QUALI TYOF SERVI CE SCHEDULER FOR A W RELESS NETWORK
BACKGROUND Fi el d [0001] The present invention rel ates
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qual ity of service scheduling for a wreless network.
Background [0002] Wrel ess conmuni cation systens are

deI deplo ed to provide various types of
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WI reI ess data system or netvvorkkﬁ)row des nultiple
users access to one or resources. A system
may use a variety of nmultiple access techni ques such
as Frequency Division Miultiplexing (FDM, Tine
Division Multiplexing (BAMKGREND Vi si on
Mul i tpl exing (CDM, and others. [0003] Exanple

| ess networks include cellul ar- based data systens.
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Spectrum Cel | ul ar Systent (the 1S-95 standard), (2)

the standard offered by a consortium named "3rd _

ﬁa‘grrg‘;ﬂ(pn Partnership Project” ( GPP) and enbodied in

a set of docunments including Document Nos. 3G TS

25. 21WjreBS T@n@Enization §Gtchs 46 .widdly depldy8Gtd Provide2datious types
standard of fered by a

dard
B TR AL Yihe el it PoRPRaF PHelShih pYgpic o network,

providaina lélﬁgar@ AR Roddor hbrefsharedRiRYSHER! A%}r?cum may use a
St andar d cdma2000 Spread Spectrum Systens t he

V@Wﬁhmmp@ﬁﬁ te@mu(e&;ucﬁlrv@ Hrﬁcglendjal)avmlan M(ﬂﬁma)nng (FDM),

A T T PR A T

Wi r el Exasnpiy $iirelbss hétebHaenWhie bansarlingal dAk dstdas. VVThL‘ ?ollowmg
(WLANs) . such as t he | EEE 802 11 st andards il . e.
3(%1)53"%1) suly exgmples:) nphothentFAYEBA-85-B Rdebi m@ttamnk]éase Station
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rg%tpﬁé}cig%\:zg r%gpei@@tsiﬁ)s S1E RPFSIRIJ 1kt YnPEGAFY 35984 (the W-CDMA
standard), (3) the standard offered by a consortium named "3rd Generation Partnership
Project 2" (3GPP2) and embodied in “TR-45.5 Physical Layer Standard for cdma2000
Spread Spectrum Systems" (the IS-2000 standard), and (4) the high data rate (HDR)
system that conforms to the TIA/EIA/IS-856 standard (the IS-856 standard).

Other examples of wireless systems include Wireless Local Area Networks
(WLANSs) such as the IEEE 802.11 standards (i.e. 802.11 (a), (b), or (g)).
Improvements over these networks may be achieved in deploying a Multiple Input
Multiple Output (MIMO) WLAN comprising Orthogonal Frequency Division

Multiplexing (OFDM) modulation techniques.

As wireless system designs have advanced, higher data rates have become
available. Higher data rates have opened up the possibility of advanced applications,
among which are voice, video, fast data transfer, and various other applications.

However, various applications may have differing requirements for their respective data



among which are voice, video, fast data transfer, and
vari ous other applications. However, various
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respective datatransfer. Many_types of data nay have
| at ency and t hroughput requir@nents, or need sone
Qual ity of Service (QoS) guarantee. Current systens
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teartsondisicenteqofrerderto NNt CAlotlRN 28att,Con admBsioAprafleeis updated to
oint or a_user_termnal; [0009] FIG 3 illustrates

ChdR MPH lPwr chriedered: by dlove pawasters,on accpidaneg mith available
@fsteﬁrc@di)acity. Various other aspects are also presented.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an example embodiment of a communication system;
FIG. 2 is an example embodiment of a communication device, i.e. an access
point or a user terminal;
FIG. 3 illustrates scheduling for data of three classes for a plurality of user
terminals/applications;
FIG. 4 illustrates an admissions control example;

FIG. 5 is a flowchart of an example admissions control unit;



term nal s/applications; [0010] FIG 4 illustrates an
adm ssions control exanple; [0011]] FIG 5 is a
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FIG 6 is a flowhart of a gegeralized enbodi nent of a

schedul er nethod; [0013] FIG -7 depicts an alternate

nmet hod for al | ocat i n? remai ni ng capacity subseqluent to
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be construed as preferred advant ageous over
enbodi nrents. [0016] FIG 1 depl cts an exanpl e

communi cati on syste 0] ?bﬁgh%ﬁgg%ﬂgludes a

Wrel ess Local Areagkékgﬂﬂﬁg 1 onprising
AccesThéwofl “dxbblakyOisaRed ke tdehdinnbi%idgl4bSh ek3Ple; instance,
130N. Access point 120 incl udes schedul er 120 and
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t he ses | P packets. ose_of skill in
Atgtob et 24 Pertadin i aomstortng oot Fiveiiee 28 raeuse dats raffic.
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with any data network. For illustration, applications

lleSWOEkr 0s heviine dotenmt t Mpqr@te dntraneh stc. nert atberkdatal Gonrieption. In the
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ﬂrdffﬁb cﬁﬁﬂn@ﬁdaﬁﬁﬁtont e @stvlak icdMpaiséh FRBBE CHoS® oMKl in the art
one or nore user termnals 138 fromtime to tine. Such

wilkepenizg tat thel princinlesedisdesed dierrin @rqwn@shmlteﬂawasmhowd may be
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toTexteamd repporkcd0i dn @ﬁh@l;idﬁ(ﬂtpphdahbﬂ 160 ,w1llllr651&é’101&1larserver or any

terface .180.. Sim | arly, applications running on
‘afg%fr devaseyiipelpding anothes giser igrmined thebmay attsomtda fmabhsh a data

do3BbotioNBYittb eI oteluseR tedRidafNM 3 from time to time. Such a connection,

also referred to herein as a data flow, or, more simply, a flow, may be established

through AP 110, and the flow may be transported to the respective UT, and application
embedded within it, via an air interface 180. Similarly, applications running on a user
terminal, i.e. applications 160A — 160N on UT 130A, may attempt to establish a
connection with a device and/or application in another user terminal or connected to the
network 140. Again, such a connection may be established through AP 110.

The location of the scheduler 120 and admissions control unit 125 in the access
point 110 is for example only. In alternate embodiments, these need not be co-located.

In an alternate embodiment, one or more UTs may contain a scheduler and/or



connection with a device and/or application in another
user term nal or connected to the network 140. Agai n,

WG pb/osssabnnect i on may be established through PEI/US1904/039690
[0017] The | ocation of the scheduler 120 and
admi ssions control unit 125 iff the access point 110 is
for exanple only. In alternate enbodi nents, these need
admiskiens centnd atngid. Ona carmetet Elmanay estdhdidh,nthneughosignading, that a
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schedul i ng and/ or adni ssions control. In this case,
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applications may dirffer. For exanple, various f
tedgranpgviequiteients. nlyoicgtdatrc is gandradly considered ¢o eequinedow latency, to

reguirenents. Voice data.is .generally. considered to .
PR OB R Mon b beeCn e B B Br Ry YoV 3Rt olee encoding
fesep bR winOint the alti whieR @llow HAY¥BY Efransvid§diGHIST VSIEE Bata, i.c., the
encodi n% schenes are known in the art which all
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ame error ra
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Quality of Service (QoS) management.

[0019] In an example embodiment, traffic is segmented into two groups: QoS sensitive
traffic and Best-Effort Traffic (BET). Traffic with stringent delay and/or bandwidth
constraints is placed in the QoS sensitive group. The remainder is placed in the best-
effort group. Scheduler 120 manages the QoS sensitive traffic using a bandwidth
reservation scheme, detailed further below. Admissions control unit 125 employs

admissions control to accept or reject a proposed flow based on the characteristics of the



accept abl e performance to an array of anticipated
applications, scheduler 120 provides Quality of
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enbodi nent, traffic is segnmented into two groups: QS
sensitive traffic and Best-Effort Traffic ( BET) .

Traffic with stringent delay and/or bandw dth

Bow sAndatha tanquat off gesvyrdes avhidabln S Brshefifort veafliy supanaged using a
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rnate enbodi ments, are detailed further below .
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interfaces. Various standards and designs for air

marethamersdesipeticnetinplianconddy (r-8-ndmeswganndhe foyyad link). Oftena
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resource. an

miteatiag comhtiniatian ohalel ersatifk)prose coniigtratich tof data and/or control
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. e
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Hicfma%&p,wtge bhdHabt tyiE L A b 2P AREESD O vih Setwork
epl oye or devi ces gal h access to the networ
140, qor, usell serbmudls 480N qrake moprisisafor arecesa to Hbe rshared slesource.  The

| i nk).. configuration of data and/ contr. ol .
sointen elorai?S Bhe Bispiy S o, o1 TAE SEBsdogidies dotailed below.
Oh& 8L Rord (NN Wen FaRRE dER3S 1Pthe WhireH r&BRRBETho& off R8I in the
channel type, users (i.e. applications 150 connected

ait wilhesadidy kdapd the poincipdesrdiscioseil hetien to3@¥iowsademmunjcationsystems.
for a . to ,the,shared.resource. The schedyl er
T oaEfE LIS SR RRET S it SRE sot R aRFE Hhibe, such as a user

feafithal t;BESr Aeésdipbifl 106! THe bIGoEs @dpidial B tHEkemPle®nitddment will
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gomerally bera suppat|of theeemmpnggia iiclyded ip eithriagisesternipal bider access
ot iy ' S G
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foraibe fsany riisieher bLATEsoIMID user taniaslscopfipintatidrs0. Noka éhat the use
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access point 110 functions analogously to a base station and user terminals interact in a

typical star topology, the terms forward and reverse link are apt. However, as described
above, the scope of the present invention encompasses ad hoc networks (wherein one of
any of a number of user terminals 130 sets up as a de facto access point 110), managed
peer-to-peer connections, and the like. Those of skill in the art will recognize the use of
these terms does not limit the scope of the invention, but may serve as conventions

suitable for the context in which they are used.



generally be a subset of the conponents included in
either a user termnal 130 or access point 110. Those

w@RoosksdsB3 in the art will readily adapt the enmpOOUS®N4/039690
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shown in FIG 2 for use in any nunber of access point
or user termnal configuratiohs. Note that the use of
the ternms forward and reverse |inks are used for
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received at antenna 210 and delivered to receiver 220.
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listed abov% Recei ver 220 {}erforms vari ous processing
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filteri an Vari ous techni gues
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EtérhiiRd e adRRmt 8f SR rebQlreG! raflited BFtraHbRR USSR anfunt of data

channel quality estimator 235 nay be used to determ ne
QVeE afigaying phapnel has ohealteshativenal reduestdbp transnussien imaptieclude the

he supportabl e data rat.e..\Wen a.co nj cati on, deyi ce
AR R0 PR AP oG] SEETHRMIR Bl i fi make a
dugeratin2idn ff the ARG 55 0FDM 8yiHbd1D e SaRksPot BestPfadiors.
rate, it can determ ne the anpbunt of resources its

needsSIERs fraReregeiveizdsre desertulated in demerdulgier 220aavpording to one

I: iQn e determ h .
SEAREL BRSOV GRL 0 RNGE BT D5 pbpgimen, o
deniddulater dabablarof deinblulagaONTMAE GHDV digredseisaleplofedly In alternate

alternatives that y .be deployed in order tq,
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channel. As one alternative, a reques
equakzation.s combiniyg, | deihtedeaving devoding, ahd detrmuansther functions as
cator., The ,schedul er, co

AR T it of FheriBestesd SeSathe NaRBmeBpdpign tchniques ar
1610WA0hShé ert9TRRh aB&EE Poidb 110)&RALARIRS5 may demodulate according
to the reverse link. In a user terminal, demodulator 225 may demodulate according to
the forward link. Both the data and control channels described herein are examples of
channels that can be received and demodulated in receiver 220 and demodulator 225.

Demodulation of the forward data channel may occur in accordance with signaling on

the control channel, as described above.



