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Nurmer ous chal | enges are encountered in inplenenting a COVA system 25

capabl e of supporting different types of service. First, the transmt power
required \Wg o¥e79%e users can vary during their conmuni cati @ETASYHFBEANS.
Consequently, the anmount of transmt power available for data users can

vary fromone (e.g., 20 cosec) transm ssion interval to the next, and
possibly even within the transm ssion i %erval . Second, the transmt power
required for a 30 particul ar data user y also vary during a data .
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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



WO 112/27969 4 PCT/11SIl 1/3U- 118 O her enbodi nents include net hods,
schedul ers, and other elenents that inplenent various aspects and features
of the i m@Nhoskw as described in further detail bel ow 5 pgRligo1/BRYER PTI ON
OF THE DRAW NGS The features, nature, and advantages of the present

i nvention wll beconme nore apparent fromthe detail ed description set forth
bel ow when taken in conjunction with the,drawings in which |like reference
_characters 10 identify correspondingly t%roughout and wherein: FIG 1 is a

di f i i . f
e dsod to TR RbREL B0k ShE A0 RS S ol MR, Rt 36F 5 R T
- of the forviaansmissiont (therehytdegradings perfernpanae).c Yltgrnedvely, ifrthesstiswited to a
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transmt power for gat_ service over a nunber o ranes; Fl 41s a ftlow
di agr am of ROWeGiEdeR mghésatlwhlséwtﬁ@ eGanIces may beuader ubbies for data

"Servicepgn accorAlaRag bd sderge@iigaés L cah Bd@sed & Rict@ately | stintate the 1 ow
di agram of a process to s hﬁ&uﬁ(ﬁnd transm ta to, 20 data user

d i n
accor dance R OXFRS A FseriireAncoihe teqrsmig power rgﬂﬂlﬁ?‘ﬁ?ﬁ Bek
di agram of datagrapbniibsior lire aeIDMA vomheurdoaticsysiéinaire dyghlgrdesivable. i n FI G 1,
and FIG 7 is a sinple block diagramof an enbodi nent of a schedul er used
to schedul e data transm ssions. 25 DETAI.LED DESCRI PTI ON OF THE SPECI FI C
EMBODI MENTS FIG 1 is a diagram of SUIMIMIARNti on system 100 that supports
a nunbeld of users and can be used to inplenment various aspects of the

I nvention. 30 Syste ' r r Qggm

st andards such g@% ?é&?%tgg}//e@@g%ﬁog%%%g ﬂsgo%rgcuggﬁfle}? egﬁg{r? ards, one
or nore CDNiawsit gpewencavailabledforDiatde lagamissions eodbithet irarsmitepewer
System 100 phoied or P 2t 4ath E:ahsxﬁiégﬂﬁpﬁfr Qfmﬁﬁ%'t%né(}?éfid&(&g?gﬂéOZg,

with each celll 102 belhg serviced hy a corresponding base stati on )
Various reni fiamel iR Rgrardepee it ang @épg%tdofto ﬁ}eoﬁwaupnt Nariagan éntheach

renot e 15er ravaalablkO GraiByni€ Gowed ©Fee thihk hisOBgtimateddr CAbfE fladdinOis théd on
(e, Sounl | S0P LRy B G OIEN ol SSREDN 00 b
transmit power. The available transmit power at a future time instance (e.g.,
the beginning of the next frame) is predicted and reduced by the first margin to
derive a more accurate estimate of the available transmit power.

20 In accordance with another aspect of the invention, variation in the
transmit power required for a data transmission to a particular data user is
estimated and used in scheduling the data fransmission 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

25 accounts for variation in the (overall) available transmit power, the second
margin is specific to the link conditions experienced by the data user.

A specific embodiment of the invention provides a method for
estimating transmit power available for data transmissions for a future time
period (e.g., the next frame). In accordance with the method, a (previously)

30 predicted available transmit power for a prior time instance and a (previously
computed) average available transmit power for a prior time period are
received. Variation in the available transmit power over time is estimated
based on the received predicted and average available transmit power. A
margin is then determined to account for the estimated variation in the

35 available transmit power. The available transmit power at a future time
instance (e.g., the beginning of the next frame) is then predicted and subtracted
by the margin to derive an estimated available transmit power for the future
time period.



WO 112/27919 5 PCT/U S(11 /30~ 15 soft handoff). The forward |ink
(downlink) refers to transm ssion fromthe basestation to the renote

term nal ,wend/téw reverse link (uplink) refers totransm sspc@anydoignikhe
renote termnal to the base station. In FIG 1, a brokenline with an arrow

i ndi cates transm ssion of one type of service (e.g., voice)5fromthe base
station to the renote termnal, and a solid line with an arrow ndi cat es
transm ssion of another type of service ‘%e g., data). .Al though

notexplicitly s i iR n I receiv both
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104c transmts to renote termnals 106a, 106¢c, and 106d and so on. In the

exanpl e 5shown in FI GBRIEFIDBESCREPTION GETHEGDRAWQN?GS ransm ssions
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WO 112/27)1>9 7 PCT/US111/311~18 Prorn, (t) is the total transmt power at
time t for a sector (or base station); . P,F (t) is the transmt power at
time t fowotberdwndanental channel that is ' al so associ apeg/usit/fis

suppl emental channel (e.g., the voice conponent of a voice + data user); 5
Pvo, (t) is the transmt power at tinet for a voice-only user; and Por,, ~,
(t) is the transmt power at tine t for pother channels (e.g., pilot,

_ paging, control, or some other overhead“channel). Equation (1} can be
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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




power during current and past frames (i.e., prior to the current scheduling
time instance). In one inplenentation, the margin is conputed based on a 15
di f f erencwoheiween a (previously) predicted avail abl e trarpgrgsopowas for a
prior tinme instance and a (previously conputed) average avail able transmt
power for a previous frame. Both of these quantities are available at the
current scheduling tinme instance. As shogn in FIG 3, the average avail abl e
transmt power P~,~~;, (k -1) for 20 the previous frame k 1 and the
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adjusted by a power control mechanism to maintain the desired level of
performance. In the cdma2000 system, the remote terminal may communicate
with 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 £, the transmit power available for data
transmissions (e.g., on the supplemental channels) can be computed as:

35 avml (t) toml (t) ZPF (t) z voice (t) Z other (t) 4 Eq (1)
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during the current frame k, scheduling is performed for data
transmissions in the next frame k+1. The available transmit power B, (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, (% +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

1 (K+1D)

avail

(typically more accurate) estimate of the available transmit power P

avai

for data service for the next frame.



