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Dual - Mode W deband Spread Spectrum Cel lular 35 Mbile Station"” (the IS-98
standard), the standard offered by a consortium nanmed "3rd Generation

Par t ner shi f. Baeckgadind 3GPP) and enbodied in a set of docunents including
Documeh? Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214

(the WCDVA st andaigdlrn 88§ cbﬂﬁnﬁﬁﬁéﬁén@yﬂ%ﬁ?is%huh@&%ﬁ support a variety of
applications. One such communication system is a code division multiple
access (CDMA) system that supports voice and data communication between
users over a terrestrial link. The use of CDMA techniques in a multiple access

20 communication system is disclosed in U.S. Patent No. 4,901,307, entitled
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
USING SATELLITE OR TERRESTRIAL REPEATERS," and U.S. Patent No.
5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM." A specific

25 CDMA system is disclosed in U.S. Patent Application Serial No. 08/963,386,
entitted "METHOD AND APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION," filed November 3, 1997 (the HDR system). These patents
and patent application are assigned to the assignee of the present invention and
incorporated herein by reference.

30 CDMA systems are typically designed to conform to one or more
standards. Such standards include the "TIA /EIA /1S-95-B Mobile Station-Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum
Cellular System" (the IS-95 standard), the "TIA/EIA/IS-98 Recommended
Minimum Standard for Dual-Mode Wideband Spread Spectrum Cellular

35 Mobile Station" (the IS-98 standard), the standard offered by a consortium
named "3rd Generation Partnership Project” (3GPP) and embodied in a set of
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213,
and 3G TS 25.214 (the W-CDMA standard), and the "TR-45.5 Physical Layer
Standard for cdma2000 Spread Spectrum Systems" (the cdma2000 standard).
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service an e required tr ower ftor a particu ata transm ssion
are each t gptisre fheefficienckof adata communication system.
20 To support both types of service, a CDMA system can be designed and

operated to first allocate transmit power to (voice) users requiring a particular
GOS and shorter delays. Any remaining transmit power can then be allocated
to (data) users that can tolerate longer delays.

Numerous challenges are encountered in implementing a CDMA system

25 capable of supporting different types of service. First, the transmit power
required by voice users can vary during their communication sessions.
Consequently, the amount of transmit power available for data users can vary
from one (e.g., 20 msec) transmission interval to the next, and possibly even
within the transmission interval. Second, the transmit power required for a

30 particular data user may also vary during a data fransmission.

The available transmit power for data service and the required transmit
power for a particular data transmission are each typically estimated 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



predicted at a particular nonent in tine (e.g., at the tinme data
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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 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
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 fransmit 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.



period (e.g., the next franme). In accordance with the nethod, a
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FIG. 4 is a flow diagram of a process to estimate the available transmit
power for data service in accordance with an embodiment of the invention;
FIG. 5 is a flow diagram of a process to schedule and transmit data to
20 data users in accordance with an embodiment of the invention;
FIG. 6 is a simple block diagram of some of the elements in the
communication system shown in FIG. 1; and
FIG. 7 is a simple block diagram of an embodiment of a scheduler used
to schedule data transmissions.
25
DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

FIG. 1 is a diagram of a communication system 100 that supports a
number of users and can be used to implement various aspects of the invention.
30 System 100 may be designed to conform to one or more CDMA standards such
as the IS-95, W-CDMA, ¢dma2000, or some other standards, one or more
CDMA designs such as the HDR design, or a combination thereof. System 100
provides communication for a number of cells 102a through 102g, with each cell
102 being serviced by a corresponding base station 104. Various remote

35 terminals 106 are dispersed throughout the system.
Each remote terminal 106 may communicate with one or more base
stations 104 on the downlink and uplink at any given moment (e.g., depending
on the particular CDMA system design and whether the remote terminal is in
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20 (e.g., the signal-to-total-noise ratio) of the signal received from a remote
terminal, estimate the forward link condition based on the received signal
quality, and adjust the forward link transmit power accordingly. If the received
signal quality is poor, indicating that the reverse link is degraded, the forward
link can be estimated to be degraded by a corresponding amount and the

25  forward link transmit power can be increased accordingly.

FIG. 2 is a plot of the forward link transmit power for a particular voice
transmission to a remote terminal. The horizontal axis denotes time, which is
provided in unit of seconds. The vertical axis denotes the transmit power for
the transmission to the remote terminal, and is provided in relative linear scale.

30 In this plot, the transmit power to the remote terminal is adjusted to maintain
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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20 requests, and so on. Based on the collected parameter values, data
transmissions are scheduled for the next interval.

In the cdma2000 system, a voice transmission is typically sent over a
fundamental channel (FCH) and a data transmission is typically sent over a
supplemental channel (SCH). To receive a data transmission on the

25 supplemental channel, a remote terminal is also typically assigned a
fundamental channel. The transmit power for the fundamental channel is
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) otal (t) ZPF (t) Z voice (t) Z other (t) 4 Eq (1)

where



Prior to the scheduling tinme instance, the paraneters needed for scheduling
data transm ssions in the next frame are coll ected. These paraneters my
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transm ssions are scheduled for the next interval. In the cdma2000 system
a voice transmssion is typically sent er a fundanental channel (FCH)
and a data transm ssion is typically sent over a supplenental channel
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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
20 instance f, during the current frame k, scheduling is performed for data

transmissions in the next frame k+1. The available transmit power 2, (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

25 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

30 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
35 predicted and then reduced by the computed margin P, (k+1) to derive a

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

for data service for the next frame.



cdma2000 system the actual transmt power for each fundanmental channel may
be adjusted up or down (by defined increnents) at a rate of up to 800 tines
per 15 savonz2(92e., every 1.25 nmsec). Thus, the actual transstopswer for

the fundanental channels can vary across the frame interval, and can be

hi gher than the transmt power at the beginning of the frane. FIG 3 is a

diagramthat illustrates the avail able ansmt power Pavarr (t) for data

service over a nunber of frames. At a particular scheduling time 20
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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—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, (k=D =Py (k=)= By (k-1) . Eq
@



than the actual anount, too nuch margin is provided and the avail able
transmt 10 power is not fully utilized. In an enbodi nent, the margin
Pmar 1(k #wap2/2mebe used for the next frane is conputed brEBUSaB30yise
estimated anount of variation in the available transmt power during
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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 o] (k) of the difference is estimated as:

o2 (k) = m> (k) - e2(k) . Eq (5)

In another embodiment, the standard deviation o (k) ,of the difference is

estimated as:

