pararetgy e eLAgh B ey 81 SRR 9, e
oper at ed t cstandatdsal lt;ll‘\a&tendalaisslmhlqyotk@r "TLA. /ELAY E2P5Ik MabiledttationBpsa
_Pparticul ar &8 ﬁn@o bRl S{a"i%%rd% ]f)ﬁﬂfil\/{dé%g\ewdgﬂ%ﬁ@ [SRENR S R-dden be

|1 ted t t N
ghalofgnges ﬁ?]i ‘]éﬁc%fl'ﬁ’f?lg’r Z(i Insé‘?iﬁﬁo el'h gthe & %&é{murrerop% ded
( E upporti ng MiifirenientStandas (If)r srenul-mdeFIW&tebahae spf@ras &ﬁecﬁﬁngéﬂﬂl&k [ Fd
VOI u ar ein, c SSi,0 nsequen
t%e amount Sw%fﬁeaﬁ?ﬁlopy dgﬁﬁehgg%? Pﬁ%?r gﬁrgaﬁge? er(?gngxa? %r?'r’r 4
(e.g., 20 nmmnpdt'Bech$ieresation Pattmersdlip thojehé (B&RP) anmdembedidad in avmh qﬁn thin
the transni 3o BURENBine PREQAEN: NI, BCANS D551 PN TSBRHD! 8Y Fe055.9150

articul ar u transms
P and 3G TS 25. 2{4 (the W—CD%\/I.A stangard) and the "TR-45. 5 Phy51cal Layer

Standard for cdma2000 Spread Spectrum Systems” (the cdma2000 standard).




The avail able transmt power for data service and the required transmt
power for a particular data transm ssion are each typically estinmated or
predi ct edwai0227p@rti cul ar nonment in tine (e.g., at the tinecgesasoss
transm ssions are , scheduled) for a particular future nmonent in tinme
(e.g., the start of the next 35 transmission interval). However, the |ink
condi tions may change during the next transm ssion interval, and the
estimated avail able and required transm t power may not be accurate over

< too hi ghoeRire ﬁ%8"33?9.*%%‘%&%%%4*&%%@?e%%@%@%' %a@s%s?%ésg?‘ﬁ” |
1H transthPM;érStffl argls areincospenated herein hyweferenges may occur for a data
transm ssion (t r@dxﬁbscmm éﬁlt@ﬁ\s@@é E%aﬂﬂ@%ﬁhu %ﬁtﬁfér&wey&{ngég of él&vme

estimated ', avail able tran ovver bs t oo

t 1 mat e
required t r&snYPIChodiia AR t58c9 ﬁlfﬂ%? §9§tr8ﬁ?r§%ilé\i‘ﬁc
under - uthi | i seedice'is H}aﬂldmcmﬁ%‘d byaqmuqum sbh@ﬂreqaﬁeﬁ%ﬂt@ ed to
accurately esti ng r;;g g ower avai.l aal or data service and the
transnit power r eé 15 egv‘fCSa%m& ¥ ePrss ft Sxed And, CQmERRm &8 %eéf’}cﬁn
system ar e (&@b) Jordeli nsens @s SelNERy (_‘celaﬁhelyprsmagem ané nfixexh detay
t echni ques t I a
{ranemtse; e A Sakalt Shi L ALIAT f spBedH frafR8Tha e bpditica EOOPS?@S‘S
transni ssi oRapdi00amseg: uT’éeﬂelrﬁﬁuHém@@éﬁ ?(r@ydae Sattlﬁéledebét praoviding a lflmedc(anddance
with one as%am;— hnfded) Batd fa\t@mrl Ath usar (3. 012 d aealhgteafth%ﬁﬁéi %@i@egir

use

power over ni1s en_conput ed "an

rﬁiﬂ A first nar

account for'$he© 53{"? rgEOQé?fl%F?WVWC?Hg“ﬁ%ﬂlP%%dt@é gRgta aam@mmrrhe
avai |l abl e t(ltdamble) avoeratet foa speear frameseindepbadett dfGt}@ lini Iﬂ@sob@gesmwag of
the next fr r e fir r

mor e a)écura & ot tn}%t%g‘g?e ? ﬂeer?éz}srgit?qg%gode}r ‘ﬁlgrr‘nqaté){) ’r%?laiﬁ’ﬁ@ﬁ‘\égnce
Wit h anot he‘\eS(alsl‘p'é%tS wefuited fong awer bavingardegraded linkt he transnit power
requirag for a Oa RonfraloMats! Rvice ﬁa@abé'm o YalkPatt St Sn YOFHopd and

used in sc ling the data transm nto user seco mar gi n
can be conﬁﬁ?@ﬁer&ﬂ&?eﬁ%éﬁ fpay ferher ?@P qﬁetq%gltait%@@ablvaamgwém idelaye

required t r'H[ESGOS obsvelatd @érvicbl 1§ '&:Qll}g%l@fme&\yh@rtﬁé%ﬁah@ef Plrlﬁkuf@fighr}hg5
accounts f avali | etr

n
second mar ?r@f)%gaﬁ gletsgag[eh yé’)?B 2Ra %S‘?rtuﬁ’égd%a
user. A spe:mtimrzeethb@ﬂ‘ncrrmntymﬂa ddma aommmuaaluopr teties a nmet hod for

t b t d t f fut
tre pedt o E?n%E“ﬁ@W’&“?‘?ﬁ@ pPsqrRlcs, B COMA LS Ment of e Rbighyd 4ha
(previ ous| yIpez® eﬁrf@dﬁl@tt allogatgitransiait ppmﬁm(mm usersrequisinga partieular
i nstance anGOB el shidreetsiielafe MAW B &Snﬁﬁﬁ'ﬁcﬁpé c r{ﬁ{éﬁ%é alouReqfor a

prior tmetgeirlo are ecelve iatiqQm in the ‘avail abl e transmt power
over time i HEErSd B%%aéhto fraf nggl;: #¥8 predicted and average
avai | abl e transiVtnpoves challemgeghre eﬁcdtﬁﬁéredahaﬁlpléménhﬁ 20CDMIA dy@tenh he

Cranan’® poapetls 8E shipbifng ifidt ks droRgiice, lrséﬁlﬁnﬁﬁﬁgfﬁit' PRYRRex:
frane) is trnqwrpdebycw@tteame@ulgana&aled dyyring ethedr giommunitatione sessions.

d
1121 279G 3 RO P g R et il T 1B 5o ety

schedul ers, %ﬁ‘l‘do%% (8- A0cmesd) stramspssiop) Bwerval varthe nexssand possibly £een ur es
of the i nvwﬁh@nth@sraﬁeﬁ@gm&ednﬂeﬁvélurs&w\ddehal&m{s@he wierBRlqEkrebEESRA PTI ON

nvent Pn WAL TCHEE SR Rt ap AP IAEY Fr e oo Y bt on set forth
bel ow when t akerThmaleq’bﬂ,mtransmutv\meet for datavdengise andvtheakqlirké trafsemience
characters pddgsf i ¢ QeaIGs P Bah¥middd HIRUEA AN Sy REAHT! Etimated or
predicted at a particular moment in time (e.g., at the time data transmissions are
scheduled) for a particular future moment in time (e.g., the start of the next
35  transmission interval). However, the link conditions may change during the
next transmission interval, and the estimated available and required transmit
power may not be accurate over the entire transmission interval. If the
estimated available transmit power is too high and/or the estimated required
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the desired level of performance (e.g., 1% FER). It can be noted that the
transmit power for a voice transmission can vary widely over time, depending
on the amount of degradation in the transmission link due to, for example,
fading and multipath.

35 CDMA systems can be designed and operated to support different types
of service. One type of service can include transmissions that are typically not
scheduled because of intolerance to additional processing delays (e.g., voice,
certain types of data such as acknowledgment messages for higher layers, and
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erfotmance. In tp\e cdma2000 system, the remote terminal may communicate

w1th one or more base stations for voice transmission and typically (but not
30  necessarily) communicate with only one base station for data transmission.
These base stations are placed in the corresponding voice and data active sets of
the remote terminal.
At any particular instance in time f, the transmit power available for data
transmissions (e.g., on the supplemental channels) can be computed as:

35 “W"I (t) R‘”"l (t) Z PF (t) Z voice (t) Z other (t) 4 Eq (1)

where



data transm ssion on a supplenmental channel to a particular data user

be associ at

ed with a fundanental channel. The transmt power on the

fundanment @lo gmaogeel is controlled by a forward |ink power gemnt€Rlsodigop

t he WO

112/ 27~) G-l 11 PCT/ 115111/311. 118 manner descri bed above.

transmt power on the supplenental channel may or may not be power

control |l ed
-the transm
estimated (
avail abl e t

along with the fundanental channel. The anobunt of variation
t power on the fundanental chénnel for the data user can be

ey gBadE) Pa Eoffedpchfenal e 184 HEforER e il

may

in
The

in

‘current frame k, Pt Ko Hsrthﬂﬁﬁftsnﬁbﬁ@WGPa( lmey qsﬂbel vodageptad ¢haneal that ig. |

vduring fra
t he averag

5 a%})o&?teae“ﬁﬁtqg' s?ﬁl%@@n{aﬁ"cﬁa geu e&h@&é#&%&@ﬂgeﬁt o?‘a

£F anant require 't he a us uring

and
frame

k-1 are botﬁOlﬁequlaibNéer)These guantities 10 can be conputed in a manner

'simlar go
Absol ute or
vari ati ons

that pesgyishid tAbREt fg&fvef) aV@ire J(fBr a¥bi&h! géﬁé@i‘ JanidK - 1)

rel at Ve difference be use sti mat he ampunt of
1t nBug RS e {BnRril BOVRE Al dine Jsar. ofher cheanplsele.g-npilot,

relative di p&ghgn@(ﬁltﬁta or édfrneb);héi-&j\)\@?ﬁéhdmegdl cted required transmt
power Pi (k -1) 'and the average required transmt power P. (k -1) can

conputed for t heEqmtami61)ufaﬁrbeammlﬂ(lﬂedlj\aPc(ti@ngl)ltfdiwal(d(rrfa}mer ifR(kerdnsmitEq

