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particularly, the present invention relates to a novel and inproved nethod
and apparatus for scheduling packet data transmissions in a wreless
communi cation system BACKGROUND [1002]; In a wireless conmmunication
system a base station communicates with multiple nobile users. Wreless
comuni cations may include | ow delay data communications, such as voice or
video transm ssions, or high data rate comuni cati ons, such as packeti zed
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parti cul ar er users. [1004] There is a need,

therefore, for a fair nmethod for scheduling packet data transm ssions to

nobil e users that is channel -sensitive. WD 03/017572 PCT/ US02/ 25472
BACKGROUND

[1002] In a wireless communication system, a base station
communicates with multiple mobile users. Wireless communications may
include low delay data communications, such as voice or video transmissions,
or high data rate communications, such as packetized data transmissions. U.S.
Patent Application No. 08/963,386, entitied "METHOD AND APPARATUS FOR
HIGH RATE PACKET DATA TRANSMISSION," filed Nov. 3, 1997 describes
high rate packet data transmissions, and hereby expressly incorporated by
reference.

[1003] Packet data transmissions are not required to be low
latency transmissions, and therefore allow the base station flexibility in
scheduling mobile user transmissions within a system. Once scheduled, the
base station may transmit data to as little as a single mobile user during a given
time period. In general, scheduling of packet data mobile users in a system has
two goals. The first goal is to optimize the utilization of each channel. The
second goal is to allocate transmissions to mobile users fairly. The two goals
sometimes compete. For example, channel quality conditions and the amount
of pending data for a given user may resuit in excessive time allocations to that
user particularly at the expense of other users.

[1004] There is a need, therefore, for a fair method for scheduling
packet data transmissions to mobile users that is channel-sensitive.



2 SUWARY [1005] The discl osed enbodi nents provide a novel and inproved
nmet hod for scheduling packet data transm ssions in a wreless comrunication
system |Iwoas@imEspect, in a wireless conmunication systempadaoeas4nr
packet data transm ssions, a nethod includes receiving rate request
indicators for a plurality of nobile stations, calculating priority
function values for the plurality of npbile stations in response to the
rate request indicators, and scheduling transm ssions to the nobile
stations according to the priority gmﬁl{]ﬁg val ue. [1006] According to
anot her aspect, a wireless apparatu S awpriority factor
calculation unit adapted to recei ve data rate requests from nobile
stations and gener, e i ng
anit coupied to ¢ A08PFor 11’ FEHPed BriteRirhPntsISEARE% rB08 dya RPRRAH 10,
adapt ed t omh@(ﬂt%re:s@iwmlmgqm:kes datantangrih38itinsAncd wirelasst corammunicationt her

aspect, a nethod far schedulin acket data transactio ess
conmun cat FEHESYst dih ST 1 4RREGE e BaMrplasRCampuaC P St edpblahlding a

priority fHBEIEétQithftraﬁsnM@@éhsaamthbem&udeé hecaifg rafe r‘é’iﬁé§t indifdagsksl i ng a
first set of users having B endi ng data transactions fromthe portion of

t he pool ofOfuéeﬁlgralﬂb@élmp der%@@ﬁseqiﬂi@l!latmmd?f@&morfktn@’tIQB\mV@hléSpf@ftthén of
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users inr eto request 1 ndi cator

PCT/ US02/ 2§dﬁ®ullagBIRIaE§rrm FtiBI O GRODIKE DRUWNGEcotding] toTHbe f paorityes,
obj ect s, ﬁg}d@dvan ages of the presently disclosed nethod and appar at us
will beco Elﬂ?grent fromthe detailed description set forth bel ow

when taken in conj4po6] onAstoidind'® Snathenespédt, Wifdlesd abpanaﬂiseithelms
characters identify correspondi ng Ié t hr oughout and wherern: [1009] FIG 1

i | lustrated PROBYJertAi %@l?kﬁ'ﬁf'@%rqﬁ' aglaplerde to; recaiven fate Jate feqyaste from
accordi ng pyfABe SRR R ‘generate power factor values in response, and a

scheduling unit coupled to the priority factor calculation unit, the scheduling unit
adapted to schedule data transmissions.

[1007] According to still another aspect, a method for scheduling
packet data transactions in a wireless communication system includes
determining a pool of users, calculating a priority function of at least a portion of
the pool of users, scheduling a first set of users having pending data
transactions from the portion of the pool of users, receiving rate request
indicators from the portion of the pool of users, and updating priority functions
of the first set of users in response to the rate request indicators.



