SYSTEMS AND METHODS FOR OPTI M ZI NG THE RESOURCE
ALLCCATION | N A WRELESS COVMUNI CATI ON SYSTEM
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SUMMARY

A base station that is configured for wireless communication with a plurality of
remote stations in a wireless communication system is disclosed. The base station
includes a transmitter for transmitting a forward link to the plurality of remote stations.
The base station also includes a processor and memory in electronic communication
with the processor. Instructions are stored in the memory. The instructions are
executable to implement a method that involves calculating data metrics for data in a
plurality of queues. Each queue corresponds to a different data flow in the wireless

communication system. The method also involves using the data metrics to determine a



transm ssion netric for a given transm ssion fornmat
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Another embodiment of a base station that is configured for wireless

communication with a plurality of remote stations in a wireless communication system
is also disclosed. The base station includes means for calculating data metrics for data
in a plurality of queues. Each queue corresponds to a different data flow in the wireless

communication system. The base station also includes means for using the data metrics
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[0011) FIG. 1 illustrates an example of a communications system that supports a
number of users and is capable of implementing at least some aspects of the

embodiments discussed herein;

[0012] FIG. 2 illustrates an exemplary system in which some embodiments may be
practiced;
[0013] FIG. 3 illustrates information about the available transmission formats that may

be used to transmit data on the forward link;



be used to transmt data on the forward |ink;[0014]
FIG 4 illustrates possible data allocations for
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illustrates constraints that gay influence the
al l ocation of data for transm ssion on the forward
link; 15)0161 FIG 6 illustrates netrics_ that may be .
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%‘I}Sﬁgsts}oé]t%t%ﬁm&l enpl ary nethod that may be
per f OFIR @ ilistidi® ehedbehay bOOAMIated Br tAddith s blictees
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%ga@m'mon over the comunication channel.
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accordance with the information signal i'n such a way
figian. t he spectrum of the resulting nodul ated carrier
is confined within the comruni cati on channel
bandwi dth. At the destination station the original
i nformati on signal DETAREDMESCRIFATONEe nodul at ed
carrier wave received over the comunicati on channel.
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S information signal in such a way that the spectrum of the resulting modulated

carrier is confined within the communication channel bandwidth. At the destination
station thg original information signal is replicated from the modulated carrier wave
received over the communication channel. Such a replication is generally achieved by
using an inverse of the modulation process employed by the origination station.

| Modulation also facilitates multiple-access, ie., simultaneous transmission
and/or reception, of several signals over a common communication channel. Multiple-
access communication systems often include a plurality of remote subscriber units
requiring intermittent service of relatively short duration rather than continuous access
to the common communication channel. Several multiple-access techniques are known

in the art, such as Code Division Multiple-Access (CDMA), Time Division Multiple-



to the common communi cati on channel. Sever al
mul ti pl e-access techni ques are known in the art, such
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Mul ti pl eAccess (TDMA), Frequegcy Division
Mul ti pl e-Access (FDMRA), and Anplitude Mdul ation
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provide various types of communication such as voice, data, and so on. These systems
may be based on Code Division Multiple Access (CDMA), Time Division Multiple
Access (TDMA), or some other modulation techniques. A CDMA system provides
certain advantages over other types of systems, including increased system capacity.

A wireless communication system may be designed to support one or more

standards such as the “TTA/EIA/IS-95-B Mobile Station-Base Station Compatibility
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active access
channel connection with one or more modem pool transceivers is called an active access

terminal, and is said to be in a traffic state. An access terminal that is in the process of
establishing an active traffic channel connection with one or more modem pool
transceivers is said to be in a connection setup state. An access terminal may be any
data device that communicates through a wireless channel or through a wired channel,
for example using fiber optic or coaxial cables. An access terminal may further be any

of a number of types of devices including but not limited to PC card, compact flash,



termnal, and is said to b e in atraffic state. An
access termnal that is in the process of establishing

w@pooaosisse traffi c channel connecti on with onePOr/URIINE 003204

[0031]

[0032]

[0033]

nmodem pool transceivers is sapd to be in a connection
setup state. An access term nal nmay be any data device
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cpBERisatiym fo1ea anpber R sels dP3AuN26% aagh of rvhiph s serviged by a
. _ i h .
SRSy bl (/NS RVARY BonY3REmbliry embodiment
S pf the ibdesstattomsuli0d dave anltipde receiverdnemnad argledthars have only one

102A- 10 eagh .of which is _serviced.b . .
O & ST B SR H8 AP Hton ollebiye, mftipl ransmit
ArliénraX el Sth¥rs HHARE GirlBEd) transdSiFBnRAndsN €TRAE @rS h8 trb@AStions on the
104 have nmultiple receive antennas and others have
epmBinginas of dansreit anteanasaand Speriveagritgnnas.o fibersfore,He isopnseible for a
ti.on ve ltiple transmt aptepnas, and
i5R87 40 to AU el B ARSI B0 RS B gmtenna, or to
nastmildbleasseivhaitbignas and anaidlofensadit hitamsb toARdvRHvaS single or
and, recei ve antennas. Therefore, it is possible for a
Balplsranspoiandoacets A Bakul tipl e transmit antennas
and ap &hoQl Qafides 065 i Mt BRRragd' ark? Be Weﬁ' (i:i).le.e stationary) or
receive antennas and a single3ransmt antenna; or 16
iabide. bAS Bhewm @l ElGr], vatidugtemote statiorist 108nde dspeissdthroughout the

ant enpas. 032]. Renot tations 106 .in the coverage
FreR ﬂ@%] Bsheriges Stqtlsgﬁpg SOWPYUGHeRIes Vit at hesst ene andgossibly more
5REWAIbAS 0 on the HATIA YRl RIPAEHR LB GhahR8 a@{éngy given moment

di spersed throughout the system 100. Each reno
daparding onOir example whetksr softthandaff {seagtloyaderavigther the terminal is

ossibly. nore se stations 104 on.the forward _.channel . .
SRRER oty SR TRl an g PO FaseBive DB R gmissions
6 theltipRXB¥Pp Istatiod) e BBR has@dF il ODMAS consm@PitRwS dyQEms is well
whet her the ternminal i s designed and operated to

lnogie iy thenertyangy issdegerdbrd i MGtpil iackiSy Patent tiNp| £101,501, entitled

&l 1.SS1QNS .1 Qn f
RS8OSR T DM iy Tetonon
Systenin® waiidh janshigred de terastigaeel of thteprasdnt inveddidn. Pat ent

No. 101,501, entitled L
5’I"he %orward channel re?ers to transmission from the base station 104 to the

remote station 106, and the reverse channel refers to transmission from the remote
station 106 to the base station 104. In the exemplary embodiment, some of the remote
stations 106 have multiple receive antennas and others have only one receive antenna.

In FIG. 1, base station 104A transmits data to remote stations 106A and 106J on the



"Met hod and System for Providing a Soft Handoff in a
CDVA Cel | ul ar Tel ephone System ™ which is assigned to

wao bweasissgnee of the present invention. [0033]PdTEs2006/003204

[0034]

[0035]

[0036]

[0037]

[0038]

forward channel refers to tragsm ssion fromthe base
station 104 to the renpte station 106, and the reverse

R hengelo hase Lation THB, Bansopls dai i fegiase apapions 1061 %nd 106,
B’dEE@QhHE 1b4C $RBNRS date rERBR EatRhalkeNsn gorﬁﬁ ave

mul tiple receive antennas and ot hers have y one
r ecel VK. 2nifllgsirates amexemplary systers 208 tmwvihinh sbfkrembodiments may be

bR, 5 S BT RIS 21t 2RE A ARt sains

206, ' GhEdeCrefiotd k@A6nsLOEBa@Ncho®D6ih, FITASE oS Hak ir@otkOdétion 2063, a
transmts data to renote station 106C, and so on.

segomh renmiesstaion 206k tand tactbird Aemeisraitiony 2069 s tHagh 2g0ote station 206

YRiuBs SA0E: SRBOALTIRNS IBY MERPLRGHERY td By SERDE Wation 2060

I nc ase st
schideon fir? 6&. of Batacfo w208k £ths sedond I’]]Sm&t@@ta’ﬂlbﬁ 28bbWelides a second
renot e tion 206a, a second renpte

FI G fi t t
st of déﬁl fi%% 58%1?1&115 the lflaia Feanie station 206¢, adedes aphid set of data
ﬂ@\HPtZGSoSt R 20@ % léd:ﬁl% ?1' &f Q4ta 'IHJt%Q?E&ré%Bﬁ@ 122 specific

. More specificall rst renpte stati
app&llcmims sechfdsrveicesatr m vidao teléfhong, 16 8ansfethgromechgaming, etc.