0 equat; onPP U erabLfi Rl fied AU AR AT Bow W indnt Shgsthspe!3
can t hel) beaciosy £gclyl fuainel, Howeyeandue, thnhmgﬁSnamtthal lm]el@mdm@a‘, et | on.
The 20 expoasﬁsmﬁlﬁ(yw@Nf%fraca@QEﬁséﬁkhbé@ cﬂéﬁﬁ&ﬁﬁ?ﬁ%e usté&h&ﬁ{g %h% QTR

as: P(k-1)

PkliElO

() P (k -1NiGHE etowglqlgtaanmﬁ}eg r«ﬂ@ﬁlﬁgd e T8kt Tateqn) For 1e>€§m)1P1€hafPr the

det er m nes

tdrea2000esysturas métach@dl tidignEXpenen Edﬁéacﬁvﬁhdgh{wltal%ﬁﬁhew%g

h | d | at di f
are w thin PReSleBeLiEER de ﬁ%ﬁﬂ?cﬁ"ﬁw@gﬁqﬁe shes el es Fo PR bipteS per
di ff er ebite sHcond) (i(ek) every a]l %’:‘o m&cdnom'l"mmw theradthel degremisepower far rthez

(K)--..~t~

O 112/ 27!)(
20
25
30
35

ﬁgﬁiaﬁlfe‘rgtﬁl'" Earels Rbdt vy Ao tife Frafne? irftefratatd thnfbd Kighbk

than the transmit power at the beginning of the frame.
FIG. 3 is a diagram that illustrates the available transmit power P, , ()
for data service over a number of frames. At a particular scheduling time

instance f,, during the current frame k, scheduling is performed for data
transmissions in the next frame k+1. The available transmit power P, _, (k +1) at

the beginning of the next frame k+1 can be predicted with a (relatively) high
degree of confidence (based on the forward link transmit power history)
because of its close temporal proximity to the current scheduling time instance
in frame k. However, because of changes in the link conditions, the available
transmit power will likely vary across frame k+1.

In accordance with an aspect of the invention, the variation in the
available transmit power over time (e.g., due to variation in the required
transmit power for other types of service and transmissions) is estimated and
used to provide a better estimate of the available transmit power for the next
frame k+1. Specifically, a margin is computed to account for the estimated
amount of variation in the available transmit power (i.e., for the variation
estimated to occur in the next frame). The available transmit power P, (k +1)

at some future time instance (e.g., the beginning of the next frame) can be
predicted and then reduced by the computed margin P, (k+1) to derive a

marl

(typically more accurate) estimate of the available transmit power P, (k+1)

for data service for the next frame.
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12 PCT/11S(11130~18 Equation (11) shows an exponential averaging of the
square rel ative difference using the same weighting coefficient w2 as for
equat i on W)227bwwever, ot her wei ghting schemes and/ or wei ghi/usig/30418

coefficients can also be used. ' In one enbodinent, the standard deviation
(err) (k) of the relative 5 difference can be estimated for the data user
as: a'i,; (k) =nmZr (k) -ea.~ (k) . Eq (12) where the nean square relative

difference na2; (k) and the average relative difference e2,i (k) are
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in the current frame k. The available transmit power can be
averaged over a particular time period (e.g., one frame) to obtain an average
available transmit power. For example, the available transmit power can be
25 averaged over the preceding frame k-1, as shown in FIG. 3. Alternatively, the
available transmit power can be average over a non-aligned frame period (i.e.,
across the frame boundary) that can end at any time prior to the current
scheduling time instance ¢,

sch”

The averaging can be achieved based on a linear
weighting that equally weighs all measurements received over the frame, an
30  exponential weighting that gives higher weights to more recent measurements,
or some other weighting scheme.
The difference d,(k -1) between the predicted available transmit power
P, (k—l) at the beginning of frame k-1 and the average available transmit
power P, (k1) for frame k-1 can be computed as:

avail
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i n equation (17) if the estimated vel ocity of the 'rendte 30 termnal is
| ess than ofs ga@f&d% the threshold velocity, then the predicted required
transmt power P F (k + is used for the estimted required transmt
power R2F (k + 1p} (k)ah’eidﬁ(kb—ef(ﬂc)lﬂé —ag)-iafik ed) vel ocity is gEg#fler than
the threshold velocity, the average required transmt power P r (k) is used
“for the estlrrgted fm guired transmt g wer P F (k + : 3 doredl cted
requi r ed t r ke techniques to estimate or otherwise computet e standard deviation of

the variation in the available transmit power can also be used and are within

the scope of the invention.
In an embodiment, the margin P, ,(k+1) for the next frame k+1 can be

30 determined based on (1) the average difference e (k) and (2) the standard
deviation o, (k) estimated for the difference between the average and predicted
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averaging as follows: PF(k)=>1'"~.P,.F(k-1)+(1-~y).P, F(k)
he channel is related to the velocity of the rempte termnal.

fading on t
The vel oci t

can in turn be estimted using a "covari

2791 >9 15 PCT/ 115111/ 311~18 power P F (k + 1) can be based on
various prediction schenes known in the art. In an enbodi nent, the average
requi red wamnsiwéy power P F (k) can be conputed based on apcexpaisepis al

Eq(18) 5 The

y can be estimated based on a(ﬂaxr mum Doppl er frequency, which

(e | Pohae abdiap N r POy SR, SROSHERERY 0BT

a nunber of

chi tai n

sanpl es. Theompudecanf the pil ot sarrpl es is then corrput es as: SQ = PI,

PQz Eq (19) The nmean square difference V can next be conputed as:

2 +

1~ ~SQ~+~ - P{SQ(k-ﬁi) eﬁ%)#?ﬁ@k)fo—“(kﬂ'he variance Var of theg Egy res can

then be conmputed I'n a manner knovvn in 15 the art The maxi mum Doppl er
frequency fd, can Z&estrnate &VF ' (21) where z is the
separ ati on ’a"r]ﬂ?r? sThifek ihed VARE BF‘S) cefligignt rs?St/e’h(the  dhatamey et Hoe f or
estimtimg & X1 mum Doppl er frequency is described in further detail in
a paper by J.

Met hodol ogy for ?t(?gtgﬁnbﬁ treatﬂrnt}‘r B WS?sfae
Tech., Febrgape APDean RrO&RIMIeBOhadell 8119 thé pir@&f?:

refer ence

proportiona

| ookup tabl

(21) and the 25 estinmated velocity. T

at h, ~en |t Adaptive Ayerage 20
>| %E”E

&P 51?51%51@ H&lshiPYower

ITB F ency 1S

datas perviea trsthennexn .

sh I he
PRI e Mk e fo3ui5E G dhR PRBIURG ok b8 Tkt frama bt g
ad Hed aiswre-¢draputed mangibop »ﬁlﬁ“f)r r agbsiheys:est i mated from equati on
e estimated required transmt power

F (k + 1) can th ete d a art on the estimted velocity,
( ) ﬁ:@igke (’ ) %Rg r'tgtl wenl(% g Y

as shomg) in equa

Doppl er threshol d

(corresponding to the threshold velocity) can be used in equaEH&@ (17).
t he estimated FdkhathirhDoggker 7f(keomiéhy can be conputed based on

this case,

equation (21) can conpared WO 02/ 27919 16 PCT/ US(lI/30~ 18 agai nst t

Doppl er  t hr gs keludtiord ") £ $hé Brieftb& W iBB1d rt?aﬂ%%dt Dower B B k(iﬁt) at)

he a ove

t hen be det

ermned baséd in part on the esti nat

In

he

embodi nent sbeginaing Détthanue@fetﬁmmle rerlgiars ber ebéxined charedt ed bhamedben dfhe

1 er ence PRUSRI LIRiRECRAB) itk 346" H%rid SRS pr RN poB50

attenpts to accoun

t he transm
di fferelfce

ariati o e respec ransm

edd Avalpkle. CARSE, BOWET Bnw@hr betethe heglem%dh@ e
ﬁﬂﬂtesltﬂmd%“qﬂtaﬁ@dlﬂaé hosilakle telemait b@We@bPVe(tsc b tlt@édh%&bﬁﬂg

avail

al so be estimated based on other statistical neasurénefits and conputa
and this i sHREIRANER b, %ﬂﬁecweﬁh@am\ke fdpygver, other prediction schemes can

20

25

30

also be used (e.g., P,,;(k+1) is a particular function of P, () and previous
values). The estimated available transmit power P, (k +1) for frame k+1 can
be used for data service and can be allocated to one or more data users based on
various scheduling schemes.