In an enbodi nent, the second margin p",nr2,~ (k + 1) for a particular data
user i for the next frame k+1 is conputed based on the estimated anount of

30 vari atwomarnmeéghe transnmt power to the data user. |n thereokma3dds
system each data transm ssion on a supplenental channel to a particular
data user may be associated with a fundamental channel. The transmt power
on the fundanental channel is controlled by a forward |ink power control

| oop in the WO 112/ 279(r~I 11 PCTI U%(ll/ 3(1~18 manner descri bed above.
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As shown in FIG. 3, the average available transmit power P, , (k -1) for
(k-1
for the beginning of the previous frame k-1 are both available at the scheduling
time instance ¢

sch

20  the previous frame k-1 and the predicted available transmit power P,

avail

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

B, ,(k—1) at the beginning of frame k-1 and the average available transmit
power P, (k—1) for frame k-1 can be computed as:

35 d (l" 1) avatl (k 1) avml (k—l) ’ Eq
@)



_be estinated for the data user as:
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Equation (4) shows an exponential averaging of the squared difference using
the same weighting coefficient w,. However, other averaging schemes and/or
weighting coefficients can also be used.

The standard deviation of the variation in the available transmit power

20 can be estimated in various manners. In one embodiment, the standard
deviation &} (k) of the difference is estimated as:

ol (k) =m?(k)—el(k) . Eq (5)

In another embodiment, the standard deviation o7 (k) ,of the difference is
estimated as:

25 o(k) =w, |2 (k) —et )]+ (1-w,) o2k -1) . Eq (6)

Other techniques to estimate or otherwise compute the 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 ¢,(k) and (2) the standard
deviation o, (k) estimated for the difference between the average and predicted



P~~~~r (k + 1) - el (k) - rJdr (k) w1 (k) 1+ e2., (k) +n2,, (k) ~@Q,,
(k) PCT/II S111 /30~ 18 Eq (15) In equation (15), the first margin P', p-~,
(k + 1) has @meget of power (see equation (2}) and is subtp@Egted/shiem t he
estimated available transmt power Pap;r (k +1) . The second margin
P',~r2,t (k + 1) is unit-less (see equation (9)) and is used to 5 scale the
estimated avail able transmt power Pa,, (k + 1) . The date rate R (k +
) for the data user for franme k+1 can conput ed based on the esti rrat ed

R (ks 1) SRR, SaE Rer, n "ol f0AHIRL RGN RAVGD B

10 where P forfjputedlds:is the estimated required transmt power for the
fundanmental channel for the data user for the next frame k+1 at the data
rate RF (k) ; R St on t he fundanental for the
data user in 15 %P'f":fé 'té%jrljrenlt(k]f-k(’9:1}66,6}i SUF, ~~ is the power requi rega?’?transmt
data at the rate R F using a partlcul ar convol utional code; PTA is the
power reqU| vhgre d71(71f)ari%rﬁ W%ﬁhgn&tCQW?%& ée-g, k) =dd hghat Bt be utime
turbo coy i: a~~, is the active set margin. As shown in equation
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fundanment al channel is encoded using a convolutional code. The ratio
P~~/P,.c thus eftectjvely scales the transmt power-per-bit required on the
fundanmept al chanfed % &b t fidw dg 1énepml;$2+é}1annel And the act set margl n
a~", a unt s WO 112/279(r') 14 PCT/USI) 1/ 30~18 for the dltﬂzzl?')ence

any, between the active set,f(br-1) he, kimgdfenTr,&k) and suppl enent al channel S.
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time instance ¢, in the current frame k. However, other prediction schemes can
also be used (e.g., o (K +1) is a particular function of P, (z,,) and previous
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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
20 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

25 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

30 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



fundanmental channel for the data user for the next frame k+1 can be

det erm ned based on various schenes, one of which is described bel ow. O her
schenmes twoagids@te the required transmt power can al so hetusedseyigd are
within the scope of the invention. 15 In accordance with an aspect of the
invention, the estimated required transmt power P F (k + 1) is determ ned
based in part on the estimated fading in.the channel. The schedul i ng of
.data transnmittion can take advantage of ‘Thannel changes for sl ow fading,
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" predi cted regyiaranay nghbginovseontralledralong avids tl@@fursiaan@uawhameheThet uaI
‘required transiht ofJ%\ﬁﬁnbﬂ ifh {iRe @%‘srrﬁf fbRer dh%he ffﬁnaﬁﬁieﬁ?él%agﬁa%& %ﬂe

transmt po r Pr én % can e based on an average reqU| red transmt
power PF(k)S datp yisehean briss shm@a?mwamlahm t gsesibed gbque for 1)
"used to ®5 ﬁ@tmdﬂhbledﬁa@nmpawar;sm on for the data user can be esti mated

P, F(k +1 F
? Iszr eshol Ei E; ()‘% ﬂle gﬂ{gd@.%ng% s;ar{%ﬁ rtes%'g\ea‘:(‘@lﬁﬁ%?te%ra{r}?rag tﬁgﬁaansrmt
cor r espondspawen A&t qwemotis@d lth.’de(gtg:,l duing fearnb ke ol reghiredtfor of

i s <rard, degr RS " B VLT RO gh "Rt pORR (REE B
30 termi nal reqaireder tﬁeadatamsequhirm aine it hassbothdaweglabtd. t'Dhese Ianhh@s

A s Wﬁf&? tfiptessolaSPebtol PR FRGDUREC 1

is greater Phatkthe Ahselsitebureletive mfferenhecav be apedrte gstimmede theammunt power

PF (k d. f .1 t d
The br et crdd FIAIAPdl e PR POWSE (9IS ets 556 ek PiRelesthd iliither pr
(k + 1) cardifferevaeed, 6h— \Ihrhebuserprtheilpa:edmtech el kraoamit powee B(k—1) n an

enbodi nent m t
based on an ecf):%\oeﬁa\ézﬁe eraﬁ/%g %ﬁrﬂl;%%&qroﬁ%\e& bé\rcz) (‘13_@?015% ?\f#}. PF( k)
Eq(18p 5 useeas:adi ng on the channel is related to the velocity of the
renote termnal. The velocity can be estinmated based on a maxi num Doppl er
frequency, which can in L qhe t__i1 ted using a "covariance nethod" as
follows. Initialdy(k+the=H nd quadrature (Q pilot Ry@)each
coherently conbi ned over a nBifel) of chips (e.g., Mchips) to obtain the
Pl; and PQ pilot 10 sanples. The square of the pilot sanples is then

t i V.
COut 05 25 St e Rhed iy R HAET LAHETIRF
Ve~r of t heaqslqtlane@) tmtead of Fp@c <Dnplhe del'atlva differesice ld}(p(/kn— DncabbtHehebear t .