1 ove H0RBe Sipn A PR fanot R e ipsipeen M oo lik to

sonidbor 411 §1‘5‘fhleateﬂﬁ6@s boDMSthe Q?ﬁem@()@atﬁlefﬂa%vsﬁﬁ& R84 #haintains a
stream of data that % correspond to a specifi

atspe i2d Adormech datafloxs2 he exstam RB0). Vheldata a0 @m émndestined for a

otk BBEHSS 205 B 60l B G O T5 gk 25 onon the
f or waAdany ttknsndsss@neppoituaity (@%., tike sika),ahé bassstd8 104 may start

t he system 200, The base station 204 nmintains a queue
tansmgsioncef e wadata2 O wipeens qfsevaial tspsmessiopdormats eAdeangmission

R AR R POV SR il 8% g BASps00 Byt el o, are

atllroaaIBMawng i firptr datenflovws 2@8 who ntightebesdentel, dutrﬂng tlixamnsmlssmn
statlon 204 na start .transm ssi on. of _ new data 2

GREPHY Ao Ar TETRIHN (oGNS Mg A UCAIC (2, packet size

érfc@éih%@‘ S0HABER SRR ofSRRRt]d) St RARMERAN RE)y U8R QH TR Stransmlssmn
such as code-spac€, bandw dth, power, etc., are

Rrmafcat ed anong different data flows 208 mho n1ght be

serv dyrin tnat ansy SS|on r

tr angfnh séageh @bgl @8 52 @ 15° @%%?eﬁ EEAI @ttu%"h transmission
dppogtunitpatk @éhe&uléﬁ 214 86l0¢ts fig tramehidsddn fRmatiet Is Wed to transmit
£acket(s) that are used to carry data in that

@ALhPe dheofermaidnink. ThroschpduteeZ halso detgrmipas 2@ata allocation for
difGlef ﬁﬁa%o%&hﬁg%u ]11‘12&1? pa é%ai@)ase ecﬁgmﬁeo@ansmlssmn format.

opportunity, t 1edu
Theatramsns sdi@n fdrmatrand theadath allocgidntfor difforeti data flows 208 may be

thought of collectively as a “transmission instance.” The scheduler 214 selects the
transmission format and determines the data allocation so as to optimize the allocation
of system 200 resources to serve different types of data flows 208 within the system
200. Various exemplary embodiments of the scheduler 214 will be described below.
The embodiment of the scheduler 214 shown in FIG. 2 uses data metrics to

determine the transmission format that is used and the data allocation for the different



data 210 on the forward |ink. The schedul er 214 al so
determnes a data allocation for different data fl ows

wQBemstshi N t he packet (s) associated with the PCT/US2006/003204

[0039]

[0040]

[0041]

[0042]

transm ssion format. The trangm ssion format and the
data allocation for different data flows 208 may be

S 10 S8 oo e et KA SHPAAPOAL4 Bies adata metric

SES@IBHN 8EmbbiRerf 2 5. 2] hOCAL ORurSRiidfor Gpf ht Nfata metric
al l ocation of system 200 resources to sg ve fere

cajgadagiopf cogenoment] hfs cal@Bates & ldata mbkicsfps tach 210 of\ianal (eys bit) in

%fég gﬁ&ger &r € 03{)%@]51 ﬁqtgﬁléﬁgsgg)%ﬂpatogﬁﬁf@emc calculated for a
seetiada exdit Bﬂﬂa’t&h@mwxﬁs tHeGewdrd  8R8cidRl aviil tlah&Sitli® that unit of
deternine the transm ssion format that is used and the
dpia en theifoard §nkf or the differentdata flows for the
pack n t e h r 214 incl.u
Dok eind Pl Re ! bt RN M 967 s
ﬂrmnmmcmsmeinc @plealatinicbyporiehe2 At Porgath tengdiksioh &riranthat may
ngeéjpent 215 calcul ates a data netric for each unit
X (the giext frapymisHoR LAROHYEE the aim dlipertiopaegmponent 217

aﬂ%%p H@cabﬁ@%ﬂl R @it cues e ol s sﬁn& Lol 3ransmlssmn

for agmrtmu ar unit o ata represents e rewar

meisio ciabobadioni component Aot ctalau@td:sfmtrammﬂssmtﬁ ntéﬁa:ﬁca @he ttfa@smission
[ 03 The sch 14 al so i ncl.yde

BEEETr's paliii, TaaT O £ S o R i g the data metrics

df&hé ldﬁta@ibﬁﬁhﬂ*s'dﬂﬁcﬁ&ﬂ%ﬂ%ﬁm?s&%n FZFHe &A% Bllocation component 217
ransm ssi on format that nmay be used in the next

%lloaﬁgwa,t@ 280 t@ bp drensmitied acediding e a ratticutaattiapsmission format so as
t from i fferent
E HRERES tnd nsicROhEe 1 ot oS s i on

met r |(Certaai corlsarbinto CR39sIEn 208 khay Bifishe B8 aﬁocatlon of data 210.
liL[%ans ea %n nmetric. The transm ssion netric for
r

r ¥ € raamm <o G 24P ige-»i Buraessepld BHY) Whldﬁé ig (ampacket
ﬁ%{nshﬂ?edcﬁt fe TotWakd ﬁﬁ]@ fn g/l}l%t gﬁeoc ﬁ-geopatcig&ts dg a& r?Jt t%é:%lt:ﬁ%ata 210.

for transm ssi on. I"on CO
A8 imndlzr e aniptea tizldata 810 encludad s tpiaelcbt axansmrdiled g)ntthe &)rward link

articul ar, 1ran ssion forngt so as .t imze
BRI e hE REREY SoagPiy Raoress mufile feh Hopm 08 andlor multiple
1ER0EQkatfoRE LO6.NAG §BSdofieR E)?an‘igle the d§t¥ 94 6 MARMEITRY bpacket may not

i nfluence the allocation of data 210. For exanpl
expendntheotmensttao D Slléta( 210y ayailablebfor msmlsss:)n i Mhesrd@ck just a few

t he.fo not
excg&g %%' ﬁéel{sggl etﬁia %Yoga%%*?“g} tF%%ﬁ?‘P%‘/Syaﬁff‘h
anot Mihie sehadiidre2 14t 418 drlude? d Qohdtlintded ficktich &ﬁﬁ;k&knt 221. The
transmtted Qn the forward |link may not exceed t

eaziaEt Yerticaten tcynlpen%md?r?ésgerrﬁﬂStﬂlm@taj allacafmons/\éom@ possible
t@a@%ﬁn% 10%&#3?4 d%e c %&}tﬁ%ﬁ{l d&ggﬁ‘ nﬁoqg c%xggrﬁ%?st ofthe %%sfem 200, such
a e dnérttienedrabowte. OFf tHatonsBrmt %ﬁﬁézﬁi@h&:cﬁr@fonent 221 determines a
dta{aagﬁércia%gril °for J rl])%?tl%u atretrﬁnsg{issfaon %Nrmat violates one or more of the
constraints of the system 200, then the data allocation component 217 adjusts the data
allocation for the transmission metric to be maximized without violating the constraints.

The scheduler 214 also includes a format selection component 223. Once the
transmission metrics for the possible transmission formats have been calculated, the

format selection component 223 selects the transmission format having the maximum



exanpl es of constraints that may be associated wth
the system 200. [0041] The schedul er 214 al so incl udes

w@2@enstssri nt verification component 221. The PCT/US2006/003204
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[0044]

[0045]
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constraint verification conpopent 221 verifies the

data all ocations for the possible transm ssion formats

are consi st ent ;g one or rmrqe1 constrajnts of the )

ST IR IS u o g8t Hipsaednion hefEasmbsipe. foymatiip hen transmitted

EONRUbRYAR M€ ddc6rRIah QWL FRPR&Rmidton AFhe! M nes a

data allocation for a particular transm ssion fornmat

vi ol a3 3olustoatesninfeemafion hieout dims svaglabie drapfmission fyshasrthat may
00, then th ta allpcati.on.component 217 adj usts

6 ed-p Fanb i B o e IRy BEPmrinbhet, bE et andior

serelinby @b Bhdeh@bfiory D04 At [ éhe! RGBS tehdtiddifent] @4 &formation is
The schedul er 214 al so includes a format sel ection )

PspEtaseintthe fogm g tablendl 6: r Beweves singrtheresmtiodiménss, thérmformation

i.b AS I %54 ma have. [ | cul at ed
RRE e oufanb b B B Rl sl Dt PSind BB ieBled hottes 1o the

IAEVD0 Bei-onfdreardelinkh d¥owey ek, RenbvaitheRis ik BS P& ft&@Nin other types
tric. The data allocated for that transm ssi on
¢lovikeless; comupurcalion S¥stes-ed on the forward |ink in

accor gamcfwiih Hh{! halje t4 1%”5613'3%3&% {04 'Bﬁfffre%{’ gé‘élblé:'u%smission
3illustrates informati on about the availa
formats 'itesd am sixorolmhss inhhe tabiey3 lioe TheditsttooitonmALSvirt the afbie 316 is

ST G747 b B B Bt
payldsaisiARBEKHE ?Jﬁél&'t P crédf& in At iRice Wt the BafstRi84i6! format.

in the formof a table 316. However, in other

embodT e, coliran 332 dn dha table Hidyindivates thefath RatezControl (DRC)
PO B PRI O, PG IR S b 5t s sen

for e koiiott stafioy 206 torthe biasestatioh 00N THeyRdse 6f the DRC indicates

W rel ess communi cation systenms, [0044] Each row in_ the )
vhigh dragspission feupas dhe genete fiatioar 2 isperpabls| @f receiving given its

] s f | | I [{7atH]
HEFRA T REiBE, PYBamolGH Getb ol dafl HERT A TR of 107 to the
baselestatiar 20Ke the answies station f 20674s . capbisle set asekiving Upatket types
320 in the table 316 .is a | oa ize for the packet
R IR e SRBET OB LBt de And At A6 PP BFSTEBIGA the remote