[0023] Signals fromreceiver 220 are denodul ated in
denodul ator 225 according to one or nore conmuni cati on
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denodul at or capabl e of denodulating M MO OFDM si gnal s
Is deployed. In alternate enbddi ments, alternate
standards may be supported, and errbodl nment s nmay
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fennguleat %raﬁéiﬁﬂlgh nﬁraﬁé?n ﬁ%xﬂ ah Knunltkr aodflé&ﬁm channel
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escri bed herein.are exanpl es aof channels that can be
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channel may occur in accordance W th signaling on the

twations| olcigrrage deecrled @30rmbe de atatiad, PWORUPrortsseiadso, although a

[ 43 [ | at ed dat,a _and extrac
ARGRET Do SR JHETARIR, et Fopnd RuBive s Tatgp225 may
G¢code cersdin PiXohatfdnodhd fed fipdivedtlg t8rpréc¥s 230! (b %ngle bit message
respectlvel Message decoder 230 decodes vari ous

QE/&M AT 3BPVETRPILE! unfdewe sermand alfexemaleshg

dom @hﬁelf% RERPLRILAG: BTy SbEHTNTS RRUSS: IRY ahd LS p making
requests transm ssion, transm ssion grants,
varidue powkr kwelt estmatds donede inpeseadess d&@hbailhereiﬂ;l aﬁ well as for use
nessage types are kno in the art and ﬁg
h¥dt é’&m{p I PIOGesSIpg Use & CompRIcatien, oﬁ‘}dé 5 gaodulagipn.  Channel
GO g SRR TP THIRORER s (REATIGA0RS BER, (P ULYAREA Sy 1
eomumbh f@fsucie blagkdb ibenscagporated sthin amslatdrod3Sudkias tbeeiver 220

vglia eré1;1(o -uga?m N roce }i)r%% {)535181?211 ajfrgttg%lg g%}@?@tgsl csa%rb%tmade depending
& H@iidhadi v loy ,W}Q&U%%Iﬁltt e B deipRdstiaRed emCpitAllRY, for a MIMO

informati on and send it |rectl to rocessor 250 (a

ehanpela(Mbitrangrai sag N srg@qweagntalma,a\m astmg] pmay be an MxN
I 00 a

B8N i SRR 5P St LS kR HHRE may v

&]ﬂbyeﬂad plade oRkhaigel quality esh@wRr 236 WelthiaSthe MRRb®S of e present
use | n procedures described herein, as well as for use

iNeRfion; ous ot her processing used in communi cation,

s Oty GRSl PSSR oy o
aniénnas.| Trainsmrttedmgnafscare fomnhttad inl txmkmttter B20 aevoading toadretbr more
vV\\/}refglssn s?sr'geontn hs%anéoarc% gl%gs assucilegse Itﬂ/o(es[a Izsztgd above. Examples of
components that may be included in transmitter 270 are amplifiers, filters, digital-to-
analog (D/A) converters, radio frequency (RF) converters, and the like. Data for
transmission is provided to transmitter 270 by modulator 265. Data and control
channels may be formatted for transmission in accordance with a variety of formats.
Data for transmission on the forward link data channel may be formatted in modulator

265 according to a rate and modulation format indicated by a scheduling algorithm in

accordance with a C/I or other channel quality measurement. Examples of components



or denodul ator 225. Various types of signal strength
estimates can be nmade, dependi ng on which signal or

wokishssyst em type is being estimted h parti CRCHDS20040039690

[0027]

[0028]

[0029]

[0030]

a M MO channel (Mtransmt ang N recei ve antennas),

t he channel estimate may be ah MKN matri x h general,

any type of channel quality netric estimation block
én@é( brepcorpatnted hmedulagr 203ainakide gueaders, interleayarsospreaders,

%?@rn%‘ﬁi hbioRs df8riSeeREeLf the present invention. [0026]
I gna

s are transnrtted via antenna 210, which may
i ncl uMessagp|generhiot 260 manbe nsmisto Jrepais mdskagds Dif gadibss types, as
re.{) matteg:m transmtter 270 according to one or
dRsPHbGH Begpie ot Geanle. S aneLnaisages THRLPG BELTalehI9 Taguest access to

ﬁl@%ﬁem{ekﬁé@ﬂn AAYRIssiBX 2 BRAR Rl age? H??'B%g%ﬁer‘é étfof%sﬁﬁ‘ssmn in

included in transmtter 270 are a firilt
wisppinsalte raganst noggsqges.Ahe gumy excssags contadmng fr eldpmahmy of the shared

F d the like. t or sSm ssion
{eSbulp 6 YRIERe i e R HER ik Sl oaimnlt, VS8t of conteo
fh@ﬁsagé%ﬁhﬁ be Sdharie] i et Meactas PRl 80 bPhset feﬁ'ﬂﬁfﬂ $30.0N
in accordance with a variety of formats. Data fo

t r ansPr@sTesAIVed ande derapdidatad | innlerdedwaten 23A emalvmlye lglivered to

u cording,to.a rate
BTGP0 Lo PR A s TR S B 8l B cppponents.
Simitclypdata rfmetrMShﬁssa)rﬁnhy oe d(il’ébted t€ RA0RkorP63| dnldVtransmitter 270

asur enent . npl es of conponent st hat may be
oPI;%PSé%&SPn ﬁea (FRapBle, 285ous, datad aprlisaensy say be present on

}'{165&5&9@509 lop onsaﬁfo?&g FSbessdD GndiRsd %ttﬁé %m%nﬂﬁ?ga'gg#%ewce 110 or

ypes ssag gener at or be us

Hle@at shormés a’gwccﬂ‘s poartlld(]snayymae&masedj ascnéterk interface 280, to
0 5 b e S S IR O 967 B i

130268 Bbcesd Bbint P1@Hhay BRARGSS 1ilRYo RE S8RRLIAIKS ! ‘%ﬁch as a laptop
transm ssion in response to request nmessages, th

eprarter{peisshgwngont ai ni ng an al | ocati on of the shar ed

r esougc |Iabeto uest | user termnmn

for eéanp?&{l?er\/‘%l}c otrs>C P‘f/%ﬁ%r %} gi ?ﬁlﬁgﬁl ﬁ%%es feste ﬁ% 1 processor
WerAheddrhi%sﬁhé hehtréin ual C €35 B Nbsife Gh PHBEssbeBDNAlVarious
130. 0028% Data recei ved and denodul ated in

Febasiteats 0 theserpradgtailed fatheieled. to processor 250 for

t us
ot nerPtob@sdt S a0 BEner Ay BRDRUANGYIH digi) sisnal
frecadbarg@SR), droa spMml—ptu@bse?ﬁ&ced@dr t Prdossbrt 250 rlnay @teﬁbﬁﬁnsome or
i cations

LG e e Sanioranesires 2s GrmoGuaion 225y mastabddecoder 230, channel
(ﬁfaﬁﬁﬁéﬁﬁﬁatbf‘ %yd%séa et DB LAY, Cﬁbﬂlﬁﬁgfi %\650%;1&%9 gf&f 270, or

(not shown)’ ccess point "0 nmay be cohnec
netwionkainteofake 28A, ele\mibaSZﬁﬂ' other processing requlred by the communication

device. Processor 250 may be connected with special-purpose hardware to assist in

these tasks (details not shown). Data or voice applications may be external, such as an
externally connected laptop computer or comnection to a network, may run on an
additional processor within communication device 110 or 130 (not shown), or may run
on processor 250 itself. Processor 250 is connected with memory 255, which may be
used for storing data as well as instructions for performing the various procedures and
methods described herein. Those of skill in the art will recognize that memory 255 may

be comprised of one or more memory components of various types, that may be



one or nore external networks, such as the Internet,
or network 140. A user termnal 130 or access point

wai®s.s8p33 ncl ude a link to an external device, PEGIIUR208£039690

[0031]

[0032]

[0033]

[0034]

a |l aptop computer (not shown), [0029] A schedul er,

such as schedul er 120, descri Bed above, may reside in
processor 250. An adm ssions control unit 125 may

erabedded iim W@pbc@rs@cnaﬂzwhm\mmesm 25Rbodi membry 235 magde used for

, géﬁcgglg% 8ﬁé mofje (%IE:% 91? a8 bécp Re?’rglln Fl)\plgr%gfys 5 11%530 tag;ﬁ%for storing

nera M Croprocessor,

PO aRGe radﬁﬁERin profiles, depiled AlrtHRubgloge processor.
Processor 250 may Ia]gerformsome or all of the functions

of releihgeixample cpaadimenhtiosingloMedia Awges Gerirle®MAG) frame is

I t :
SR nak Gl ool WAL Do WIRSR0F Rk gt fer UT. A
ﬁﬁﬂrfrme iseddfinad t]mny:ompﬁsaas gpplocdisys DNYIAE diamiesd Thythis le@ample, the
co g@& o devi ce. ocesso 250 may be connected
e ﬂéﬁ g zﬁﬁ?ﬁ%@é“ﬂ% BREI%e!% 0 assist in these tasks
(det af fheNGtan§1® Whbodisidnd é’rCo‘ﬁbeP @haﬂmll(gﬁifg%strmm% at the
external, such as an externally connecte pt op
begmpungef @ﬁChMAﬁfe&amc)mm@nmg setedolihg inferynation fomalbaxtive flows on

naI essor t hin co ni cat i

Bt W r RGO e e S0 1 Btd d4RCL R  Forward link
sdhs@lling IFRGBGEA usfROlile A9 M6 GhREM M I felBIRE o2 DTs. Reverse
whi ch may be used for storing data as well as

lipls sehedulingnis fﬁ@h%@ usammmﬂgletsrﬁéuwfcprm@on rpé daphiet Link data rate

Hﬁélﬁﬁr on gg‘%ﬁéée r‘e:%gr b T%g@ﬁ’lrtrg)g %ﬁéﬁ récﬂlegt]g(g 1sa§orrelated with

both riataad e ayd &oknuﬁiﬁy) SA dbriuatt Il maly yiees Rahdiah Aveyss Channel
eenpedded in whole or in part within processor 250.. A

}’gp rgg@esﬁwtqgé T¢5eWEes: An 3grﬁpq)mlﬁtgmg}ﬁ sg Polyse terminals, as an
e r

PR Bl onhe P TS SatheckPER PO rdrRodoh 2] Bapomissions

ﬁnﬂl’cttvea’entpebloWTs pOQ Jiom the gemspeetiveniltee sribdaen ety bedreated as part

di cess Control (MAC) frame is depl oyed

BHETeRB s tgs0r

P&rultiple UT flows as well as multiple
f | OV\BItpigrgengall d%!dﬁ%lé 8 WRinimizg ahé Qféﬁiyt hélve&P MRy | hﬁl‘%slllﬁc status
plurality of frames. In this exanple, the nunb
nﬁomm@onrlam@selwd at shpecfasamointsands the[ 6.082thel rﬁsulhlsg scheduling

l}hg{l lcle odl ({ t%@«&? %fhﬁgf%]%h ?%8?138 9&% mgult in the data rates

@saighad fh g gwéﬁ eIdMlCD MmN fo0 bEdvin 0 Bbdodéte af Ith@RtadMeFfehﬁé&@y (RF)
on both the forward and reverse |ink segnents of

ehanpel phanges beforgdhe reapliing Gansnissiet oecyrn. | ghe §Xample embodlment

% ?ag%%t 8%;125’ %goﬂec‘ M"@C a0 (gﬁﬁ@xl{rﬁie‘fy ) %s‘? 'iﬁ?steh 24 aﬁ Sﬁga%k

ever s
In the example embodlment, forward link data for multiple UTs are stored in

queues in the access point. The queues may or may not be identified by data class type.
Alternately, respective queues may be maintained in applications connected through
network 140. In this example, reverse link data is stored in queues in respective user
terminals. Note that use of the terms reverse link and forward link do not preclude the
use of peer-to-peer connections (where data flows between peers, and not to or from the
access point, or managing UT), or any of the other alternatives disclosed herein.
Requests for access to the shared communication resource may identify the type of data

for which the request is made, or may be simply a single request that may accommodate



link scheduling is facilitated using queue status
information and inplicit link data rate infornmation

w@e@giosised by UTs (e.g., the anobunt of capacit yPCT/US2004/039690

[0035]

[0036]

[0037]

requested is correlated with poth data demand and |i nk
quality). A dormant UT nmay us® a Random Access Channel
to request systemresources. An access point may

( RCH) . .