25 o2 (k) =w, [d2 (k) —e2 (k) |+ (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



e, (k)=w, e, (k-1)+(1-w,) Il"avail(k-1)-Pavaa(k-1)j. Eq (3) where 1IN, is a
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varying. The available transmt power Pavail (k + 1) for data service for
the next finasquakivh (8 the psddiowtiedvhikite @andht poedicPed (ovad lablie

transmt
%egmmng of the next frame k+1 can be obtained based on a number of

prediction schemes known in the art. In one simple prediction scheme, the
predicted available transmit power P, (k+1) at the beginning of the next
15  frame k+1 is equal to the available transmit power P, (,,) at the scheduling

time instance ¢

sch

also be used (e.g., P,,,; (k+1) is a particular functlon of P,.(t.,) and previous

in the current frame k. However, other prediction schemes can

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 7 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



Pavaja (k + 1) at a future tine instance (e.g., the beginning of the next

frame k+1) and the above-conputed nmargin Pmarl (k + 1), as follows: Pavai
(k + 1) w@awzivso (k + 1) - Pmari (k + 1) 10 Eq (8) PCT/US01/30418

=Pavai 1( k+1)-el (k)-ry71(k) a, (k) In equation (8), the predicted avail able
transmt power Pavaii (k + 1) at the beginning of the next frame k+1 can

be obtai ned based on a nunber of predig¢tion schenes known in the art. In

one sinple prediction scheme, the predicted available transmt power
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transnild powerason the suppl enental channel nmay or may not be power
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the transnit power on thgfumndapgpta) channel for the data user can be
estimated (e.q. @ -al) ranmerssimi to that described aboveEfld?) 5 the
avail able transmt power). F(k-1)

Alternatively, the predicted required transmit power B(k) can be used in
equation (9) instead of IAJi(k -1 . The relative difference d,;(k 1) can then be

averaged using, for example, an exponentiél weighting function. The
20 exponentially averaged relative difference e,,(k) can be computed as:

Eq (10)

e, (k) = w, 'ez,i(k_1)+(1—wz) I:Pi(k-l)_Pi(k_l)} ’

Bk-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 m}, (k) can also be computed for the

data user as:

E(k—l)—f)i(k—l)T B

ma (k) =w, -m2, (k=1 +(1-w,) [ Y



At the scheduling tinme instance tscli in the current frame k, the transmt
power P (k -1) previously predicted (e.g., during frame k-2) to be required
for thi svadavaveser during frame k-1 and the average tranBaT/USpicswers P (k
-1) required for the data user during frame k-1 are both avail able. These
gquantities 10 can be conputed in a manner simlar to that described above
for Pavail (k -1) and Pavail (k -1) . f?sol ute or relative difference can
be used to estimate the anount of variations in the transmt power to the

d?te a user. r%h%?d AMP) Shows &nllpdineMBal &k}efré weché?shuake ré&u@@Hw E&Bnéd1®
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-1) . The relative erenc hen rage usi ng, for

exanpl e5 anjiffxfepae0hn de embédﬁgthuﬂ@tammalhe 20 exponential ly averaged
relative difference e2,1(k) can be conputed as: P.(k-1)-P(k-1) e21(k)=w2

e2,1(k -1) + (1- EW(;C) 1) where w2 is a weighting i ci ent
(\/\/2 51.0) that M@)m né( ?hgz’tl ne constant for the exponentl ]gq Lver agi ng.

O her wei ghting schenes can al so be used to ayer age the relative
di f f erence Vﬂlzqrekthemeandswagevweﬂmxre dhféergn@enmk)t lmad % ianeragei welativEhe

nmean squar ¢ f 1(k) o] dat a
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02/ 27969 P@'$11£E1Y£]3'O4118 arﬂmbﬁqamh 1) thehsandard eeptiont iogl (kavelr Hy ng of
t he sq rere tlv dlffere u3|n the sane wei ghting coefficient as
f or eq t| SﬁIabYS)dl H5heT 691 Sfﬂ’@Pu %P%htl ng schenes and/or wei ghting
coefficients can al so be used. In Lone (T‘bod ment, the standard devi ation
621(k) of the rerzafk)wewzl (k=D —e2, (b)|+{1 502,(76 -1 . Eq (13)

where the relative difference d,;(k-1) and the average relative difference
e,;(k) are computed as shown in equations (9) and (10), respectively.
In an embodiment, the margin p,,,,;(k+1) for the data user for the next
15 frame k+1 can be determined based on the average relative difference e,, (k)
and the estimated standard deviation o,;(k) of the relative difference. The
margin p,. .. (k+1) for the data user can be computed as:

Puars; (kK +1) =€, (k) + 1, (k)-0,,(k) , Eq (14)

where 7,,(k) is a weighting coefficient (e.g., 77,,(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 toa particular
data user i. In this case, the estimated available transmit power P, (k+1) can

avaii

be reduced by the above-computed margin p,,,,;(k+1) for the data user to

derive the estimated available transmit power P

data,i

(k+1) for the data user, as

follows:



5 difference can be estimated for the data user as: o, (k) = n2,1(k) -

e2,1(k) , Eq (12) where the nean square relative difference ;n2 i (k) and
the averageorziveti ve difference e2,1(k) are conputed as BODWRO/A4Bquat i ons
(11) and (10), respectively. In another enbodi nent, the standard devi ation
a22 'i (k) of the 10 relative difference can be conmputed as: 62,1(k) = w2
Ld2 (k -1) - e2,1 (k)]+ (1- w2) . a-21(|_f -1) . Eq (13) where the relative
difference d2,1(k -1) and the average relative difference e2,1(k) are

conputed as shown in equatipn _and , respectively. In an
enbodi ment, the p{g‘grig&m)prmﬁo“ifs(k(ﬂ% T i 99the data user for the next 15
frane k+1 can be ‘déterm ned ﬁasp,g,zgpﬁk-fth average rel ative difference

e2,1(k) and the estimated standard deviation 62,1 (k) of the r(% tive
difference. The margin P,nar2,j (k + 1) for the ddta user can bé conput ed
as: Pmar2,1 (k + 1) = e2. 1)k Hly2efkl k). k)1 (k) , Eq (14) where
772,1 (k) is a weighting Toef{ici €. 0.~ (12, L(k) = 2.0) that may be
time 20 varying. The margin %5%@8{3§a#%ﬁ}%dg§b(rk bed above nmay be based on
transmt power values obtained fromnon-continuous franmes. For exanple,