) I - .
FRITRI00 M ODRIEE L it L Kok Wilflord 2, e fciond 8icn 300is capable

afreeeiving paakat typeseorrespondingatitabsreission ornkite2, RG and 14.

bace. LI dPu RS 2 TG oo R dy o g, packet

doi@BoTiday t0Mhd RENERtiSsidDMeBaenslidisePpackOf A SmaARAB Sacket is
rece|V|ng.g|ven its channel conditions. For

of
eRagksl tat gomiainsedata 3HQ Eory greueh2 Bhpossiblibelangime toymuttiple remote
. as ' . t t tati o 6 1S . .
Achboghech, Shat L odtuyl IR, DRES' By 23 0480 Bt wit o
hulsinsser pes:kfem arﬁd:ﬁmﬁll&}slﬁ‘orﬁs-& avdomhPatite wathaf eki-user packet.
, t
exarrphlee ﬁ]J:th colurennr 362?}nethe table 316 indicates the equivalent data rate of the

packet corresponding to the transmission format. The sixth column 328 in the table 316

indicates the expected transmit duration of the packet corresponding to the transmission
format.
FIG. 4 illustrates possible data allocations for different data flows 208 within the

system 200. In the illustrated embodiment, the information is presented in the form of a



station 206 sends a DRC of 1 to the base station 204,
the renote station 206 is capable of receiving packet

WO 2ess8156r r espondi ng to transni ssion fornmats 2PCBUSH06/003204
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[0050]

[0051]

[0052]

[0053]

[0054]

and 14. [0046] The fourth colyym 324 in the table 316
i ndi cat es whet her the packet correspondi ng to t he

nsm ssion format_is a nulti-user, packet.
G%Efet‘? %siiovb%(ekelfl 9theraerphediEienten de mdormefiag na%x he zpygnged in a
diFRpenfiWayes 212 possibly belonging to multiple renote
stations” 206. In sone enbodi nents, the DRCs from 0-2
ar e ndhe tablepdd( intlades 4 beparateitaw farssch puaeiect? thaidis tnlntained by

from3; 13 ar.e.co [
etk A0 ArBarret Abess: Binesiuftion doantiifing sague 212 fo
¢l daed ﬁ§wtm BaHs $t@Rt2 002t Bnd @bR 450 TbRABAS kElarate column for
corresponding to the transm ssion format. The sixth

eash passitde grapsmissien fcgmaéthamay heligagt es t he expect ed
tr ans-ﬁlé &Ha&?t 3 a%'a [ 8@ 431?gi?1é'efora§ 81?1 nd' tﬁeoqltleues and the

transnission
passiifsion ﬁ&hatsﬁiekpbeﬁﬁrdljb NFhiis) teltlb,f éﬁh@ﬁbl&%ﬁnélh@@ﬁh@ f88mber of
within the system 200. .In the illustrated enbodi nent,
Pireatelineatad | fEm iqueys & ik Hemspission fmpby if gsedioipesmit the next
ﬁa@ However, in other enbodi nents, the information

y be arranged in a different way. [0049] The table
430 ifd gctesluler P2dgamalds ardverf wydatea cthe qaltlaed3D1 2t theastait sof each

BB bl 595 A A G5 RS B e
arehticiab 2 GhORcRPE the DRIty ﬁsﬁ%‘iﬂé@@ew@ﬁoﬁﬁﬁé Forfb?€ station 206.

i ncl udes a separate colum for each possible
Hteamgmissionolermalr instnot lsampalle t%lﬂuﬁEODRFO%@] thphés being received

t use N i ndi ces .for
%ﬁggug{se léér%& Stét i ané?n g% ?ftg % ﬁ?’egb@&‘?‘ﬁ& v al'iocated for
tHimsmissionl. |H@We\£& it h@niniﬂbsh@n fotthat Nl deeppatible aviHHEEEYR Ofvalue that
bits are allocated fromaqueue i if transm ssion format

is Qeing eseived fopy heremotehdatien 206 ket the[datrs210 yhaueue i may be
@ﬁg%&k&%ﬁ%&m@% '%h% &ngy é%hafﬁpoqﬁ‘ér%ﬁct{JQG table 430 at

start of eac Ansm Sston opportunity. There are
sever@thef fectars tshat imﬂhemdefthaub]m akodatien b@immde fcettdig cbhdtraints. FIG.

Il ocation b actor ist DRC t hat bej ng
? e‘b@?qf’éﬁ? e alnﬁ% ? aé TRyt frdlreness thy ?blf r@ﬁ%@ﬁoélsl bgnin some
dbd®ehisi S not conpatible with the DRC value that is
being received fromthe renote station 206, none of
t he dBheacangaints Hdenay inchsleal paok@ttoagacﬁtorrconsmmm@a: d}he packet

REEKEerolpink s PARR AR Br e PRbwi el Mifteieo it g bi) tat

istin¢lu@sl 208 pacltet t@hsrhitied it e ZdAvdrd 1RUEURs inofBYcdR@ the packet’s
al l gcated for transm ssion, subject to certain other
qaga¢ity; to carry data 210. In some embodimients, the packet capacity constraint 532a

may be expressed as:

N op
{(blabza""bN)l ZIG_IS1} @)

In some embodiments, the term b, in equation 1 indicates the number of bits

that are allocated to the /™ queue for transmission format Jj. In such embodiments, there

are N data flows (and therefore N queues) in the system 200. The term G, ; indicates

the maximum amount of data from data flow i that may be carried for transmission

format j if all the channel resources are allocated to that data flow.



[0052] Other factors that influence the bit allocation
by include certain constraints. FIG 5 illustrates

w@oshsEsnt s 532 that may influence the bit al PODES10061003204

[0055]

[0056]

[0057]

[0058]

[0059]

by in sonme enbodi nents. [0053p The constraints 532 may

i nclude a packet capacity constraint 532a. The packet

capacity constraint 532a specifies that the amunt of )

dat a 24ermptavely, in sormp smbedinsmiss thettprm b dn paustion d dndigates the bits
cket transm.tt on the forwapd |ink does not exceed,.

a5 cn aft e driyerieieal HF oo aton. s Brguch embodiments,

ek ] N s i

s e iote SfoRA i i sganATIdy BRTRKNAGTY s Y Bitinum

Ao R da Aol rdrSth GRER 1 1R nREEarREq ?drtt?an*s{ﬁ%ioﬁrfsmat jif all

allocated to the zth queue for transmssion format | .

the chanpiel rstrodésren aligcatet do dataflowN residiag bh osmoteatation 7.

th N in t tem 200. The t G

e LSRR Mrdirurila. e

édd?éssiﬂ?)’cdihﬁtr&iﬁf 5B sh&Vifids’ MBS MeS @M M00fERGs hhcl@dldd #hg packet
e

chann resources are allocated to that data
rangipittep s8] tha| fosvardt linkeldpes nat suersd et opfickel? sapacke to address

' i i Nl t he. bi alkl ocat ed, t
B S5RY 28 Bhorde L IRRGER i 0o S R Bl lpents. me
dddressing consindlit8Db maybbekgresde@ ald renote stations in
the system 200. The term G| Jindicates the naxi mum
anount of data fjgr renote datpon i_that may be
carried for traﬁFﬁ@@sTbﬁwﬂzgﬁqyfiﬁﬁi}ﬂl t he channel 2)
resources are allocated to dataifllo

renote statiop j.. [0056] The constraints 532 may al so .
i ncl o %E?‘b%{‘ﬁga@d:ﬁ%‘l i THtCABE ET@C%%%MT of bits
nsiraint 2b specifigs. that. t.he data.210 that is.

FREHS aRb%er & Ba R abots SR S Ehiation SRHE/ 1 3 sbsiembiments, the
1988 B,N GbpREGRLtheldaf HACKSINish & 3PARI da¥a HOW MY BSR to be treated as
nult!ble data flows 208 and/or multiple renmdte
BtiRipleo DiFtud D Gata loved (fBr SR PElipBRNbS adclﬂé%h% Wi &P $r"d packet that is
constraint 532b maybe expressed as: [005/7] In sone
teansdiiade i accarfiance ewith Bransmisgioat fooma® /i ndthe dees Khedenotes the
nunber of bits that are allocated to the queue for
mpxingm suinber ¢fovinwal data flows shatimasnbedenvediat 2 tinke by déransmission
Iﬁx&ﬂatr.epr esents the data size at which a given data

I'ow’imay have to be treated as nultiple virtual data

f 1 owsAkdiativelg iR Y6 SRbOEInRAMA! BRILAY b, & sqaattigﬂa Bay indicate the

packet that is transmtted in accordance w

Hitsanlodassl an allothentdata flowheaetiging K denet esmbhe sBRish UM such
nunber of virtual data flows that may be served at a
enbpdirgents,the sl gspesmistbe dpeeEE]at ahickragivensmpote station may
sonme enbodi nents, the termb in equation 2 may )

hayg iq-bg &eatehas multiple virtual remote stations (for the purpose of addressing, etc.)

resi di ng on

for a packet that is transmitted in accordance with transmission format j. The term K,

denotes the maximum number of virtual remote stations that may be served at a time by
transmission format ;.