Hiudtipl elasses; sk the exgmplgiesbodinent, agpquashis nisiedor Haembérrof OFDM
S d r-to- r_connections,. all

R Sl PR, RS 59 B8 AL TS e bt e st

psospe (itd. Vismealots, vhameds uiver, etcoReeestsi@af fRledtSthatht requesting

f reverse link scheduling. [0033] It is generally .
By Rasiprlinsted the FerReS) &ize astdeamaviat gbdsa eRboumpREabls hit rate, due

o e T eoal i < poi
F b B LOR oo ol ey PR
schedslar neet noo hifies aceess e muGstirefentssef el ehanaelnbeteserh tpeers in

in the data rates assigned in iven. frame 1o .
BRBEFH HSE P STILERS T ool SERLy U ARt auality of the
£RRE Btk RRAREE( e 8n sdBioh ROWRICR AR ToRPdrd MinR GAY réverdeNink are not
the exanpl e embodi ment, a target delay of one MAC

fieceasaribapymosirical) | Altenatiyely, ¢ regesdt amy anot spgodiyt the @mount of the

eyt At AT R T g B sl gl icator. Any

PPeNdt relfiestd e UpsnbiBationr ofMayquest types,i fhantbd iaBsbnMiodaé® by the
class type. Alternately, respective queues may be
peicAelsi- ned i n applications connected through network

140. ) ' .S r '
110, EBL A3 ST SR\ M U Ly AL, i
theescbpe 0f theemresene imvenkion gl nbolimitedl ab isndh. dBanddff between multiple

recl ude the use peer -t o- peer. connections (where )
$ 19 _YB&@%]@?{EB&?%@S&H%GE G Segrtnp1 fiogiisiofe Whether mobile
BERES P PirBless HanABINGGEE M) UTO Y LP flﬁe{}ﬁv R&h time due to
alternatives disclosed herei’n. Requests for actess to

véreous lvawses| of mberfemércat Thws,rths capacity ofthe ifokwrard fnd/otheverse link for
tl%/ of dfi\t ftor whi ch the request is nmade, or may be
§)E:§F)}m&' lfcﬁbq% request that may acconmodatenul tiple

cl assgg§.debdibed ALERANDT ASEAEI JIRRH . inf 5:RAVERIo c8teBRUR, namely
for a number of OFDM synbols. In the alternative, a

bestrgEert andyQee sersitevet oBesirpffogioservion inprovidedsfoadaancy insensitive

ur P8, L] .sl ots hannel s,. power ., .etc.
RERSr B bl bR TSk B PR boficad v o cos
ealisitivt gtbvishelndepgirisht sl REIQEnONisadTs Mcilithted ayaschBduler 120.

sugport,abl e bit rate, due to changi ng_ channel )

Qe drrstidtrstlowhag llepttad e nemingfixed figation of tiguespurges, either on a
2 .need: C t :

RASMAC RS S 12PN EARHEE oL Serime gy 16 MAC

fremes)t Ghpewmisalt alktcatiors is aofunttivn ofdwt t@rexXpltaffic pyofile that is

by Srahcatua 1 of e Leversg) Lok ARl vernge e
FBYRRRE rdtd, MirstinSssMRaximum latency, etc. The admissions control unit 125 uses
these and other parameters to determine the nominal rate and schedule required to
satisfy the QoS requirements of a flow.

As detailed further below, the scheduling task is complicated by the fact that the
source’s instantaneous data rate and the bit rate supported by the channel can.both vary.
Many data applications have bursty traffic profiles. For example, MPEG (Moving
Picture Experts Group — International Standards Organization/International



necessarily symretrical). Alternatively, a request may
not specify the anmount of the resource desired, but

wo aiokesssshe anmount of data and sonme channel quedT/U$2004/039690

[0038]

[0039]

[0040]

[0041]

i ndi cator. Any type of requesi, or conbination of

request types, may be accommodated by the schedul er.

{5,0035%: For clarity, it may be assuned that the various
keeroteghmical s empission) xegoded Vidaag lear hexhtbmsalpfiot Resrage ratios

(0]
%@? tween ﬂ?/t i p’)qh%rkl%raclaggho 8{3 2%%0 ESI@@ ot gl%| cfhanneil may vary
vidshudseth flmdowingrantlyintetfertnse (I\shd:tmsr or\Hue tie I Tris idtéleqdr fixed),

Y S sUproiteb s tiiate ieho BHK Bnevasendet
| nt er )Bs PRaRntet Hy ﬁé“x%eﬁ?rﬂﬁ%é&&’ syfent B cﬁé%%@[:ﬁe@é&jﬂ}p using an

reverse |ink for any [ uct’uat e.
Fwsenridie ddmirsioas nghCYIvaledrmtbl saatsticalnmultxpimmg‘ tWhen a flow

%glt.u? g]%re:ses esnc?v%g Iagtg)%ﬁﬁglpaﬁ% %Exoté]d F}(Ig% Bﬂ@edt ache tional resources,

prosiieg ithdyv grefdvaingble. By Q‘l:ﬁgé 8RbYALT ABws %%Jmf}?@irt&\l tdRatistical
adm ssions control, is used for QoS sensitive

mplipleiresingBaY bosubstantial @id:&oqusysﬂemcﬁfﬁa@mqw reslisd by

sche I at ed

o nirusatpodlds BFalkhlsff’ bt 3hd gL R fraged betow:
Aeuni@y fafame dxam'pte @tibodimantdis srfolior € d UnRibstefes@ieds id a MAC
%ngerframs (i ]g MAC franes). The nom nal

BT e aya abflfaﬁ%torhfﬁ flggws nRoSotsmeieve flovess whese instantaneous
&ﬁﬁlfrérhﬁlté BRleel § lﬁeqif Bbinfial %ﬁ{)&%loﬁ@ A&l AR @ﬁu@edsl%tsources are

of paraneters that nmay inc e average rat
disixibrigdh inakemaimer sthah essimizex i thel muldiee rofy flowes onee‘ﬁhg their QoS
trol .uni.t uses these and ot her

FAPTReRT S B PERE Hhe GRS RO YeHowS (EPTa AT aHHLE Esources

e Bedtl Frbrt ﬂoﬁ@&ﬂe%ﬁ:ﬁbe& ext{QOGised h*ésb%ﬁi‘hﬁx% BstfibR¥y among best
[0037] As detailed further below, the scheduling ta

¢ffort flowss incamounid-sgbin manherc tA fimess frdics mayaptisnally be deployed.

i nst data [ a t.he rat.e su ort
the c ngoﬁj IR e%c?fl?]e%\ﬁ?% on Ag (gl {115 af}fﬁsfa‘?: iurﬁﬁ%'ec’f user
totnisblg/appRdativas. priaf id egampier eidcimbe, MREG{ m‘éélﬂgd intro three
Picture Experts G oup. - Internatlonaf St andar ds

@P@%ﬂ? e selednler o Pra istian Btiten eaohegoiH] Jéénan@gdrﬁif@mm In this

app oé%ﬁ%@aﬁ %ﬁg%@p@atte gﬁak%otfﬁgl%égﬂ r@% t@|§2|SR) Ts; may have

thhkiple ﬂ@bmac}h’amﬁﬁelclmylrmhe gxample Embddhmdhfg qagls’&fi% M@naged as
and i.nterference_(whether or not the UT is nobj or
W‘”‘x ela‘;nte%f?affﬁﬁus Byies 18 # BesucaiE sepstdusing a fgst-innfrst-ppik (FIFO)

goodS} ae ééhéiﬁﬂléf ﬁ% (@ﬁl eve ‘E,C%ESSOWHB§ b%e&eployed in

systemefficie using an
altemate embodiments.

The first class of traffic, Radio Link Control (RLC) traffic is associated with the
management of a UT’s radio link connection and is generally quite time sensitive. As
such, in this example, RLC traffic has the highest priority of all traffic classes. The
scheduler first allocates resources to UTs with pending RLC traffic. RLC traffic
typically constitutes a small fraction of the total resources. As such, for clarity of
discussion, except where noted below, the following embodiments are described with
respect to the next two traffic classes. Those of skill in the art will readily adapt any of

the embodiments described herein to accommodate a third traffic class, such as RLC.



appropriate adm ssions policy coupled with statistical
mul tipl exi ng. When a flow requires resources over a

woeowsnsds3al | ocation, it may be all ocated addi t POFEE2004/039690

[0042]

[0043]

[0044]

[0045]

[0046]

resources, provided they are agvail able. Wen a |arge
nunber of flows are supportedl, statistical
nmul tijigl exing gains may be substantial, and good system

ef f i ctigheseopd class of trafiadQualidy job Psrdem (RAPMesansitive flows, require
] SSi 0 c ' r etai ]l ed bel ow.

RO, AELEGR ROk DarlileR” el R fch T Wit hidey andor

tapacied foreconyinge buisty dathAQHS aemsitiveeflows enBved laibdated & nominal
ther flows. S sensi ti vg%nfl ows whose i nstant aneous
%ﬁwr%t{%ﬁ t ot ERance Huoyehn Bt Harssipoeentiobigitar Q05 traffic has

IROTHE OVl bt EHBUCRACOMIE Wi Bift R SLRAEEE, Kbk raquesting

substantialySmoer)tispecentien théir nafmimal adlecationgart heor€dfkely to receive
ensj tive flo t he are renpj ni ng resources, .the

et ¥riee ) oS HRRRS By ofoRME SOniSERtAE Bbien et the total

1BYres, Aépehdinb oh S waRB Bektde & adBihRicked | oOWws in a

round-robin manner. A fairness policy may optionally
be deproitenl clagnsBETFha tie lawess priaries dcivedetyi ofgteklniques for
l‘tijafi‘ltdﬁn%ﬁ t[harrgg tﬁﬁ e%Wfor a plurality of user
erm aPs/ app?l cations. In an exanpl e enbodi nent,
t r af flincFIGs 3¢ b pbablityed queidsa3 10X e 10ND BfRSmiitaiddd for a plurality of
scheduler. Prioritization within each group is hand_lped
Wer feemnERls YTArhVd Mx dieie that theshausnesmradesmaiaisanedtia an access
BUED, FQ fofPa] 1 . I%n's@]isgioﬁ.ssllj ﬁb’%ﬁa%@% B%Va%cggélpto!irﬁ WSould know

lows in each tra ass. e exanpl e

enabiyliwisch , qupuen esntaite whickaghs asf bytie- otriabgoesl queues may be

buffers.. Bytes.i.n a queue are seryed usi a first-in
il jn b} e ety ok Bl i dreR. Ggep tergats may
&f may ue iRRcht 846 i I kisdl

STRBYRNE ISR G698 BN, Yl Soh P Bl o
dlasses dotata gk nduded inrthd frasniissicssquésht ¥drionst dxatripée embodiments

EBRTERI it T LR e T RER ARy Y ccnerat, one
¢PeRiTPingthe B Gillrif dbilto 1agmlesdﬁwh@f%r BeHe@ulidgyeiffer el forward or
edu

traffjic classes. The sc er first allocates

reg et likss ox bptlyts light of the teaching Rereint raffic. RLC traffic

typi ' raction t ot al

20, R NRRELL iy 3Tl 360 LR Ry ik il e of e
refpecitven BILED gixlesw, QdSh ecHedulimpMungtieiT 380l isoiydutes 3h€ respective QoS
descri ed}F¥¥ithres e%ﬁ,tothe next two traffic .
QcHEss exmilpHy s BE Srscheduling fynctign 34 schigdples theBET ylugerspwvhich are

B8 Yowdst RerifTo etk %ﬁt&tdﬁﬁ%ﬁﬁﬁ%gﬁgf{ 8%‘5’?1 PoPGF ATOBRR at the

athirdtraffic class, such as hé secon

hpittamsofahe Iﬁg_mfe'f iNgte uaty| dstay ilifistiBEve exxepi6 S)posdorsof the QoS queue
B s S oBb. hcBel TR 68 pokdon, i

illustrates an example of a request exceeding the nominal QoS allocation. In this case,

the BET allocation was sufficient to meet any remaining QoS traffic needs, and no QoS
degradation will be experienced. FIG. 3 serves as but one example of scheduling and
data classes. Various embodiments are detailed further below.