Th Do f ; b t d 'fd = 2¢2' ~ V
- Eq n?ghwngver£ ede rusurlg,q L%enchample? aann eexpeo%elnggf eweii %tmg functlon CThe ar

20" exponentially averaged relative difference e,,(k) can be computed as:

Eq (10)

€21 (k) =W, €, (k=1)+ (1-w,) {P'(k_l)—P‘(k—D] ,

B-1)

where w, is a weighting coefficient (w, <1.0) that determines the time constant

for the exponential averaging. Other weighting schemes can also be used to
average the relative difference d,;(k—1) and are within the scope of the

25  invention.
The mean square relative difference m3, (k) can also be computed for the

data user as:

W2, = w2, Gk~ D+ (L, [’7‘("‘;3; ”g"*l)} By



where z is the separation and is defined as a = Mchiprate. The covari ance
nmet hod for estinmating the maxi num Doppl er frequency is described in further
detail inweo@apaw by J.M Holtzman and A Sanpath, entitl edt1/vshapoitge
Average 20 Met hodol ogy for Handoffs in Cellular Systens; ' |EEE
Transactions on Veh. Tech., February 1995, pages 59-66, which is

i ncorporated herein by reference. It Ca%e shown that the maxi mum Doppl er
frequency is proportional to velocity. S, a nmappi ng can be generated

(e.g., usin : e ; I I e

esti mat ed fggﬁnaﬂé&ggﬂﬂghﬁw%in gﬁé&?ﬁg‘%ggs tgﬁgﬁ%ﬁ{eﬁ.{ﬁ he&igfsé{?n#aet ed
required tr4f8si tge&@m weighting coafjicienh, w.nah Q’Teeq}%ﬁtl&‘}rfw However, Rt ¢ on
thr eshol ?E?%i%‘ﬁ*%é%%‘%ﬁ‘e@?ﬂ”%wﬁﬁgﬁﬂ PR ientydan Ao bRkl S, o eouation
(175 Tnhi s calb Ot SRR T SR E ST AT conihoySTe e BRI AUt o
based ors eqytdrafkd GhbE AR FOEthe dMPLR242791 9 16 PCT/ USI 11/ 30~18

agai nst the Doppler threshold. The estimated required transmt power P F (k
+ 1) can then be d rman bas in part on the estimted vekocidy. In the
above enbodi nent g,zy"e(?‘ﬁé'"fﬁff’ét_ean@qsecond margi ns are each corrpgﬂgjdﬂbbased on
the difference between the predicted and average transmt 5 power. Each

mar gi n at t ewpiese tthe aneanuniqubes relativat differéricet b, (k3 samd t theeaterags relativewer
during the hrgnsrri SSi OQc interval . '[hc'?ls varli ation can _he est(i}ﬂat ed bﬁif:d on
the differ eSS staldardi®dSOMRUEH, 25 sSHAR r iheBIUWHIE G 20k i1 on
can al so beregpeitivalled hagadiier @hbBedinsdral ithd istaldaraadeviatBnt & 30 of the
computations, and this is within the scope of the invention. 10 FIG 4 is a
f1 ow di Hyr arelativediffesercescande cagnputedast e t he avail able transnit power for
data service in accordance with an enbodi nent of the invention. These types
of service may i@'j(wgiewéoidglqk-qat-agt(a)jd(pth_p)ﬂogle(k\ﬁilges. For tBRg$1®ystem

ot her types of service are given higher prioritfy than data service, and the

transmt power i al | ated.to thes ther services first., An remai ni n
v &P W Ber thd et Qifherehos stk o AR Lis cveEree Felafny difiebiwe " M
Ini ti alt ly, @f, (Ig)aatﬂé @@;Itipﬂt@tliasgsrllquem ﬁflﬁig?i@ﬁ?,@)tdjﬁi_ M@D,li@§pé(.$iVer[.ﬁet oft f
araneters use O estli e e, avall a e rans O r or e .nex rane
kol are col | oot ol ang R M R i

[ ng I uﬂela heféawgglgcmaie! T‘I&Eﬁml i basdd pAvke aR@vP age rélhtilt(re |diffé1;éhcé ra%,n(&)k- 1
and the predic¢t ava t.ransnj.t po vy O, - or t

bagi nm . cand e ssin e stndart AERAHoR R Thactithe elatiss dlfterehaseo e

col | ect ed, ﬁ{a@gi@hi pbf er gnee hetihedatd h@r@uﬁrb@g;emqﬂﬂearaedi cted avail abl e

mar2,

transmt power is conputed and the standard deviation of the difference is
estimated, at step 414. .Jhe djfference standard devi ationgc be
conput ed or esti ﬁaftfécjﬁéi"r]l)Tﬁ@q}ﬁ)a'hﬁ@?ﬂdgsg??bed 25 above. A nar]aﬂzﬂ]ﬁ‘nnrl ~~'
+ 1) is then conputed for the next frame k+1 based on the conputed

di fference ehdrstrpn@dar$ aleveighting, caefficerp (e1g5. 7,106 ~a2.8) |thbt enay ba shine
power Ppvn,t (k + 1} at the beginning of the next franme is then predicted,
at st ep?B18Varyi& can be achi eved by predicting the variable and fixed
transmt 30 poweThé espigireealédlatiohRiscrilyqbsb®fe 9@k \Hedasad dnt traiiit ponwwrS