The constraints 532 may also include a data availability constraint 532c. The
data availability constraint 532¢ specifies that the data 210 that is included in a packet
does not exceed the amount of data 210 that is available. In some embodiments, the

data availability constraint 532¢c may be expressed as:

{(blabza"':bN)l()SbiSQi} (3)



bits allocated to all the data flows residing at the
ith renote station. In such enbodinents, the termB .
WO epressat s t he data size at which a gi ven renetBUS2006/003204
station may have to be treatgd as nultiple virtua
renote stations (for the purpose of addressing, etc.)
: for a packet that is transmtted in accgrdance wth
[0060] t r ansHassteTma 0 16pieagnts the tqtakbquere fizR of thedn dletasflawme Of course, other
maxi num _nunber .of virtual renote stations, that, my be )
GRS 20240 SRGHION P B S AT EDRH RS PREFPCiofed g Somesystems in
WARA EhBbAnfenR32e PRGSO i nclude a data availability
constraint 532c. The data availability constraint 532c
[0061] speci At eacht thasmidseondeppartaaiy, tthascliedulen 2l d delbtulatesametrics for the

.d h t of 210 t.hat |
BREPT0. '8 Pl ASE R Tt sl ol B Py e of dato
&gfh‘ééﬂt@f}ﬁtre@&tﬂ%smat@@vs@thﬁfa%&ﬁﬁﬂn%ﬂiat uMt 6f flita @f the forwhrd link.

)[0060] The term Q represents the total queue size

’i‘)he melicstarg ased 19 dofernaine dbe trersmigyipie fommnh hatais ised 88¢ the data
' P A a ated with
AReRS  BR. 6 R0 O B LB 5, PR,

[0062] [ 006 IFIGAK itlasintdsractsios tai @Ay be paltilated tiyr the ldatasxiiodd ul geue 212.

14 calcul ates netrics for the data 210 in a
Iglaﬁhﬁ i %ﬁaﬁeﬁcﬁa&%@% therjpioppatiqncis papsepiedtin dhg Ermeof a table 634.

ﬁ%&&e@,%%&dh% Q%ntbo@lfméil@st, ﬁleriﬁi%gﬁ?tﬁcg{ Iﬁﬁ% pg mggygga% a differcnt way.

assocl ate h transmttin ata on
[0063] f or walndh¢ ilhistrafE embetimiens, the schadwer 215t chd¢dates asepanee metric for

t 1.SSI f th ' d. t he dat . .
SR OB R R PRI AR, R OPiSHIOT GROORWaithac g metric
daliétllatéd for hpaARBuldr 88 will ¥eeekrEd 6 hbeihlak HShit Ale@Sc. et ri cs

that may be calculated for the data 210 in a queye
[0064] 212. The teble 63 inaludestlecibibmstigs that are qalruldted Hr et 1 opes212. A

d.i f bl e 6 wever., . in
BB TARESHT el BEBR P sl maf iz, SRS Sl e vse
dattbnf 2@r @, foR\eacH Q&8 Fow 208 he thd byksdnh 0Oy ANiBQEHIFEI3Y, may be
the schedul er 214 cal cul ates a separate netric_for )
@ated gnd/oy ppdated fog el apque Al7dal e stast e o tEARsmission pportunity.

e . . .
PRPRLLUPU KA, TR GRRE LA B S B coann
fod 66h]poddiblettmbbmisisd formcdt.udes the bit netrics that are

w50 R, LSl e s ot

. i i.e., ) . 208 i, ...

RS 6 bt S R
05 Bhe 805 Fhus 8L oBRF My BB b b iR Tb M0 °

[0066] SeparmismeMboBim&AS; thdMit mbRict HE , GY B bPBPrisGERAr at e
col um for each possible transnission fornat.

F(T, ()T RO)
ai’j,k (t) = : + G(t +Ti,j —Z-Expedite,i,k H ZL_i_z'i,j —tArrival,i,k) :
ij
U(TDROP,i,k —i-1, j)
“4)
[0067] The term 7 4,0 is the arrival time of data bit k of data flow i. The arrival

time is the time at which the given bit as well as the data ahead of it in the queue 212

are available for transmission. The term fppop; ;. is the deadline of data bit k of data



[ 0065] For each bit, the scheduler 214 calculates a
bit nmetric a(i) for each of the possible transm ssion

WO eesss1 The terma i1JJc (t) refers to the bi PCTHES200€003204

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

for the kth bit in the zth daip flow s queue at time
, With respect to transm ssion format/. [0066] In

BRbre Sdedesdt kmgfag tift(t%?sz\lg%}ovg}exfd%h @%?élt%dms npf, /eeqdési g the remote
HAGR F b el smpiats B cepeEietins o1 St it Ak o i & The
dat head
o5l gl A neBime < Wit Bisiel G e cbiarth pioRedSRoR station

206 AueesHish peiofily. dPPexbditdtiab of ﬁﬁt@beth/Ys Idesi to be sufficiently
deadline is the tine beyond which the given bit is not

ﬁ@@éﬁédhaét the Headlinpref thas biaes well 20 the dpadlinegfialk the data behind that bit

BBl SR GRS L MRl 8 M bePl i aons

dellvery of the data bit at .the renote station 206
%g@qt@glqg, thy 2iyen Giti thhe tome loxpedi ibtheiavarage thygughpyt desired by
is designed to be sufficiently smal ger t han t he
é’@alﬂe%%ﬂgﬁolﬂﬁamgﬂh@ given it | Thesferm ek, {fd del therﬁé'erﬁge austamable data
in the queue 212, The

h h
OO 0] e 14 BB 1 bamnals basgh PR GG erbosk Eipeld from the

1
g B7 L Ea LT OF i B NER Dol TABIAEELE B oo
t‘e?xﬁt@ isfBe dtieste HARHON. - The termR (t) i's the
average sustainable data rate/CQ of the zth data

f | ow Pathaitng bit-nkagedf gsto BWI@lecfaﬁﬁdkfﬁﬁlktHeﬁgﬁuH gth. Hence, the
fro he data flqow. The term i'S_an ] ncreasing
FLER gﬂ%‘ﬁn SRultipNEeT AR Ganaiong(4x aléwas Qata tfrrbé discarded anoe ghey are past
;Hggdégdﬁnestep function. [0068] Data with a bit-netric

zero nay be discarded fromthe queue-212. Hence,
the SAapasonatit cloviceriol tthe finetion W(e@;u@tl on (4) allows
data to be di scarded once they are past their
deadllne 0 reasQnabl e choilce for the function

'S AT fosir

t d d, ©
T : (5) [0070] A rea oL e o Lo bt 11
funct A%Qas%:ﬁﬂe th)lce of theqflmctlgn )G_(x, y—)%:x) L-(y-AUY-A

(6)
G(x, y)=K -Ux)+L-(y~A)U(y-A) ©)

The metrics that are calculated for the data 210 in a queue 212 are used to

determine transmission metrics for each possible transmission format. A separate
transmission metric is calculated for each possible transmission format. This is shown
in FIG. 7.

In the table 736 shown in FIG. 7, there is a separate row for each transmission
format. The first column 738 of the table 736 includes the possible transmission
formats. The second column 740 of the table 736 includes the transmission metric that
is calculated for the corresponding transmission format. Thus, the transmission metric

M ;(2) refers to the transmission metric that is calculated for transmission format j.

In some embodiments, the transmission metric for transmission format j may be

expressed as:



[0071] The netrics that are calculated for the data
210 in a queue 212 are used to determ ne transm ssion

wWoreaosigssf or each possi bl e transm ssi on for mat PCHUS2006/003204

[0074]

[0075]

[0076]

[0077]

[0078]

separate transm ssion netric j5s cal cul ated for each
possi bl e transm ssion format. This is showm in FIG 7.
[0072] In the table 736 shown in FIG 7, there is a
separate row f a_c_:&éra mission format. The first

col uim 738 of /%yéf)[:a 7 %,m,e(’ﬁde@ the possible (7
transm ssi on fornats=¥Hibrsekond col um 740 of the

table_ 736 includes the transm ssion netric that is

cal cul®g tsgr g ; dHeredss e dhpohtlimejrie fan el K5 bibrin fthe fadata flow’s
Thus, the transm ssion netric Mj (t) refers to the

quean s itovithrsespedt to Hansniissiemfoswitt esl disonssed above. The term P,
transmssion format/. [0073] In sonme enbodi nents, the

I8 ppsasEasseiatad MithdrapgrpissipR Aeat 41 on for mat/ may be

Cerm B g SEBCsted e Bradit P sseertace bty ke fmission
Bt b, R ML S48 ol s s

resp 0 transm ssio
fohmatt er singld-wsen thasAistiyn ARG alfethewbddiet (ARSI &S tHRNmulti-user
formaty. [0075] mthe |IxEV-DO system the penalty P.
GRSEASSEne TR Hhe patket mayr bm assiesssil anpénsitirenf the doments= 4+,
on whet her the packet would be used in the nmulti-user
Wheipdt dencies thermvatben of s¢emefe sstaions whoan MG §§ compatible with the
format. |If the packet is used_ in the nulti-user

PRifAS Baskshreprsrried bY Hie traemissiondfprnet bt sdoglomag have any data
i : jat = r I

ARRed i Pt HNR L Proler B bl R Rod b SRS Gapppission
formeatymd pénaliy ds assessekt represented by the transni ssion

for but who dg. not. have _.any .data EﬂLéjgsC ted in,that

mul t i -SSP RERRgton & iny gquation  df oyer Ay the " data flow that
¢ AW AtSdTBF tradstIiOnSA it ik O FlsmifPoPRB@hld Tifis, the transmission
assessed. [0076] The inner sunmmation K in equation
mefrioVvdy; (Fali$ dépendent oorhe $ien iof hll Bitmetfitowf thhdatadhat is allocated for
allocated for transm ssion in the given transm ssion
transmission. Foasgiverhgansmassson fsinety, et schedwler 2)4 aldocates bits from

n the sum.of all bit petrics of the data

d
RS 2p B0 b A oEhioe e e G et ransmission
1,SS] f. t ] t h h er 214 all t
RSP PR aheet v soufal T8 Witstnoatlione.
t r ansoce $hé tradSiitsicn Metrich )M‘;./G%%otr:ﬂﬁé p&s@i@f@ﬂrﬁﬁ?@%mats have

format wi thout violating an e constrain

bdérs coisaRbdS M bdedulbOYA khdd§edtd thel frARRTH ?ﬂmat that has the
metrics M {t) for the possible transm ssion formats
Opfpam transmission metric. The data that has been allocated for that transmission

format is then transmitted on the forward link in a packet that is consistent with that
transmission format.