Two basic aspects are detailed below: admissions control and packet

scheduling. An example system employs an admissions control unit to control the



capacity for carrying bursty data. QS sensitive flows
may be all ocated a nominal fraction of the total

WO e®os3583 t hr ough t he admi ssions control unit.PCOBS2004/039690
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traffic has priority over Best Effort Traffic (BET),

the third class of traffic. Fows requesting

substantially nore resources than their nom nal

grcrrferaei ayrenipbofisrdce fardRep sapsitive draffe. dﬁgmuedjﬂer may keep track

:ﬁé§ @%ﬁwg?éwﬁ%géo#&?gqéso?mg %%g a#%fﬁdmﬁﬁo S P%e

systemis adm ni stered. [0043] The third class, BET,
has the |owest priority. A variety of techniques for

siong Cpptrolar e detailed below. [0044] In FIG 3, a
plurality of queues, 310A - 310N, are mmintained for a
plurality of user termnals UT A - UT N Note that
t heselfgisired armyaxiraumaimhbemef] siors ire. A0ERNE sjzmbasih) 12 may be
for f link trapsm ssion ch a case,
fsé%%ﬁogﬁo(}h {751 SR @ rdety éj WS 38t 1 fesotal @ambsx pif available
Wois§ TR Aftier, dRbdy, P%n@ REGVS Y DUG ST irdic. The total available
mai htai ned 1 n each of the respective user term nals
1es@ces (b80Ncludsry RLEY o siadiler wentrad relasayrafifid, asntisonated dbove) are
an cess point in a request for transm ssion which
%y%agygf. cl asses of data are included in the
transm ssion request. Various exanpl e enbodi nents
i ncluding both situations, and a conbi nation of both,
are déyafedFpel ow. In general, one of skill in th@)
art will be able to deploy a schedul er for scheduling
either the forward or reverse links, or both, in |ight
of th [ r
oo ey AR BS54l OB SANG S HABRA ot o
caaspi gtioueceRICadleu esqueniy & shavifiéd Q9SS kit admmisS8Es control unit

N GIBTUR CE- DR SR 38 0 AL s BT Tt 46 admit  flow.
MlicAn@hR dohf dxanpids, Mid Qﬂhbltsymll-'maecléﬁstb’ kA RBlof ordina: ary ski skill in the

transm ssions are shown f N at the bot

af. the figure. Note that, as anlllustratlve

exception ort.i on, of ueue 310B i

excenu Lol SRl H:p. S0P (RRIAUES RI0BAS, b pxampl, o

bandiviih @sﬁr\&ﬁbﬁlr@qhesﬂ' hj® thiy vespaifesl B RvAFTPWRIcAlis & data rate
request exceeding the nom nal QoS allocation. In this

regaigemant einphts/spcpist dfomatiake sompisiebased commdke Qo parameters
f
PR R R AL B LA B

wlireer he dml dvepgandstaiatise chtassek ratvpsdovisstarbo dAlTﬁﬁ]}tlﬁlum latency
%itgedet ailed furth bel ow,. [ 0046] Two %ﬁ& C aspects

SRHISS P OPY Soahﬁﬁpgglﬁsﬁ@ #iter B elfiggnpaeihod of scheduling
the flow.

Various link characterization variables may also be specified. For example, a

mean achievable data rate, ;( i), observed on the link may be identified (with separate

variables maintained for the forward and reverse links). ;( i) 1s the average value of the

achievable rate associated with the physical layer for each terminal and may be
determined during registration/calibration. This value may fluctuate with time based on
the link conditions (i.e. fading, path loss, interference, etc.).

In this example, flows in the QoS group are assigned a nominal slot allocation

by the admission control unit based on these parameters. The nominal allocation



schedul i ng. An exanpl e system enpl oys an adm ssi ons
control unit to control theacceptance or denial of

w@eoosiss3f or Q0S sensitive traffic. The scheduP@r/Usmg4/039690

[0052]

[0053]

[0054]

[0055]

keep track of the admtted flows and attenpt to
mai ntain their negoti ated rat®¥s of service. Adnmissions
Control [0047] If desired, a maxi mum nunber of slots

gyargnte asfjpreidatugber pfslotyanillhe allosased/non giyen thws interval (i.e. an

§ Lt r ' (R . al so.,he set to t I .
Rk P 2 i B 00 St e M gtcaion
rag eesodidinf D fixdie simbdrf afrdlott haf MAC e, o bafixed iainitb lo€ slots per
resources (not including RLC or simlar control class
supgrirape (18 1M §8BS)above) are given by FA (1)

[ 0048}r FR IR £ifa ﬁﬁ@&c@é{ds H@ra@gﬂéﬁgﬁi}h@ﬂ Or 8RNI Uatd43te falls below
to determ ne ether or not to ¢ t resources to a
fheonegatmtedstitegtie flowc ivWillecbq@®. adididoratl rdlsts i innsrder to meet its
control unit, may enpl Q) .vairi us. per-flow varigbles to )
AL ErRfHe RERSSBraiticH grilipieking mavoRoviEga mar?gﬁow margin
B RS YR BY N teHs, A PHEIBACY W dhdtishEal ThfiBplekife ifBRBortional to
of ordinary skill in the art.” [0049] Various source
theamuhesrdfzugeisoshaviagi thblresouneey e gsperel, fierd. uskrsr result in greater
e |le, a bandwi dth reservation request a (i) may be
g%ggél%ﬂ"ed for flowi, which is a data rate requirenent

i n bi hfthiasanglatd Aeyatn a@ﬁﬁaﬁwttedlobsaﬁ@@i@ﬁbyhe QS
paraneters associated wth the flow A |eaky bucket

nodel may be assunmed when descri bing the source, i.e.

an avera sustai napl.e, rate, peak rate, and

bur st i ne@é?z,&” xdxﬁn‘rﬂ atency of the source d (i) ¥ay

%Jhgr% be specified to derive an efficient nmethod of
scheduling the flow [0050] Various |ink

characteri zat | Ofy ari ables may al so be specified. For

exanpl e,¢é)w{3ﬁ—,—/ﬁhi evable data rate, r(i) , obser{d

on the link !be identified (With separate vari abl es

mai ntai ned for the forward and reverse links). r(i) is

t he average val ue of the achievable rate associ ated

WotdhtHab € xB hivgiliedlx tain@ed upl aB@CH t & b n@belaaamaaﬁnﬁzlﬁed on the

NaX|

determ ned during registration/'¢alibration. This val ue
mRYinfn allowtion peinkitted fo2 dangde 1oW. s bNdkilC Ntk bitGhi¥ recognize
(hiq. e. fading, path loss, interference, etc.). [0051]

that,t ini somg aempbadimententhe smeler @hs i owdearthe seenatgnty aystem’s
nom nal sl|lot al]ocatjion by the adm ssion control unit
piisicacntpyese, iaernin ajcymstpReesnBting 4, may potentially restrict the
al | ocati onguarantees that a fixed nunber of slots wll .
pvergecEes & highey rgtoveervieesme Thopeeofyskill in the atgpwill adapt @, , in

accordance with this tradeoff, in deploying various embodiments.
The total allocation is the sum of the allocations for each flow in the QoS group,
Ng:

N,
Fy = 34(i) @
The requirement for a given flow is given by:

co(i){%)] )



integer multiple of franes). Depending on these
paraneters, the nomnal allocation may result in a

wo poosdsysearber of slots per MAC frane, or a fi xedr/nsaohe039690

[0056]

[0057]

[0058]

of slots per superframe (i.e. 16 MAC frames). [0052]

If the source data rate exceeds the rate negoti ated or

the link data rate falls bel ow the negotiated rate,
wherefly@\Wis g instartgugoue bt date of theasoursk ang r{ihis dheielrsetved data rate on

[ ujr nt..ln t e cases, statistical
Hrr%ﬁ m@ﬁ?‘ﬁ%%ﬁ@%@%%@v?ggéuate flow margin to neet
per-flow shortfalls. The efficiency of statistical

mul tiplexing is proportional to the nunber of users
P g

sharing theg¥esqurce. In general, nore users resulf_.in
greater éf‘fe'.z;(f’é:ch. [0053] | this exanple, the {6)

al l ocation assigned to flowi is given by: f(i) =

mn(f ,f (ij) (2) where f(i) (3) r(i) Note that x

inmplies x rounded up, and f is an upper bound i nposed

on thg FRACRUPHIAEY QEHS grhspeYsyi thee %? ofequireneny| excepdswthe total

¢ ; . L : L .
ARS8, 21 e bl B RO o BRI s
syatyefidw thdtfdansesrthy prddabitiveof D n Ketd @iceed an outage threshold (e.g.
circunstances, limting f may potentially restrict the

B.aVer dipde Hras anfayiagsidghe notr aacessgdlyviranslate i g ovfage i dll flows.

-0t r REX t i-A. ac ith this
1B bt 5P, 3SR S e o o
ingtagtanadusdload fequire@edthe sum of the al |l ocations for

each flowin the QS .group, N (4) [0055] The . i
r equi PeffbSkample aingssiens sqngipl embgdipeeat.iipch 45Y iwithza QoS flow is

(B M IE R AN e LSO APERU T S e
periddiciffhasso@stad witq ther sshreditlingsintpirvad rfobyhe flow (eig) 1(Gdt every 10
b[:Alc frames). The phase parameter indicates the MAC frame indices for which
transmission for the flow occurs (e.g. 0 to 15). When handling multiple QoS flows per
UT, the flow with the highest duty factor may dictate the schedule for all QoS flows
associated with the UT.

Consider the following example, graphically illustrated in FIG. 4. Assume a rate
request for a flow translates into a requirement of 375 slots per superframe (i.e. 32 ms).
To satisfy the rate parameters for this flow, an average of 23.4375 slots per MAC frame
are allocated. Further assume the flow has a maximum latency parameter of dux(i) = 5

MAC frames (i.e. 10 ms). The following is a permitted allocation:

MAC Frame #4 117 slots
MAC Frame #9 117 slots
MAC Frame #14 117 slots
MAC Frame #15 24 slots

The admissions control unit constructs an allocation vector over the 16 MAC frames in

a superframe:



[ 0056] A service outage occurs whenever the total
requi renent exceeds the total allocation. In an

wex@spss3enbodi ment, the adm ssions control al pO¥/US1903/039690

[0059]

[0060]

[0061]