[1010] FIG 2 illustrates in flow diagramforma nethod for scheduling
packet data transm ssion in a systemas in FIG 1 according to one

enbodi mrerwp 0pa051] FIG 3 illustrates in block diagram foPerasbhasa7st ati on
as in FIG 1 according to one enbodinent; and [1012] FIG 4 illustrates in
bl ock diagramforma portion of a base station as in FIG 3 according to
one enbodinent. [1013] FIG 5 illustratgs a nethod 100 of scheduling users
in a packetized data transm ssion system DETAILED DESCRI PTI ON OF THE

PREFERRED ENMBCODI MENTS ] ' of the present

I nvention, a base stat bﬂkéfDéggﬁgiﬁgﬁéﬁﬁﬁﬁ%ﬁé communi cati on
system schedul es packet data transm ssions to nobile users based upon the
i nstant aneous val ues of a per-user Priority Function (PF). The user
schedul i ng prioriti1008] rdhat tepturest mbjgrsy aAnde adviariages of Megpregentlyl ue

I ndi cates a:hj S | Weld! I E L ndi A | ow
priority. ?}13%0%% da@%g%ﬁ 5@@@@@ %k)%h%é’%" %gg?@re m'%#rér::ga pé@%@ﬁt@ﬂ ﬂﬁégtd%zas'eg on a
channel coaddstription setiforh deldw wheRahken Recorgjahctiordwithtios dtdiRhys infwhicmet hod
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non-zero buffer undeogyun¥I@n {1 halukiraksmiht Slocki dRagrain Ofstm eabQgiemat . the
rate request indicator’'is a Data Rate Request (DRR). In another

enbodi ment commaunigation syfierstagoeming te pneLnRedinent o- I nterference (C/ 1)
I nformation. Alter e [ I ol . r t
request WO 03/ 0175[39H%%2%9ﬂ%%§3i frﬁgif@g\ztaﬁ"%&%?ﬁpfrotéﬁpgﬁéthbﬁn??rhe

exenpl ary sofedlilimgnpackeh eatmansmigsiamin & systelhmbesn &1@r il cacdoydifrgriotanen ( PF)
for the nultiple rmEiIe users. Each PF is a function of the rate request
i ndi cat or SAWAABERE o) ect ed t hroughput of a given nobile user. The PF

val ues al | ow the bageq1pt aF@N3Hiushahesdinl Klodk HiaiPamdime bise batibA\ds @
pendi ng data. The scheduling produces an approxi mately equal share of the

al | ocat ed FGn%@csaiding ta are embaskmant t i pned nobi | e stati ons.
[1012] FIG. 4 illustrates in block diagram form a portion of a base

station as in FIG. 3 according to one embodiment.
[1013] FIG. 5 illustrates a method 100 of scheduling users in a
packetized data transmission system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[1014] In an exemplary embodiment of the present invention, a
base station of a spread-spectrum wireless communication system schedules
packet data transmissions to mobile users based upon the instantaneous
values of a per-user Priority Function (PF). The user scheduling priority is
related to the PF value, wherein a high PF value indicates a high scheduling
priority and a low PF value indicates a low priority. In one aspect, a method for
determining PF values is based on a channel condition indicated by a Rate
Request Indicator (RRI). The method also considers a fairness criteria dictated
by the Quality Of Service (QOS) requirements. Such a method provides robust
protection against non-zero buffer under-runs on the transmitter side. In one
embodiment, the rate request indicator is a Data Rate Request (DRR). In
another embodiment, the rate request indicator is Carrier-to-Interference (C/I)
information. Alternate embodiments may implement other types of rate request



[ 1015] Scheduling allocation inproves channel sensitivity by reducing
adverse effects associated with assigned data rates. Actual data rate

assi gnmerwe oploosirzie quanti zed transm ssion rates. Thi s re®alttsoy/ss4a2 coar se
adj ustment of data rates within a system Actual data rates nay be
truncated, or otherw se mani pulated, to conformto the assigned and

avail able data rates. By using a rate pgequest indicator to determne a
transm ssion data rate, the data rate is adjusted according to the actual

requi renents.and operati envj ronment of the system . [101 | n_an.
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transm ssi ons -t o m)rgir \ﬁ 7 Bne' 6 le stations 16 seeking to optinize
channel ut adjusémeohof gatalra}es:w@hmausysm r &C@mleda’t%trh@ may foertrgngadeldil i ng

nobile st s} r ng a
pool of a 5’0%5"}%% Wghﬂi@@t%& Eb’ﬂ?%é”y“s? elhgf%%@’ step ggm%néia%ﬁz{ FHtgénunber
of nobile B@:tlmmg)asafbt?r,equesulsadrcmonto determuinela transiaissignadatd rate, tHe datef N i s
equal to 0, at step tocess ends, .else the process conti nages to

step 24 to TRiQl d§ adwsseciapav@?@mntps? epcagtuly Jeapugments ¢ and o Qparaling,