FIG. 8 is a flow diagram which illustrates how the components in the base
station 204 may operate to implement a method 800 for optimizing the allocation of
resources to serve different types of data flows in a wireless communication system.
The steps of the method 800 may be implemented in software, firmware, hardware, or

any combination thereof.



been cal cul ated, the schedul er 214 then selects the
transm ssion format that has the optinmumtransm ssion
woredos0gLssiThe data that has been all ocated for PEEUS2006/003204

transmi ssion format is then tggansmtted on the forward

link in a packet that I's consistent with that

transm ssion faor 0078] FI G flowdla ram, )
[0079] i chﬂFef aﬂéﬂle&f“‘eg alpy 1%%01’]&%8%%% galp at?heat §teBSV2, a bit metric

for AabR i Ut ABY qIQE’t?er ah@ 60 ehdPh6EERIE BaniRtdRd R2Faf O'This was

optim zing the allocation of resources to serve

disquseadeabove ypmm@ftlonam&lHCb\ﬁs in a wreless

o030 50T SEBTRAT BSieR' € oGP SR nflh et Sl o SOOP'@ﬁWm

fRombl Nedat eyt hetedl inl tQQZlQi(t tthentadich Hﬁ;drtu%l‘t?a' e @dth @Nocation

conponent 215 cal cul ates, at step 802, a bit netric
¢oRpodgeth2 bl selgats, @hetep q%QéubltSamﬂtab theclremmyiesiesi picwic is maximized

SRR B o AR 535 8, BRI vy o pecom

siép 80vewilEbdrdieciBEEd ticaw.per f or med for each transm ssi on
forrr&%% that, may.be used in the_next transm ssi

[0081] 5ppor ?qryﬁamh@erb&aaoaw@egﬁn& A2t SRiSERERS, 2 $tep 806, whether the
f?(ﬁ!r%&hétcoﬁétrﬁﬁt%Zﬁ%"vmp% & §of, tﬂ% m%ﬁl%dtSQ)@ §&]ke§§§ ktep 810. If

metric is maxim zed vidlating t
tha peldiassing cnesstraaitn b 338 ﬁavmlhtede xtberp lthar ﬂatwaqllot:athﬁe céraponent 217

ERE AL7 P 98, 1R SRR SEBiSH B hoipnsbidi et igmarimized

witkgut 8981ati ﬁiehﬁlﬂrésﬁﬁ g RBANRSHR1 33Gb C ORS bk @hMhryPwaP td Perform step
VI oI ated. It not the met hod 800 proceeds to step 310.

Wﬂ@%éﬁ%@lh@h’%onst raint 532b is violated, then

t he 0 217 ' S,..at_ste
[0082] 808, d@te ses}—rgg&; I{o%g%‘?c {)5&)({%12&{38% Ctoﬁlé)t()%%ﬁ?? rda?}%liqt%sy fﬁtep 810, the
traristiionsmeteiifor the drankrhidsivh forineit. atin eetrpbard dehinRES fdiGalculating
tgbgnstraj nt 532h. An exemplary way to perform step 808
MANFRISHPR splEe I ap @rqmied[ @939}11 THHRtioR g digqussed in connection
G4 cal cul ation conponent 219 cal cul ates, at step
810, the transmission metric for the transnission
[0083] for maThe ]‘hnna!)eelvptlm gorfymment 223f selectsahtcstdpe8 1i2nthettiadsmission format

iR SRE BBTH CORNBREPE e ool dafegBRGT Tiapeted for that
tfd?fsﬁ‘i’dstoiefoﬁﬁiﬂ if @te?;@ 80P RBBLIPER Reh&FtShsniftedéEheGdhvard link in

the transm ssion format that has the maxi mum
aceerdendeswitlo hahansimissiorherrdait a that is sel ected fpr

t hat n format ,in st 4 .t hrou iS

[0034] 4 hen Iﬁ?’?@@ 5 a% on_ Y J“t‘%%t&?tg‘ga 9?9& é%aé’g F%I ﬁ'grmed by the
sohéduldrhai4 i andom t6 Sdetidt ik 188t that the transmission metric is maximized
without violating the packet capacity constraint 532a. In other words, FIG. 9 illustrates

an exemplary way that step 804 of the method 800 shown in FIG. 8 may be performed.
As before, the steps of the method 900 may be implemented in software, firmware,
hardware, or any combination thereof.

[0085] The data allocation component 217 determines, at step 902, whether there are
any queues from which additional bits may be selected without violating the packet
capacity constraint 532a. Mathematically, this may be expressed as determining the

following subset of data flows:

¥ ={<ISN| (BB, 0,0 +10-,by )€ C, | ®)



[0084] FIG 9 illustrates an exenplary method 900 that
may be perforned by the scheduler 214 in order to

we20060815Bi ts so that the transm ssion netric i BCT/US2006/003204

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

maxi m zed wi t hout violating tfie packet capacity

constraint 532a. In other words, FIG 9 illustrates an
exenpl ary vvay that step 804 of the nmethod 800 shown in
FIG & ?Pé&? 19 p@ﬁft  refigs fethgmacket gapasitypongtaintfid2a. If the

npl.enmented in software, firnmnare,

t hod
FE  Hhal PP e A Tmeihers G P MRS B Otpaobzop be patored.
al | ocqhd @4ta GRARBBERbmPddent 91 # &bﬂﬁﬁ S %L stgéj gBAfl vifich of the queues

whet her there are any queues r om
mchslemhys bavisg Iﬂwcla@bst/\bit Ieatitic. v i[mloﬁter mg>rdls’r;| atepa@iideinvolves, among

R G o SO Plechre el ASF sy " tpsbie vt palue of bi

flows:  Yi N\ A Ar) }[0086] In equatlon 8, the term
Irgetrroefcéﬁzsb];,—el t he packet capacity constraint 532a. |If
the set Yis enpty, then the nmethod 900 ends w t hout
t he oThe datg tadlpeativai cogaprerito? IfedeternGoS7 bt 'ﬂ&p aé; how many of the

O BRE O ST AL e i BB pPisgloeel iy sfotting e

badkeﬂeﬁ defty doRstedile B3R dMatIﬁfrﬁﬁ AG4 stdpv 9bY Sfiay HED d
dat a fl%myl n the set Y, sel ectfng tshéeﬂ) dat a ﬂ, Bhpressed as

detersyiningwiheh latgest nawinhem & asugh ahatbi(b,, bt r,bg +1, - ,,lbm}é C, and
[ 0088] The data al | ocati on conmponent 217 determ nes,

' f h 212
Bheriti 1 o i otic by otiey s Rowibeoeliw s hout -
Vit nomt Py FisRRGE soBBRRE Tk oal P A%, the bit allocation.
1@1%{11%5{&18&1139 Bﬂﬁﬁgo § ag/el% ){é&’&p&f Crflsdseﬁﬂl%gthg g%alﬂe b = 3 '4-I+ O , where

(b1, b2,-=-

Bo'is ﬂ{éﬁmﬂ{ﬂ%ﬁ bf B Qllééa%?%*r&ﬂgﬂet éued%n co['rggiﬁ)gxliglggs (ﬁﬁate ﬁ%\iv gm. The

af ocation conponent , at s

ﬁbﬂh@@@b@q&nr&aﬁmm%%;iz.l y, step 908 may be expressed
as setting the variable bm= bm+d , where bmis the

nunb ¥l f10pillustragey m&ti@ldplfarybmeth@é ljl@@uhafcmaydmgmnﬂirmgd by the

ShetRh S el SR IISPIetg SE R RSt B ffhsilipn metrc is
rheithizddatvitheyt bﬁmmrgf@knawrmmgh@mﬁ&mﬂul BY oaﬂefl Wwétds, FIG. 10
1i)lrder to adjust the selection of bits so that the

PSHFALTS ASF36 Hlpi'?ét’ PYay that stepcS0R olctlre ipathesli80Q, shovar innG: Bemay be
ﬁﬁjﬂﬁﬁé@' A9 befRS hakfips of ﬁle%&ﬁ d ?ﬁd(pﬁmy 58?“8#9‘%% ted in software,

I [ Tustrates an exenpt ar
fmeivard, IR0V a b mERny norﬁbﬁatl& mm;eoﬁe per f or med. As

bef or t eps t he od 1 be
i pl e n{laga aﬁ QEIBFIt(.“Ra}pé)nent ilhi 1dent91ges at step 1002 queues 212 from

which bits may be deselected in order to satisfy the addressing constraint 532b.