t he margi n Ineguetion 3B the firgomerginalueé bh hasasmit ef powet (sesr egamiidnng

data. The b 1_edt i i . .+ t

sorvi ce 1 ox) 250 R BYAC APl Bal S RN B L (gé%veé Tl D-

al | ocat ed tlheasqsandimargin pgat, &k tideis unitrlass fHee eguwdiont (M) eveiiqatsed to
avai | ablke transm t .power, avai k. + 1) can e r,edyced by the

above-c m&?@ﬁ%ﬁlﬁ?ﬂﬁﬂg@%"fﬁft’ls?(@a’i gg’weﬁeﬁdh{kf Ser tg derive the
esti mat ed avai | dieedate aatenR} (kpohefor Phadafd ugdr fer fjarhe i+l andt eormopeted as
fol |l ows: 2427969 PCT/.USQ143041L 13, Pavai.l + 13 -, Pmari_ (;k 1
at o (k DRoad G thel ertipnandd A¢diine 2Bl pofvel, 2. (B lanlt olnd?
(k+1) - el (K)pairaineterg abfllowse2, 1(k) +172, ;(k)-a' 2,i (k) In equation (15), the
first margin Pmarl (k + 1) has a unit of power (see equation (2)) and is
subtracted fromthe estmkﬁdp av(%iJrlﬁb})cec transmt power Pava;l (k + 1).

R (k+1) =~ =, Eq (16
D Bl (k+1) 0, P 149

10 where
P (k+1) is the estimated required transmit power for the fundamental

channel for the data user for the next frame k+1 at the data rate
R/ (k);
R/ (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 &, 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 ISiF (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



The second margin Pmar2,i (k + 1) is unit-less (see equation (9)) and is
used to 5 scale the estimated avail able transmt power Pavail (k + 1). The
date rat av®p2/tt069 1) for the data user for frame k+1 can bperTwemmotsd based
on the estimated avail able transmt power Pavail (k + 1) and ot her
paraneters, as follows; RF(K)P (k+1) PR (k + 1) _avail cc Eq PF (k +
) aasml c q 10 where PF (k + 1) is g}ge estimated required transm t
power for the fundanental channel for e data user for the next frame k+1

at the dat dof §he diffefenck) if; affy,! béttednS tRd'@cl defs2f e HheddHBsaIRRE!
channel for th data1 ser in fr1]glthe urrenL fra k:. PCC I.s thelp wer
required téuPPEH’%‘?ﬁt? aéﬁn&‘e:lﬁ thihe aRenta Yhﬂél{gﬁgm vesek i grpader than
CR?EW()L;H | ovak (hademidsion ?mmmnmb Wrgaleamh?eﬂistbeiﬁg sateiiidd fleinamate thae rat e
usi n rti1cular,turbo e, ans. S t ctiv et

margin, As Osﬁé%ﬁefﬁﬂ@aus-&r g ort fBcof S%gét ¢ 3ppletdrdf AR Eadite i on
(e.g., 2onsthis eawalaicepiel theRafnel i gicatardbantaneded) yagendhapmitave..R. (K
+ 1) f t ; | £ . Th
ost) mated feulERth FAR Rt Oe(h the silibILARnRY RALAIET Wik HOMAEI forf 0°
conput e t héhe eedngeddeliabiignpn the sg endal ghanred pincpét igdransmisied from t he

cdma2000 systeneddhse @fatidie wisitdhe"BildanmGhan tRhnhd RN ERASHIMSI Mo Tur bo
he  fundanmental channel is encoded using a convol utional

code and data]1.or11(p%
code. The MHP'PRAFHEANMSys effectively scales the transmit power- per-bit
requi réd on t he Ifi eqdatien(l), thelestineted cequibed sapgnénpowet AH@anadglfor ted t he

active set .margin S, coynts WO 02/27969 PCI/USQ1/30418 4 for the
di ffer encefuﬁ“agr&ﬁﬁ}’f%‘?ﬁlé%%iﬁoﬁ#\? ngactgiq;gr éoétt e pgxt ﬂ@efqﬁt]td:&ﬁ‘é’rﬁ%ﬁjfe%ﬂﬁled
suppl enent dhsahannelr®us Isthérhes, foredafrehidl isadesaribéd detow.e Qiber schepiesatoer
than one : 11SS).00: . I ' ' r. ' from
moro than Coigenteteilndd diifn P BOGTERA MR add FF MBI ¥be
suppl enment af thehimyveationct i ve 5 set is equal to one, then aaS,,, is greater

than ops. A |ar ggrackhi@@nkdivkith &in aspect 'FSHkliBivERtidn,| #RUESEMSRH RN the
suppl ement ?}angprgp Bgvlvér %}I(ﬁ t]rl??sc gtrelrg'rsmrfxe%{ based in part on the estimated fading in
the channel. The scheduling of data transmission can take advantage of channel
changes for slow fading, and the estimated required transmit power P (k +1)
can be based on the predicted required transmit power P7(k+1). For faster
20 fading, the predicted required transmit power may not be as correlated with the
actual required transmit power in the next frame, and the estimated required
transmit power P”(k+1) can be based on an average required transmit power
BT (k).
In this embodiment, the required transmit power }N’,.F (k+1) used to

25  schedule data transmission for the data user can be estimated as:

BF(k+1) =BF(k+1)-[1+p,,.,(k+1)] fading < threshold

, Eq (17)

1l

PF (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 BF(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



the reduced reliability on the supplenental channel since it is transmtted
from only one base station while the fundanental channel is transmtted
from nulwopt/zrdbase stations. 10 In equation (16), the espCEB@dorsqui red
transmt power p F (k + 1) for the fundanental channel for the data user
for the next frame k+1 can be determned based on various schenes, one of
whi ch is described bel ow. O her schenes go estimate the required transmt
power can al so be used and are within ttl"le scope of the invention. 15 In

accordance_w.th an,aspect ©of ,the, invention h stimat requirgd
Franmt pBAPRRRR 6N B0 bl bR DirelitBoR W hPRE KrbRI i S art. g
fadi ng i n Inhhan cérmabodimenfthethec heenagen geqfirathttaarisnaib spowst o, "¢ay ¢k de

advant age of channel hanges for sl ow fading, d the estimted required
transm t pEREPUegbpsec,on 5t CXRARTRA AYEERENG £ IOLSVERIT ct od required ransmi t

power PF (k + 1)—1: For fa_sFt er 20 fadi ng, the predicted required transmt
power may not beP a&)eorr & dked) WltwihB" (lact ual required trafgl8) power in
the next frame, and the estinmated required transmt power PF (k + 1) can

be bas on an rage. requited.tr 1t r 1 lnthis e i ment,
S T R R
t ransm ssi tgrnfipal.t h&hearelocite rcanabebestevatednbesechan R Engkimumm) Deppldr (k +