subset of ‘oMiir&SRERt ¥ thBidystdhs. pool , wherein the Mactive users have data
pendi ng. The PF cal culation is performed according to the follow ng
[1016] In an exemplary embodiment illustrated in FIG. 1, a

wireless communication system 10 includes a base station 12 that
communicates with mobile stations 14 and mobile stations 16 via an air
interface or radio link. The base station 12 processes separate transmissions
for each of mobile stations 16. As illustrated, mobiles stations 14 are employing
low delay data communication type services, such as voice communications,
while mobile stations 16 are employing high rate packet data communications.
Communications between base station 12 and mobile stations 14 are
performed in real-time and therefore all active communications are performed
simultaneously and concurrently. In contrast, packet data communications with
mobile stations 16 may be scheduled, wherein communications to multiple
mobile stations 16 are transmitted simultaneously at a given time. Alternate
embodiments may allow concurrent transmissions to more than one of mobile
stations 16 seeking to optimize channel utilization.

[1017] FIG. 2 illustrates a method 18 for scheduling mobile
stations 16 within system 10. The process begins by determining a pool of
active mobile users within system 10 at step 20. The total number of mobile
stations 16, or users, in the pool is designated as "N." If N is equal to O, at step
22, the process ends, else the process continues to step 24 to calculate a PF



equation: PF(j) = DRR(j) T(j) , for j=1, ..., M (1) wherein j is a user

I ndex corresponding to the Mactive users with pending data. 1In the
exenpl ar ywerbotisnent, a rate request indicator is inplenmerCedsay254DRR(j ),
the Data Rate Request (DRR) received fromuser j, for j=1, ..., M Having

t he channel -sensitive rate request indicator in the numerator provides
proportionality to the scheduling of usgrs in system 10. The rate request
indicator is then divided by a projected throughput associated with each

i, T(i). The actual .throyghput of .each i ted
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data pending, at step further subset is determ ned of "K' users to
be schedul @QUAEPN: transmission. In the exenpl ary enbodi nent, the subset of
K users is determ ned according to t.em configuration and a

pr edet ermi ned scheduling pol PEy;’)Mﬁ;rﬂ;l,o.r.,M,i S constrai ned)o a
singl e user. However, K may be any Aldber |ess than or equal to M Based

on the cal cyl ated.PF val ue t he baae sta}f]i 3@1 sghedul es "K' users at step
28. Note t HAVCTERd i@ SR ek FaiGspondingriodne B aChve e, with Pending dald ve
users, i.ejp thé<ekérﬁpla§/ JomBbEimente astfbl Ayuest indieator risnpplementskels dat a
transm ssi ons_at stgrs 0 _according to the schedule of ste

28.
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T(j . n+l) =( atthypaygh the actorRRhrgughpe) isnmissegh disaly e thisSatoutgionoof Equation
(1).

[1018] From the subset of M active users with data pending, at
step 26, a further subset is determined of “K” users to be scheduled for
transmission. In the exemplary embodiment, the subset of K users is
determined according to system configuration and a predetermined scheduling
policy. Often K = 1, or K is constrained to a single user. However, K may be
any number less than or equal to M. Based on the calculated PF values, the
base station schedules "K" users at step 28. Note that the K scheduled users
constitute a subset of the N active users, i.e., (K <M <N). The base station
12 then transmits packet data transmissions at step 30 according to the
schedule of step 28. Transmission involves determination of transmission
power, power control, data rate, modulation, and other parameters of
transmission. Note that concurrently, the base station 12 may be transmitting
low latency transmissions to mobile stations 14.

[1019] At step 32, the base station 12 updates each projected
throughput , T, for each of the K scheduled users as a function of a
corresponding rate request indicator received from each scheduled user. The
following formula describes the T update calculation for scheduled users
according to the exemplary embodiment:

T(j,n+)=(1-a)-T(j,n)+a-DRR(j), (2)



6 wherein ais a time constant of a snoothing filter used for scheduling,
for digital sanples having index n. In one enbodinent, the tine constant
may be rewatsd17stp the targeted QOS and/ or velocity of ea®cTmso2/bs7st ation
16. In the exenplary enbodinent, a rate request indicator is inplenented
as DRR((err) ), the Data Rate Request (DRR) received fromuser , for =1,
..., N Having the channel - sensitive rgte request indicator in the
nuner at or provi des proportionality to the scheduling of users in system
10. The rat '