Mathematically, step 1002 may be expressed as determining the smallest integers u; and

b.—d. b.
d; such that ,V ! -l < [Bl ‘l . The data flow index m is then identified that minimizes

i ij
d, -1

the value of Z Xy ,jbn—k . The variable b,, is then set equalto b, =b, —d,,.
k=0

The data allocation component 217 identifies, at step 1004, queues 212 from

which additional bits may be selected in order to optimize the transmission metric while



firmvare, hardware, or any conbination thereof. [0091]
The data all ocation conponent 217 identifies, at step
waoeg/osgoeues 212 from which bits may be desel BCT/E820061003204
order to satisfy the addressiygg constrai nt 532b.
Mat hemat | caIIy, step 1002 may be expressed as
smal | est integers and

erm.nin
itﬁgfatks fying e a EESTRE GOV LD tﬁ@ﬁhqraeémlm. eap tlﬁﬁﬁ may be
HppéskZ 86 1B &u
PR B S Rl gy G ¥ ElliFning e Bt mber, gy tha
(@@Z] , B he, datb)v)’ctl Cpcalni this comgxonthet te@id 7C| defets fo &%, addressing
at step 1004 queues 212 from which additional bits
prangtriiat §3teciTee data Dowlendexo! opthemifaend thet traansines thecsxpression

metric whilestill sati sfyi ng the addressing constraint

. Math t| C. y p 1004 e expressed. as
or-eact - d aﬁ%e b S‘F’E‘ Sate?@}gﬁlt?nlhggﬁé‘zfaifg%mm then the
funber u such that (bl,b2,---,bi +ul ,---,bN) e g

hethbh il 60C exits & Ttherivike, themietkadd 10B0aS §epfe§3te&.he addr essi ng
constrai nt 532b. The data flowindex / is then found

[0093] t hat EJ&Sd Wi #es fppatioaglpblosk idiggramneillystratiagl an pmbpdinenenf a base
s?%&o&efél 'Ith%bﬁséer s\'/fé)csog 1Li|04 mJl{u%x% a c})r %Ph :‘312 O% i té)h %)rgls operation
(ﬁﬂ)ﬂﬁEl}asEls&tloﬂlll 10d. aTﬁelr;ﬁ:bdeeml 1102 oy di[lfﬁ\gbe’rlliﬂ:ferred to as a CPU.

| ustr enbodi nent of _a base station 1104. The
er ¢l 3{’ ao%h%go@ay deride poh FreadtindpMamory (P and Random

A80¥S Nfeﬁm?? L8 ,Oé/}oﬁfdeé B%tl‘@&ﬁ)?% ral:il gétQ'fb &é%@oc&%? 1102. A portion

processor al so be re to as
e it ynml@@, 1S ahayveajsoi rindludte Niwt-WoRékd RandymMawoesg Memory
é\ﬁ%ﬁ/@nd Random Access Menory (RAM, provides
i hs tions and data to the processor 1102. A portion
[0094] Of t MEhdTBARRIsYatibh OB 09BWhhSRay Be! disif dNANM VR hatellds§ communication
Random Access Menory (NVRAM. [0094] The base station
devise sughiag i Wylabéelewhwaa way iasoainelude ladymising 1107 that contains a
1 a eI lular tele
S 3k 280 SRR 3 T 5 0 R Bom 55 FERERES of B, such

dsraadondoniraiiniddtid8s aﬁbdivévbnrtﬁél Bhséatatibh 110 04 @nd bk lréMbte location, such as
transm ssi on%znd recept.ion of data, .such as audio

LSRR PEten &0fs, Th tromsanitiel 08 20d reeedvar i 19 1o berepngbined into a
R Gorl Q93 | QR .an %Q 13%4 3s 'éﬁﬁ?l%? 63 t&%hgﬁlﬁﬁ?igﬁ electrically

transmtter 1108 a recei ver
dompled do ttha trenseeiver 111212 Additioaslt amermad {det shewa) haghidsh be used.

"I‘I% opereatgg% theqransmltter '1‘?0? lrggetn%rcﬁllb %nd antenna 1114 is well known in

93“

the art and need not be described herein.

[0095] The base station 1104 also includes a signal detector 1116 used to detect and
quantify the level of signals received by the transceiver 1112. The signal detector 1116
detects such signals as total energy, pilot energy per Pseudo Noise (PN) chips, power
spectral density, and other signals, as is known in the art.

[0096] A state changer 1126 of the base station 1104 controls the state of the wireless
communication device based on a current state and additional signals received by the
transceiver 1112 and detected by the signal detector 1116. The wireless communication
device is capable of operating in any one of a number of states.

[0097] The base station 1104 also includes a system determinator 1128 used to control

the wireless communication device and determine which service provider system the



coupled to the transceiver 1112. Additional antennas
(not shown) nay al so be used. The operation of the
W e@ossisst er 1108, receiver 1110 and ant enna 1RABURE06/003204
wel | known in the art and negd not be descri bed
herei n. [0095] The base st ati on 1104 al so includes a

n det ect or gﬁgﬁ et ect. and quantify the
8‘@?3 @Fmg}lf&ﬁa&}% &9%? Hﬁn% ?Fetot"\‘}%?ﬁé'b‘éqt‘?ﬁé‘rlneff QCurygHs service

ﬁbgﬂ@}sﬁ%h?gtlﬂz[deé&&é detects such signals as total
ener gy | ot energy per Pseudo Noise (PN) chi ps,

[0098] povverqu)mcrualcom@nmnltg/Qf tha dbasgst $ta1ionsllj)4adrs coased ogkthenhby a bus
0 }ﬁ{ [10096%“816 st at e changer 6. of . t he base
Ss?’ts a@f‘} E 1B ude arnovr iy g, ’F°11 signplbyss and a status signal

WmenmuddERh t@ Ql digy bee HBRerkrOfbrah€ Yke&T clattd! e ¥3Hous busses are
addi ti onal gnals recei ved bg the transceiver 1112
e

Hnstrated JélcEIé‘@I 1 yls thedusisywiem ldéPedho ba$1513610n1lﬂé4 mayellssigclude a

t per at |
]S%'I‘P&ﬁlggﬁry&é? SS :ﬁf')gﬁ f09ct%p F%Olgf? n%ggté gt QP‘F %ﬂﬁed in the art
wilDdppatcisteithatl the @aseastayat en04lahgirated ah ®IG1128s Us@bctiohal block
ontrol the w reless conmnuni cati on devi ce and

agtamfpiher than afistieg of ecifie 6omparends st em t hewi r el ess
[0099] C Ommﬂ'l&éto&”‘gﬁllldﬁvthg Grt SR Anddr@0d Blat bGoile Iafnd Signals may be

determ nes the current service provider sys e
reprzskadged using [ §GO8T aThmetsarqfodlﬁfemntrpemmnme@faﬁdh&:chﬁﬁﬁes For

statio 104 are coupl ed her .by a bus. system 1130
SHRIF: Rjéﬁli‘ NGRS, © %BW@P‘SS@S?IOHH“%F}%‘@%P% amsgls, and chips

Bd nAySbatreferéhcd ahrol vt 'tha Aol b AdbséiShtRndata
Hovvevc}e’r for the sakeglzc% clari toy, tﬁelﬁ{/arnl ou % %presented by

wltages, Pusents tedagtromagnatic iavessmagnstib disldsyos tperticles30pticehBields or

o include a Digital Signal

I%?%cggszégédyo%gﬁ&%f@?rg?tsuse in processing signals.
[00100] One SKidst et sldill teular furthed bpEEaRCihat €hd Ratiodsh ﬁld@ﬁ&t@ve logical

tation 1104 illustrated in FIG 11 is a functional

Pk TBRdRSarRitcHtthefnd: 1glgorithm | sieps glegsribspeini £omnection with the
aR&GHRL glsciﬁ) Iﬁérfl-ﬁhr(ﬂﬁ bgflmihiléllléntéd;aa ! gslgctnglﬁ%ﬂgrﬁware computer

under st an or rra
sofpages et exdnbmatmgls asfybath. aTeaclesly 11<11istrdtef ﬂﬁs" eﬁtbrchangeablhty of
ques. For exanpl e,

hnol o and techni
BB R SPAY o HHRAMSATE? FRP RIS |baw§$,smo<i3+1@s3 circuits, and
s@%ﬂ’%@b§beeﬂr&s&me9 & RBentBNy Btk OF ﬁ{éﬁgﬁ%&%&‘lﬁgh GQ’V'ltlether such

e above description nay e represented by vo
fangtionality, ISelrmdcmmta@ rethardware esr, sofiagaret depefidseloim d{e partlcular

cl es tlcal | ds or rtlce
BRfisiR 50 458k FwalnfoBiedi BRbe s ILsRlont et arisans may
ifngleniealk ten@dsebeat ﬁm&ti'tﬁfahiyhﬁl waawng Hﬁays%id 8ddhari¥&lar application,
| ogi cal bl ocks, nodules, circuits, and al gorithm steps

bybSich mBleeatasion fegisioh hauidative teiatRoclehencastie salepsete from
tﬁ]@gc%hg of ¥ pﬂ%eﬁtlmbé%'ﬁgﬂt ed as el ectronic hardware,
conput er '