1) [+ (kﬁﬁﬁgll)eic}g},%% tan A &@SAObE Slndaldd rus?%ia':"édfr)arifaﬁgé Neethodhrshol d

where "thres corresponds._to particul a ading. threshol d (or

threshol d Qe E@lt@hm&\s nghee () ane: 44 ratyrg ((DxpiRj e o Cwa ld can
be sel ect edombinedboRker hinumber shdvipsi(e.geddahips) t¢ oFjain ithe Pieard tRQEpibet

vel ocii of th(le r te 30 t)ﬁt%m nal, is Iless %han orwg ual to the threshold
vel ocity, CHER The J5r84E: 2 erpé%?gwsrlaﬁ MEOPBETE B F (k + 1) is used
for the estimted reg;gé{gd transmt power P F (k + 1). Gherwise, if the

estimated vel ocig 5 @er than the threshold velocity, ERdIDverage

required transmt power P,. F (k) is used for the estinmated required

transmt pepeimdfsddard a3 % di&h Bﬁgﬂﬁé de.transmt WO 02/ 27969
PCT/ US01/ 3041%?[1 1SS O\X/er BE® Ehe+ f?l can be sed&o% various prediction

schenmes known in the1 art, In an enbodi nent, the average required transmt

power P F (k) cw:bﬁ__lcwigd@&d on an exponential averagygrgo)as
fol |l ows: —1 %3

The variance Var of the squares can then be computed in a manner known in
15  theart. The maximum Doppler frequency f, can be estimated as:

~ 1 ’ 1%
= |—, Eqg (21
Ja 2w \Var 4 1)

where 7 is the separation and is defined as 7= M/ chiprate. The covariance
method for estimating the maximum Doppler frequency is described in further
detail in a paper by ].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



PF(k)=w. P,.F(k-1)+(1-w) P,.F(k) . Eq(18) 5 The fading on the channel is
related to the velocity of the renbte termnal. The velocity can be

est i mat edavdayedeédn a maxi mum Doppl er frequency, which cabPCT/HuStewsomisbe
estimated using a "covariance nethod" as follows. Initially, the inphase
(I') and quadrature (Q pilot are each coherently conbined over a nunber of
chips (e.g., Mchips) to obtain the Pll1 nd PQL pilot 10 sanples. The
square of the pilot sanples is then conputes as: SQ. = PI? + PQ? . Eq (19)

(SQ it SR s poumat JuERRoRe] To6, et fefunld kit ey
conput ed i ia(kﬁ‘iqalﬂrf'élp thavRA qeﬁerrrj_ige‘fl%és%iri(n_pqr&gnntggieﬁﬁmaﬁggmlggity.r equency fd
can be estimat ednaghe hb¥vé bmbodinfentd' the Fits 2hd sBRRIEL thatging NEeSERA ation
and is defined as gpé;\]/!ch*‘grdgée. The covarj ance ,rreéhg‘af estimating the
maxi mum DoEpFBRTed bageshey the cerence Baryeery tHia keadicted aar average Fapehiy

ﬂé Md ]Ij;ﬂ t ;psatézeelazlr\cmlaéh n’&&@naahempréEugEAcp}duﬁMﬁPzairmOﬁ\m{}hﬁees@i%cﬁﬁé ﬁﬁﬁ@ﬂrﬁlgb y for

offs | ar siens, rans I ons .on Ve ech, ,, £ebruary

1995, pageBoRe" sty B b Binission mye el TBisuuiph Gitbe selidied hiide
shown t hat onhibenditienermeDoph semdare qleviatior, saspdesoribed abaivet oThis etapizition.

Thus, a TR NGILANLOCGRAGIAN Badel Gn BHAY dalitRfiPlabfnbglegn the

e ) an e

maxi mum Doppl er frequency, esti mat fromequation (- esti mat ed
vel ocity. FH@padations agdithigds wathin theseape cgtdh@mwmqu + 1) can then be

det er mied basedIGN4pay h Qow! BRg@shl BRE Bry@is® U0 to R8tMAMMIhE hvAHBL ON
Vel mei ty) - EaRsEE phie el sesmice iy aciaraones PR BrbaskieRb ot mum
Doppl er fr gguestioyn. cEhedectypespbisenitmsey iokhetpradicond4td ] ind anheaospaiced. WO
Cequi rod { Tah S SR ot BHISE SRR heh THBRACPRonthIrgR ' RS

on the est pemyiced and)| thei trgnsmit noveerais alocatedotd these othegeriices firstndAsgcond
mar gi ngs ar ?erﬁéﬁm‘i'n%ﬁﬁ’éﬁll)éﬂlé B3SO APet 136heh L6 BACRaRGhIEBAS thBa R &gt ed

and average tranps . . .
g Prutlahy, at each scheduling time instance, the values for a set of

parameters used to estimate the available transmit power for the next frame k+1
are collected, at step 412. As described 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 P, (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 ﬁavail k+1)

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

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



5 power. Each margin attenpts to account for variation in the respective
transmt power during the transmssion interval. This variation can be

esti mat edavdaye®ed on the difference and standard devi at i onPCRISEE®arsi bed
above. This variation can also be estimted based on other statistical
measurenents and conputations, and this is within the scope of the
invention. 10 FIG 4 is a flow diagram ?a} a process 400 to estimate the
avai lable transmt power for data servitce in accordance with an enbodi nent

ot her - ser viceatat gy AfRe PR PR Pre (TED BRALHHG: KRNGR, oG RRriRRG e

priority thalowlata service, and the transmt power is aI | ocated to these
ot her services first. A remsu avai ower. i

used for transm’fl:ggi%ﬁ%a éf OFﬁ’?St#@quCflﬁ‘?q& @%Wé’?i‘ﬁﬂs% Otl me
i nstance, tdaga usdraés af:mrdanse‘wfdf an pmbadanem’soh&edntrm’emnl Redcess () can

avai | abke + at step
412. Asbde;b::rl E&dt% ggg%/\géd{ﬁégéeﬁ%g{rb% éier?s %ﬁhﬁjgngéytﬂﬁ%%ggerage