(e.g voi ce v e and so on). and subtracting the r wredt?gn m t
bower " 11 om THESY BPHFRR SR8 npR kP s HARhE lgr SkallPler Bl rhfEin oV S
(1). The esbasedt@upawar albies onrfamses selpded forRmnding fatar 1) for data service
for the next frapge ‘éﬁﬁnﬁ%{i}téﬂ?@@ﬁ&}%? ‘i}g)rwlf{}j’él-ts ﬁg‘,,,gg;gﬁ?op'&lﬁfg %@%Ig"f,osr

avai | abl e i xansm t power Z) 35 uted margin , (k
+ 1) as2shothe hextefanei forl (Snpuded én equaton (3hearediet alqcatedhbs ai paztigularf or

data users C i : / ch
Sl i ool Ber 3018 thisRAeO g%gﬁnﬂ}a&%%%?@}g‘%‘gl(zﬁtlﬁm’}')& 2%’ (ki3 chn
factors, asP@a8ensasklypdieogbove-computed margin p,,,;(k+1) for’the data user to

derive the estimated available transmit power P, (k+1 for the data user, as

ata i

follows:



FIG 5 is a flow diagramof a process 500 to schedule and transmt data to
data users in accordance with an enbodi nent of the invention. Process 500
can 5 be woaeunted for each transm ssion interval (e.g., ea¢chniii/603€C
frame). Prior to scheduling transm ssion to a new data user, the throughput
T,. (0) of the data user is initialized to a particular data rate (e.g., T;
(0) = 9.6 Kbps), at step 512. For each gta user desiring data transm ssion
.and placed in a data user set S, a possible data rate R (k + 1) for the
data user for the next 10 féaﬁ kgl | S %ogut ed, at step 514. The possible
data rate R (k p 1)( t,.q; edoehi ( be conputed based on equati ons

- (15), (16}, and ("_‘L“’} and is ([Bp?,,mrz.me@)} anong ot her factors, the

estimated avail able transmt power P~,,~; (k + 1) , the fir gin
P',~r, (k + 1) for the avai]able transmt power, and the sec rginp,
(k + 1) for the data user. m‘l’ﬂlﬁ(lk}])—]eﬁ(kl)ﬁmm-&ﬂb))di ment shown in FIG 5
‘transm ssions to data usefF (1) the estinmated
avai l abl e transmt power a~~1+e(2k( "'17} 5% %Ane k+1 and (2) a priority

i ndex I, (k) computed for each data user. In an enbodinent, the priority

i ndex 1; afuationh(18ptthe divet margitetFe) itk ady hlaaaaaiu@mflpmmo(sse eheatilat a

rate R; (k 1 nd i.ts urent hro an 20 e

the priori t@)) %ﬂf&?? btac H&??eéija’f’?}}a%i%\mrﬁgflﬁpﬁ g:gn '*S( k) =
R (k + 1) TheTsec(okl):l Emrgﬁﬂ)pm Thekudp iofurtibless liseeuaduationt (9)f kndi 13 dsddetari ni ng
the priqrity , i t en es a |level of~fairness such that a data user
associ ated W{eﬁ gegty@,a HaBsmHROWRE Fudlatbi-nitely for a data
transm ssion. QTigr dateiraté t&{(ld P fresthealatalser fg ﬁﬁmesed @ﬁ*ﬂb@&@mputéu n the
scope of tﬂ) i npvention. Once the pg sllble data rate + 1) andtﬁrlorlty
i ndex | asefa0B e restEnaigde @vailablg ) ragsmit (Rasyer |Rwizﬂ<e +hsandsqther  dat a
transm ssi Plia '?erﬁeas%ﬁsa"él ed for the data users. At step 522, the data
user j havi'ng t i ghest pfiority |ndex in the user set Sis selected for

schedul i ng. The sel ecti ? be 30 a hi eved based on the foll ow ng:
| ~(k) =coax{1, (k)k (k +E9= |y determ ned possi bI @g ja rate R~
(k + 1) for the sel ected a(rka+l)sagm| sf;gﬂen guanti zed to one of

supported data rates {0 R', R, R+~ W f12/2TJI1 18
PCT/ USQ)/ 3f 1. ~18 R, , at step 524 The quantized rate R~ (k + 1) for the
sel ect déf'ge’i‘fser can be determined as: 0 R~ (k + 1) < R',:" Rf (k + 1) =

R',~X R~ (k + 1)P & -Rl)oiscthe dstinf@ddgl rEQg dfﬁrﬁ%sn'(lkpdawle): for Bhe-furldarepital i on
(24) the data rate f e. sel ec user to.zero if the 5
possi bl e data rate R f-R“Q foy t&'@ ‘iaégélsffhg‘ﬂ' %Slwen vé%ﬁ“es]ﬁﬂp%trﬂ@dd%fatréter ate
R',;", (2) to R/ (k);

Rl (k) is the data rate on the fundamental channel for the data user in

15 the current frame k;
P is the power required to transmit data at the rate R (k) using a

particular convolutional code;
P, is the power required to transmit data at the rate R"(k) using a

particular turbo code; and
20 a,,, is the active set margin.

As shown in equation (16), the parameters for another transmission (e.g.,
on the fundamental channel) are used to derive the data rate R (k+1) for the
data transmission (e.g., on the supplemental channel). The estimated transmit
power I~’,F (k+1) and data rate R (k) are used to compute the required transmit

25 power-per-bit for the data user. For the cdma2000 system, data on the
supplemental channel is encoded using a Turbo code and data on the
fundamental channel is encoded using a convolutional code. The ratio P../P,.

thus effectively scales the transmit power-per-bit required on the fundamental
channel for the supplemental channel. And the active set margin ¢, accounts



R',~x if the possible data rate R~ (k + 1) is greater than or equal to the
hi ghest supported date rate R',~,, or (3) to the next |ower quantized data
rate R, otwanwe®, where R, 5 R~ (k + 1) < R +~. The transumuposernsP~ (k +
1) needed to support the selected data user at 10 the quantized data rate R
J (k + 1) in the next frame can be conputed, at step 526, as: P* k + 1 = R~
(k +1) ~P-F(k+1) ~G'"~sn, , Prc . 25 () R(k) Pg () The
estimted available transmt power Pnv~;1" (k + 1) is then updated to

reflect thegsched t LSS 0 Ekayl e ' ta
rate R (e Re, 36 g YARRER WeOherkRTets @1 (HRenBlBRCrAr 1R, 2
estimated tyupplamengghanpels( Kfthe)fundamental chaane] aciivrrsehis gwat

avai | abl e t 5RO EAtsiGYBA oRANR fundlmitndal charlhé ié'ﬁ@fng%‘é%eﬁe&%‘r&h&ﬁo%hed, '
at step 530, bE renovi ng thg sel ect eg aq&i{, SCh(fﬂ-{Jl e ata u erh. Téle 0Ssi bl e
data rate RONG Rase ¥ptiphregadHTIRESOL BRANIDAN] Fia sHPRISmental channel ackye