In accordance with another aspect of the invention, the variation in the
required transmit power for a particular data user is also estimated and used in
the scheduling of data transmission to this data user. A second margin can be
computed and used to account for the estimated variation in the required
transmit power for this data user. Whereas the first margin accounts for
variation in the (overall) available transmit power, the second margin is specific
to the particular link conditions experienced by the data user.

In an embodiment, the second margin p,,,,(k+1) for a particular data
user i for the next frame k+1 is computed based on the estimated amount of
variation in the transmit power to the data user. In the cdma2000 system, each
data transmission on a supplemental channel to a particular data user may be
associated with a fundamental channel. The transmit power on the
fundamental channel is controlled by a forward link power control loop in the

rgin

ce nethod" as follows. Initially,

N1V =

P

i ng

e
can
1 ons,

’



10 FIG 4 is a flow diagram of a process 400 to estinmate the avail able
transmt power for data service in accordance wth an enbodi nent of the

i nvent i onyol@seset ypes of service may include voice, data,p@Engengs
services. For this system other types of service are given higher priority
than data service, and the transmt power is allocated to these other
services first. Any 15 renaining available transmt power is then used for
-transm ssions to data users. Initially, Bt each schedul i ng time instance,

bower Tortiannes ciepedhed BoaVE; ofife BAREAE pOicl L iné 25pBldheRRt SnphRtem
" above, t hesmayauramaym WWMQlelddealangm@btm&mdmh@ﬂtal gragmiel. gbeer
-Pavai | % LAE of afBe6n ndRE dhBnhl BOWEE PH 43 AYALhARA dHARRITd: Rener

Pavai | egi.nni n e requrre parane er
val ues have difaatser 6an betestimat (ergweaeaeeleéétrndéhtqtt@ ghpye for

“predi ct exl awgﬁgbglg&Mt?omwr is conputed and the standard devi ati on
di fference, and standard

of the differenc esti at,step 414, e

devi ati on can begé ft‘f) rngeemfhﬁts qerfscitﬁba}?aﬁ‘r‘r‘é'fe EI a6 felietsangipie.

mar gi n Prar powlkr JP(k) I)Sptdvemusiprprattmtbd (rergtdarxng%arhem ﬂmﬁetmpmdadoﬁmrt he

conput ed di ff.erence_an rd dewvi ati at _step va bl

transmt po c%é@auﬁer(dugng)ﬁ‘g{netﬁ Sgal I ngeltﬁget Flrémg P%netﬁ'('% 1’r?ten

]E)r ed:j ct ed, ﬁg’qt usiteefof 1Be dabi Sseeafuriey fahieedrdBoti QdaﬁdblélgTh% qiaitidieke and
I Xe t ns

L ansm 101 offe b SPGB M Rie ithi et ABGF R0 AR ot -0y an

required tr &gt £1povdsofute raxrtrlakatltvetchffeteme san tbepusgel tof estimd théhe ahto,urﬁs
shown in equatiQ he esti mat ed avalaletran k+
D) Tor dat aoLkaRtd i tanenit Rserlodhe S8 YokEn 1ok Bt dhe peetiveo

the predi ct diffeasrade ab)(@ 1) dretwiebn fheeprelivied Ireqiired ]t)ar&&uarpderePn{bmi)Jt ed
margi n Pmar 1 + 1 n_e I on t step 420. er gaf

o S oo fod oo S pEBAECH o0 Pl 8 e R ot ARt B 4t

112/ 2795 ) dderRGT/ 115111/ 311~18 estimated avail able transmt power Pavail

k + 1) and other factors, as described below FIG 5 is a flow diagram of
a process 500 to schedul nd trﬁ r’qt data to data users in accordance
with an embodi megs, (QLHBM._P' rocess 500 can 5 be exegg{(®d for each

transmission intefval (e.g., P&etl)20 nsec frane}. Prior to scheduling
transm ssion to a new data user the throughput T, (0) of the data user is

initialized a Rt '(0 Kl p
512. For ea‘é‘trlu H?ﬁ*g%&’ée < sr‘??%gl d%‘ilﬁr{oeans ssr o()nw%rn? @I) a?@?i)hienﬁgecg&ﬁ
user set S, e@laluﬁs(g)hﬁsuéaﬂa)frat(le B. (Ilhetrela)hvfeodlffdnm@atia,(hs&) am)rcheﬂnbenext
20 frame k+1 is conputed, at step. 514. The possr bl e data rate +

for each dat¥eraged Haimghefaroyamble hate @xBANRRIAL WRigh(ng) | Ci’@}‘ a Qe( 17)
and is Hepewq:amerrbxallymmgedmehmwmfferencetdae(keszanlhetcemmdlaabI e transmit
power Pavail (k + 1) , the first margin Pmarl (k + 1) for the available
transmt power, and the second nargi n L2, ] ( +1:]5 for the data user.
15 I'n the embodi genk) showy, (- I#ﬁi tlo data ugg(ﬁ) yare
schedul ed based off (1) the esti ed a ai | aﬁl(/e —1y ans ‘t power Pavail (k +
1) for frame k+1 and (2) a priority index I; (k) conputed for each data

O e OB el AR Bl 0018 aPaRln B EL RS

t hr oughput far t(He)e driendial 20ergharli Bther wdightirg athéiyies rawaldo bé klseddo be
comput ed T 05 { ?elﬂﬁ% &i?ferét{ce( |ﬂ%ﬂ(k B 4kd +ar%) within - tHek sedp 6? 2ﬂquhe
use of the t ghpu T, in determning the priority index"1;

ensur es2® Iﬁwehuoh fai rness such that a data user associated with a
“degraded |ink do r

pr ori Ty i ndi ces g aE et SR O Eiint e 0 X oR IR BE TR (Gr e
~invention. Muteudeha@spossible data rate R, (k + 1) and priority index I; (k)
have been conputed for all data users in t he user set S, data transm ssi ons
can be schedul ed for the data users ?(e( data user j having

t he hi ghest pri or,,ﬁr;k)r:n‘dexn qrse,r i ﬂed for eq(regul i ng.
The sel ection can be 30 achi eve base g: Ir(k)=max{l; (k)}
Eq (23)

nt hlz(k ell) ow



The previously determ ned possible data rate R (k + 1) for the selected
data user is then quantized to one of the supported data rates {0, Rmn,
... R, RwWQ2/279¢9 WO (12/2791r9 18 PCT/ US111 /311. 118 Rnpetus@lzesisep 524.
The quantized rate R~ (k + 1) for the selected data user can be determ ned
as: OR~(k+1) <RnNn" R (k+1) =R, R-(k +1) > R,;n . Eq (24)
RRR SR-(k +1) <R+, In equation (24%, the data rate for the selected
data user is set (1) to zero if the 5 po% ible data rate Rf (k + 1) is

| ess than t SHIRGL . at }: t A sible
data rate aﬁ?uhﬁ&ﬁ%l)iss r 515%?( Elta ﬁg?nﬁ%rﬁsg{%ﬁg#ﬁ‘ﬁéelh‘%éeé%’“‘éeugﬁ%&ﬁ% dat e
rate Rmax, f"(&e?‘et r{‘?]é‘gqﬁgﬁl?n$6% cieminys 2adopsauation 410, Hewever sdheher e
the ‘sl ot o8 ot g onal 3 ot e tngRAUHIci A ca alsghe pgBLey, 1Pt he
S u Iz . 3 [

next frame can bgl c%%u%%&&gﬁergt Celcg‘ES%f‘S%E‘fj (li-gy Ighon 10'2-'! &) of ﬂl‘gr rﬁaﬁywp
(k + 1) 5 adgfferenf&n b&edmhted Br tid dRGGsdr hs) The estimated available
transmt power Pavail (k + 1) is then updated to reflect the schedul ed data

transm ssion for usgk_j. at.{h antized data rate R*j (k + 1), ,. at 15 step
528. This can bede-il(: |)ev"é”d ]b)y gtﬁ@@r’acti ng the estimated transn&ﬂ%@\/\er P*j ~

(k + 1) for data user j fromthe estinated available transmt power Pavail
(k + 1) . Twhenedhesmears squaat velativéatifbrende ste(k)53fd the nesmpeneldthe

sel ect ed ang; | ed dat g _user. Th 0ssible data rate R + 1) for
each user rg%&lgﬁ%; ?%(@heaarﬁséjgng)e‘ﬁe@ g% %Wnu&aﬁgﬂg%%%dagﬁ ?‘T‘Fé (105,
remai ni ng esdspeetivdlyavhi habtier2émbodithent] theweindaH 8beRLBAZ0ZA%) of the
determ pation is tQ?n made whether the user set S is enpty or “the renaining
esti mat & alERiivbAdtereneeeany bgenpuiegdas | is insufficient for any
additional data transm ssjon, at step 534. The renai ning estimted

avai | abl e transnot; (Fdwer, y(dti—ll)i—&i,i(h}glmf(f-i-w;)alart_f,.(ikf—l)he possi bEg (tta rate
for each of the 25 remaining data users in the user set Sis |éss than the

remai ni ng. orere 8 BRI R <ol Soarip i averae S dR el cr diftersce
process ret gyf6) are cngpuitd2sshdwrhin dygitiest (Prarmt {10y, rdgpértiveBr. i n the user
set Sis select r uling. O herw se,, t rocess, proceeds to step
542. WO 11212?@%%‘? fﬁ%@?‘%\%@%ﬁ/‘%ﬁrﬂ? fgm,m(kgﬁggggilx dataouses fakithenext
transni15 pofsemeflorl eatbesdéteriniradt] Dasesl 08 ahe carriie delbBvEidifféreate fe! (ows:
P, (k + 1)an:d I-f)he e%m%t&ci stan%(gfar dévl'ﬁaﬁor% )02’,,. (5‘ o% Kchg rleiat{ve difference. The

margin p,,,;(k+1) for the data user can be computed as:
Poarrik+D) = e, (k) + 1, (k) 0,, (k) , Eq (14)

where 7,,(k) is a weighting coefficient (e.g., 7,,(k)~2.0) that may be time
20 varying.