[00101] The various illustrative logical blocks, modules, and circuits described in
commection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, 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 tramsistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described

herein. A general purpose processor may be a microprocessor, but in the alternative, the



software, or conbinations of both. To clearly

illustrate this interchangeability of hardware and
w@odobmsase] various illustrative conponents, blPCRES2006/003204

nodul es, circuits, and steps Jpave been descri bed above

generally in terns of their functionality. \Wether

such functipnalit rrp{ enent ed as hardware or

RIOFESRly B3y e RE ﬁnttq#lé BEICETSORI Sontioblsy i wigreeomtrgfer, or state

HaSHiAN CANSHEALR! fhal THES %@ Rip1eentay 85 &l | ﬁgﬁﬁﬁa@l of computing

Skilled artisans may 1 nplenment the descrlg

davinesi @rgal ia ycombinedioni of waSP f and emchicparodessdrara plurahty of

applicatiaon, but such i Ierrentation.de|5|o ﬂ%

RO P RS dmio BRSO G et Bl ERE cofe, or any

aﬁmméoﬁﬁ@rm@sent i nvention. [00101] The vari ous
ustrative |ogical blocks, nodules, and circuits

I
WOlOZ]deschlEf‘ecﬁtme ebrienethed o wakeorien edesstiberins colimsetiors awith  the
y, er aj
OGN LIHRIT HAN O bnBEHLE ARl MBI somware
mndlp pkeauddd Bna Prowessbi,orlin h&gﬁfbﬁn%ﬁioﬁlolf@lw twd ASAGbfiw@re module
Field Pro rgmbl e Gate Array (FPGA) or other
BAB JeSifrebl gfemgsysi Hash gresmanst KQMt megory,r BRROM omemory,

t a
Lm0 365 Lol B CRTNOBATLRY Sk RO Ky, gy s ot
Wewofisteeaichpediim. knawgen éneadrt. pAnmsmp}ar;osiemge imediym isecoapled to

% %cor OceS%b{l?\g but in the alt natl ve r ogcess

yl‘ 8SSgﬁ )§u é)ﬁ(?(i@é%?g |maé’r1‘86 BIFna ]tparﬁ‘q% erte ormatlon tO
e G E@N ie@lun€l .In Ghe 2tBInSHVERGHE BRragd IBEdﬁﬁﬁxs ? Héaiiﬁtegral to the
al so be inmplenented as a conbi nati on of conpu

Rreweseds , The, procesgorcandifhn storage ra¢diampesy rasifledn an ASIC The ASIC
AP RSRE3BS5R8 e gbl ob teShall AR5 0D o

mayfusmeatsﬁe;bresamnpzmeﬁm@mﬁaﬁdrwmnhmlOZ] The steps of
a nethod or alg%rlthm described in connection with the

[00103] o o HieRTEE OB dsPERIRR ‘Pféh‘“eiilﬁc aesf sRbodiraents BareNidedtolepable any
PBePs RS NATiR thd &t B ﬁ'ﬁ{: nat ﬂf‘éls%t ?ﬁxﬁeﬁt‘lgﬁ dV%MSI?% modifications to

processor, or in a co
ﬂtwbdnd)adu;lenteimﬂ éelrﬂacﬁd&l\dppmmt to, thbbeasitilledeimpthy, artR@&dl the generic

nmenor EEP. r " regi ster
BTGP SRRD Ve EaY D PR IORUME H0dRyeret REROYeRse from
thé @fn@l@ dr BBl the @Wentifn.t TRud rthe 8&@6&%&%‘tl@ﬁ¥s AbOCIAERed to be

mediumis coupled to the processor such processor

liraijed ¢ndhs wmbpdimentm Slﬂmmrﬂlemd bk iig o ibef ancomadeil othe twaidest scope
t he storage

di |
cogglﬁﬁt%ﬁgﬁbg% i PeG ragﬁ nf)ge tia aglt“%% g’%t‘éllg\é hergifte ™ pr ocessor

[00104] and tWMQSMEM may reside in an ASIC. The ASIC
may reside in a user termnal. In the alternative, the

processor and the storage nedi um nmay resi de as
di screte conponents in a user termnal.




[ 00103] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed

WO pooblog1sart to make or use the present inventiPCI/US2006/003204
Various nodifications to thesg enbodiments will be
readily apparent to those skilled in the art, and the
generic principles defined herein nay be applied to
ot her embodi ments without §&#dM%$ng fromthe spirit or
scope of the invention. Thus, the present invention is
not intended to be limted to the enbodi nents shown
her ei 41 basg stationiconfgursd deyrwiselessiremmpuieation g hea plurality of remote

: . e novel feat
G0 1 £ el oA BRSNS Bl PP NeD 1S LAt v 1
A basetratsatiitarfocwaishdtiingd Hovarddlink tets phaahtytvf eahote Btations;

Wi th axfél urality of renote stations in a wreless
commuhPOEEFIn 2/ st em conprising: a transmitter for

tr ansgibibiyig efeclBhitRbAmINatbR wWithhPhrok&dsbi: %%eﬁg%&ng

stations; "a processor; and nenory In electronic

conmmuni catingimofion$stoted ip theaesmory, thelestmuetionsybertgaxienable to
instructions,stored i he nmemory, the instructions

bei ng execlmpé%?eélt%n?tﬁ‘bct%ﬂmég' met hod conpri si ng:

cal cul ating datqidiithic@ta Bétrigator dafd iR a PIuhByidrYulles, each
gueues, each queue corresponding to a differént "data

flow in the w rel essiucsernenispandios tosydifferant dafia figwtindhe

data netrics to det 1N separate transmn ssion
metric for each of Z&%%lﬁsr%ﬁ%fl}n&g%?a 188§¥s|t%rpe

transmi ssi on f assifg the dhtaenditients Mekphiig J8Rparhe Fa@EmRsion metric
given transm ssion format being dependent on the data
metrics correspondi gt eashafapdiralily of pessihle frapgmeisgpy Epmats,
transm ssi on fornmat; | ng. P‘ni Shd .

format that has an o%téllf}%lus?nﬁtgs?%isn%&scgﬁo %%ﬁﬂné ri c%n%gs.loq'ﬁoerm at
base station of cl aibeirg dephedeai on tHealatvermhbivids Earfdsperiding to

conprises transmtti t.h | l.ocated data for. the
sel ected transm ssi c?ﬁl%le%}? ‘l?faé‘i’f  8IVER AT STip format; and

accordance W t hyelddfns £ hBrdnGSkidd ARSI Hi3f 1R afl‘?)gﬁﬁﬁnn dl’?ansmission

The base station of claim1, wherein the allocate

data for the gimenctransm ssion format is determ ned

so that the transm ssion nmetric for the given

transm ssion format is

2. The base station of claim 1, wherein the method further comprises transmitting

the allocated data for the selected transmission format on the forward link in accordance

with the selected transmission format.

3. The base station of claim 1, wherein the allocated data for the given transmission
format is determined so that the transmission metric for the given transmission format is

optimized in view of one or more constraints.

4, The base station of claim 3, wherein the one or more constraints comprise a
packet capacity constraint which specifies that the allocated data for the given

transmission format does not exceed a packet’s data capacity.

5. The base station of claim 4, wherein the packet capacity constraint for the /™

transmission format is expressed as:



optim zed in view of one or nore constraints. 4. The

base station of claim3, wherein the one or nore
wW@owsHsEsnt S conpri se a packet capacity const rBCTIUS2006/003204

whi ch specifies that the allggated data for the given

transm ssion format does not exceed a packet's data

capaci f y 5. The base station of claim4, wherein the

packeN capagity constraint for the/ h transm ssion

formaglcs expressed as:N U - wherein b represents

the nunbeér of allocated bits fromthe zth gueue, and

wher ewhereia; ecpesstists theannmberr o allovarsd dits Glonbihe s™ Gneis) idie

th queue th t ar i ncl udegjél n the packet if. all

channel r c¥BRIFR&S, TPESERt themadmue puraber pf bk fomthey™” queue

6. The bastﬁatsatr@fﬂcﬁﬂle@ﬁn ﬁ1|e aERefflf A&akhd rddBfrd ?@%%ﬁloca’ced to the

capacity cgonstraint for transm ssion format

expressed iSstatadiosv.ei n b represents t he number of

al l ocated bits for data flows residing on the th

renote station, and wherein G represents the maxi mum

funbeFhedfasbtatior oftided ;wvHdreimshe eeketi dagacity cohstraisttfor the j™

renote.statign that are included in the packet if all

LSRR E%acfﬂ%@@r%s%‘{%ﬁ located to data flows residing

on the th renote station. 7. The base station of claim

3, whdref <t1he one or nore constraints conprise an

addr ess constraint which specifies that the

al | oc ata for the given_t SSI on,  for mat does

E?ﬂpg

not ealéeé%‘B ATPERSRUE the iRz &gé Iﬁiryﬂatasﬂo"wsrﬂ@sﬂﬁgém the
station ofmGbah@statioWhBlashREréih &, 4G §e°n°té @19 n’i:agc ﬁl'heHuH{ber of

for the plurality of queues Is ekpt essed ere| n
bi repr eséntsdranndata fletwsresiding oh doeat” edmbtetsiatlbncblnaﬂai'aemcluded in

21 76 at wing kel S RnatiER oo Gor S RIGHRAS el Hoeirpyiging on
virtual dahaiflemitte §t@iod he purpose of addressing, and

wherein Kj denotes the maxi num nunber of virtual data
flows that may be served at a tine by the/ h

1.T ansTHeHakOStaficH dFedlaim3, vaﬂé?aﬁﬂﬁaeon%to@trﬁdi‘@ c&{stlﬁin?é &Bufprise an
wherein the addressing constraint for th

addepssing sensrint whichtsppafiexibetths ellocatedulata for the given transmission
format does not exceed a packet’s addressing capacity.