[0062]

deni es service to any flow that causes the probability
of D >F to exceed an out age t1€r eshol d (e.g. 0.19%.
Note that an outage does not necessarily translate

i nto an4biita@e0f &0, LT, G, DoD), 1The), 610, Hgélhr2dbabi | i 7y
associated with a specific flow depends upon the other
i nstant aneous flow requirenents. [0057] In an exanple

adm skétdRH beahé sgire@nd o aRhtioredsthor Wr MAG fiand@® §,1f L QW5. The
is assigned a duty tfactor and MAC franme phase

phpigfiensgontrahnigmey thea detsrming ﬁ@ﬁ%@nﬁr@ pediibdesigneg to reserve

AR BF siscdchf MEARRR 1004 1B bn RmbIBRIT, B the rosut

mﬁu:h}mmmg[zjdsfekAMAﬁ gunanred wittiRfds for which transm ssion

f t fl 0 to 15).. Wh handl i )

mul ti B eggqf i ke aérWl cqgﬂléoefv QaiteTia tm'ag%@sefnployed in

@éﬂéﬂﬁnﬁ@’%ﬁ&ﬁeﬁﬁﬁcé@g@ﬁﬂ%@, Bllith&Q H?Q}Ucﬁtefaﬂrac@éé}t Lf%? F E8V&cample,
e UT. '[0058] o

associated with Consider th W ng
the aaprcey ofjn diphicondy ylladatedgo bathe@oS and-BET ttbfﬁdks%‘hmdlca:atlon may

ra uest for owtra Iatesmto L emen

b5 55od B8 Batner SF riy b FraPR! Bfieey® Bain YT For each
ilhﬁaﬂicﬂi ehep@hRAReal SadeBrf Behﬁéenfﬂa@HnF A ANRHHE tBE ability to accept
23. 4375 slots per MAC frane are allocated. Further

aslatignel {lawsy |Tiwsm>§ skilbrank theusrt mﬂadegt prtcasemdiodimgnts: to make
Ackilron GREERRS ufod b Whtions Jib, bl Fo grpumple, sgatistica

ptOpdriids Dif cdxpedtbC runatee dﬂ@oSlﬂowh aitsa MenFtiarg ahdSthddexpected
slots The adm ssions confrol unit constructs an
RarfrBetsys; of flows 1 & phasrerndidysy Hegtopaste-y-r ames in a

superf: f O sk in the Art0 P' ize Othe Opqtéhtial tradeoft
117 BRpS sk sl iy e BOv rehfizeote g adeo
Mmeﬂaaclnevedeefﬁorenéso ranMQbS nmmisnzfm,cd. For e)(hﬁplér h@ns1der a flow
m ssi ons, control . unit en determn
Shperrategm AR g s oVs b, B SRFICHBY TEPSRGEd during one
ﬁ&be%%ﬂ‘wm famal dcﬁfb%mg': anO"/ér dl&ﬂgséfﬁ@l'éﬁ? aﬁlté‘rﬁ@ﬁ%'l}e the flow
(L and the result of a shif summred
wuldhbe Jranfrdigedluiihg oae ot 9k¢rbf|twp rMAlﬁfeframtss wiith|a 40% slot packing
f%megm “The ﬁ{slt o%edufeI 155%5 t)e pre erabln%’yom a sys rlnoéfggerlm@ perspective.
However, the second schedule may be better from a QoS perspective since it may
provide additional link margin to handle a decrease in link data rate. An admission
control unit may be deployed with the ability to balance the desired level of efficiency
and/or QoS maintenance in establishing flow schedules.

FIG. 5 is a flowchart of an example admissions control unit 500. In block 510,
an application makes an admission request for a new QoS flow. The request contains
parameters for expected characteristics of the flow. Examples of such characteristics
are described above. Recall that, in general, the admissions control unit makes
admission decisions on expected parameters (i.e. averages). However, the scheduler
will be allocating capacity based on real-time data transmission requests, which are a

function of the actual amount of data and the present state of the time-varying

communications channel.



determ ne whether to accept a flow, and howto
al l ocate an accepted flow. For exanple, the capacity

w@b00s/0635a3e may al |l ocated to both QoS and BET PCHI$1004/039690

[0063]

[0064]

[0065]

[0066]

The allocation may be fixed per franme, or may be

adj ustabl e to increase packi rﬁ efficiency. For each
allocation, there may be a tradeoff between packing

ef fi cinebiggk é?a@ thtedmisisions gonteol amitepialuathdithe evailability wé capacity

RnBEGeRsd ey vt TSR gl S BeRbrie HBisy vpjsh is indicative
ofathé exsectadcdatd fequirfiabnisl fdighe Flotvs kM) Kmiskdt At dxamiple manner
properties of expected nunber of S flows at a given

ofi drcrmimasthoa &x preetnotptp 4 wrpestadstlew i) ligh of |aneex1§5ﬁa§€oﬁle is
@t{%gﬁl‘?étjllt %ofv %ﬁ{ res%&f(lt% F160496 14, Ee'{é?}gi&? 5@%?{32} ﬁoﬁlgr 1s fs]g.lfﬁment

recogni ze the po trad
dphoiseto acdsmmbéa:te didf thughpt requdre@ebtsiad wele asamger$Mqu1rements
xnpl nsi der .a fl ow whose rate an
S‘é‘?’bﬁ%a‘l‘éﬂ PEARE 2pq 1qtenoyereq i sragiy amcp%ﬂd ﬁornﬁffrglgg%ecln block 540,
S8 laesRA2 15 1 rcUANiNe Ab5idMn ffafiHBing BRIV NOY 1A bAR Admit
pack al ng ée]%% fi c:]{l)%errﬁ3 y. 1A tfé@}]at [ v %1 ow coul tted.
Tlnearrsqnesh@ apphcpauxgnomysth@n mwtmtcy Wha‘newmq)rbcaaesr \M‘Qdﬂ:SSeS are
a 4004) %ﬁﬁackl efficiency. The first schedul e may
éocﬁ?g eenq.viz a system ef fici ency perspecti ve.
HowevETthert i nse&FRE R CRABEIYS il BYci86n BRIck &730f fn%m:sﬂ fQstock 570.
erspective since it may prOV|de addi tional 1ink
lo¢knS 10 sendrrinessagalisincting theinew flow teeacquestang amplication. Then
0 ntrol unit may be deployed with the
%BPFOC%ASIJQO)?% igance the desired | evel of efficiency

and/ ol 15136& 550, niftenanew flow Bad bdehi adhiingl, haelifyshé edtnise@n profile
0062] FIG 5.is a flowhart of an exanple adm ssion
dﬁ%llﬂ thgsprmymeent for the Bew flovp, Thege abskill axnthe g vwﬂwé%ogmze that
e PR SR P S e I AR O B VAR W Blope of the
pﬂamni: irventidrx almpihe sxanipls embodineng ctyedcitg tis aik)cateé in terms of OFDM

crlb ave. caII t hat ., )

SFAHOS tSPRﬁr fMPt CoRsiSEas aq']fnfg W @@E%e% nderlpyed.  The
SRS LS ProtAé ﬁ‘[ffﬁ}d%ﬁ 8 chimBmaY 5ragafiet, fd?‘ﬁﬁl\ﬁ%{ber bP&FDM symbols
scheduler wll be allocati ng capamty based on
meeatlch MAE fizne allocatesitossi ndmetqad@ws In\/altcmatareaﬂmdlments other

on of the ac@ual t of data. an

‘E‘Hli 1 of cgpadifydmpy he 2 WF Slotsipna oM Sy power and/or
&diR8 e b - CIONOSistont) die. 0% a"_t@ﬁlsmblh SrcHlE s & R¥ihE %vels of time

unit evaluates the availability of capacity for the

grequle@tye andhengyf ool virainedreied: l%@gtbxu liatrthqgn%r@na $epgitment for a
, I of ot h

PR ep el oo Sp AL e ey SRS oL 0w 1Rl b allocated o

exafphembanef syntolsl etithinma g leﬁ{ainGs laf @art i igd sdrftission profile

requested flow in |ight_ of an existing ﬁmf' leis
commitment. The scheduler may have flexibility over which frames to allocate to the

flow, so long as its contractual minimum is met within the specified range.

In block 560, provide the updated admission profile to the scheduler. Any
means for making the admission profile available to the scheduler fall within the scope
of the present invention. For example, the scheduler may simply be able to access the
admission profile in memory shared with the admissions control unit. In an alternate
embodiment, the admission profile may be signaled or sent in a message to the

scheduler. The entire admission profile need not be transmitted, as addition of new



descri bed above with respect to FIG 4. In decision
bl ock 530, if there is sufficient capacity to

wa@ewsnssant e t he throughput requirenents, as wedT/USZ04/039690

[0067]

[0068]

[0069]

any QoS requirenments (such as duty factor and | atency
requirenents), proceed to bl €k 540. In bl ock 540,

send a nessage to the requesting application

flowdi way ibe gontinedewith pravidvaly dseutied doivstte dornTHe current admission
reguesti ng.application may.then initiate atever
RpBlte o neir e ons e aledE it Bidoels Fpal RbSied g ofen as
ddeRédHo dlfowt Appliatichs B@feserié bintivadth Wit eeistNedulen.

deci si on bl ock 530, proceed to block 570. In_b]ock

570, Netndurhardhal dlgaspegyealsq bryremeed Eqny the dmissiong profile, as will
i [ [ s t p .
EBNE R f 7P BldsE B Rl in T Bre] AheRIBER G HBY SRR FIG. 5. An
appiititioadnayseaid faymédsagesiddicatingomflpwas ho doriger netessace Ahanatively,
comm tnment for the new flow Those oL skill in thq art .
EWILA Y rqq@ggg]pﬁyzlge qeﬁgpog}fgpg a;ﬂogv. !15? p%q} Wgog,fa scheduler may direct
he RERSE NS nddl AN Sdniveld Bbw # e taﬁ%l‘{)bag&? iS aPsaRfing to its
the present I nvention, t he exanpl e enbodi nent,
ampracted paiametdrs. obaguell aicasd, grenfilovo ima@rioMus piflvohpletdly MGelegated
superfr , .consisting of 16 MAC.fr.anes, i1s_.de ed. .
1 DB OE: wRDT oF Ehdh Rt e SRR S TR £ Bftninate the
I?I?E‘ésﬁ aocidt@! At W 8bwOhis GDMoSYmBeSnisNare & e met. That

ane allocated to each admtted flow. In alternate .
anpbioatiomemayste-tsthest admission éor acpucyitly adiastedpargmpisesateeptablish a

h 1 [ .
S hetihed Borli? i e Rt & el BAFR BN, 00

varying levels of tinme granularity, and may be of

varéi ng period length. Furthernore, a conmtnent for a
ingot be fixed to specific frames. For

exanple, a flow nay be allocated a certain nunber of
synbols within a range of frames as part of its

adm ski ®bagic @fribodincentitpheyitg QdBeschedvditiy] ereqreyt foa\temnsmission

flexibility qve [ ch anes to allocate to the flqw,
dé: Pifﬁf@sB 5 mads TopAdioRt  JaF TR s 10 tl{f%r fi5 Wt RE affic for
E‘%gﬁﬁ;sicﬁlg d’f e [sBRKG]anl MaRLAGK 0768e IR dEn iR situation, the

ated adm ssion profile to the scheduler. Any neans
fequesting iapplidatien auhy erdenihe plataf inlits queat limbterdance math priority (i.e.

dul I W thin th f. the. t :
éﬁg gﬁ%’qrg hbjﬁo rNé\%?atE‘lﬁqn@, anie ﬁéﬁ@cﬁﬁgﬁhﬁnewﬁwﬁ;;ﬁé gﬂﬁdk}l‘?{) is co-located
#ih@nt Br AGELGRUE) Bu@rias ifi 9h @Bcdd$ poiht With queRRTsyfoshat ek traffic,

W th the adm ssions control unit. In an alternate .
emnib@diy Fealing ahan ¢TSI PrapRging ORf YT BTSPYPFAP-PEETonnections,

sent . S e Ler. [ .
T T T T
Gdrione Wo-lRestedrajuchies G0 tilicisitte Vaft thephieedi fourStransadsidat edn a basic

flows to formthe current adm ssion . . .
embodiment, the type of data in the queue may not be known, in which case the sending

application should order the data sent to the queue in accordance with priority. In these
basic scenarios, QoS scheduling may be accommodated using the contracted
commitments indicated in the admissions profile.