The margin calculation described above may be based on transmit power
values obtained from non-continuous frames. For example, the margin may be
based on power values on frames selected for sending data.

The estimated available transmit power P, (k+1) for data service for

25  the next frame k+1 computed in equation (8) can be allocated to a particular
data user i. In this case, the estimated available transmit power P, .(k+1) can
be reduced by the above-computed margin Puara; (K +1) for the data user to

derive the estimated available transmit power P

dara,i

(k+1) for the data user, as
follows:



Eq (26) where Pavail (k + 1) in equation (26) is the estinmated avail able
transmt power for 5 the next frame k+1 (and not the remaining estinated
avai | abl ewlg @psgget power conputed in step 528). Step 542 gRpaidohBhgst he
estimated avail able transmt power Pavail (k + 1) to each schedul ed data
user to account for quantization of the data rates performed in step 524
(and to al so apportion any residual available transmt power not

~schedul ed). The throughput T; (k + 1) ofl3each schedul ed 10 data user is
then updated, at step 544, to reflect the schedul ed data transm ssion. In
an embodi ment, the Rgggyg@dhmﬁﬁflkkﬂﬁnﬂg+ﬁan be updated as follows:

T T(k+1) =~1- ~~T~ T, @{k) +WT ~Rﬂii%ﬁll(k+ﬁﬂ (27) Equation (27) perforns an
-exponenti al averagi ng of the thrdlighput Ti. (k) and 15 WT is thf i me
constant (e.g., in nunber of franes) for the exponenti al aver B Hé. Data is

then transnitted to each schedulet) -datiy user) . ai(khhe quantized data rate Ri *
.(k + 1) and with the sche G v (. k + 1) , at step 546.
The schedul i ng of data transnilstsf0td *dh, &hel£6fMard 1ink is described in 20

further detail in U S Patent Application Serial No. 09 / 528,235, filed
March 17, 2308qadttbrl (159eihedfirshonard®i 198, @51) 1RRtd thfthf PEITEHCReANGUARGARATUS
FOR FORWARD LI%IK sm%%u NG " fi I%?Eé’b’fr(uar?/ 11,1997, bot hbg?’sl.gmﬁed to the
assi gnee of (Dhangivsehiractad dremoheptimaies availalledransnait payerr Betlehbe. For
clarity, varh@tgéc&mamargﬁmzﬁ, Qf (k1B IsNeiléaN(sEa equlEsn (dpsatd Redsdd thor a
inpl enentation in the cdma2000" system However, the invention is also

appl i cabi e sw@lethesstiopied syailais trangmitpgwee Flgdkgdkd to conformto one or
more ot her st anderdyafneiiOrR RS 1PRSr tHeOHaBXARP6r frih® kI es beRofUBE Used
for a CDVA systemthat conforns to the WCDVA standard, FIG 6 is a sinple
bl ock di agrbasedf ca dpecpstimateskiaymileblec dransmit appwer 38,5k trdn and, otherch
may be oper i . various aspects of the invention. System 100

i ncl udes a ﬁ%xgagnéggxgt ?%fnom!{'rol |l er (BSC) 110 that communicates with a
nunber of base stations 104 (anly one base station is shown in FIG 6 for
sinplicity). BSCRl40 fwRne) Faubftacdscwith a public switch g YO
112/ 2713 20 PCT 11 /31@2@,6+q)ehemghom;c et work (PSTN) 112 (e.%., for voice
services) and a packet data serving node (PDSN) 114 (e.g., for data

servi ces&. BSC 110 coordi nates the conmuni cati on between the renote
terninal® i wher _communi cation system and base station 104, PSTN 112, and
PDSN 114. 5 In tipd (ppayii tite dstematedsheiiredntrimhdmit povRETok tBeififlamentad cal |
control processor 612, a nunber of sel'ector elenents 614 (only one sel ector
el enent is shown in FH@nnel for the dpta wseryfpr themext fameiktbat dhe datarate
control processor 612RE@k);rols the processing of a call for each renote
termnal (e.qg., disrpects, the base station to transmt a,chapnel assi gnment
nessage to the rzémg e 1% g}er’r&?ﬁl rag?'l ophaé‘elfg’I@BFW&?% qﬂwl ?%ﬂ‘es ?téc‘fSS? n

el ement1%$514 is assi gnge dRr&@ 4@k kf he conmuni cati on between each renote
term nal and onepor, npre i . uker C | g3 40 all

sel ector el enentls)ccéfzﬁl\?\,i ‘Eﬁ%gééﬁ%ﬁ‘gqénﬁ%%ﬁgd%lﬁgs%fﬁ}fngﬁgs& g%?s“ 8dat a
users. In the design patiwnldrrconbGluitonadasde;st ati on 104 incl udes a nunber of
15 channel el enept s; Pshitaans! lféT?:ﬂ 42N L gned
to process the cgﬁrﬁﬁgﬁf\%iﬁgﬁp\?mg&ﬁﬁggcqﬁ rermrflg ter n?t‘rslg ang gbﬁ@l Zlgﬁ%ﬁht he
associ at ed sel ect or eparieniardidbakede;asdi gned to the renpte termnal. Each
sel ect opg el enent o614g ﬂ&cgd'm@ssetwfgﬁghedul er 616 the scheduling information
for the assigned the renpte termnal (e.g., the data rate, transnit power,

ool | ol oopnt b ERbWAE SRS 6] e pRIANORE R e ARRARIGhIAS,

G T or ©t nOR The HiRdamPAR Fhafindlale n838 sR3EEVERe FHEI0GE £ cwa%ri‘*ga
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ransm er F Q I QU [ n I, m VI a

~an antenna 8&@765 er(ﬁﬁﬂl& aﬁ@#%?\fé&dﬁlu kﬁ?‘re&@?ﬁé%{)g&ﬁ%ﬁﬁ gef'qé%%?{ztr?%sf’&gnal

f106, th%OI f gggﬂr@%pb'r-hh soignhe dastar as@i vekbrbyhea redamd2000 asystémardhts i atlet 0 a
ront en . ron

fil Lifi d
i g ti ses + HPRIERERlAl R, 1d dgoded "FRbk b TiRE SRERD B Ao B s e
bydat demdléﬁm%mnﬁmnr&?iﬂa e?mdﬁdbusibg aac@uolieitenidrcoeis, Thermtior Ry Bed to
ata sin :
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Data transm ssion on the reverse link occurs in a simlar manner. Data is
provided froma data source 680 within renote term nal 106, encoded by an
35 encodew®@@A9@nd nodul ated by a nodul ator (MOD) 684 to grpVsABAS
nodul at ed signal. The nodul ated signal is then upconverted and conditi oned
by front end 672 and transmtted via antenna 670. WO U2/ 27909 21 PCT/ 1|
SI I 1 /311-418 At base station 104, the reverse link signal is received by

antenna 648, routed through dupl exer 6461,4 and provided to a receiver (RCVR)

e Rocer . ) L& ! dioit A
Poverse 11 T D HFCrEES i S, Derfen BIOAARCLLS  (of ek ddriEal AR, .

642 assi gnetipplemeatalethansels. ﬂftﬁenﬁ%lmamel’ﬂh%i ceginghedtivh sehid gratarethan642

denodul '

emodul at esoRé fir&eeRE&SN IoAShe FIREEehbal 2hIRANSE be eﬁﬁi?@&%éémgﬂo egglgn dat a

nmodul ati on and, encodi,ng perfornmed at_t renote te ecode

may be pr ov?’ﬂf’eﬁaﬁeoSt?H%g e dBNgSatthandefand thegsinplemental eleactive
termninald wtdh equal ftaranes thémraygy ds tgreatenthan onanoAhkargea ears uaityor, ] 04,
PSTN 112, oy PPSN 114.. The (10 desi as_descri bed aboye, .S orts
Frans 51 off PP B RAHCRAAR 6 P ane SHFPLE R LI sy LR CebRey for
desi gns t o thehiedueed neliabiblotyeor dee supslenfamtadtdhanaeksincdit is trirsmittad éebrand
are within f i t jon. ess) (;e. i and
nodul at i on)&ltﬂgr‘%tﬁﬁgﬁisgr a%ﬁgnangﬁr@eygsfg;{??%%é%grgﬂggﬁ nlgdg%rﬁsrﬁﬂge%ggf cul ar
CDMVA st anda®dtlidplediase statioapng 15 i npl emented (e.g., 1S-95A, W CDVA,
cdme200@® or HDRin @quh@hgwptthéi@&wat&ﬂré iRl @hhsHf Pohvier BS (PRLLEARRVe. 2

forward |ink power contr | oop can be nal ntained to adjust the transmt
power of theudamental chankel foxdbeidatd vser(for the nexidramek+1 ken dealeteryninedt he

recei ved reNgedor vAKods Sheines, bhe JrSHRICASs 'cfeg&ilié.cgﬂélb“g U?tﬁérysc‘ﬁ@&eggob €
estimated by receiyver 650 jn a manner known 1n the art, The estinate
required tr%sr’i’é'ﬂi“fg té%\ﬁ%qm RN P oML Caryalso Repised)andyarewithis the scope

t ransm ssi oof the ireeitiorenot e term nal and the transmt power for other types
of service and tyansm.§sions.can _be provided.to schedul er 616. .Schedul er
616 ca\rlll5tCJse t he i_rrne é@é%ﬁclen 6&@??@&?@%3& ﬁ%‘feé"sq%qﬁeaqsflﬂﬂq@d TRGHETRA
power Pavai frapsmit powemll” (ot Dsisglstentninediheaed in paitanstheestiatated fading ithe
schedul i ng gpro cri bove .can _be achi eved by various desjgns. The
| ocati on of@&eﬁgggléﬁgﬁlﬁ}eegfﬁgg gﬁa%ffﬂ ﬁ%‘?ﬁ%@'toﬂecranefa%%ﬁaY%’i“iag@B?gﬂ‘g‘mel