avai | abl e transhriorpiwseheshlistg trarsmigsiqro to fa agw iata asert the hredghped 20
avai |l abl e tT, @r)scmﬂ thepdatr uBemid irilialiZdd twa paeichigi dalangtef(ebr, aN@) k= 2.6 Once
the requir E{ar anet S{% | ues . have beea col l ected, the di ffereq et vveen
t he averaé@’l’é RESRRIP L3 HORGR6H dafe iSeT dRiFng aé?ansgﬂ%%%ap A
standard @edatatyssn set S Repdssiltlerdate aates Re$t- hrefordtheadata tuser zfo_mthernext

di ff er gpce fafde mq@%hgo&t@w at hfé san ’pﬁe %@ameeaa&rreﬁétk Rl 2f fbed dBE

manner described 25 hen "conputed for the
next frane datal usesadnobe Qohil@pmedpbawd dnfécpxaéme 6115051 éh&ndadc(la)a\amdi ison, at

step 416. ﬁEﬁH@ﬁﬂ 8R! 8@md. Bﬂ%é‘t fanB@’E r ﬂFeagﬁi&a ﬁvgrﬂa}ﬁé &é}% gidWéI“g of

t he next fr is. t cte S can be ac

predi cti ng fol e(k\TLalP{a'kﬂ Séﬁéﬁrgilkéjdarn(? A)skﬁl‘t’fhg@Vﬁﬂ tF%IE?&‘?lFPH“ﬁEBra

types of seescrzemangint pans s$) forshé da@.useyoi ce, overhead, and so on) and

subtractlng the_req uired transmt power fromthe total transmt power from
the cellp, as shémfhprﬁréb dimen shown inelKst P ntrengmissiens kbidata ﬂléﬁ@“?niﬂte power

Pava, 1 (k scHoduled based ore(lyi the efsamalt&e abeMablE redsnkit bosaér P hentpe

CoTt <0 O S, P s e TS AR R e e
420. Ther eafttoeliment,ahsmprwityniadewnr], @atef eask dnta amebis dmémfﬂmledd)abaﬁm on
the VO 02/ 22963 RGT/ YSOL/3RA1R ¢ 11) Sald TR Slr¥R! hABLERBEATEE)! PRIGH Pavan

(k + 1) an ors, escr
20 embodiment, the pr1or1ty index I;(k) can be computed for each data user as:
R, (k+1)
I (k)y=—"—. Eq (22
(k) ) q(22)

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

alevel 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;:

1,0) = 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/ *°*



below. FIG 5 is a flow diagramof a process 500 to schedul e and transmt
data to data users in accordance with an enbodi nent of the invention.
Process 30o0vzm169 5 be executed for each transm ssion i nt ePOBUS§I30g18, each
20 nmsec frane). Prior to scheduling transm ssion to a new data user, the

t hroughput T,. (0) of the data user is initialized to a particular data
rate (e.g., T,(0) = 9.6 Kbps), at steplglz. For each data user desiring
data transm ssion and placed in a data User set S, a possible data rate RZ

514 The povel ot Sear r oo duehfiged B A3 T T Hiedbald M iy B 0 0P o

based on eq¢adringined@ss), (16), and (17) and is dependent on, anong ot her
factors, the estinmated available transmt power Pavafl (k + 1), the first
margin Prari (k + 1) forfythe ﬁv@{ggﬁ.transm’t power, and the second
margin Pmar2,i (k + 1% flor the/data us®. 15 In the enbodi ment shown in
FIG 5, transni $8i(brd) £d Riat aRuderB2akg, schedul ed based on Eg)(2the
estimated available trangmt powes Payakk (k + 1) for frame k+l and (2) a
priority index I. (k) conputed for each ddta user. In an enbodinent, the
priority index |I; (k) of each data user is determ ned based on its
possi bl e ddhaquatien R24); khe-daja eatd fot thecselected diaber asghisudet 1)(do)zero lifitten 20
embodi ngnt ds§161e0dAtarra£eVRl.o<dﬁ1§ is;ledskthask @ taﬁve“s%ﬁ?fasﬁeafaat@%@mfgt@ wser
as: |, (k)P__RI (k +_%1) g (22) T (k) The use the throughput T (k)
det er mi ni ngiHE the Poss iﬁ texate; Ry(eyr n@ﬁrggterg%pg\,@] egials gy thgeRighesich
that a dat quyselredsgesl Aledrl by ﬂsgﬁgrg%ggeu AP ERhred " Bhih rate R
iy - '

indefinitelﬂ% or. a da @Es@zﬁlo priority*indices can al'so' be
25 used an@ HEHF HTCthe 8d6pe? of fMehe i nvention. Once the possible data

rate R, (k + 1) T@t@drdﬁsﬁﬁ'i?b)&vérnﬂje(%#la r{ebae@@d@upgéﬁ thé eaReicad i usad 4t dat a
users in the user set S, data.transm ssions can be scheduled for the data

users. 1At dheguaptized datagate Rydet L) innheingyt famearagreeseompiuiesy ptstep®dex in
t he user sel. S is selected for scheduling. The selection can be 30

achi eved baSed on the following: I 1 (k) = max{Il; (k) } . Egq (23) iES The
previously determ ned possible data rate R (k + 1) for the selected data
user is then q\l;\g;\t:é;rgg_t%(érfé)tﬁj el stippofized data rates {0g ?25), D

R, R+l ... WOI65/2/569 PCIT KEqay 30418 p,, - q

in

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 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
power P

avail

If the user set is not empty and the remaining estimated available transmit
is sufficient, the process returns to step 522 and the highest priority

min®

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



18 R ,,,x}, at step 524. The quantized rate R* (k + 1) for the selected
data user can be determined as: O R (k +1) <R,;,, R (k+1) =R,,aX
R (k + Wos22B®p9Eq (24) R RL 5 Rl (k + 1) < Rl+1 I n egpar/iose/j2®), the
data rate for the selected data user is set (1) to zero if the 5 possible
data rate R (k + 1) is less than the | owest supported date rate R ,,,,,,
(2) to Rll~x if the possible data ratelﬁ (k + 1) is greater than or equal
to the highest supported date rate R ,;ax, or (3) to the next | ower

quanti zed data @ﬁtﬁﬁ[BMZ,Oﬂh@%chééﬁledV\ﬂi‘%ﬁnﬁ’ Whr fof eich kscledtfigd dafd @ser