request indicator then divided b roj d.thr, hput
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base st at roprdjectedd thioeghpet assaciated Mithieeaghiuses i ddtx r athe acteal on
the C1. Alternately, the user nay determne the data rate to request
based on eAMGHGNPY OF PARR HsBPel MY D& EeRPoRRIesy a3 he)n uoUghdhe ARy use
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Gi'fferent Fa00DRERRAR: T dhich i st SBier EoRVEd (D Bekysgh pHYbEae ng
continues Y&yfdstdifatoP maBaitiePRR trandriitteBONa S DR IFRfle WOdHtFol \DHT)N t he
pool of N active users, i.e., users not included in the M schedul ed users.
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T (0 N+ htéinfides @ cdrrédporl¥ing (dita rate to request. The quality of the

transmission channel may be a C/I measure of transmissions received by the
user, wherein a corresponding DRR is associated with the C/I ratio, such as via
a lookup table. In one embodiment, the user sends the C/l ratio to the base
station 12 and the base station 12 determines a data rate based on the C/I.
Alternately, the user may determine the data rate to request based on errors in
transmitted data received by the user. The user may use a variety of methods
to determine a data rate to request of the base station. Similarly, the user may
implement a variety of rate request indicators for requesting a data rate from
the base station. Still further, in one embodiment, different mobile stations 16
implement different rate request indicators.

[1020] If K<M at step 34 processing continues to step 36 to
update each T for non-scheduled users within the pool of N active users, i.e.,
users not included in the M scheduled users. The projected throughput
calculation for non-scheduled users is given as:

TGn+)=01-) T(@,n), 3)
for i=1,..., (M-K). Here the rate request indicator is assumed to be zero for
calculation of the projected throughput used for updating each PF associated
with non-scheduled users. Processing then returns to step 26 wherein the



for i=1,..., (MK). Here the rate request indicator is assuned to be zero
for <calculation of the projected throughput used for updating each PF
associ at ewo osioi137non- schedul ed users. Processing then ret eCmaSHD2BIEDP 26
wherein the WO 03/017572 PCT/ US02/ 25472 7 updated PF values are used to
continue scheduling any users that still have pending data. [1021] The
exenpl ary enbodi nent updates the PF valyes for each user as if each nobile
station 16 al ways has sufficient anount of pendi ng data, and that the rate
requested b bile station 6 is.realizable. Therefore, t.

schedul i ng L%’QG?%EE?@H%? Aedised (o eomnys, el xngsarinh ”SEH?JQWO#BEQ‘%L")G-(S)
i's not sengehtitfy ddtaany unpredictable states of the transm ssion buffers
as long as a buffer has at |east one bit of data to send. &:6:022 FIG 3
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response to these ghal s, base station 12 transmits data to nobile

stati ons 1@UffF&50Q%]0leQ§ alPUffﬁf hagat ipashpng bif ofdadaie 8enGorti on of base
station 12. Basenﬁ%b Ongj@ | l{M?&id@Ta?Q% &.@'s‘fé{oﬂ 119N HALYin OSI Rals

determ ning the and | ation e stations ctive at
a given ti meceived iprecesneldl, bedstansrmtted 1&soﬂxmﬁa19dmase/\stahobaﬁeresewesan 12,
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response, thewgool cal cu ation wunit 40 provi des user glnt | fi S(‘:at | O{]ﬁf
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traffic,” from a network (not shown), such as the Internet. In response to these
signals, base station 12 transmits data to mobile stations 16.

[1023] FIG. 4 further details a scheduler portion of base station
12. Base station 12 includes a pool calculation unit 40 for determining the
number and identification of mobile stations 16 active at a given time. Active
mobile stations 16 communicate with base station 12, but may not have any
pending data transactions. The pool calculation unit 40 receives control
information from the mobile stations 16 and the BSC (not shown), and also
receives traffic from a network (not shown). In response, the pool calculation
unit 40 provides user identification information, User ID(£) for £=1, ..., N, to a
PF calculation unit 42. The user identification information is provided for all N
active users in system 10.

[1024] The PF calculation unit 42 receives data rate request
indicators from the mobile stations 16, such as DRR(£). The PF calculation
unit 42 uses the rate request indicator to determine a PF for each user
according to Equation (1). The PF(j) for all users having pending data j=1, ..., K
are provided to a scheduling unit 46. The scheduling unit 46 determines a
schedule among the various users associated with PF(j). The scheduling unit
46 provides the schedule information to transmit circuitry 48. DATA IN is also



[ 1024] The PF calculation unit 42 receives data rate request indicators
fromthe nobile stations 16, such as DRR((err) ). The PF calculation wunit
42 uses twe omai®7r equest indicator to deternmine a PF for earhuSuyei72
according to Equation (1). The PF(j) for all users having pending data j=1,
..., K are provided to a scheduling unit 46. The scheduling unit 46
determ nes a schedul e anong the variousgusers associated with PF(j). The
scheduling unit 46 provides the schedule information to transmt circuitry
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| mpul se Response (IIR) filter. The tap coefficients for the snpothing

filter are \GveS gurtas?sybset PiME?jsef%WB Pandingdata gredign Bravidad Bﬁc'ﬂp has a
vel ocity ofy, P#r@%ulﬁgﬂ){ ??ﬁﬂeii &5 qfrlate ‘i’l’i’é’ﬁilf'i/afde%qu?ﬂﬁhal&ﬂ% &hit: 5¢@f 5. 4