~

di st ri but edchswiges §pt slgwt fdieg,i aredi the-estimrtedpteguiredsichestultgrowen Pék kdr at ed

i t hi h i This: di.st L i F| h
station to b nerpsaloithe Rleidd {eh I G RIRT IR M B B e TS 0BREE: ng
del ay. 20onviadived,the phelisiedadghized eamhshet pewied Aed, hot 50aH édtrelhtednwthhEONS

for all bas I ORnS. A .System (as sho in Fl 6)...This.centralized
processi ng aﬁgat@éﬁaé&%ﬁédi tgilig}ﬁ%rﬁ/eoﬁ?lf Fﬁ ﬁé%peﬁ\é\gag\e, ?Hg b gstimated seavmed A
shown i n Fliansmitipawerefo(e+ile can bealbased endirs peeragd requived omsntihpodsr
system and pdpgpe in communication with one or nore base stations

simul taneously.” In a centralized scheduling schene, the schedul er

coor di nat es t r anknithisi embodimernte the heeduiired #adsonits ploedarl & (kadksusedettot he
entire st h,t.hat degradati in.the schedul ed gnd unschedul ed
trans rriz?s/i osg‘g]eiaﬁfé d%%ff%xg%?lil gor%g‘er-%ﬁ PPerﬁT%e/%sg‘.n?aafig 8 ni m zed while
efficiently utilizing the .gvail abl e system resources. The scheduler is
tasked with the Pukktion=4&F (hgdi ﬁga,j;;ﬂe%iﬂt dading & thresbeldh schedul ed user
wi thin the system such thaIF a set of goals is optinmzed. ThesBq¢tal s may
include (1) inproved utifiFfzdk)on of the forwarading ikhvesheldi ty by 5
transmtting as much schedul ed and unschedul ed tasks as can be supported '

i thi t i t i nt,s, 2) i . it in. th
Communi oat IEHete A rRshbld FaEPARGR to & Baridblagy Adimtatresald or althersholdn of
the forwar drélociky ofiffecienyote demiinad)c hBslubetnpieptise thasstbldran eeieldted as

iorities.qh | i m b lanci | j f f . Th
Porvard 1110 K380 As ShSw Ay QbS8 908 Mreed Fhiofity, g Rinold®
af or emSRt i daE@inalgs leag dran Apequadt oo thesdhresholko velaitys 2Ber 3he grredicted

08/ 798, 951 refjliffed Ararfentit PoirePD(P£) & AssROheABed! f ul er
616. In thi sﬁenbod; ment , “schedul (tar 6)16 i ncl udes ea cont rolrlgg{r}ﬁggztratiﬁgﬁg

coupl es t o RPWeHT y(ket BrefPtherwisen df dhej edtimpated cvielority 1i6. gmaterr tharethg 12
further co I : 44, ..r [

perti ment | ok Vet e B¥erBe TEqtiZod MantiritpRuRe 7 () el f e
transmit powEmaied reguized teasmif pewen £ e@otld. tBrewpreslijtedreqeired sransmit

i nformati on regardi ng the demand and capacity for the forward |ink, and
schedul es transm ssions to data users. The received information may be
stored to nenory elenent 714 and retrieved by controller



20 712 as needed. Timng elenent 716 provides controller 712 with the
timng signals used to performthe forward |Iink scheduling. The timng
signal s alygPa-b@w controller 712 to send the scheduling “Qﬁgﬁgﬁkh@? (e.qg.
t he scheduleé data rates and transmt power) to selector elenents 4 at
the appropriate tinme. The el enments of the schedul er (and other el enents of
the base station and 25 renpte termnal) can be inplenented in various
‘manners. For exanple, controller 712 canlde inplenmented with one or nore
application specific integrated circuits (ASICs), digital signal processors
(DSPs), pr oppwerli (& Hlgao hedwdsedon Patiels prediction sdremesknown indheraot.| er s,

"M Croprocessor.s, . C | it 'gla_ea%g 1§ f ynct.ons
.descri bed ﬁ@r ea?‘n,e%% b?’col%%irgn‘ge[r?g% %ﬁg%gf. %tr ﬁ‘{]éelrnenﬁt E@uflzﬂc;:{a‘ﬁl?be

i mpl ement edcamputpdifeed DRAM expaentiBAM eragirg ad fpflesvsof nenories, or a
conbi nation thereof. Timng element 716 can be inplenented with a counter
.run by a system @rqgk= ,Arp o bpar@_qs§ipt@sor |1 ocked to an ex | signal,
a storage el enent’ goj; recéi & ng S sté?n t‘i(mB ng from an externaFﬁgoBzrce, or
some ot her design. 35 Various aspects and enbodi nents of the invention can
be inpl énent ed i Fhévdading en thf channel iy relateshiio nthei yalocHyr ebfthe Femote
exampl e, t erRRU! ANORRIdRy Bhh Vhe g42985d Bhedi flbdn jerat ed
avai l abl e t gmsm't powegf\, t he flérs aér%aﬁ_nzégcond marglhng t he é'g‘?g)?ggf]é’g? and
other WO fFegnenayervbishmery Wsithin /b estimateshpsing: £ orevaidane mathadods can

be per f or mefdlloyvss ofriitallys the eapha @Nand gﬁ@@i@@t@‘@é (QY pslop aes eagesolitesatly bed

in FIGS. 4 I : opf | l;
sof tware inp en@‘r?ta gﬁegr?,sf&t eellcéofgge gag&%’el\/g%qg g@&{é}ﬂ%ﬁﬁ%}{ﬁoﬂ} E{l}ﬁ% {D@ é)llg)t ,
menory 18l ensamhpléd4 Yhasguareef dhe pilby samplesde fwor coepates as: control l er 712).
The foregoing description of the preferred enbodinments is provided to
enabl e any persoggskip?edp@h the art to make or use the preseﬂg igyventi on.
Various nodifications to these enbodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
appl i ed to He Bresasquardifiesence 1icam sgxt baeomputeskashe i nventive facul ty.
Thus, the present invention is not intended to be [imted to the
enbodi ments showy herlei rﬁﬁg@ is ?oﬁbe accorded the w dest scape, consi stent
with the principlesyang & i TeSAires disclosed herein. WHAT4 Al VED
| S: WO 112/279&@ 24 CLAIMS PCTIUSf11/311.11R 1. In a wirel ess
comruni cati on system _a nethod for estipating transmt 2 power avail able
for data trhsivREanen¥ar af the squares crrdhpe beopmppiednis: h soemnsdmoymin 4
esti matisng thie AE0VRE nidhiniafl Boppleri fleduiicpVAl dambeedtimaetdids: power over
time; 6 determning a margin to account for the estinmated anount of
variation in the avail able—transmt power; 8 predicting transmt power
available at a f@twe ti i nstance for data transm ssions; ap;@ 9
estimting transnft WVaavai |l abl e for data transm ssions for {he future
time period based on the predicted avail able transmt power and the margin.
2. The net L aj > 1shng: .2 (R e : ues
i cati ve SRehng s iarsopgratbh i i RSN ¢ 2 LRI Aratlodhiatle )
method for estimating the maximum Doppler frequency is described in further

detail in a paper by J.M. Holtzman and A. Sampath, entitled "Adaptive Average
20 Methodology for Handoffs in Cellular Systems," IEEE Transactions on Veh.
Tech., February 1995, pages 59-66, which is incorporated herein by reference.