8. The base station of claim 7, wherein the addressing constraint for the plurality of

queues is expressed as:
g
i=1 B,-, j
wherein b; represents the number of allocated bits from the i data flow’s queue,
wherein B;;represents the data size at which the i™ data flow is treated as
multiple virtual data flows for the purpose of addressing, and wherein K]
denotes the maximum number of virtual data flows that may be served at

a time by the j/™ transmission format.

9. The base station of claim 7, wherein the addressing constraint for the jth

transmission format is expressed as:



Kj "=1 Bu wherein b represents the nunber of
allocated bits to data flows residing on the zth
WO 20060&155t at i on, wherein 2?yrepresents the datBCHUE®0E003204
which the zth renote stationqgss treated as nultiple
virtual renote stations for the purpose of addressing,
and wherein® / denotes the maxi mum nunber of virtual
r enot thatli ops that may be served at a tinme by the/ h
transdsai « ormat. 10. The base station of claiml,
wher eih! ¢4l lcul at i ng the data netrics conprises
cal c
of t nararhtyferk SRR M Ethlor BFhfe Gca Y8 il ol ridiRE Bn e
cl ai m 10, ﬁbhemetemtattim th:renﬁf,greprasénts the dataside 4t whicH the i

z data flow s, queue a respect to

transni ssi ’i?ﬁlolt%?tﬁté‘%n ?ire%tﬁg?‘%@g@tl ];ngfenst%t}_qn,s iferthe
k is the aﬁt[rbé/@' oftaﬂﬂgéss‘i’ﬁg, lﬁh& WKIGI‘HH Knﬁanéfeg t@h?}mﬁr}u%lﬁnber of
gueue; whereln i's the deadline of bit :
the zth davigugl rcw0§ S@ﬁi@ﬂé thmyéc isergrp ettt time py ithey

expedite time of . blttp tOf the zth data flow s queue
wherein T1 iEan(s sz°§l Hédaver age t hroughput experienced

by the data flow s queue containing bit k; wherein des

d, t d t th data .
(S, TSRS AR L B e B e By e Bt
QIRNAEE a%éﬁix@teﬂﬁﬂh@m@ ForPeacR bR th C%ﬂul?a'hﬁr @kaqu%ues

fl ow s channel based on recei ved DRC/ f eedback
wherein G x,y) is an increasing function of two

B QUITERY s s@ﬂgn bf cl@lﬂgl(y\@ﬁ{e?élﬂ thef 62 tntrichT WM bidreRe z _l_data

function. 12. base station of claim 11, wherein
Howgarievedt tl,meR‘ Wlth tespsah ke ansthissson forrmaty is-cfprefsed r ed> R
QS = max(T - Tdesired ,Tm n ) 13. The base station of
claim1ll, wherein G(X y ) is expressed as: Gx, y )=K

-U U A 14 b t at f clai 1,
Mgrg);Tt e n s i i
LJ

Expedite, ik » LT T ¥ grrivat i)

U(TDROP, e T j)

wherein £ 4,54 ;5 s the arrival time of bit & of the i™ data flow’s queue;
wherein Zppop; ; is the deadline of bit & of the i™ data flow’s queue;

wherein 7gy,e4.; is the expedite time of bit £ of the i™ data flow’s queue;

wherein T; (¢ k( ) is the average throughput experienced by the i™ data flow’s
queue containing bit £;

wherein T, desired,i,x 18 the average throughput desired by the i™ data flow’s queue
containing bit ;

wherein R,.( ) is the average sustainable data rate/CQI of the /™ data flow’s

channel based on received DRC/CQI feedback;
wherein G(x, y) is an increasing function of two arguments x and y; and

wherein U(_) is the unit step function.



transm ssion format is al so dependent on a penalty
associated with the given transm ssion format. 15. The
wha®e/ostsat i on of claim 1, wherein the transm sSBCDOS2006/003204
metric for transmssion formgly i s expressed as: I=Il r
1 , A2, -,Ar . } whereinocid k (t) is a bit metric
of the rth bit in_ the zth data f V\/S gueue at tine t
bi-t h Hesshrse statign of laigwl bovhsrein df Wt Zijored Ig)n@ expresssidas P
is a penalty associated with transm ssion format/. 16.
The b S tIOFRf claimi1l wherein the nethod
further con*fﬂ”?ds’es fe(hg)ggr g t he 7al pocat ed data for the
gi ven transmi ssion t s&"He™Ff ansni ssion netric
is optimzed without violating a packet capacity
constraint. 17. The base station claim 16, wherein

he nbagRasesigHonet C%@ﬁé},u‘@@gelndaeewhsmxngeS$q¢aas

addr e [ nd in response

adj usmgg’t)ﬁ H@?}dﬂed 153(2 #Y transni ssi on
metric is optimzed w thout viol at| ng either the
addressi ng constraint or the packet capacity

bbnst Tl bese sthion dhelainat ewisdreih ithntrafsnidsionnmétric ihethe iglven
t he nethod is erf Ef‘&g at each transm ssion

GHBRIStH Watg e densadent opameaptiSseapa it thaiven n
tARmMMsiR! BRSatCOMuUNI cati on system operates in
accordance wth the |IxEV-DO standard. 20. A base
station that is configured for wreless comuni cation
9.t N BhdbddE Qatiby oPLlain® IO ersth Ad t?é}l%rﬂlﬁlo%flﬁﬁt['ﬁ &S Fansmission
communi cation system conprising: nmeans
loanetyliseipressdhes metrics for data in a plurality of
queues, each queue corresponding to a different data
flow | n the ess rmunl cation system nmeans for
usi ng jh tricsHtqydet e(z?l ne_a spparate
transmsls ic f eabha a plurality of

possi bl e transﬁFh%UﬁJher Watls, the transm ssion netric
for a given transm ssion format bei ng dependent on the
dat a wistreince, ;¢GY ies o ntirigofthe AT bindmthed” datdlokds qtide at time 7
gi ven transm ssion for mat; neans for selecting a

t r ansm ssiwith fespeito trmstmm farmatpt andum t r ansm ssi on

wherein P; is a penalty associated with transmission format ;.

16.  The base station of claim 1, wherein the method further comprises selecting the
allocated data for the given transmission format so the transmission metric is optimized

without violating a packet capacity constraint.

17.  The base station of claim 16, wherein the method further comprises:
determining that an addressing constraint is violated; and
in response, adjusting the allocated data so the transmission metric is optimized
without violating either the addressing constraint or the packet capacity

constraint.

18.  The base station of claim 1, wherein the method is performed at each

transmission opportunity.



nmetric; and neans for transmtting the allocated data
for the selected transm ssion format on the forward
WO 2ovik/08rs5Saccor dance with the sel ected transm sSBCDOS2006/003204
format. 2 1. In a base statigs that is configured for
wi rel ess communi cation with a plurality of renote
stati fgs in a . w rfl ess_comuni cat|{on system_  a net hod

Eonpr 145 brge seipe of elem g, WherainBe Witeless rmgumigation system
g;ihéfgteg intatc Yttt iRPihe Q3N -BOBRERALQ r €sponding to a

fferent data flowin the wireless comuni cation
system using the data netrics to determ ne a separate

56.an Sg’b%% QB dFEhb 1S cglﬁﬁ%ﬁéff&r szire%sm:&ﬁﬁlluhfc}{ﬁ&f with a lplurality of
possi bl e transm ssion rmats, the transm ssion netric
fearot@astgfiionsnn & maredess ssinomnfcatiomgysteer, cgmpeigiagdent on t he

data netrics correspondi ng. t acated datag for the

a1 vori T Oh e G ics B et g PLe e o Susgoffch quene
format t hagorRAsorftinPdtd AERehf @RS Tbwih B WELIEdsConfthication
transmtting the alTocated data for the selected

transm ssi #&stelwr mat on the forward link in accordance
wth Itnggns o} I?S(iltlge gletc{a%nnsléntlﬁgss {.ood’étefrr%gnrgae{ separate transmission metric for
each of a plurality of possible transmission formats, the transmission
metric for a given transmission format being dependent on the data
metrics corresponding to allocated data for the given transmission
format;
means for selecting a transmission format that has an optimum transmission
metric; and
means for transmitting the allocated data for the selected transmission format on

the forward link in accordance with the selected transmission format.

21.  Inabase station that is configured for wireless communication with a plurality
of remote stations in a wireless communication system, a method comprising:
calculating data metrics for data in a plurality of queues, each queue
corresponding to a different data flow in the wireless communication
system;
using the data metrics to determine a separate transmission metric for each of a
plurality of possible transmission formats, the transmission metric for a
given transmission format being dependent on the data metrics
corresponding to allocated data for the given transmission format;
selecting a transmission format that has an optimum transmission metric; and
transmitting the allocated data for the selected transmission format on the

forward link in accordance with the selected transmission format.