updat ed Sbassad isrequaé tp ewei rtheny @st iisrgreatenvhan gpke AQlargein thean updyed,,, at '
step 532. A_ det.er.m nation,i,s, then e whet her t user set .S is e or
The r e nt 1GULS £ Adedtio dRaNTe of g P atel BptfBtel PR acsPrRERak, °F o
any additi othel redared relabilifyssi tre sppletentdIhaniblesineearitiisitrapsastteddtad
avail able t 1 A1.S 4l LCl i :ROS.S4 ate
for each of Teobe PRSIt HhILER dlarklf BRI o™ T
| onest suppavaigpledasa stafioasR' " . If the user set is not enpty and the

remai nifgy esti Natresg@Mainl @), thé estmatdd RRjBfedRRxEmitigoveatl BF ¢t enf forl the
process returns to Step 522 and the highest priority data user_in the user
set S is sefusnsasgertal chasnehfgrithg data negnips ghe newd fratpe kst cpn besleiyminedt ep

542. W O Bdsbq2dd vatiod? sétfebhdd bhd/ct(Whik8 idldesériebBeow. NOtRENRHAhRA to
transmt power for,. each ,s&edured data user, can be determ neg\.ﬂaﬁ\follows: P
uspd and

(k + 1) = pestymate the requgred frangm power gan alsp be are withify the scopger o
PQ-n~l (k +oflthelinvesti@i.i on (26} is the estimated available transmt power

LT ansm i pover i%ﬁ%ﬁ%%ﬁ%ﬁl%aﬂﬁﬂf,géz%% cLBEThe 1B iRl b B dBafied

avai | abl e tiransmittpgwerel,” e+p), Is determinedthmsed im paritenithesstignated fadingtin

a1 5o appor 1 o TayeP cthoReallie PaR! ERuRSlorRpii: evaiRal B chitiie

t hr oughput dharyges £on jlows fasting, and soe esdmatediraquireskiranemiteeowen #at(bd 1) at

Ty oughput P P s BEHRLARENGEH ARk BT Yo \ER TR R 1RO

(k) +WT 2R, ~ fakihig, the baédichedrqyairedirdridn)it pewep tdy aot bxpooemeiatdd withrthgi ng

of the thro - (K . I I 0 t . i er of
frames) for é’%ﬁgfj%e Lélﬁeg n%ﬁlg%}g"ataé?ag& h‘S 'tﬁ%a?@%f f%n}%h gﬁhﬁi‘\ gnegsﬁ%rﬁ?tgg %{Egﬂiéi-ggh
schedul ed daaBsmiepovier Phék qdhean %dmadm an everage(equireyl teansmit ppwete
schedul ed tpamgqit power P, (k + 1) , at step 546. The schedul ing of data
transm ssions oh the forward link is described in 20 further detail in U S
Pat ent Appl i cat i bn thisr embodioneny thesesndas tfanswdt ipovesr #7, (kaddousesd ton
Seri al . 08 /, 798,951 enti.tled NETHOD AND APPARATUS .FOR FORWARD LI NK
SoHEDU NG, SRl B ns i 4n Fo e Rl s g Lot B @ hssi gnee of ¢ he
present invention and incoporat herei n by reference.

P,F (k+) =B (k+D -+ p, ..., (k+1)| fading < threshold

, Eq (17)

=P k) fading > threshold

where "threshold" corresponds to a particular fading threshold (or a threshold
velocity of the remote terminal). For example, the threshold can be selected as
30 km/hr. As shown in equation (17), if the estimated velocity of the remote
30 terminal is less than or equal to the threshold velocity, then the predicted
required transmit power BT (k+1) is used for the estimated required transmit
power PP (k+1). Otherwise, if the estimated velocity is greater than the
threshold velocity, the average required transmit power P.”(k) is used for the

estimated required transmit power P’ (k+1). The predicted required transmit



For clarity, various enbodinents of the invention have been described 25
for a inplenentation in the cdm2000 system However, the invention is also
appl i cablveovm2meher CDVA systens that nmay be designed to pOnMUSHIBOMI® one or
nore ot her standards and/ or designs. For exanple, the invention can be
used for a CDVA systemthat conforns to the WCDMA standard. ' FIG 6 is a
sinpl e bl ock diagram of a specific desi gﬂ of conmmuni cation 30 system 100,

. which may be operat ed to i npl enent vari Ous aspects of the invention. System

100 i ncl ud b i tyoll BSCO) ,110 t hat t th
nunber of BRYEToPach bhecaroic PR SprristS PrerichonrenemeR ARINIT I 4 for

“sinplicityln BSCeﬂ:thdﬁﬂéﬂtheﬂhel atefdge CEécBﬁtédl taarwllihltl poﬁr\&rt #Hf (k) WarDYe2791a
+ 20 PCT/USUL /30-418 tqe:{e phone networ k %% g., for voice services)
and a pack&pmpitted bas %aﬂeaeommﬁ@@g%ag ollgws: dat a ser vi ces). BSC
110 coordi nates the communication between the rempte ternminals in the
conmuni cat i on syBf @i wakd (badp+ fit-awj)oR" 004, PSTN 112, and PBENI8M4. 5 In

t he specific design shown |n FI G 6, BSC 110 incl udes a call control
processor 612, nu r of tor Ierre ts,614 el,ect or el ement
P shovi i 0 Fi I8 i b e; Syinel 18 e oy eledBial theoriinofe
processor Girninaht r the tdiecipy maas bengstnﬁatedc bbsed @n eaahaxienohe Dopplémal
{eg,dir t.j. 0 nne, sageto
the renote térﬁe;‘%gl %ﬁ} Eﬁﬁfb ?‘o?l\j\.g%ﬁﬂ seIéeC)(y‘ta%ir%‘!ng%I Qﬁ}oﬁﬁ

assi gned t soliwis.r dnitiaHy, Senimphase(l) @‘mdb@l@ hlrQa(Q) pitotoare Etaéhrcphelrer@crd one
or nore bagenbimdd over a aimbar bechips e g0 Wilchips) ¢o abtain ¢he F7oand! ilst 614
wi t hin, BSC 110 and_ schedul es_trapsm ssi.ons go data users. In the desi gn
shown 1th Fpaples. qE bt PIlptARRlenis them CABBIIST2S5 channel ol enent s
642a through 642n. One channel elenment 642 is assigned to process the
conmuni cat i on Wi =eBI;2h|-PQrmte terminal and couples to the aggdt9at ed