Hz. Proj ecte t hroug are subj ect IR snoothing filteri ng
accordi ng tioclEdeatd smoathing filted, 68¢h wist &n dnﬁjmltmlmpubealae$pqnee gIR)etlters

[ e” conat ale A epAcFarBr e Sroblagfnd e ¥Rl aRd L o o® TeluTi ng

in a time constant [1425) 108 ghe esxatngleaaemabiletstatiorofl 62Ras ec velocity ,of B
frames/sec. In general calculation of a involves first determning a

qual ity of kiséwvard experienees rafiapplesi baguenaw efiing o P4 HiesSoIMed ai nt

wher ei n each
throughput(s) are subject to IR smoothing filtering according to Equations (2)

and (3) with a time constant, T, , given as approximately, is 2 sec. The IIR
filter tap coefficient, «, is related to time constant T,, by a relation given as:

1
T, ( frames)

SecC.

a=

“4)

resulting in a time constant of 1/100 given a frame duration of 20msec, i.e., 50
frames/sec. In general calculation of « involves first determining a quality of
service for the transmissions reflecting a fairness constraint wherein each
mobile station 16 is allocated a time fraction within a predetermined tolerance.
The calculation then optimizes a to achieve optimum real system throughput.

[1026] In an alternate embodiment, the proportional fair algorithm
implements a fairness criteria that incorporates a delay term. Specifically, the
delay is measured at the base station, from the time a data packet arrives until
the data is transmitted from the BS to a user or MS. The delay may be
measured until the start of the transmission or the end of the transmission. The
delay effectively measures the time data is maintained at the BS before
transmission. The data may be stored in a queue or other memory storage
device at the BS 12 (not shown).



nobile station 16 is allocated a tine fraction within a predeterm ned

tol erance. The calculation then optim zes a to achieve optinumreal system
t hroughpuwo 3h@%63 I n an alternate enbodi nent, the propor tPicanaso2/bsirz
algorithm inplenments a fairness criteria that incorporates a delay term
Specifically, the delay is nmeasured at the base station, fromthe tine a
data packet arrives until the data is pransmtted fromthe BS to a user or
M5. The delay may be neasured until the start of the transm ssion or the

end of the transm ssion. The | ay effectivel asyres, the tinge data i s
mai ntai ned at the @§2g]3f oE@”efgglms %sﬁ’@ﬁ?mﬂﬁ‘é}/dg’ﬁa QtBE SPBINYNS naa

queue or OWBRINCEERBIWecH @iz Vtih‘ﬁ&;gﬂpuﬂh@mﬁﬁﬂla §806f i) and/\Gairly
03/ 017572 PCT/ US02/ 25472 9 [1027] Generall e proportional fair

, 1
al gori t hm miloeatiignthraughputa ioeindbtigieas ruSesk ﬁh@iaigomiﬂﬁlﬂbﬁ@ﬁpultmtamv&hset of
users and fai . : | : Na{o VA rS. akgorithm
does not, Q@é@fﬁ?eg%ﬁéﬁﬁ"ggggég #glp ?é&il%o%e%@g{eyéggi ?(&ﬁﬁ\gﬁ%ﬁjq}’g&uP&emnt
;Or an i ndinvodityirg meepl rngptioﬁ@hif prioftytfoaciiorgfRiF t tocineludbaa delayi semisitive
unction, PF, to include a delay sensitive termthe result provid
schedul i ngt%’Hhélﬂ%trﬁﬁ‘f't m‘ﬂd%é?ﬁ%@&m 8‘&”&'?‘@!?@?1‘{"(‘_5“‘.9 dﬂ%‘[yere((ﬁg?"ﬁﬁ‘gébel ay
requi r emeninptdr that YibeCaklay $Qetdrhestsbyranypieanptdpgificet dydandopbrliddl | n
an exenpl ari/aenbodl ment, the delay requirenments of the users in the system
are provi detangiard. function of tine (e.g. d given in seconds) to BS 12 a

priori. The BS th I g ' -ﬁfé}ﬁl : h

user. Specificall aﬁo?g B?&%orbségﬁ]f)@\a%m%g@ 1’ &oér/%l?s rgecﬂlf::rfnﬁé}'ntgaﬁ

wher ei n N itise tuserd @t dihe rsystzen e prosidedats a dqunaiont ohdimeCéd.guldagivey inhe

traditional propaqrti fai.r .priority, of a user |.S given,as; 5 T

wher e n DReePRNTRIIO Y 42 apaoel s Sng" sdsifhgia feiciEl ioenol e

throughput ;0fo bhen YRRF. IPedmAI)YtHOBEIstordthd QaludsG,; 36dusé)i=1, ... N,
wherein N is the total number of users at a given time. Calculating the
traditional proportional fair priority of a user is given as:

DRC ’ (5)

T

wherein DRC is the data rate sustainable by a given MS, and T is the
throughput of the user. By modifying Equ. (5) to:

DRC
'T—g(d) (6)

the PF calculation incorporates a delay function g(d) which is a function of the

user’'s delay.