transmt powerb gz (K + g{) r%e ded to support the selected data user at 10
the quanti F88 DESELETTRNEARS fPOWS!) i n the next frame can be conputed, at
step 526, as: - R* (k + 1&}6ng (k + 1) aasa PT,, P,* (k + 1) R (k) Eq
(25) Pcc The i PRt edPa able smt power Pava;l (k Is then
updated to reflg?c{k e pﬁ@?bé avet&’%% fansm ssion for userﬁjq](g@ t he
quantized data rate R & % 1),” at 15 step 528. This can be achi eved by
subtracting the estimated transmt power PP (k + 1) for data user j from

th ti mat ed ilable.transmt wer.. Pavai | + .1). .The er set S

50" updat SEhera Pt & 40 hipton B0 e Retinaid piaildie weOSHEGEPWE ot e

user. The RRS skl BafRie1r @ind Mot tHe rerddinfrf etRdtet SRITRBIR I RAMt i Jbwéhe

ransmt poRBIPUI WP 5957 REROLr APRATIGH M SHERA ARy ARBIDEROERE uoer

set S is emppwerol, ; ket 1) rteraichisolyedhsed mhate dsarvtaidcadiuet for guantizagpmvef tHeaval |

IS | fficjent f ddi ti | d t 1 Ssj on, at 534. . Th

i S R b
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user in theyuses: set S is selected for scheduling. OQtherw se, the process
proceeds to step 542. WD 02/27969 PCT/ US01/ 30418

T,(k+1)=(1—w,) T,(k)+w, R (k +1) . Eq (27)

Equation (27) performs an exponential averaging of the throughput 7;(k) and
15w, 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 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



19 At step 542, the scheduled transmt power for each schedul ed data user
can be determned as follows: Pi(k+l )= P*(k+1l) .Pava;i(k+l) , Eq(26) Pj (k
+ 1) whemeoPavrasd (k + 1) in equation (26) is the estimtprdr/asai/doats e
transmt power for 5 the next frame k+1 (and not the remai ning estinmted
avai l able transmt power conputed in step 528). Step 542 apportions the
estimated avail able transmt power Pavgiyl (k + 1) to each schedul ed data
user to account for quantization of the  data rates perforned in step 524
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I nterfaces guel{dr 31dMHt 61 438:4i%8s 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.



WO 02/ 27969 PCT/ US01/ 30418 20 tel ephone network (PSTN) 112 (e.g., for

voi ce services) and a packet data serving node (PDSN) 114 (e.g., for data
servi cesWOR8BZ9840 coordi nates the communi cation bet weenPChESoEwBLSe
termnals in the conmunication system and base station 104, PSTN 112, and
PDSN 114. 5 In the specific design shown in FIG 6, BSC 110 includes a call
control processor 612, a nunber of selggtor elenents 614 (only one
selector elenent is shown in FIG 6 for sinplicity), and a schedul er 616.
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quality of the received reverse link signal). The reverse link signal quality can

20  be estimated by receiver 650 in a manner known in the art. The estimated
required transmit power P’ (k) and data rate RF (k) for a (voice) transmission

to each remote terminal and the transmit 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



provided froma data source 680 within renote term nal 106, encoded by an
35 encoder 682, and nodul ated by a nodulator (MOD) 684 to provide a

nodul at edv@oyembe The nodul ated signal is then upconvert eBCHOS0ICOM t i oned
by front end 672 and transmtted via antenna 670. WO 02/ 27969

PCT/ USO1/ 30418 21 At base station 104, the reverse link signal is received
by antenna 648, routed through dupl exej 646, and provided to a receiver
(RCVR) 650. Receiver 650 filters, anplTfies, downconverts, and digitizes
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wi thin each base stati of strl uted processin
station t oinformation may be stored to memory element 714 and retrleved 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), conirollers, 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



30 performits own scheduling, which may reduce the processing del ay.
Conversely, the schedul er can be designed to control transm ssions for al
base stavoorns79sn the system (as shown in FIG 6). This char/adi/oens
processing may result in a nore efficient use of the systemresources. As
shown in FIG 1, the renote termnals are di spersed throughout the 35
system and can be in communication wt ne or nore base stations
simultaneously. In a centralized scheduling schene, the schedul er
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recei ves i nformation regardi ng the demand and capacity for the forward

i nk, and WHANWISCHAIMED ERi ons to data users. The received information
may be stored to nmenory elenent 714 and retrieved by controller 20 712 as
needed. Timng elenent 716 provides controller 712 with the timng signals
used to performthe forward |ink scheduling. The timng signals also allow
controller 712 to send the scheduling information (e.g., the schedul ed

data rates and transmt power) to selector elenents 614 at the appropriate
time. The el enents of the schedul er (and other elenents of the base station
and



25 renote termnal) can be inplenented in various manners. For exanpl e,
controller 712 can be inplenented with one or nore application specific

i ntegrataedoore™edts (ASICs), digital signal processors (DBSPRUSOymoatyr amrabl e
| ogi c devices (PLDs), controllers, mcro- controllers, mcroprocessors,
other electronic units designed to performthe functions described herein,
or a 30 conbination thereof. Menory eleﬂfnt 714 can be inpl enented using
RAM DRAM Flash RAM other types of nenories, or a conbination thereof.
Timng elenment 716 can be inplenenteqd AfRflga counter run by a system
clock, an on board oscillator |ocked to an external signal, a storage

el ement for receiving systemtimng froman external source, or sone other
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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



conprising: 4 estimating an anmount of variation in the available transmt
power over tinme; 6 determining a margin to account for the estinated
anount ofweartmstdon in the available transmt power; 8 prPeTUSe/IGISt ransmi t
power available at a future tine instance for data transm ssions; and 10
estimating transmt power available for data transm ssions for the future
time period based on the predicted avai bable transmt power and the margin.
2. The nethod of claiml1, further conprising: 2 receiving a set of val ues

indicative of thgemahs @ iffdraRcdiintacBOMRIncé Witlha fiR5H Wél 't1 sPRémed, and 4
wherein the esti mated anmount of v at ?fn in the avai ransmit ower
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transmt pquere diffepersed on the recei ved predicted and average avail abl e
transmt' power. 4. The nethod of claim3, wherein the received average

available 2 transnmt power is_ aver aged over a prior transm ssion jnterval.
5. The method of - chhg methodueé claim ¢ rheein the ryrrasis Hifoditterece and i at i on

incl udesp datr@fagm%ﬁge squirbfdffenere hed peEBrhbe ovet aitikad viiheldneistednd a
average 4 avai | e.transmt power, and determning a first value rel ated

to a stand&Ags HEW%IHIHHW the 6 difference. 6. The nethod of claim5,
wherein the determining the first value 2 includes WO 02/27969