sel ector el enent 614 al so assi gned to the renote term nal. Each sel ector

el ement 61 ives fr er 616,the sc uling information for the
assi gned tig %q‘{aé?aﬁugfm% m}%gb 5?3‘ gﬁ?@ Stransmit power, and 20
transmt tine) and for\/\@gds t he |nformat| on to the associ ated channel

el ement 642. ChaynneJ__eI 64 hecei ves, encodes, and npdug at( data for
t he assigned renotavtarff hal” baséd on the received schedul i ng i nf'or mati on.
The nodul ated signal is upconverted and conditi oned by a transmtter (TMIR)
644, routeg,throu du xer. 646, an transmtt via .an_antenna 648 over
the’ 25 1 or qhrd FiaNe VA iHEe BhaufriR s Prehoft SouphiciLin SoRanfRERE dRa 1 ok
signallis thﬁ:@lltvéfbebyammmmmeﬁfreqemﬁpt@mibeesmtms end 672. Front
end 672 filters, anplifies, downconverts, and digitizes the received
signal . The digitizegd s es are then dem)dul ated by a denodul at or ( DEMOD)
674, decoded byﬁ%@—d eder 676, and provided to a data sinEqfZB. The
denodul ati on and deé®di ‘éarare performed in a conplenentary rranner to the
nodul ati on and encodi ng perfornmed at the base station. Data transm ssion on
the rever swHdrakr BCiher ephiativrs andl| igrddfinedess My ¢tbp th@Vl'ﬂ@éicMaﬁlar&edat a

o ce, SC0 A et SRt £ D0 1 T X g e

nmodul at ed de’g!ﬂalh a papeh‘ehy Juhdc bhl’enrnml andd\. cSampatthper&ctld@"AdapﬂveaAdeﬁg@ and
L ansrag { tisthAdBES AR MiRiotts YR CRIAZOG Rl PEIL bbbl dAaydy. base

station 10 'S recei véd ant enna rout ed
t hr ough duae@lxeFelEmery 1995, prges é6,tw5h5 rlea&ovmra(t en@bmreiaé@mever 650

filters, amplifiieqn OURAMN MR the MRt DoFsier HogueR¥PiSprdpoRtionilagal and

rOV|des d| |ze |l es to the channel dto the
femte - e dient eaae%mmb% BanAetedicoring 4300k np Jn) bewial
decodes tht'hesar(pkmmmn[m drequeniely e estihated tfrorhhe trmlnitblha@l))rar&hdhe

encodi p ovi ded
to theiBsJeI 8§r£ {E%lld‘tg;rnenhh T&ggg{slﬁlatrt]%(ij k eyr;gl?r%?tce&?&gm |’1a(1%+ ca eth@h
further fobeatefertrhitieddiaged angpert hmr tHeoestimnatetli walodibs , asPFidwid 17, ecpuatlBESN

and voi ce. v, (DBergBivelfp IEIAP WFerpte 08 %%15‘{3‘?‘5*% nf2 B8, st date
above- desc¥elosity} Qmﬂzedmgdclahe@éaumm(ﬂr)plhltéds a:a&:B, dhe Qﬁtlmﬂted trh@leLUpe of
the invent 1@&@@&@2%&%&6 &Rué&g%%&%@@ Icugﬂl(éi atreg o

forward and verse are de e par sta dar
system being 15 inplenented (e.g., |S- 95A W ( DVA, cdma2000 or I-iDR) and

are not described in detail herein.



As noted above, a forward |ink power control |oop can be maintained to
adjust the transmt power of the forward link transm ssion {e.g., based on
t he qual i two @f279d9e received reverse link signal). The revercBUS(1Bk418i gnal
quality can 20 be estimated by receiver 650 in a manner known in the art.
The estimated required transmt power P F (k) and data rate R F (k) for a
(voice) transm ssion to each renote ter naI and the transmt power for

ot her types of service and transm ssion an be provided to schedul er 616.
Schedul er e i nf e Y | e
Urans ¢ poggs e PpPRld SR ) TSR, ‘?éé‘?nﬁ%%. ghsnf P
users. The &Sckedd) cay lﬁ?fb}é%%tea@é%‘?d ddpqrast endhe estympied wlo®l-var i ous

desi The |
esigns. 1he Ogﬁgt“ o ec?h Ched iR ﬁ@&eagan ec_%?\d""&%‘ileg?ﬂs Are ea

centralized or uling is desire or exanple, a schedul er

can be | ocatasaputechbasedaeh tlmdz,f erengd eeni the qirediates] aad ayemgesEangmill | ows
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conput ati ons descri bed above can be performed by software executed on a
processor. The processes described in FIGS. 4 and 5 can al so be inpl enent ed
by a sof twer@nsrgeuti ne. For a software inplenentation, the peqassoganide
stored in a nenory unit (e.g., nmenory elenent 714) and executed by a
processor (e.g., 5 controller 712). The foregoi ng description of the
preferred enbodinents is provided to en | e any person skilled in the art

. to make or use the present invention. i ous nodifications to these
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" W thout theydisg.of the inventive faculty. Thus, the present invention is
“not intended to Limted to the epbodi ments. shown herein but is to be
accorded the wi ééérfg’"&@h%g@ffeﬁ WQ%S§5®E$%F1 eand Hansitdatpdat ur es

di scl osed haite i@ers%?cbﬁieﬁie@vbﬁ@ah%mbodiﬂeﬂ?b?- 1eCEhvehtiohAYScess 500 can