[1029] In this way, the scheduling method gives priority to a user
when his delay is above a predetermined threshold value by application of Equ.
(6). When the delay is reduced below the threshold value, the user’s priority is
calculated as in Equ. (5).

[1030] FIG. 5 illustrates a method 100 of scheduling users in a
packetized data transmission system. The process calculates the delay for a
user i, specified as d; at step 102. The delay d, is then compared to a threshold
7. The threshold t; is specific the user i. Alternate embodiments may
implement a single threshold for all users. Additionally, the threshold t; may be
a dynamic threshold that is updated during operation of the system. If the user
delay is greater than the threshold at decision diamond 104, the process



the PF cal cul ation incorporates a delay function g(d) which is a function
of the wuser's delay. [1029] In this way, the scheduling nethod gives
priority woo/ouser when his delay is above a predeterm nedTiusowsiiot d val ue
by application of Equ. (6). Wen the delay is reduced bel ow the threshold
value, the user's priority is calculated as in Equ. (5). [1030] FIG 5
illustrates a nethod 100 of scheduling users in a packetized data

transm ssion system The process cal cul ates the delay for a wuser i,

e The et o oy ouon oo BY ol SiebaTler REBEE b Ackith oy ©

i npl enent gefhd@he: threshold for all users. Additionally, the threshol d
(err)i may be a dynamic threshold that is updated during operation of the

system I|f the user delay is gr eg]mg& L-haMAR@®, (drgphol d at deci sf7gn
di anond 104, the process WO 03/017572 PCT/ US02/ 25472 10 cal cul ates a del ay

function g(d) for [d031i} StfaRe Lder demg,fsuésé fearf ohefudino the tHRIshoRY tAs:
g(di) = 1+k*MAX(0, (d1-il1)). ( % 31] If the user delay is | ess than or

equal to t HelayHpastion g&d)gqq@alcwlg ed/at AR t10SANY i§)giYeN 88l cul ated at step 108
and is given as: g(dl) = S) 1032] The process thenégsppl ies a PF at
step 110 using the del ay f%ﬁﬂ' Sion calculated in step 1 or 108. The PF is

given as: PFl= ( di 9 033]. At e e

schedul es user Digéégﬁ 3“?(5}9’?‘% s)thkp g8 & éh@gdﬁ ﬂt@%ﬁ\ ﬁ}ﬁ)‘ﬁ%l%nt any
of a vari etuhdﬁbn%lauatéumktmﬁoe 6PNE8 STRBIPMd divémasy equi rement s,
performance, and extent of a given comrunication system In an alternate

enbodi nent, the delay functPBr: (DRCOEfHed)d as: g(dl) =@+k*MAX(O, f
(d1-i1)), (10) wherein f () may represent an increasing function of the
del ay, or specifi daDB3] At step 112 the process schedules user i according to PFi.

Alternate embodiments may implement any of a variety of delay functions
consistent with the requirements, performance, and extent of a given
communication system. In an alternate embodiment, the delay function is
defined as:

g(di) = 1+k*MAX(0, f (di-T3)), (10)

wherein f () may represent an increasing function of the delay, or specifically,
an increasing function of (di-t).

[1034] Another alternate embodiment implements the delay
function as defined by the following equations:

g(di) = 1, for di<t; and (11)
g(d,) = DRCMAx/DRCAVE, for di =T, (12)

wherein DRCpuax is @ maximum value of the DRCs for all users, and DRCave is
an average value for the DRC of user i. The delay function of Equations (11)
and (12) adjusts the PF of a given user as a function of the delay of that user
with respect to the other users. Therefore, if the average requested data rate,
i.e., DRC, of user i is substantially less than the maximum DRC over all users in
the active set having pending data and if the user is experiencing a delay
violating the threshold, the user i will receive a priority bump up.