PCT/ US01/ 30418 sz%ﬁvﬁéﬁ%d‘gf Hofn® Wlf‘e&&ﬁ%f\ﬁ 'fﬂg@ﬁé’écﬂﬂﬁ%e Lhg!

wei ghting schene, raging a sqbare o erence | r ance with
a second \Qélbgth,llﬁgn%lﬁl@ﬂ@ﬂll aﬁﬁmglﬂgsd‘lermn square differ ence and 6
conputing the first value based on the averaged difference and the nean

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.



square difference. 7. The nethod of claim®6, wherein the averaging the
difference and the 2 averaging the square difference are perfornmed over a
time wi ndoovoreiveted to a transm ssion interval. 8. The neChodoicfo4ts ai m 6
wherein the first or second weighting schene, 2 or both, is an exponenti al
averagi ng schenme. 9. The nethod of claim®6, wherein the first or second

wei ghting schene, 2 or both, is a Iinegé averagi ng schene. 10. The net hod
of claimb5, wherein the determning the first value 2 includes averaging

the dijf f elr encg i1'5aaTﬁ@f1ﬁléﬂﬁﬂd_ f}yftcthiﬁl ] R/sﬂ.{etr%ﬂi fHy ;raf@iigt%aeaﬁﬂaﬂ&mghﬁggfsa
second val ue based,o e difference, an e averaged . erence, an

aver agi n%l tW?e%&h@%é%@é@ﬁ %ﬁ@ﬁ?ﬁmguwt’t% g’@c%‘f?dl% HROSTY P%¥¢lene to
provi de t hetfa qustentalmie instdnceltreomedbhatbrefprivraime nstahiaispona tbsbimatir i S
det er mi ngd ifference and the first value. 12. The nethod
of cl ai rﬁflfgg%ﬁ%ﬁe{??\n ﬁ%{&%{ﬂ g?hnslt%ncgﬁ'ual to the 2 difference plus a scal ed
square root of the first value. 13. The nethod of claim 11, wherein the

fe oot O e ! : o
T ansi t - pover 1o AHRAARANAR of B 1o Welh I Wi Riudin i AYE
the estidratoPeraiivg foasHRrPart arlwralityofjyRes of gerviess andt wherein the gatimated s

obt ai ned bwyvailbleatdnsagt pbwemggéa for s fieviger edi cted available transmt
power at the future tinme instance. WO 02/ 27969 PCT/US01/30418 26 15. The

met hod of claim 1, wherein the predicted available transmt 2 power at the
future time insti@nc®he smatHadhof idkainofl, Wieerairatheahbmrhunaiestioh systeen is at a

current 4i r@?mgﬁﬁg& or one or nore prior tine instances, or a conbination
4 the current and prior time instances. 16. The nethod of claim 1, wherein

t he conmuni cation systemis 2 operative to support a plurality of types of
service, and whagei nt Q&Nﬁ%lés@&&%n@ﬁ@ddﬁpls?s&ﬁéné T HRRYVTDr | e3tiliRRhol OF
data seryvice. 17, The nethod. qf claim 1, whefein the _comrunicatio stem
is a 2 ?CDIWI’@%{' pRyver required Tor & data transmission over & future fme permH, iHe
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.



18. In a wirel ess conmuni cation system a nethod for estimating 2 transmt
power required for a data transm ssion over a future tine period, the

met hod com@o/gisng: 4 estimating an anmount of variation i nPCHYESe1E)Uisr ed
transmt power over tinme;, 6 determining a margin to account for the
estimated anount of variation in the required transmt power; and 8
estimating transmt power required for e data transm ssion over the
future time period based in part on the margin. 19. The nethod of claim 18,

further conprisiong: TRe PA&HLA dNBlalthas %ﬁer@ﬁwﬁ’ie E@t%b’fé%ﬂ ré’(ﬁun?e(f b i | Me
|nstance for the ?‘WG ?]htra sm ssion, a e est ted eqw red

n
transmi t2 pARYer;ig a&réa tWSFHEPOWFéH’F%‘E %ft@ ll’eéﬂmf Utusoner .
20. The netiind indtasteafon the, da{tfaeﬂr@msmisb@nﬁsﬂ tH@éﬁﬂnﬂit@dLMalt@d)ftfﬁ@lmstleSSZ

power |s f t her e required transmt power conmputed for a
prior ti rre %@??@&réﬁﬁar%ﬁg“%ﬁ f claim18, further conprising: 2

estimating a rate of fading for a channel used for the data transm ssion,

cotimated rate obf o MRAROY GILLLEC. WaBld TRO B maRed HNRE BRRGINOT Lhe
claim 212 \peayesig fuﬁbexa a5ada0R ATy BMIAgREqUitpdsHRRsSIt provel conspeitac fesra based

on a transpriorP@MR pdticdli i€ tRE dsfinfied Gt bEhdthgds atbhiied thhh B phftihddce for
t he data tr nsggﬁfﬂigue i'f the estimated rate of fa Ing is Iess 4 than a
tﬁ’?ﬁs a

partlcul4ar | ue. 23. The nethod of claim 21, wherein the
estimated required transmt 2 power is further based on an average

required transngl %\é‘?{let?ﬁaﬁolftc?aqn{% f&rth? iﬁgfhﬂhﬁﬁ‘%epe” od, if the estimted

rate of fading i's an artrcu shol d val ue. 24. The
met hod & cl ai mr§<831V1flgrét peedlctmlpraqsmnegl transmoit gromvergfos peidi dineel imsteuder ed

transmt p%W@lraﬁWeré’%Efé irdd t'i‘?nérﬂﬁt}i‘ﬁx%% foRADrRR tAYEpRLEd! Sy red transmt
power foi a prior, ti riod
Wherein the estlmatmg "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.