"PCT/US(1 1/ 311~18 hod f
esti ma’g |§ng Hf’letd ‘%ﬂ%%%%ﬁﬁ%é%@ ?Iinyl f&’a%a"?&ﬁ@%%%%&ﬂnfﬁ ﬁ a ?Lt ure
tinme period, thelriet bodchedplingitraysmission i toah iney adatanssen; tiod t]nmughpluen in

the avail abT@o)t bﬁmﬁéndat&%ef i9\Rfializ&® to & ?Sftﬁ‘d’tﬂhﬁkﬂ%@h 9at@5‘(e$ (6) aggeunt
for the estimated anoLUt of variation in the available transm?t power; 8
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transm I, t ase n he re I ct vailable
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of val ues. B, Ghelmshefostoharginify, Ak +1fohthe availablesiragsmit poyesyi and ghe

predi ct ed ’ ior time instance and an average

avai |l abl e taszég(?llg%%ﬁ \Ag')""? ik +ﬁp‘|g€r‘}|rt(}){£3(atalt£rr%£%erl od, and 4 wherein the

esti matléd armuntInofhevemb@Hnmnnt shoWwe avFIGab] erdnsanissibhs povdita ivsebaaes on

the receiv vara I r t hod
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di'f ference betvve the recei d_predic and average avallabletransmt
power, and its posgig d%ta rate R, (kF-)I-l) ané its current throughput T(). In an

20 embodiment, the priority index I;(k) can be computed for each data user as:

R (k+1)
T,(k)

1(%) = 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:

I;(k) = max{I,(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? ***



determining a first value related to a standard deviation of the 6
difference. 6. The nethod of claimb5, wherein the determning the first

val ue 2 iwe@dgdesy WO U2127919 25 PCT/ US(11/3(L118 aver agiprgyedwe/soiikf er ence
in accordance with a first weighting schenme, 4 averagi ng a square of the
difference in accordance with a second ' weighting schenme to provide a nean
square difference, and 6 conputing the fjrst val ue based on the averaged

di fference and the nean square differenc®. 7. The nethod of claim®6,
wherein the_ ayeraqin he.di fference and.{he 2.averagin e _sqguare

di f ference ]ﬁ»rm\ai' ?feﬁg?BS?ré'd%&?equ f{%eﬁetagﬁ %dg\/\f Pef%tg‘a S[%%C%i H%Fﬁ#ﬁ& gap ke
interval. 8 ; d of claim6, wherein the fixst or second wei ghting
schene, 2 ocfie-g%)ltﬁm@%{@an exponenti al averagi ng schenme. 9. The nethod of
claim6, wherein the fir (i orﬁlel%%rid i ghting schene, 2 or both, is a

| i near averagi ng schene. [10. &K i) fiddnof claim 5, wherein the determning
the first value Rj(knehudeR aveR @ginp=®e difference in accordég¢ahwith a
first weighting schene, co tégg(éc%-ﬁ% nd val ue based on the difference
and the averaged differe %’e, Hd” &/ ave agﬁﬂg t he second val ue in accordance
with a second weighting schene to provide the first value. 11. The net hod

t(:)];]eC:‘ :’i'r m 5{/11 #idh 128, thar @l rake Rﬁttﬁié BhlReftdbag@ 1R iF séthﬁ? ) Efeiﬁfs ﬁrtﬁga?n'?o
the 2 ai 1 cBeitble SR T} 315 iglost W I oW iRl QP GIR Rl R o B

net hod of cRgj ifi the possibdenddtherabarR)i(h+ilks islgreatar tbeah lvasapiiabio he thighesti cs
obt ai ned for the adv | | abl e t ansm’k povvei:1 for a]&%éor tirre&);{iod. 1 The
met hod of cURRATE ¢ dife thes ¥t (RaledhaRptalovier ayaehred Haka gate fior ¢ he
future timeotherwise, wherbRat dgék by) subpracting the margin fromthe predicted
avai | abl e transmf, Rglvx\'gﬁﬁtaIBO\RrQF }{*% YiPnbddB l!onﬁ}p%&? the selected data user at

10  the quantized data rate R;(k +1) in the next frame can be computed, at step 526,

as.:

Ry (k+D)-PT(k+1)- &y, Py Eq (25)

P'k+D=
) (k5D RY (k) P,

The estimated available transmit power P, (k +1) is then updated to reflect the
scheduled data transmission for user j at the quantized data rate R;(k +1), at

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 B (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 B_, is sufficient, the process returns to step 522 and the highest priority

avail

data user in the user set S is selected for scheduling. Otherwise, the process
proceeds to step 542.



WO |12/271fi9 26 PCT/U SO 1 /30~ 18 15. The method of claim11l, wherein the
predi cted available transmt 2 power at the future tinme instance is a

functi on v oi/eeavai l abl e transmt power at a current tinpcrmsSévdg® or one
or nore prior time instances, or a conbination 4 the current and prior, tine
I nstances. 16. The nethod of claim1l, wherein the communication systemis 2
operative to support a plurality of typzé of service, and wherein the

_estimated available transmt power is used for data service. 17. The net hod

of claim1l1, whergi cC i ' ' n a
W rel ess cormuni[%la Fé) ?@%y@{@;&n@egﬁ%ea?ﬁ%%%ﬁ%ﬁiﬂgg% %%a% %%l%g %att&%g)al}er

- required feandedletermingdswifeBows: over a future time period, the nethod
-conprising: 4 estimating an anmount of variation ill the required transmt
power over time; 6 deterprgi-ng aargin to account for the estimated anpunt
of variation in EtetPer Asmik tdbwer ; and 8 estimati n&%®hsnit

- power required for the Fa nsm ssion over the future tinme period based
in part on the margin. 9. The method of claim 18, further conprising: 2
predicting transpit power required at a future tine_instance for the data

transm ssi orheran, 4k rig; equationd@6) issthe estiaalied ayailahla sransmibpewer dor
further zb dj ' ] 1 1 20 . f
i mad e reR AL AN Af B el BRI RO b Pl ih O O
on an aver sgepuwediineder 5285 niStep 542 apporiensthe estimated; ayailable tyassindd. 21.