It can be shown that the maximum Doppler frequency is proportional to
velocity. Thus, a mapping can be generated (e.g., using a lookup table) between
the maximum Doppler frequency estimated from equation (21) and the

25  estimated velocity. The estimated required transmit power P"(k+1) can then
be determined based in part on the estimated velocity, as shown in equation
(17). Alternatively, a Doppler threshold (corresponding to the threshold
velocity) can be used in equation (17). In this case, the estimated maximum
Doppler frequency can be computed based on equation (21) can compared



4 wherein the estimated anmount of variation in the available transmt power
i's based on the received set of values. 3. The nmethod of claim 1, further

conpri si ngo @&/Mesei ving a predicted available transmt powsdr/{Qfze+M@ri or
time instance and an average available transmt power for a prior tinme

period, and 4 wherein the estinmted anmount of variation in the available
transm’t power I s based on the received pred| cted and average avail able
transmt 'power. 4. The nmethod of claim :f’ wherein the received average

5 The ot regiaR® The, PBYBler TRURSIE0CCTRY P nBlocl e RER ThERHRT plier T
i ncl udes defeitki-d) san shen be detenminesbbasedrintprat ondhe esmmateebveioew and

4 | first val ted
FoCa ot andar d dedl 7 AR bpiien Pl CC LAY R, Sl e o ©
wher ei n t hecomapated based améhe difference bﬁmenrtbjemedxcted/vmi@zmam(uransmt
PCT/ USOY/ 30p~é&e?5ﬁaa@ﬁaggl@\9a&é?ﬁpﬂ't8 %E&ﬁfﬁoh TaAGA0R IR MErelbbllifh drhhshit

wei ghting schene Ing a square o accordance with

a second ' R%W@h@ilﬁ’@gs etﬁ@%siwavntfév RIS vagiasion aanfheedimatedpased
conputing tde thé l’d&ffeﬂé@lbél%nﬂaétﬁﬂdm HeRiaBvar QQ%sQﬂlﬁé&VaBBG@ s LaLiafBaAn
square dlfferencle ; mgt of Clalmtglp wherei n the averagi ng the

di fference ¥4 ¢ v@é’@ﬂ 5 {hased 98y © ?féFaéWEléa]ar’é‘eﬁ%lPFm avdr a
time w ndovaam}bvataebnbnspami thisiisswithiri the scope ¥ dhe irrenfiba. met hod of cl ai m 6,
wherei gt he fir r C 2 bot nti al
Aver 2015 scherma 5. 4 TRet ARl AR i 5y %es D 87 hediopnfe R, AR

wei ghti ng sEdesyait power ot idata segvike neaaccav@m@ waths (ahembodﬁneﬁhef naehod

of cl ai m 5,in¢BRKEGHN t ng
the differ lnce |ﬁha(;1t nggglg%%r(\?\nf %Hr@ﬂ:e 08 tlhﬁps\éﬁl%@ggtﬁ%&gﬁﬁ ras\é?{t}}t%lgéng a

second val J®ThBYR FYSHETHEthEr Faes esearmet Ak givary daghed Pl‘l@Flé)héban &ftﬁiaG
aver agi ng tsleevmecamsﬂ thelttasinit power deatlecatbd toahess ofthrWRi-Gidéd REstSCAR

rovid th nmet ha wherein he ma
8 eter meiged 5as é%ﬁltgnaa‘lf?ﬁ%e]taﬁﬁgﬁéﬁerdﬁg‘%‘ésqa {85 t%L Q}‘QFH@SIO@%O ‘%?'F@ q?%%"‘-‘nod of
claim 11, wher eilnitidlly, mar gach i schedulihgt tntehéndaniid, f #reewvakuesl for a setlofd
squar e root miei&rshis . -’ f
g n e deer Sned pto Rty did avhlabliaiint polvd Bt fhe MG Re k1T
transmit pce collgeted, Bt step 412maAf§ede¢S§ubed above, these parameters may include
the average available transmit power P, (k—1) for frame k-1 and the predicted

20  available transmit power P, (k—1) for the beginning of frame k-1. Once the

required parameter values have been collected, the difference between the

average and predicted available transmit power is computed and the standard

deviation of the difference is estimated, at step 414. The difference and

standard deviation can be computed or estimated in the manner described
25 above.

A margin P, . (k+1) is then computed for the next frame k+1 based on
the computed difference and standard deviation, at step 416. The available
transmit power B (k+1) at the beginning of the next frame is then predicted,
at step 418. This can be achieved by predicting the variable and fixed transmit

30 power required for other types of service and transmissions (e.g., voice,
overhead, and so on) and subtracting the required transmit power from the
total transmit power from the cell, as shown in equation (1). The estimated
available transmit power P, (k +1) for data service for the next frame k+1 can
then be computed based on the predicted available transmit power P, (% +1)

35 and the computed margin F,,,(k+1) as shown in equation (8), at step 420.

Thereafter, transmissions for data users can be scheduled based on the



14. The method of claim1l, wherein the estimated avail able transmt 2 power
for the future tine period is obtained by subtracting the margin fromthe

predi ct edwaviihedl € transmt power at the future tinme i nst@Aegso1/30MQ
(12/279(19 26 PCT/USO1/311~18 15. The method of claim 1, wherein the

predi cted available transmt 2 power at the future tinme instance is a

function of the available transmt power _at a current tine instance or one

or nore prior tine instances, or a combi¥fation ' 4 the current and pri or

time instances. 16. The method of claim1, wherein the comunication system

i s 2 oper at fSiEMgigdsanilable Frapsmibpowgr gt Gl and sEher fastoranas desseided t he

~estinmated ag%h{,@bl e transmt power is used for data service. 17. The net hod
er

-of claim1, ein the communication systemis a 2 CDVA system 18. In a
wi rel ess communi Eleidois asfjewedingramef ppaoeass 560 to aehadvde and teansmiit datevier

required fodat Rtird 4R0sFASE With@Y&mBoditieHtdf theenR&TtRd ’Pﬁot?%s%b had,
conpri si transmt

g:, 4 esti ing an anount, of varigtion in the require
power over P§ ﬂ’é‘?cuéerzgg%ré%ﬁﬁﬁ}'%ngsﬂﬁ'ﬁQﬁ‘tﬁr‘f%?%tgcéam 20 gsec e i mat ed arount
of variation ianﬁer e edheddlihgairamdrhispioneto aaﬂélw8$1§§1t Ls@ ithe thf APt g
ower requi r t; : r adg hase
p qui 1:90) o thb Nt ke s ANRIHISEA B %@&tlé@g’r dHeked (dF. 796) Q%08

in part on the margin. he net hod I'm hpfi’sing: 2
predi cti ng Kbps)sat stepdid@r Forqachettanser desining datarransmisaiorearidplachd idat a

]E r atnf]rri ssi oa éiaamd:tsﬁr maeS,gé "ptdsgﬁlé?ﬂbtaﬁﬁdé@dRil(Eq}ll): {f@@l thé @@%rhbegﬁswhh eitlﬁext f
urt her,basgd on, the predi r equi ransni.t. povwer. od o
clai m 18, V\ﬁaﬂfi ik Weg(é"glpf'lﬁeéf&f s?&]éﬁ?e - RPSiRle ‘ga\q%d'ﬂ@' %xgc*fﬁrﬁ(ﬁa ased
% an ?Xe(rjaa?arlawi Eéilgﬂe][ : ' e&%édmﬂhgﬁoﬁff(lﬁ){RQBP;arﬁda{(E?)géﬁ’ﬁd]jgg; n21-
e met ho claim18, further caonprising: estimati, ; i ng
for a chann‘gfpfi%@a‘tfcm' ?IHQnSa‘P%‘eF &g&QFﬁ' stg‘gcﬁ??‘%ﬂd@‘mggéﬁ AranfiElle POWEEL ed
requi red tr &pght + pdhe firstsmarnginhBy, , Gash doothe hreaitadilé manemit pdwenintlatieng.
WO 112/ 27932084 r}g&g&#ﬁo”(ﬁaﬁﬂf&%da—{ €s thod of claim21, wherein the
1 fenet 37 :

estimated require | ower 1S further based on a transmt power
predi ctEil to be ket eatbatintnt Whaivh in FIG. 5, transmissions to data users are

scheduled based on (1) the estimated available transmit power P, (k+1) for

frame k+1 and (2) a priority index I,(k) computed for each data user. In an

embodiment, the priority index I,(k) of each data user is determined based on

its possible data rate R,(k+1) and its current throughput T,(k). In an
20 embodiment, the priority index I,(k) can be computed for each data user as:

_R(k+D)

1;(k) 0

Eq (22)

The use of the throughput 7, (k) in determining the priority index I,(k) ensures

a level of fairness such that a data user associated with a degraded link does not
wait indefinitely for a data transmission. Other priority indices can also be
25 used and are within the scope of the invention.