Additional functionality and control may be available when additional
information about the queued data is available. For example, when the scheduler is co-
located with one or more queues associated with various flows, and the queues are

separated or otherwise provide an indication of data class (i.e. QoS or BET), the



profile. Then the process nmay stop. Note that process
may be repeated as often as desired to allow

W@ ppsios#As3 ons to reserve bandwi dth with the scPerubmn4/039690

[0070]

[0071]

[0072]

[0073]

[0074]

[0067] Note further that flows nmay al so be renoved

fromthe adm ssions profile, B will readil y appar ent

to those of skill in the art. The details are not

sthgdmler knewGhos. mpngh alptal, ianétdfonhamyp@seiﬁohwim traggmission. The

i ndi,cat i n ecessar

g‘?lﬁralni‘ elpnomgzen ec%t t eé ugg‘[%re% VB I s SERpiP g AP example
feﬂnBM‘dlm%ﬁt m@y)b@ e acRebd Soint tﬂaﬁﬁbhﬁtﬁﬂisﬁ{ueﬂ@)’foﬂ far@atd hleflows. Note
adm ssions control unit to renove a flowif the

theb Ithecamhs#lqre mieduciug these dlows mass negshior wdicate the class of data if
e I cu

BRFERERGE oiR i % 8850aa 10, & BHPH 2075 ', Blop » soenario,
sdvelse amka;ehaeduhng apyl bechdsiqns fiwsy deseribed,celdle fortverdniinkascheduling
t he process assoc t h the f he QoS

R iaRTpRt é(alﬁ%ﬂs g,SSﬁ%{deserwg ﬁa@rﬁr Pelaw5 on may

re-r e@?ﬁéﬁal ?le@f‘f&%an@mﬁsjsf%‘ﬁ/ \m¥Y iU A BRL@5Ls of data. If more
par aneters S mai'ntal ned service with

tHata oenekvédm hwmts( frarsmisseov (ice frcmm egd)"f) atreqrept m@) $dicate how much

REh PR A Polsmich off e e Bt PO ey B R utor clas of

u&aa@ﬂ@oépwltﬁcéhmedmeuésequest need not identify the
type of traffic for transmission, it may be sinply an

i ndi cAnyosprdfinatiea efrseditest types Bnd aieesamaynbe dgployed within an

el%g&? Re h{] gA%QlPédhfe%Eﬁa%lmapytg%igg{e\{ah%%ggé&o rf[elz lg{g%l:gdﬁ%l‘{ﬁhen it is

I'n accordan

bladiRblehahd i proced ewtilslit ngdioh ibforiwhiieh wihies is dé erdulaenilaiwe In any
co-lgcated with_one or nore queues, such as in
sabedimepbiantchoduler gaw yalize tie adgsRepIofiin, 2 rCSFWCéed Between the

kr£h<§hsL%g%&ﬁcﬁ‘ﬁ/fﬁ%vs%h@?l?@%&m&@ioﬁé BhirdPRAY Y d@&%b@& above, to

t o- péer connections escri bed above,
reahze@bs fsciredtlimmboniesits, amdesagbauidierdnn n ecessary, as d at a

inth ari.ous .co-1oc ueyes tive o
et Pl I e PGSR o AR IS pofL 604 5 fepicted

‘ﬁf FR#te M&h&i‘ @O(ﬂﬂﬁf}%e RRYA 18R thRastcnO¥Whriol s oMY@ AbERS Gcenarios in
the sending application should order the data sent 'to

wiéchgmeue advanged dndwiasige vft datprdlassést 15, avanlableese dpys¢ambination

BB -7 ERC S it B R PG YRR L P o8 ey ype i

R60kidvdr. FROEP JFurfickelidetaMeah dptioitdfMIedld 64, saftable AtenQlass type is
may be avail abl e when additional information about the

ko i aBealsosi nsteatessasher. aspasis ahthgrpressnt weRtiothe
SC hedMe@ﬁ éf ﬁgﬂ)&ﬂlt ﬁlgclw ﬁ@ Wikte Crhé u?ﬁﬁtgd g&%ﬁ%ﬁns é)roﬁle from the
associ at e

vari ous ueues
admissions control unit is received. As descnbed above with respect to FIG. 5, the

admissions profile may simply be stored in a shared memory, such that the admissions
control unit and the scheduler have access to it. In an alternate embodiment, updates to
the admission profile are transmitted, and the updates are incorporated into the current
state of the admissions profile available to the scheduler. Note that commitments for
QoS flow capacity may be added or removed over time.

In block 620, the scheduler receives a plurality of transmission requests from a
plurality of user terminals and/or applications (i.e. received via network 140). In block

630, for each requesting UT/application with a contract in the admissions profile,



separated or otherw se provide an indication of data

class (i.e. QS or BET), theschedul er knows how nmuch
walaioa/os#esl of what type, is awaiting transm ssPONUSZ0€039690

scheduler may prioritize data of different types in

this scenario. An exanple ent¥8di nent may be an access

poi nt that maintains queues for forward |link flows.
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digpl oyed within an enbodi nent. A scheduler may sinply
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utilize the adm ssion profile, as contracted

Sademd8h éesmbﬁ:cbﬂlsthaﬂmlw@lm osvrRbasiimentemaiing capacity may be

P25 ST 4B BPRSELE, SB Gagf pe m o

ARRARH A hhﬁmbamt fhiod @@oRg ahé zesamimpodéquests. ofin an alternate
schedul er nethod 600 is depicted in FIG 6. Method 600
erabodimenfs those HTsfiaa@h%agn%:wgh @ﬁw%edo‘é%% AHlogations g pcframe may be
o e
G680 BlbfR o) (U BES AEKARGESndaAML SAEy Hlat 4GS or all of the
rénfaindeh of tiohirt eijhest, aot @fddatml iafbledko630, Gk, besQoS abtacthéitoexceeded

‘élgtecg\#&gcr%gﬁ ﬁss 1t81|¥fpc69 hﬁq %%Epe%zgnmg%q %@Sﬁﬂg}ﬁ gg}e torallocating the
fe?&ﬁﬁhdé KR@WRionkl! ©veR 8f %)?iohhké-fﬁﬁlr ﬁfaﬁsbé)td@ y&& P&fchSthat some

e present 1 nvention. od 60 st arts in
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e T e

[0076] MBY STRENeYofkils 1P iRdart RviB rSARICEktERIMDE eachitzh Hebdd té R@ditional
adm ssions control unit and the schedul er have access

¢lasses, anfreombingtions phtwwes obshissasntFor gamples foroelamiy of discussion,

A5 3oFBRAI D BRI e i

fHoet) [Ie af\eaihpleletntodirhdie, RLOachiifiemay Wetike highést priority traffic, but

commi tnents for . .
may also require a relatively small amount of the overall capacity. As such, one method

for accommodating this third, high-priority class of data is to allocate a small amount of
capacity to each requesting UT for which RLC data may be a portion of the request.
The remainder may then be allocated according to QoS or BET scheduling, as described
herein. Clearly, if RLC traffic is identified in the request, or otherwise known (i.e. it is
contained in a co-located queue), allocation can be made in a straightforward manner.
[0077] FIG. 7 depicts an alternate embodiment of block 640 for allocating remaining

capacity subsequent to QoS scheduling. As an alternative to the various methods



QS flow capacity nmay be added or renoved over tine.
[0074] In block 620, the schedul er receives a

w@bkwsabissy of transm ssion requests froma pl urEl/U82000639690
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user term nals and/or applicg%ions (i.e. received via
network 140). In block 630 r each requesting
UT/ application with a contract in the adm ssions
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Qdits ithiPthat Tﬁn‘fe% Er{‘ﬁﬁrex%pferkﬁ‘ FId @f‘jlu a3 Qo8 Hows w1th th ir active

| ocated i n bl ock S data that excee
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empl oyed. for allo t he r.emai,nder
P St s Sl A CR e SERBE potbort UoRteR dpere are any
GRER] B $é5d0Rck. CthtHﬂ@Sexéih egWQHa)pbé Qr lirhit dnnthBERount of capacity
aI I ocat| on over others. ga/ nbi nati on of these

& Shegyvises, @8 geeyid amm antbﬁalmaypw served éor best effort
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readi i ngs er &iA
schétﬁﬁeﬂmoﬁm evhetheb bnadt w0 paftidllyRdiscaiéd fdgaesesontdifiQoS data, and

exanple, for clarity of discussjion, variqus
f&ﬁ%@ﬂ%ﬁéﬁ ?ed%‘&?ﬁt"?do{% bessretfont atfis, dhe sehedulgeaeay sive griority to

q 13 EH]
xglksggl J'I[gﬂbausctraﬁﬁ% e ar}é’ﬁﬂa@@%\é s1|ré1)h9'i}%refhggg§%1§durlerotro tvs{/ork ahead”,

Wlnemfefpcu'tlom of Fpesyna|fslty alkxqaﬂed,elna)rdeﬁltatedueé ﬁltmtmib:idmg Using this
optlon tct> plgeferr}prt] %ulgr\cll(letrlgllijf reqlfé%m t%’ beAgpp?gﬁ:rpate wlill rzﬁlmlted portion of

the capacity, F, is allocated to QoS service. However, working ahead (detailed below)

may be performed whenever unallocated capacity remains.

In this example, active QoS sensitive flows are segmented into two groups:

those with positive flow margin D", and those with negative flow margin, D™ :

ieD™,if p(i)> ¢(i) (8)
ieD",if p(i) < ¢(i) €)



for accommodating this third, high-priority class of
data is to allocate a small anount of capacity to each

w0 esestsshg UT for which RLC data nmay be a pore¢DOSmh4/039690

[0080]

[0081]

[0082]

[0083]

the request. The remai nder may then be all ocated
according to QoS or BET sched#l i ng, as descri bed
herein. Cearly, if RLCtraffic is identified in the
request, or otherw se known (i.e. is cont ai ned in a

co-located queue), allocation can be mage in
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thiihgghesitradd . Nathithat enithstingimgtto nlay nbehtwébai "Ilz ris a negative value.
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GuReTeetoy pegasews ik PYohets Tl RIS VRSP SHEISpPRpt averfiow

t E¥Red &l WeCforit b e best-effort
cu@r@r)i?wﬁl\/eiec ran%va%gg‘gnlgii}ﬁg Bpo% vvheteher thereug?reS SEEo

aqupeunused FR resources. In thi s exanple, FR may be a

i mit th t of i S.
ser vi Kotheraeiiatl 19588 G5y feresart SRErtots deShindep o £ may
beftade b flabletts dhd boup of QuS! flowethel B dabdh (s m@s d¥ues but do

set to the entire capacity, if desired. Wien t .,
sethkavigl e dehivadlaghsst Her tl@m eurgent nfme. p aks IWI0§1< ahead scheduling

al I t ad .t
Faé)(ﬁl » I ar =3 g‘??}é@ PgQE@ %ngp%r@?ﬁl@% v&?l?rg Tﬂ?et Qz% ihhlgr has access to
dahesivd RinsifedinviBe it 1.¢.\atatintended to be transmitted in the next frame

or frames. In one embodiment, the access point both houses the scheduler and

l)

maintains queues for forward link data. Thus, the scheduler may work ahead, if desired,
when appropriate. In an example embodiment where the reverse link data requests are
scheduled for QoS based solely on the admission profile (as described above), the
scheduler may not know about future data in the user terminal, and, as such, only
performs work ahead on the forward link. For such a reverse link, the scheduler does

not distinguish between QoS and BET data beyond that which has been scheduled in the



remai ning QS traffic. It may al so be desirable for
the scheduler to "work ahead", when a portion of FRis

woei0sH088583 al | ocated, in order to reduce futurBCT/US2004/039690
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[0087]

| oadi ng. Using this option t\(la\%soreenpt current BET
requests may be appropriate en a limted portion of
the capacity, FR is allocated to QoS service.
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ARnsgbmay be dppwas follewsniagties foruerd link(de¥ Berwnes. prippifiged in order
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elon inplies t negat.i al_ue
P@@%gg @hw ‘é‘ﬁ leetsnge BpRberpfhovs 1Atk (gwribed above).