The et hod gfwe! Ai MELBI) fousdchakche@ueal dutd dser to?acEtth R qhAnBizA@éR op fhd adi ng
for a channel uséff for ‘the data transm ssion, and 4 wherein the esti mated

required t rdate mates peviermed ihustep S24Hand do @lsa apperidmanye desideal afailahld ng.
WO 112/ 2T1+rdrdsni¥ po&ierth@&ldchedifldd)1 8TRE . thineghprithDdk ofl) dfaearh2schedatudei n

the estimated required transnjt power i urt her, based on a transmt
power ﬂpedi‘ﬁtt%duﬁeé be th@ﬁui“ﬂ:’g?teéﬁ étf‘ﬂ?ﬁré‘l‘i’i R W&E{C'énﬁ’@ fsglﬂedt‘ﬁégdgﬁﬁl

t ransm ssi dransiffissioie  dtanramdwdinnest, dhefthadughput Téks In cahdre updateti asul ar
t hreshol d \fgﬁgv%.sz

T(k+1)=01-w.) T,(k)+wy -R (k+1) . Eq (27)

Equation (27) performs an exponential averaging of the throughput T;(k) and
15 w, is the time constant (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 F,(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



23. The nethod of claim 21, wherein the estimated required transmt 2 power
I's further based on an average required transmt power conputed for a prior
time periweo22fogohe estimted rate of fading is greater tharT/espantigscul ar 4
t hreshol d value. 24. The method of claim 18, further conprising: 2
receiving a predicted required transmt power for a prior tinme instance and
an average required transmt power for a%?orior time period, and 4 wherein
the estimating the anmount of variation ificludes determning a difference
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based on t h#tationdp trassanita channelnssignmentunessage 5o dog tamnaly termiration dewer

avai l abj® aforvard! WnR).l | MOneNSeRES fQEmeat a1l fsf 2B5Bhe8! 29S coffd] the
estimating transm.t ovxﬁr avai l abl e for data Llran m ssions for thte future
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26. A nethod _for.schedul data transm ssions in a wreless 2

conmmuni cat i %ﬁngr%sﬂ? Sq#ﬁfggfgrﬁ(ﬂg'd conprising: esfiimting an anounfi of
variation in trahsthe dpsigersheomin linbflé. ferbagatstation A8k dntlusies s nugdrezrafi ni ng

2 111 STl Bidhiod RASAMETGADR NI IPBIITRCR AR efdndht G0 Bl4sBikoid ibhe

avai | abl'e transmt_power; estimating transmt power  aval at a
transni ssi oREORSy the femymangrations Wik iegeh gamate ierpinal andtequples 4o ther gi n;
estimating aéyoeiabaikelebtoy adlefleh®B1uNalbé aR5IFNEd PRVEe F@ABLE @eknhidkl.a HLh
particul ar geeictecaco% element 614 feceives from scheduler 616 the scheduling information for
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.



determ ning a second margin to account for the estimated anount of 22
variation in the required transmt power; and estinmating transmt power
avai | abl ewigogsbéw particul ar data transm ssion 14 based i rpqaando1@iuighe
estimated available transmt power for data transm ssions and the second
margin. 27. The nethod of claim 26, wherein the second margin accounts for
2 changes in link conditions associated with the particular data

_transmi ssion. 28. A nethod for scheduli data transm ssions for a
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required transrmt power BT (k) an ata rate R, (k) for a (voice) transmission

to each remote terminal and the fransmit power for other types of service and

transmissions can be provided to scheduler 616. Scheduler 616 can use the

received information to estimate the available transmit power P, ,(k +1) and to
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



34. The nethod 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 trang@@lren to the data user. 35. The nethod of cl aipprddsoisbhasei n t he
requi red power-per-bit for the 2 data transm ssion to the data user is
estimated based on a second transm ssion to the data user. 36. A schedul er
in a wreless comruni cati on system corrg_?l sing: 2 a nenory unit coupled to
the controller and operative to store dafa used for scheduling data

transm Ssi Qfin;afithd v@hﬁ@”&ﬁ%lémﬁ& s ng?tﬁQ d1a M&thﬂ{“rks&{}q fpe'i“ﬁéi ve

to deternine aﬁ.ﬁlr t or an es
vari ati on iseheduales nist t%ﬁér“&ﬁﬁﬁh@tﬁ@@@ﬂ ofatagsigning rthe sdaasrate {gpeagh 2791)

30 PCT/ U S@cﬁedﬁ@d"ﬂﬁ%r%ftlﬂfﬁﬂf‘e %X?s?éiﬁ@ukh RRY¥EL s8Y 8f baklsas fo%‘hn‘i!i%&& These
transm ssions_for a

u based 1 art o e first margin,
det er mi ne $93&5 & én%laﬂs ¢1§tlmnreve§&5ﬁlza&99 9%&1? e favuard Amgaﬁpa&mbh he
estimat 8d avaisntiftiRg tasamsitht shedgledaatd mr@eh@auﬂe&atragkm aﬁlQb.ﬁIBE d@edt he
dat a user, é detegcm ne a _priorit g?) for e ﬁ o schedul e
Gata 1y ons i Baf Bk SpRclh hiinly 38 i BR IRk Jn 4RS FomREpigelss
esti mat ed angd hehireizedairsnsmissivnedelaydand €3)dftie aliooatibrp of shé ferwiatalinlat es
and priori tcﬁB\%QwAQ all%ﬁg%nlj@gﬁl %e% Hade@ orf &l etSE Ibtiorities. The goals are

. A3AS2. A9
A9. AAS. Ay uppmrux&edE Rrebalancingzalist. of dagtgrm, . Fhe. farward Ak schgddingiis. A9. A

| UL2. A1 Al eBbribédina Adithe\dtail' inth&ab¢mentionell 1.9 Patent apphcatlon Serial

E:\ell?lé;ﬁ:;q g%g&hygﬁg@% %@&}?@é LEJ]aI(.:J]aca] cal] ca] cal] ca] ca]ca] ca] cal] ca] ca]

LEN " * #MESWOROEIQ, (7)1 @iiploblotkadia of ahngaBddimentdf|schadwler 616. In
o cay calgal caboalcad cakualfatbrlealas) sebsmlond 5o saloahiaks dbog) ool o

A O etmom mrneOCT SO itnirg Hewent 716 omeilef 742 fanthenpauntis ] caU
]U(\:/]a] c a\ﬂ;c alg é@e\E)]%r%xﬁ@l\f‘saéﬂ%tﬁﬂﬂ BRVhe6leadivad padfirth SabrAhABY K the

ase 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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| DyS/ #10%& th-available transrmt 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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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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s10%mn& () - 17. The method of claim 1, wherein the communication system is a

2 CDMA system.

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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s#10%¢& () -1v 24. The method of claim 18, further comprising:
2 recejving a predicted required transmit power for a prior time instance
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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L10%" & () 27. The method of claim 26, wherein the second margin accounts for

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 variation 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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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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estimate transmit power available for data transmissions for a
future time period based in part on the first margin,

determine a possible data rate for each data user based in part on
the estimated available transmit power and a second margin determined
for the data user,

determine a priority index for each data user, and

schedule data transmissions for the plurality of data users based
on the estimated available transmit power and the determined possible
data rates and priority indices for the plurality of data users.
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