an increasing function of (dl-r ). [1034] Another alternate enbodi nent

i npl emrents the delay function as defined by the follow ng equations: g(di)
= 1, for WwooBmiTsy2 and (11) g(d) = DRCVAX/ DRCAVE, for di pCaruspIei47¢12)
wherein DRCMAX is a maxi num val ue of the DRCs for all users, and DRCAVE is
an average value for the DRC of user i. The delay function of Equations
(11) and (12) adjusts the PF of a given user as a function of the delay of
that user wth respect to the other users. Therefore, if the average

requested data rat S ially_Jess t t he
maxi num DRC over qp3ﬁLer In ?ﬁﬁc?%tgeégm%\?gl'@‘é?t ﬁi\ﬁ '%IE ﬁ%ﬂ o 'ﬁrﬂ‘adiﬁa i

the user ig adjest bﬁaﬁty% & fdtian ofthed lpﬁgxd%d bf Qélb | hetdie this OF is V\A |l
receive a priority bufp up. WO 03/017572 PCT/ US02/ 2547 11 [1035] In still

anot her enBagy asThe PF of Equ. (5) is nodified to adjust priority as a
function of throughput instead of delay, wherein the PF is calculated as:

DRC T g(Ti) (13) incorporatindBC t?fﬁughput functlogﬂg(Ti). The t hroughput
function reflects the throughput & idser i . Specifical'ly, if the

t hroughput Ti is greater than a throughput threshold, then g(Ti)=l; and
(14) if thédonparatihgatthioughput &mtnbha_;(lT,anr qudbﬁoughpuhmrtctiomngﬂqmsthe

t hreshol d, t hen 1 ser priority is
nodi f i ed i i rPHQ%ﬁé LZSSW thﬁ@'ﬁ%ﬁ' %éé%m\[gaghp%'gds Qf\:éeat ﬁ@ﬂg%put is too
low, i.e., ttﬁbthp@thé&hbhﬁ tihdyi eshol d, the PF is bunped up. Else, the
prlorltyfunctlon Is calculated as given in Equ. (5). Therefore, if the

average requested data rate, g(Tie1;aBBC, of user (l4)s substantially |ess
than the maxi mum DRC over all users in the active set having pending data
and if the user is experiencing a throughput violating the

if the throughput T; is less than or equal to the throughput threshold, then

g(T))=DRCyax/DRCAvE. (15)

In this way, the user priority is modified in response to throughput received.
When the throughput is too low, i.e., at or below the threshold, the PF is
bumped up. Else, the priority function is calculated as given in Equ. (5).
Therefore, if the average requested data rate, i.e., DRC, of user i is
substantially less than the maximum DRC over all users in the active set having
pending data and if the user is experiencing a throughput violating the
throughput threshold, the user i will receive a priority bump up.

[1036] Further, alternate embodiments may implement a variety of
delay functions, such as those specified in “Providing Quality of Service over a
Shared Wireless Link” by Matthew Andrews, et al., IEEE Communications
Magazine, February 2001, pp. 150-154, which is hereby expressly incorporated
by reference.

[1037] Thus, a novel and improved method and apparatus for
scheduling packet data transmissions in a wireless communication system has
been described. Those of skill in the art would understand that the data,
instructions, commands, information, signals, bits, symbols, and chips that may
be referenced throughout the above description are advantageously
represented by voltages, currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any combination thereof. Still another



t hroughput threshold, the user i will receive a priority bunp up. [1036]
Further, alternate enbodi nents may i nplenent a variety of delay functions,
such as twoss/nserified in "Providing Quality of Service oearusa228hared
Wrel ess Link" by Matthew Andrews, et al., |EEE Conmunications Magazine,
February 2001, pp. 150-154, which is hereby expressly incorporated by
reference. [1037] Thus, a novel and inpypved nethod and apparatus for
schedul i ng packet data transmissions in a wireless comuni cati on system has
been descrlbd . Those of s | in th t would nderstadt.ha t he. dat a,
hetruct | oRSOMRRNGSY IpBmea o HORy Tihalh. sl as speilied RaRAWRine ¢ ha
my be reb%héag IMCONADEtat NetwiRy ebd M Ueshiabe aRdReM AssIeShy
represented ages, currents, electronagnetic waves, magnetic fields

or parti CQ@Q% WWB‘QT\ is heraly expressly incogroratad By jefetasenat i on t her eof .
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Net wor ks" [ijushiatieanjlegicaloslocks,etmodules, ABbuitébamd ralgaiibth atepswiesdribed iner eby
expressly incorporate reference, 8] ,Those of skil] ul d, further
appr eci at ecf’ﬂﬁ?gt{%wg %u?mqqdl"ﬂgf'ﬁsa{j'isﬁé }egghecrg,n H‘QYCE’? "ﬁ‘\?gomeé"%e&l
circuits, @I&t@nﬁphamrétémw%ﬁ@dfwel@r c6PBIRRibhe bf Woth. e wirferdi ment s
di scl osed herei n may be nplenented as electronjic hardware, conputer
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modul ce, EBFe@ngéﬂcsééaﬁé%”& Besh orEplThest heuder hed dHRGiaDh (orectne
particular application.