Thil, BUBHOL TGS v@fh fleQbast bfnBhd Ji?da%ﬁl%élr fai%@é freReRbd ifRst. The
all ow the highest rank flowin D~ to achieve its

s@qdulcemmmpesft@p)rowda'wpﬂc Pread buillose ingctiveddelt Bowsimtiliall the slots

th excess IS exhaus d or all active QS
eglccéupéﬁggaﬁ]qgs GRS S PIPRE. £ | ow consi dered is

not f widys g8picidneslierddic ERVoDighcat ¥E Blo@kmotfoﬁhuocatmg remaining

allocation. Flows that are not fully satisfied

eangeity srhsequratiodded S%dbmngéwhenﬂogleemﬁmla@owut ﬁ@lﬂata requested
s t?ﬁnsﬂn?sb ?(tér & foca ni\féugc s%ﬁ%WnO nfhlé ﬁmﬁg& ;‘h %t X compatible

case r OVGI‘ cur "and ‘pac

ivithitthe dxangrlevEpdsitive ai]d ﬂegﬁti@rﬂcﬁ;v afak&iavyjhist dsacb&l, qme wedork ahead
for a.given flow nay be_ placed in the front of that

mey ortopallytbedieployed Eﬁj@ﬁﬂé [0083] If, after serving all
?r;;l VEn hRMEss HeBRS fn AcEiAHREE s . Ofrhert [ B apRLity to be

allocated, the process stops. If there is remaining capacity, proceed to block 820. In
block 820, the QoS requests are ranked. Various rankings may be contemplated. In the
example embodiment, in order to serve the most requests, the requests are ranked
inversely according to size.

In block 830, the next highest ranked request is selected (the highest rank for the
first iteration). In block 840, remaining capacity is allocated to the selected request. If
the remainder of the request is greater than the remaining capacity, the remainder of the
capacity will be allocated. In decision block 850, if the remaining capacity has been

exhausted, the process may stop. If capacity remains, proceed to decision block 860.



be made available to the group of QS flows that have
data in their QoS queues but do not have the active

wo b@g/05e83 f or the current frane. This "work ahRemusS2004/039690
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schedul i ng capability, introduced earlier, is

typically performed when the “chedul er has access to

data to be transmtted in the future, i.e. data
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connections using the procedures described above. Note

At 1 %lﬁlapngmtlmap asrw%hhetaﬁaarﬁ@trt@@@e of gallan therpet. uT, in
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SIS RTORORAYS Bt mapy) 5% T9icECd P SLRRiSo RAGMmelEY g procedures
§§sQ&1§teH Quiths é\}IM@t OFBM ngs‘(@ﬁ Chult R sddpe ffltﬁé"ﬁregé’i@ rnlfventlon is not

ahead) may done as lows. I nactive forward
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rioritized in a way that naxi m zes the nunber of
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|rs e sche er conti nues Fovi d
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%llgagteg rcuﬁjeﬁtg,célgétf&na[gﬁgﬁé Wa@&, magnetic fields or particles, optical fields or

particles, or any combination thereof.

Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of

hardware and software, various illustrative components, blocks, modules, circuits, and



capacity subsequent to QoS schedul i ng when sone
i nformati on about the data requested for transm ssion
W@ onspsssbbcated in a queue) is known. This enbRei/mEIv04/039690
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negative flow margins, just described, and work ahead
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émmhments ah;scthfssd: thieteed nztyobe pmhoqhsé rdireettyrim prdward, rigea software
rioritize the packets in ueue .t 0, acco
FRARE oot REBREE Shdn prhotbinoE af i ot KEpHRfe modute

by | 1akiE MSRAI\@rin@fan Z Bhdh0 PedidRy,d RONE fhenfor g NBPROM memory,
rmy be deployed to allow the schedul er to assist in

EEEROM mnow,z@gistﬁﬁs hesd disk) agemaypbde disk, 8 CI3ROM; or any other

e A by PP s

the processor such the processor can read information from, and write information to,

¢iipwe described

the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[0096] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from



be i nterchanged w thout departing fromthe scope of
the invention. The descriptions disclosed herein have

WO poosassp3zases referred to signals, paranet er SPCHOS004/039690
procedures associated with a M MO OFDM system but the
scope of the present inventi@?® is not linmited as such.
Those of skill in the art will readily apply the
theispiritpiressoprepitihn in@nﬁani diys,ohi gresenimumentivat is gt intended to be

Ih d i i || .
g%lf)tg(f gﬁtth? oee gﬁ,ge%gt ﬂ%ﬁ’n lﬂ‘?tllF Q[B Sbe\tM ﬁ(écoé(?et% ﬂ)leoggifjst scope
JdreRRnOwith hd ﬂ)nﬂdiplésf@dafokremathfés \@idRIsed Bereint hat

i nformati on and signals nay be represented using any
of a variety of different technol ogies and techniques.

I nstructions, conmmands
ﬁﬁ?%?ﬁ§??%§? signals, bits, synbols, and chips that
may be referenced throughout the above description nay
be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or
particles, or any conbination thereof. [0093] Those of
skill would further appreciate that the various
illustrative |ogical blocks, nodules, circuits, and
al gorithm steps described in connection with the
enbodi nents di scl osed herein may be inplenented as
el ectroni ¢ hardware, conputer software, or
conbi nations of both. To clearly illustrate this
I nterchangeability of hardware and software, various
illustrative conponents, blocks, nodules, circuits,
andst eps have been descri bed above generally in terns
of their functionality. Whether such functionality is
i npl enented as hardware or software depends upon the
particul ar application and design constraints inposed
on the overall system Skilled artisans may inplenent
t he described functionality in varying ways for each
particul ar application, but such inplenentation
deci sions should not be interpreted as causing a
departure fromthe scope of the present invention.
[0094] The various illustrative |ogical blocks,
nodul es, and circuits described in connection with the
enbodi nents di scl osed herein may be i nplenented or
performed with a general purpose processor, a digital
signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmabl e gate
array (FPGA) or other progranmabl e | ogic device,

di screte gate or transistor logic, discrete hardware
conmponents, or any conbination thereof designed to
performthe functions described herein. A genera

pur pose processor nmay be a mcroprocessor, but in the
alternative, the



processor may be any conventional processor,

controller, mcrocontroller, or state machine. A
wEe@ses®ses nay al so be i npl enmented as a conbi NBET/U82004/039690

conmputing devices, e.g., a conbination of a DSP and a

m croprocessor, a plurality of m croprocessors, one or

nore m croprocessors in conjunction wwth a DSP core,

or any ot her such confi gurGLABMS [ 0095] The steps of a

et e EE AR R s e
sblﬁbdlﬁﬁfr%\ﬁf;ﬁsin'g;h a software nodul e executed by a

processor, or in a conbination of the two. A software
modulfisstriagicrte seteaming iRaMhnefARe\er TROTESAMAtEsvices Reypsponding to

menor EPROM _n ry, -EEP j S -har d, 4.
GRS VR SR BT el LS4 2 gision
prb@lesg@ medi um known in the art. An exenplary storage
mediumis coupled to the processor such the processor

can rseermd iigad riat Alnsater 6FRACKAdIWATOBIANRS oY ittd Gty fansmission
. gggi . rnative, the storage
1%%3%%1%&%%8?8 |ﬁ¥{é€5?a m%lpoﬁt e processor. The processor

and the storage nediummay reside in an ASIC. The ASIC

may reside in a yser. termnal. .In the alternative, the. .
Dr océgéeo?C%ﬁﬁ‘ge‘E Hg C&“E?r iﬁggfhﬁ’@m the srggd 3%518 dl aiis ¥ aliotition in

' %g@ﬁe%ﬁﬁi& trAtigger termnal. [0096] The

%Eé@?ﬁ?s ! escri pt i%rﬁ of tlhe di scl osed enbodi nents is
provided to enable any person skilled in the art to

ke qr use.the presept inventiaon []. -
o Pl RO oPERBE whBU e SR IpbR o gopyes emaining
GPRRALYE M ardyQ i RRBEnse Kb lahp dndatisibiedat tranahidsibh éndjenesiin order of
principles defined herein may be applied to other
inmisadngsine of the unellncaigd partionad the dat E@n%l}iﬁsm indjcatog-ope
of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein
put i Bhd ecteaulet @drdlsich tlhevheiedie shels of pephmality stfeddta wiansmission

the principles and novel feai_ur(gtf?ﬁdi,scl osed herein.
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schedul ing data transmi ssion in a comuni cation

system the scheduler conprising: first logic to o

slet er Thenachddukacdf okimnég wherrdr ¢he eewnd hgw elecates capacity n
corresponding to one ar .nor .dftatranfﬁis i on £a first

FERRRTER IOPR® AETOR BABTURIGR MOiRyL AR HR: S L woRs,of a firs

%roﬁ%' %(eisel@ﬁg_ ROERNF 120&r8aric® wWith OG8t Kirkiafles | prfile) and allocates
ccordance with a data transm ssion L .

remaining capacity, if any, in response to one or more transmission indicators associated

with one or more of a second group of service levels.

6. The scheduler of claim 5, wherein the first group comprises one or more quality

of service guaranteed service levels.

7. The scheduler of claim 5, wherein the second group comprises one or more best

effort service levels.



i ndi cator when a capacity reservation is found. 2. The
schedul er of claim1l, wherein the second logic limts

W b@sabidsaxat i on i n accordance with the capaci t BCT/US2004/039690
reservation. 3. The scheduler of claim?2, wherein the
second logic further allocat@é8 remaining capacity, if
any, in response to any unsatisfied data transm ssion
8. ndi atoonsnuricativnedevie, ioperabsivily sipheabfy oheemote devices, and

unal | ocated port.ion of the data transm ssion . .
PRl G &n adimitia Bestile GPapighe APHFATY ©f R herigde anga capacity

18derditiBh Y60 drd ¥r RordiRinftd BRASHIiA Sheof theph@ilay Sfitisne periods, the
associated wth one of a plurality of service |evels.

cdmjrecagiohdavicecorpprisshgii m 4, wherein the second | ogic

al l ocates .capacity .in resp t e P .

tr andht OB forgictnipg, ECRILABF ppitgiyof tinftobitiods, for cagh of
PurhalifySéf O salissed dertdre WRtemiding éfcoretane devicd borrdsponding
adm ssion profile, and_allocates remining ca aciiﬁ,
tpthexdafa trpmsnyiesiqroindicaios hane caracip Feetvalions 1 the pdpission profile and
i nei 2 [ i .t - Qi d
e R LA R R e
wherein the first group conprises one or nore quality

I ERRE Ry T
'&?Li&ﬁﬁt&cﬁrﬁeﬁfc& Wi tHE €8habRY Rls8rvBtiord COMMUNI cati on

evice, operable wth a plurality of renote devices,
and operable with an adm ssion profile conprising a

uraljity of t. per i.ods, and capaci '
Pl 2k AR S R 2. SABRGLI FRRLAARA atocs
Ridalhd Epasity, if 45, Refckpise td £ @A data tmsH@siondndicators in
conprising: a scheduler for, during each of the
pieroflingrgasisrte sizand thepnadlgsated pertioy @% therdagp trangpugsionyindicator.
data transm ssion indicators, determning if a renote
devi ce corresponding to the data transm ssion
indi cali®comagimicatiapaddvioe bESdinAls] diorther tdwapasing ssireseiver for
profile and for allocating capacity .in accordance wth
TR VG CqUeSHBPAISIES GIBTHIRERE4R tragsmigHen lag}ﬁ%{% cation
device of claim@8, wherein the scheduler limts the
all ocation in accordance with the capacity
tEserVhd canmuiidatidi devioenufrilast Bofurthey icompufing | caieneromore data
wherein the schedul er further allocates reminin iy
B804 Jat3; FAGRGSI GRS GG TG AU PR g vithin 2
#ﬁﬁggﬂission indicators in order of increasing size of

e unal l ocated portion of the data transm ssion
i ndi cat or.

13.  The communication device of claim 8, further comprising a transmitter for

transmitting one or more grant messages indicating the allocated capacity.

14.  The communication device of claim 8, further comprising an admissions control
unit for:

receiving a request for admission comprising flow parameters corresponding to a
data flow from a remote device;

conditionally admitting the flow when the flow parameters, if combined with the
admission profile, would not exceed the system capacity; and

modifying the admission profile to incorporate the flow upon admission.