Once the possible data rate R,(k+1) and priority index I,(k) have been
computed for all data users in the user set S, data transmissions can be
scheduled for the data users. At step 522, the data user j having the highest
priority index in the user set S is selected for scheduling. The selection can be

30 achieved based on the following:

1,(k) = max{1,(k)} . Eq (23)

The previously determined possible data rate R ;k+1) for the selected data

user is then quantized to one of the supported data rates (0, R ,, ... R, R,,,, --.

min/ *



time instance for the data transmssion, if the estimated rate of fading is
| ess 4 than a particular threshold value. 23. The nethod of claim 21,
wherein t o estwémated required transmt 2 power is furtherpEpgesMPigan
average required transmt power conputed for a prior time period, if the
estimated rate of fading is greater than a particular 4 threshold val ue.
24. The nethod of claim 18, further corrp{ési ng: 2 receiving a predicted
required transmt power for a prior time Ynstance and an average required

transmt powyer [, a i tine perjo enpei n.the matln t he
arount of "virrael SeBiT Hhe o fite 08 4 HOTIR et B Fovs' B Ve
predi ct ed agdibnanedage required transmt power, and determ ning a val ue
related to a standard devi ation of the 8 difference, and wherein the nmargin
is determ ned based ont d|f nd the value 10 related to the
standard devi ati on. mmuni cation system a nethod for
estimting 2 trad@(k%—lp@ av}aju(Vc&tiJ)ERngr data transm ssions fqr(24) future
time period, the nethod %nprlﬁlgﬁ {e<cE| ving a predicted avail abl e
transmit power fox a prior’ting |n$ c?e arnd an average available transmt
power for a prior tine period; 6 determ ning a difference between the

recei ved prbfleghsbrd (Th) AR 490 rat@kdoiheSeldcitb Bhia AONES setS(fj%%P& AR 2
first va uepBEéﬂﬁEQﬁtﬁ Pat@ ﬁt(%qq? gl&g\fﬁﬁ“ oQJes%E'Sa}ra]g&rt%g 61? ,,,f, POy the

determ ning a an es mat e
avai | abl e tRa,,n@»frﬁhe p@&ﬂeble dﬁi@rmta RHE +r1hrlg|grea1£r dbaerori erg;hlttasthd ligheste 12

difference and the, f]i rst icti transmt power, a | abl e at a
future tinmeSTRRISL E\"“ca)r mmllf%c ?%ngl’n E‘gl BeE: ommer &@P%Fan%atﬁrﬁftg Rt
power avai IaweéwiS@vWé‘@F%Rtﬁd?ﬁﬁrslklﬁﬁs for the future 16 time period based

Che. mar b w0 (07 33806Pa ey &8 HREadh 1 Pl thesaletlig fipd 86

schedul (hg the quantivedrdags iratesR] ( -el) vinrthe sext fPameranrtiecmnontedy st tep 526,

met hod conprising: estimating an anmount of variation in transmt power
avai l abl e f&F data 4 transmissions; determining a first margin to account
for the estimted anount of 6 V;;fl ation in the available transmt power;
estimating trans vveR Gual) I(le+f1)}ra',, ate_transm ssions for a future 8
time period base?-{f g @C;-estirrating an BabiMt of
variation in transmt power re u4 gd for a 0 particular data transm ssion;
determ ning a second margin to account for the estimted anmount of 12 ]

vari ation iThe betimetpdi avedlabiearansrhitpoves; Panc 25t isthkh wdhfe’trwﬁeﬂe@l%%r

ul ar . dat a.t ransni m"on 14 pase on t he

avai l abl e for th art,
estimated a eflﬁ%cggﬂtaa §ﬂf’li'usﬁ¥ﬂkforf‘6§erdﬁaf rBZES § réEﬁj R et Ye@nd
Margin.15  step 528. This can be achieved by subtracting the estimated transmit power
P/ (k+1) for data user j from the estimated available transmit power P, (k +1).
The user set S is also updated, at step 530, by removing the selected and
scheduled data user. The possible data rate R, (k +1) for each user remaining in
the user set S is next updated based on the remaining estimated available
20  transmit power, at step 532.
A determination is then made whether the user set S is empty or the
remaining estimated available transmit power P, is insufficient for any

additional data transmission, at step 534. The remaining estimated available
transmit power P is insufficient if the possible data rate for each of the

25 remaining data users in the user set S is less than the lowest supported data rate
R, If the user set is not empty and the remaining estimated available transmit
power P, is sufficient, the process returns to step 522 and the highest priority
data user in the user set S is selected for scheduling. Otherwise, the process
proceeds to step 542.



27. The nethod of claim 26, wherein the second margi n accounts for 2
changes in link conditions associated with the particular data

transm ss{yQfy22&9 A method for scheduling data transm ssi qRsy,fi&h/ 36418
plurality of data 2 users in a wreless comunication system the method
conprising: determning a first margin to account for an estimted anount
of 4 variation in transmt power available for data transm ssions;
.estimating transnit power available for ¥ata transmissions for a future 6

time period baseq,i n the, fiirst margin; determ.ni a si bl e data
rate for each da‘?‘és[%fgﬁf}bﬁg‘neach“ﬁhﬂﬁgﬁwmﬂ Bog’eég?f ﬁﬁﬁ%ﬁ&%@é‘ﬂ&gg?@ ¥ nsni t
“ power and acaebodetermingdagifdlwg:ned for the data user; 10 determining a
-priority index for each data user; and scheduling data transm ssions for
the plurality of data usesgihased.on the 12 estimated available transmt
power and the dePdkrilhe i-bt ePgatka- Dat es and priority i ndEgé26)for the
‘plurality of data users.& d¥ +ihe nethod of cl ai m 28, wherein the second
margin for each data 2 user accounts for variation in a required transmt

power due to changes in link conditions. WO 112/27J09 29 PCT/U S111 /30~
18 30. The whete®, ofk ¢lhimeg8atioh 26)iis thdestivsedhvalabletransmi geiwetafoa 2

user is gdetgrmn based.gn estinpted variatign in,a r ired transmt
power for tﬁ‘@r&%{‘?grqu% T"lgir.‘gﬂ?éqﬁ@trﬁ%‘&%f‘g@fsﬁmt%,‘""Vﬁﬁéﬁﬁiq\aﬁsﬁgggeﬂ’éﬁul ing
dat a transntaspotesl ih brepl 32B)s Stepet?i appartidab ahe wstintwed ayadalble gih@sdmit
priority in S i Gt R f Sl 3 e sed
on the poss?ﬁ?&gr ?ﬁt"gpsgr(lgé gg%}g?m ne(!]é {%l?tat grtct]gtg a usg?{;?gu%ﬁ?ant%?ﬁnfgﬁ@
transmt podeta mésuperéornied in lsteps 6k Guideth dlad appairtion any repithfal agailitse
estinmat ed apgahdaf Igoxkzélammst:h@@mag.t q‘Heele@ﬁghbh? e Pebedah seH1ed
transmt power for the selected data user._ 3Z2. The nethod of claim 31,

wher ei 1@ hedal@hager i ifg then aupdatedni aisistaps 445 utor efle¢tndhe decheduleshtdaty t he
sel ecti ng atrdasmissiver , Irs ahezinbodignérte tlimtlaroughput €5t Bt cargbd upelated e
transmt power, and updating the estinmated available transmt power until
the pluralit¥'O8 data users have been schedul ed or the estimated avail abl e
6 transmt power is insufficjient for additional data transm ssions. 33. The
met hod of cl ai m P&k +hhellei w, } Bkpt-mpr R ¢k + Ddex of each data uBgf27) i s based
on the possible data rate and a throughput for the data user. 34. The

Fur t her _bascd s oS REFrfhe! §F RESTed A% A8 T b iR A, ane” ' °
transmi Esi om,t ds tthe tuieacossiant (e.g., in number of frames) for the exponential
averaging. Data is then transmitted to each scheduled data user at the
quantized data rate R;(k+1) and with the scheduled transmit power P (k+1),
at step 546.
The scheduling of data transmissions on the forward link is described in
20 further detail in U.S. Patent Application Serial No. 09/528,235, filed March 17,
2000 and in Serial No. 08/798,951, entitled "METHOD AND APPARATUS FOR
FORWARD LINK SCHEDULING," filed February 11, 1997, both assigned to the
assignee of the present invention and incorporated herein by reference.
For clarity, various embodiments of the invention have been described
25 for a implementation in the cdma2000 system. However, the invention is also
applicable to other CDMA systems that may be designed to conform to one or
more other standards and/or designs. For example, the invention can be used
for a CDMA system that conforms to the W-CDMA standard.
FIG. 6 is a simple block diagram of a specific design of communication
30 system 100, which may be operated to implement various aspects of the
invention. System 100 includes a base station controller (BSC) 110 that
communicates with a number of base stations 104 (only one base station is
shown in FIG. 6 for simplicity). BSC 110 further interfaces with a public switch



35. The nethod of claim 34, wherein the required power-per-bit for the 2
data transm ssion to the data user is estinmated based on a second

t ransm sswoioodohe data user. 36. A scheduler in a wrel gasr/gusungcat i on
system conprising: 2 a nenory unit coupled to the controller and operative
to store data used for scheduling data transm ssion; and 4 a controller
coupled to the nenory unit and operative%(go determne a first margin to
account for an estimted anmount of 6 varfation in transmt power avail able

f data t | SSi oy Lh3/ 27 . / ~1 [ e
t (r);ns?ﬁ ? pz)%ﬁﬂﬁ: ﬁgﬁ%rkf XESTdISE aﬂ% r genégnTgrs ﬁlg)rl\%c;}é%&ée]% %ﬂﬂl& r gé@?ﬁea%tgr I od
based in pafarvig npdef(PRNhAL4i(a.g- dfor edatanseryices)s s B e 183 tceordinatdsotheeach

dat a gser basathuriicdtdit befvdéh the reilotdabafinaYRin 3Rk CobhtitatioRO¥Ritednd @
second mar gi

n,det er.m, ne at a 1?2 determne a priority I ndex
for each da?%dggﬁﬁta%%ggéﬁgéﬁﬁglgeﬁ%i #ﬁg&@tﬁ sions for the pl urgl ii}é of
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the assigned the remote terminal (e.g., the data rate, transmit power, and
20  transmit time) and forwards the information to the associated channel element
642. Channel element 642 receives, encodes, and modulates data for the
assigned remote terminal based on the received scheduling information. The
modulated signal is upconverted and conditioned by a transmitter (TMTR) 644,
routed through a duplexer 646, and transmitted via an antenna 648 over the
25  forward link.