[1039] As examples, the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented or performed with a digital
signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components such as, e.g., registers
and FIFO, a processor executing a set of firmware instructions, any
conventional programmable software module and a processor, or any
combination thereof designed to perform the functions described herein. The
processor may advantageously be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or
state machine. The software modules could reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. The processor may reside in an ASIC (not shown). The ASIC
may reside in a telephone (not shown). In the alternative, the processor may
reside in a telephone. The processor may be implemented as a combination of
a DSP and a microprocessor, or as two microprocessors in conjunction with a
DSP core, efc.



enbodi ments di scl osed herein may be inplenmented or perfornmed with a digital
signal processor (DSP), an application specific integrated circuit (ASIC,
a field womgnarsnmabl e gate array (FPGA) or ot her programibirashoei4c2 devi ce,
discrete gate or transistor logic, discrete hardware conponents such as,
e.g., registers and FIFQO a processor executing a set of firmare
instructions, any conventional progranmmble software nodul e and a
processor, or any conbination thereof designed to performthe functions

descri bed herein. prqcessor. may  advant a sl e m Gropr ocessor,
but 1 the al ter nak1090] "t RECHRYIAABL RSB NS Rralkidh PRt pptEeSeor
control | er &mi@ém@r&ﬂa@hé @hy sersostgkiRdmcthenan tbhmakef dmase the gitessntcoul d
reside in RAM nmenor flash® memory, ROM nenory, EPROM nenor

g Y, EPROM
menDry. T edTNeNdpE,  HhedvaRus mapiicatiangbie s embasimenis Wil benjeasiiver
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PCT/ US02/ 25Adwn Berdid (i) isThe ber aecondeddere wigestoscade ichasigterft ewitie dhe
enbodi ments is,  provided to enable an %ers,on skilled in the art to make or
use the pr ®EBRIPIES "i‘f’\fieﬂ?Y%rﬁ‘?at\’ﬁ%s thptoaég FE%INf i cations to these enmbodi nents
will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other enbodi nents w thout the
use of the inventive faculty. Thus, the present invention is not intended
to be limted to the enbodi nrents shown herein but is to be accorded the
w dest scope consistent with the principles and novel features disclosed
herein. WD 03/ 017572 PCT/ US02/ 25472 14 CLAIM5S 1. In a wireless

comuni cati on system adapted for packet data



transm ssions, the system having at |east one nobile station with pending
data at a transmtter, a nethod conprising: calculating a packet del ay
time for wofisnsts7zecei ver of the at | east one nobil e staticarusoets¥7pendi ng
data; conparing the packet delay tine to a first threshold; if the packet
delay tine violates the first threshold, calculating a first delay term
calculating a priority function for thejdirst receiver using the first
delay term and scheduling transm ssions to the receiver according to the
priority function. 2. The nethod of ¢l ai.m1, wherein the packet delay tine
Is calculated as: g(d)=k for packet @eﬁ&@éti me greater than the first
threshold. 3. The nethod of claim1l, wherein the packet delay tine is

cal cul ated as: g(d)=DRCVAX/ DRCAVE for packet delay time greater than the
first thrdshol Jﬁ aWH el eSHCTRMURICtIONY Adapted maﬁbﬂfgfﬁaf or receivers

in an aCt' n§ﬁ"ﬁss nﬁnsI e gg@g_ﬁﬂg@&.ﬁgag %@F gﬁ@rn%mle%?gt%/#wnth}%lﬁgétﬁge DRC

val ue for rece ess communi cat1 on system adapt ed
for packet adattaanstmﬁeusmmetrmdscorapni\singtod conprising: identifying a user

e ng 8 heke! R SRch Tren o en g R

mobile station with pending data;

comparing the packet delay time to a first threshold;

if the packet delay time violates the first threshold, calculating a first
delay term;

calculating a priority function for the first receiver using the first delay
term; and

scheduling transmissions to the receiver according to the priority

function.

2. The method of claim 1, wherein the packet delay time is calculated as:
g(d)=k for packet delay time greater than the first threshold.

3. The method of claim 1, wherein the packet delay time is calculated as:
g(d)=DRCmax/DRCave for packet delay time greater than the first
threshold, wherein DRCuax is a maximum of DRC values for
receivers in an active set of the transmitter, and wherein DRCave
is an average DRC value for the first receiver.

4. In a wireless communication system adapted for packet data
transmissions, a method comprising:
identifying a user having a packet delay higher than a threshold; and
adjusting the priority of the user while the packet delay is higher than the
threshold.