4 wherein the estimating the anmount of variation includes determning a

di fference between the received predicted and 6 average required transmt
power, amdodeEt®si ning a value related to a standard devi BCT/@R0IH04t8he 8
di fference, and wherein the margin is determ ned based on the difference
and the value 10 related to the standard deviation. 25. In a wreless
communi cation system a nethod for estiggting 2 transmt power avail able
for data transm ssions for a future tine period, the nethod conprising: 4
receiving a predicted available transmt power for a prior tinme instance

and an average a|I bIe prior tine period; .6
determning a d fer %‘Qavxz ’i‘ﬁ’@\gﬁe‘@gl \ﬁ@ga FARFRISSIPNSn & a0 o PEHRIeSS
avai | abRe tommsamicati ste1& thed iethod ogm rIBlrrgst value related to a standard

deviation of th smgaaagl S5t of SHEREL N PR U bOatBIN ol Bhin

estimated anoun ion1n vai m
mar gi n #és thanemisshenth; based on the 12 difference and the f| rst val ue;

predicting trangg dérrraﬁmg;aaﬁ?étlaakgu%aa&%ﬂf ot 't g@@&a@ Cahunfal@ 14
transm ssi ons; estifaiing transmt power avail at a
transni 8si 8ﬁ§aF%1@HE4%1@b@“§@@t@WV| od based on t he predicted

avai | abl e transestimag rtraatsnhheofv&erua@ﬂabmeforl deth aReBn@isdiohb domarfatire WO
02/ 27969 PCT/ USO01/ 3041 g ?’Et hod f.or scheduling data transm ssions
IEé?%r Adbe

in a wi el 88 P M et hod conprising: estimating an
anount of vari aestimatingtararsmiuntpofverarivien abltarkonit gaveer dequirats fdisai ons;

det er mqpi n ccount for the estimated anount of 6
10 g%?ttl{]dlélsa M%sﬂu%s(?oﬁ‘

vari ation ran’sm t power ; estimati ng transmt power
avail abl e for deeterminingne serefd MaFgia touaqpant gox e eplémabrd paresuntiof part

on the 1Di 1 ghrifB6AR theeRquiretiththsamit poRrRiatf variation in transmt power
required for a

estimating transmit power available for the particular data transmission
14 based in part on the estimated available transmit power for data transmissions

and the second margin.

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.



10 particular data transm ssion; determ ning a second margin to account for
the estimated anmount of 12 variation in the required transmt power; and
estimati mgODr/2098N t power available for the particul ar daparaws@®wisssi on

14 based in part on the estimted available transmt power for data

transm ssions and the second margin. 27. The nethod of claim 26, wherein
the second margin accounts for 2 chang? in link conditions associated
with the particular data transnission 8. A nethod for scheduling data

tr atnsm stSIh ons Igo am@ HeMdd vf Qfalfti’ﬁﬂgl waeﬂﬁﬁrtﬁe 's@ct:(ﬁld’\/!rﬁeﬁ' ﬁfmc@mw?ﬁ?tl on
system e ne rJ1.sin et.er 1 [S m 0 accoun or an
SORULP I M S s %b%saﬁ.%hew‘g}%g%@%m redifted dren

transm ssi ¢gstheekita o@én. ng transmt power available for data transm SSI ons
for a future 6 time period based in part on the first margin; determning
a possible data rate for each data user based in part on the 8 estinated
avai | abl e transfit Thewsethaddofaclsisn @8d wherejinntheexchednilingl daty trahemissians user ;
10 detepm pidgqé priority index for each data user; and scheduling data
transm ssi ons ?or t he Iurallt of data users based. on the 12 estimated
avai | abl e transﬁ??Ct}!ﬁﬁ\é fakgser having e ighestPPosisY BideXdat a rat es and

priority indi cegchedulinea Rlatd eéﬂetfmqhe@ale@tedsaa& ust. bakbé drethw@osdiblel ai m
28, vvherelaglhe S cond 653{,\&1‘@ gr each data 2 user accounts for variation
in a requi F8 ‘Eart% Bt defisianges in 1ink conditions. WO

02/ 27968 PCT/ US@ébiﬁﬁﬁﬂg traﬁ%ﬂﬂpoﬁhermpﬂf@lfomftheb@e@ﬂﬁi dafaaraée, antthe second

AT aqui rod ©r anSrpang e SR VAL BT R B B FRUp AR,
wher ei n8t heecsur@htxanﬁgltmrtfpaﬂﬁﬁ@gqt@%siataeut?eﬁc| udes sel ecting a data user
havi ng a highest priority index, 4 scheduli ng a data rate for the selected

e BB R LA e 3 e Bk S St Bt BeaSlte ©
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 isbased 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,



updating the estinmated available transmt power to reflect the estimted 8
required transmt power for the selected data user. 32. The nethod of claim
31, wheravaovtmeschedul i ng data transm ssions 2 further pPoTUSTeE®4r8epeati ng
the selecting a data user, scheduling the data rate, estimating 4 required
transmt power, and updating the estimted available transmt power until

the plurality of data users have been sghedul ed or the estinated avail abl e

6 transmt power is insufficient for additional data transm ssions. 33. The

nmet hod of claim 28, \é@@mﬁ%@ tlalASmiF g@WérYa'ideb@Ie Fbr SRED tetaistnitki6hs fér iaS
based ogfthe pﬁ;l bl e, data. rq?h hr oggzie%t for. the data user. 34. The
met hod cl ai BEHOq Ras it ongd P A8 FBr each data 2 user is
further based on a paewrapre alpdssibdé datd mde tf(or émwcmmuseﬂbﬁmd in plattan
transm sion to,th e
requir e power - }5%? g%tﬂpgégrﬁ/% lgb?égtr%n{}ﬁltg)e ansm SSI gé&fn@ %ﬁirgl \gg(féatgt@enre&

esti mat ed basedfamnthe dadzosel, t r ansmi SSI on to the data user. 35. A schedul er
in a WI1I’26| ess Commn'd%?érhﬁﬂe§¥7§fcﬁ if fdrséa@ﬂgla??ﬂséfeﬁﬁ&y unit coupled to

the controller and operatlve o store or._sc uling data
transmi ssion; and 4 &cheshile F%Faééﬁ‘ﬁ?%“&@rt plardity of %taéﬁ’érsob%ﬁeétl ve
to de: gym ne ta f)hr’&b d¥ehgHted taoaﬁflﬂ@umnsfrﬁm @Séﬂdfﬁi@deﬂa@ﬁuﬁ@d b(s)szl‘/élzemGg
variation in tran r .availa a Ssi ons,

PCT/ USO1/ 30418 ga ?ﬁpﬁ;&B 19’;12559}#)1 5‘pg ]PeB At é‘b é&]ftaru S§ % a transni ssi ons
for a 8 future time period based in part on the first margin, determne a
possi bl e data rate for each data user based in part on 10 the estinated
avai l abl e transmt power and a second nmargin determ ned for the data user,
12 determne a priority index for each data user, and schedul e data

transm ssions for the plurality of data users based 14 on the estinmated

available transmt power and the determ ned possible data rates and
priority indices for the plurality of data users.