At the recipient remote terminal 106, the forward link signal is received
by an antenna 670 and routed to a front end 672. Front end 672 filters,
amplifies, downconverts, and digitizes the received signal. The digitized
samples are then demodulated by a demodulator (DEMOD) 674, decoded by a

30  decoder 676, and provided to a data sink 678. The demodulation and decoding
are performed in a complementary manner to the modulation and encoding
performed at the base station.

Data transmission on the reverse link occurs in a similar manner. Data is
provided from a data source 680 within remote terminal 106, encoded by an

35 encoder 682, and modulated by a modulator (MOD) 684 to provide a
modulated signal. The modulated signal is then upconverted and conditioned
by front end 672 and transmitted via antenna 670.
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25  schedule transmissions to data users.

The scheduling process described above can be achieved by various
designs. The location of the scheduler is dependent on whether a centralized or
distributed scheduling is desired. For example, a scheduler can be located
within each base station. This distributed processing allows each base station to

30 perform its own scheduling, which may reduce the processing delay.
Conversely, the scheduler can be designed to control transmissions for all base
stations in the system (as shown in FIG. 6). This centralized processing may
result in a more efficient use of the system resources.

As shown in FIG. 1, the remote terminals are dispersed throughout the

35 system and can be in communication with one or more base stations
simultaneously. In a centralized scheduling scheme, the scheduler coordinates
transmissions of the scheduled and unscheduled tasks over the entire system
such that degradation in the scheduled and unscheduled transmissions is
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capacity to all scheduled users based on a set of priorities. The goals are
optimized by balancing a list of factors. The forward link scheduling is

10 described in further detail in the aforementioned U.S. Patent Appllcatlon Serial
Nos. 09/528,235 and 08/798,951.

FIG. 7 is a simple block diagram of an embodiment of scheduler 616. In
this embodiment, scheduler 616 includes a controller 712 that couples to a
memory element 714 and a timing element 716. Controller 712 further couples

15 to selector elements 614 within BSC 110, receives pertinent information from the
base stations in the system (e.g., the transmit power and data rate for each
remote terminal), receives information regarding the demand and capacity for
the forward link, and schedules transmissions to data users. The received
information may be stored to memory element 714 and retrieved by controller

20 712 as needed. Timing element 716 provides controller 712 with the timing
signals used to perform the forward link scheduling. The timing signals also
allow controller 712 to send the scheduling information (e.g., the scheduled
data rates and transmit power) to selector elements 614 at the appropriate time.

The elements of the scheduler (and other elements of the base station and

25 remote terminal) can be implemented in various manners. For example,
controller 712 can be implemented with one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs), programmable
logic devices (PLDs), controllers, micro- controllers, microprocessors, other
electronic units designed to perform the functions described herein, or a

30 combination thereof. Memory element 714 can be implemented using RAM,
DRAM, Flash RAM, other types of memories, or a combination thereof. Timing
element 716 can be implemented with a counter run by a system clock, an on
board oscillator locked to an external signal, a storage element for receiving
system timing from an external source, or some other design.

35 Various aspects and embodiments of the invention can be implemented
in hardware, software, or a combination thereof. For example, the
computations to derive the averaged, predicted, and estimated available
transmit power, the first and second margins, the data rates, and other
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processor. The processes described in FIGS. 4 and 5 can also be implemented
by a software routine. For a software implementation, the code can be stored in
a memory unit (e.g., memory element 714) and executed by a processor (e.g.,
5 controller 712).

The foregoing description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to

10 other embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein but is
to be accorded the widest scope consistent with the principles and novel

features disclosed herein.

WHAT IS CLAIMED IS:
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CLAIMS

1. In a wireless communication system, a method for estimating transmit
2 power available for data transmissions in a future time period, the method

comprising;:

4 estimating an amount of variation in the available transmit power over
time;

6 determining a margin to account for the estimated amount of variation in

the available transmit power;
8 predicting transmit power available at a future time instance for data
transmissions; and
10 estimating transmit power available for data transmissions for the future
time period based on the predicted available transmit power and the margin.

2. The method of claim 1, further comprising:
2 receiving a set of values indicative of the available transmit power for a
prior time period, and
4 wherein the estimated amount of variation in the available transmit
power is based on the received set of values.

3. The method of claim 1, further comprising:
2 receiving a predicted available transmit power for a prior time instance
and an average available transmit power for a prior time period, and
4 wherein the estimated amount of variation in the available transmit
power is based on the received predicted and average available transmit power.

4. The method of claim 3, wherein the received average available
2 transmit power is averaged over a prior transmission interval.

5. The method of claim 3, wherein the estimating the amount of
2 variation includes

determining a difference between the received predicted and average
4 available transmit power, and

determining a first value related to a standard deviation of the
6 difference.

6. The method of claim 5, wherein the determining the first value
2 includes
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square difference.

7. The method of claim 6, wherein the averaging the difference and the
2 averaging the square difference are performed over a time window related to a
transmission interval.

8. The method of claim 6, wherein the first or second weighting scheme,
2 or both, is an exponential averaging scheme.

9. The method of claim 6, wherein the first or second weighting scheme,
2 or both, is a linear averaging scheme.

10. The method of claim 5, wherein the determining the first value
2 includes
averaging the difference in accordance with a first weighting scheme,

4 computing a second value based on the difference and the averaged
difference, and
6 averaging the second value in accordance with a second weighting

scheme to provide the first value.

11. The method of claim 5, wherein the margin is determined based on
2 the difference and the first value.

12. The method of claim 11, wherein the margin is equal to the
2 difference plus a scaled square root of the first value.

13. The method of claim 1, wherein the margin is determined based on
2 statistics obtained for the available transmit power for a prior time period.

14. The method of claim 1, wherein the estimated available transmit
2 power for the future time period is obtained by subtracting the margin from the
predicted available transmit power at the future time instance.
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18. In a wireless communication system, a method for estimating

2 transmit power required for a data transmission over a future time period, the
method comprising:

4 estimating an amount of variation in the required transmit power over
time;

6 determining a margin to account for the estimated amount of variation in
the required transmit power; and

8 estimating transmit power required for the data transmission over the
future time period based in part on the margin.

19. The method of claim 18, further comprising:
2 predicting transmit power required at a future time instance for the data
transmission, and
4 wherein the estimated required transmit power is further based on the
predicted required transmit power.

20. The method of claim 18, wherein the estimated required transmit
2 power is further based on an average required transmit power computed for a
prior time period.

21. The method of claim 18, further comprising:
2 estimating a rate of fading for a channel used for the data transmission,
and
4 wherein the estimated required transmit power is further based on the
estimated rate of fading.
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and an average required transmit power for a prior time period, and

4 wherein the estimating the amount of variation includes

determining a difference between the received predicted and
6 average required transmit power, and

determining a value related to a standard deviation of the
8 difference, and

wherein the margin is determined based on the difference and the value
10 related to the standard deviation.

25. In a wireless communication system, a method for estimating
2 transmit power available for data transmissions for a future time period, the
method comprising:

4 receiving a predicted available transmit power for a prior time instance
and an average available transmit power for a prior time period;
6 determining a difference between the received predicted and average
available transmit power;
8 determining a first value related to a standard deviation of the
difference;
10 determining a margin to account for an estimated amount of variation in

the available transmit power, wherein the margin is determined based on the
12 difference and the first value;
predicting transmit power available at a future time instance for data
14 transmissions; and
estimating transmit power available for data transmissions for the future
16 time period based on the predicted available transmit power at the future time
instance and the margin.
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2 changes in link conditions associated with the particular data transmission.

28. A method for scheduling data transmissions for a plurality of data
2 users in a wireless communication system, the method comprising;:
determining a first margin to account for an estimated amount of
4 wvariation in transmit power available for data transmissions;
estimating transmit power available for data transmissions for a future
6 time period based in part on the first margin;
determining a possible data rate for each data user based in part on the
8 estimated available transmit power and a second margin determined for the
data user;
10 determining a priority index for each data user; and
scheduling data transmissions for the plurality of data users based on the
12 estimated available transmit power and the determined possible data rates and
priority indices for the plurality of data users.

29. The method of claim 28, wherein the second margin for each data
2 user accounts for variation in a required transmit power due to changes in link
conditions.
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‘F @10%" & () -1 31. The method of claim 28, wherein the scheduling data transmissions
2 includes
selecting a data user having a highest priority index,
4 scheduling a data rate for the selected data user based on the possible
data rate determined for the data user;
6 estimating transmit power required for the scheduled data rate, and
updating the estimated available transmit power to reflect the estimated

8 required transmit power for the selected data user.

32. The method of claim 31, wherein the scheduling data transmissions
2 further includes
repeating the selecting a data user, scheduling the data rate, estimating
4 required transmit power, and updating the estimated available transmit power
until the plurality of data users have been scheduled or the estimated available
6 transmit power is insufficient for additional data transmissions.

33. The method of claim 28, wherein the priority index of each data user
2 is based on the possible data rate and a throughput for the data user.

34. The method of claim 28, wherein the possible data rate for each data
2 user is further based on a power-per-bit estimated to be required for a data
transmission to the data user.

35. The method of claim 34, wherein the required power-per-bit for the
2 data transmission to the data user is estimated based on a second transmission
to the data user.

36. A scheduler in a wireless communication system, comprising:
2 a memory unit coupled to the controller and operative to store data used
for scheduling data transmission; and
4 a controller coupled to the memory unit and operative to
determine a first margin to account for an estimated amount of
6 variation in transmit power available for data transmissions,
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