11. The communi cati on device of claim8, further
conprising a receiver for receiving a request nessage

W@ 9p0sBBNg a data transm ssion indicator. 12.PdmneEs2004/039690
conmuni cati on device of claim@8, further conprising
one or nore data queues, a d&ta transm ssion indicator
generated with the presence of data within a gqueue.
13. The communi cation device of claim8, further

{5 ant e S0nfubi ARG b s b P e Ceaf B cefl R may

ch@soRdITy il gladalifno @i §ensefissidraindicdtord, léﬁ&lhﬁfdlcator associated with
conpri sing an admi ssions control unit for: receiving a

gwgleslevelor adni ssion conprising flow paraneters
corresponding to a data flow froma renote device;
conditionally admtting the flow when the fl ow

ar arfBieatosnminficationtiend oficlaim tl hewhetsinsthe schegulef alleeates capacity

woul d not exceed the system capacity; .an difyin
IPRESPIBIA 1O 6 QT HI0BT Resissiq Pﬁ@.‘f%%%%l%@g PO 96 fibre of a first
%ﬁ@r “;tlrcf'n chg%g 1evll§ 0 %ﬁla‘ﬁ@é | \Pfth ARY1 &fniSfiorf | RbfMe8 and allocates

renot e Ice may correspond to a
Ipmahﬁmg tapacity, ddny, i msemss ®i axe or matire frpomsissiemipidicators associated
di cat or associ at wth.a servi | evel . 16. The
WA RRO TR AEEOI O SrAreEY er of n ¢ ho
schedul er all ocates capacity in response to one or

nmore transm ssion indicators associated with one or |
Hor e Bife eonfihymicatipnalgpiceof slapmil e ewheargial the fipst geowpcarapEiscs one or

Iggﬁa%uarﬁr oat%mrv%:s ! %gra%e%ﬁ sjar%ice%]x%lsal | ocates remaini ng

ponse to0 one or nore
transn1SS|on |nd|cators aSSOC|ated mnth one or nore of

a second group of service levels. 17.
L-&ammﬂhfz: semawnigaton: device of glam 1k, Wl@.the f9roN¢ jgrQyp comprises

guara (?‘ %‘gé’teﬁ%ﬁisgﬂl? QEvdIPr e qual [ ty of service

Service level's. 18. The conmunication
device of claim16, wherein the second group conprises

one or. nore best.effort vel s . he

B e AR GRS st OF F i S5 BetR B BEg
schedyfitatesda g&ﬁtﬁﬁﬁ $edpBRRGH (e loB RS RAASSsdiGh RIARaRs associated
nore transms i ndicators associated with one or

with ene enmoee nbmut@ ésvlmmamgat Q@ppctyl reservasoarin hd asimisgion Proﬁle
he admni d for each

CoRSSE SRRt s S PGP ELBE hit hpacey
reservation;
then allocates remaining capacity, if any, in response to unsatisfied transmission
indicators associated with a first service level; and
then allocates remaining capacity, if any, in response to transmission indicators

associated with a second service level.

20.  The communication device of claim 19, wherein the scheduler further allocates
remaining capacity, if any, in response to transmission indicators for data in one or more
future time periods associated with the first service level prior to the allocation in

response to indicators associated with the second service-level.



reservation; then allocates remaining capacity, if
any, in response to unsatisfied transm ssion

WO pads053583 s associ ated with a first service | eRel/ISBENH039690

then all ocates renaining capacity, if any, in response

to transnission indicators asSociated with a second

service level. 20. The communi cati on device of claim

219, visr edmmuhisaiderhdeiiceel tlatn HEr wWiktedr gheesllqcetien i ragponse to

capaci t.y, ... f, an i-n_respon [ansmnk ssi .
TRt grdcqs? HetOlSgRIRET of BetPRTE Wit mstiopagegtportion
SEO aatatrafsntlistibn iddcatdrl St service level prior to the
all ocation in response to indicators associated with
the second service-Ilevel.21. The conmuni cati on device
cl Ri.m . ' l.ocation in response to
urisat‘gsc 'T%lﬁmﬂﬁxglﬁégygg?%gﬁrg%%?gbr med in or dgr of
i ncr eaplurgdity bfenwite ddvécasnal | ocat ed portion of the data

t 1 ssion indicgator. 22. A i cati yst .
c gﬁgfsﬂ gallﬁl?srsllglngp% ?:{)@)%ng élr.r%ﬁ]én;ﬂgg lﬁcfg’gxlglg n%ﬁ?é%s earr?d a capacity
AU, nofgr g&gfoﬁr Lforé AR @bRcks3n BAK Flthd MulHlit} b ®me periods; and

peri ods ‘an capacity reservation for zero or nore .
r enot & catemuoiestiomdeachconiprising péchedilen fpr,afuring pach of the plurality

B b8 ot B PTGk 2B PR bl pgrmining £
Re1H Afevide0 to@@pbndihg atoP iy alata Mra@bmidsion inddAsH B8 QN capacity
i ndi cators, detéerm ni nglel f a renote device

oetv elioindihp gdmissidnepraBlecandr fgn sRecsting wapasy da meorfanse gvith the
ItV I r ion in the adm ssion profile and for

g%?%%‘%ﬁ%%&i%g@?y in accordance with the data

transm ssion indicator. 2 . A nethod for scheduling,

conpri si ng: recei ving one qr, nore transm ssion

2hdi cAtmestBod o sehaduling, cRPPESIRGDt e devi ces; and

grantj r d S-S § ' e
Ot cor P A TR S LSS Sl Bt bl dovies
afd cl aim 23, further conprising: receiving a request

for adm ssion conpri Si fl ow paraneters correspondi nqg .
5 m qr},g OF ce%wthan

to a HARENG 9B ¢4 JHS Fethst BanpayssQn Teqies  Pofce

m;igﬁgﬂ,glge fl ow when the flow paraneters, if
conbined with the

24.  The method of claim 23, further comprising:

receiving a request for admission comprising flow parameters corresponding to a
data flow from a remote device;

conditionally admitting the flow when the flow parameters, if combined with the
admission profile, would not exceed the system capacity; and

modifying the admission profile to incorporate the flow upon admission.

25. A method for scheduling, comprising:

determining, for each of a plurality of time periods and for each of a plurality of
data transmission indicators, whether a remote device corresponding to the data
transmission indicator has a capacity reservation in an admission profile; and

allocating capacity in accordance with the data transmission indicator when a

capacity reservation is in the admission profile.



adm ssion profile, would not exceed the system
capacity; and nodifying the adm ssion profile to
WO pwsopissat e the fl ow upon adnmi ssion. 25. A nep¢mus$004/039690
schedul i ng, conprising: deter q1ning, for each of a
plurality of time periods andifor each of a plurality
of data transm ssion indicators, whether a renote
devi ce correspondi ng to the data transm ssion
[ oo

A0St CPhaf o GIROS e RREE KA of B AR
atrbeec@aztea flohamssdraadeemodidenices. when a capacity
reservation is in the adm ssion profile.26. The nethod
of claim 25, wherein one or nore of the data

an . Q .
Yot DRbA04 bPUlsGR0T Sndl b SR o f o B e R ndicators
b @exaratad nereqfoﬂsh & thatpeestucand dosvitnn agdewat ors are
generated in response to the presence of data within a
queue. 28. The nmethod of claim 25, wherein each of the
P4 ur atd YneRfoddat Blalrh %S RitRsdiR b @ GBS PhialiQr aeéas; Rfbfismission
to one of a plurality of service |evels. 29:
mdichiots @irespaidnt@ ene ofeeplotatitycelpgricgleves.al | ocat ed
first for data transm ssion indicators correspondi ng
to a first service level, and remai ning capacity, if

291y, Tige @kihog A ethih @8t Wﬁél‘éﬁil @BhAMY ik AlbRIdOfi1St for data transmission
corresponding to one or nore second service |evels.

@dlcamfﬁrét)lﬁ@ﬁﬂotl@ﬂgst@h%éiﬁtl wngfb &5k i AAnEpPmAHBS | GFP#ELyR if any, is
u d a(F %?rgs (}%srl ; eng}cﬁﬁb déé CArte n‘fiﬁ{('got:ce)%ng Qk %?Qgé&gh&] Skrbide levels.

ssing an adm ssi ons
proflle to determne if one or nore transm ssion

i ndi cators have an associ at.ed reservation in the
i s go‘bf%é }Peélula [CBRRYF RS capacity according to

the |laeaied 4 Eﬁﬁﬁlﬁ?tdf PRAsmBLbA (iﬁ%bi’tgrsrcﬁﬁ%'sﬁﬂrﬁl%g to a plurality of

capacity t mal ni ng transm ssi on indicators;
tenmtsdévicesng one or nore grant nmessages in accordance
with the ca aC|t Aal.l ocat

Compr IEFGE FoafmirpRy B0 A ISHEES thops or more tansmission

naRaRN BeQR a'éﬁf?cﬂﬁ&i RsdriAOnh eheddniTBYi bhs'pR6Blee devi ces;
and nmeans for granting one or nore of the transm ssion

r equesliasating eapecityieasording torthe located reservations;

allocating remaining capacity to remaining transmission indicators; and
transmitting one or more grant messages in accordance with the capacity

allocation.

31. A device, comprising:

means for receiving one or more transmission requests from one or more remote
devices; and

means for granting one or more of the transmission requests in accordance with

an admission profile.

32.  The device of claim 31, wherein the admission profile comprises a plurality of

frames, and zero or more capacity values associated with a remote device per frame.



an admi ssion profile. 32. The device of claim 31,
wherein the adm ssion profile conprises a plurality of

WO ea@s®sss3and zero or nore capacity val ues assoRCHUSH04/039690

with a renote device per frang. 33. The device of claim

31, wherein the adm ssion profile is created in

cordance .to duty factor and a_ frane phase for one

: mof@? detice p BWQ%MWﬁqu@ He¢Rssion RipHients crretadelin accordance
ORI FicRE anlRaREnd SHasé R ShY bPhofe dRFHERE. for

adm ssion conprising flow paranmeters corresponding to

a data flow froma renote device; neans for

ndi 4 onal. | m tl.i the fl ow when the flow
%@ir an@i‘ee %chg?tacgadﬂ]b#ln BF PR S dmi ssi on profil e,
woul dmB@is EXCeQRiVille a5 Y&ulsh €D adhis¥ion2BsnpRaRS ARY parameters
nmodi fyi ng the adm ssion profile to incorporate the
SOTERRPRNSERE tachdaias flovy fropsa remete devies;cat i on syst em
conpr g; . recei.ving o or._.nor .
tr ansirnn%%lgéi g%ﬂrgg{q%téé}%gyfg:g"rﬁ' o} r%e%ber o re }}eélnﬁlee figw, pprgmeters, if
eombinebwith tier adgisién Mo fity) &oald 150 eecdRl tﬁé@sﬁe&ﬁéh?ﬁ&i{%ﬁ b
requests in accaordance with an adm ssion profile. 36.
Conpu&dnsy & modeyimgdihe admisaippepiodilgde f weerparatitthe dlow upon
sRmRLhsing the followi ng: receiving one or nore
transm ssion requests fromone or nore renpte devices;
and granting one or nore of the transm ssion requests

%_{ acgordance Wi th an adm ssion profile. 37. The nedia
c| QAPPSR MIGAROR §EiCTY SEMBHFIESt o perform t he

fol | oMbt fof RLEiVIHg e MY BaAsnhifioR fiFussts B8m one or more remote
conprising flow paraneters corresponding to a data
dqvesesfandm a renpte device; conditionally adnitting the

fl ow when 4 he fl.ow paraneter I f combined with the .
adni SEPBR 15F SrpiR o R b iR s bantiitnen Syufiah accdrdance with
aofiRakdion pafide. modi fyi ng the admi ssion profile to

i ncorporate the fl ow upon adm ssion.

36.  Computer readable media operable to perform a method comprising the
following:

receiving one or more transmission requests from one or more remote devices;
and

granting one or more of the transmission requests in accordance with an

admission profile.

37.  The media of claim 36, further operable to perform the following:

receiving a request for admission comprising flow parameters corresponding to a
data flow from a remote device;

conditionally admitting the flow when the flow parameters, if combined with the
admission profile, would not exceed the system capacity; and

modifying the admission profile to incorporate the flow upon admission.



