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[ 0001] Thi sv@ppbise@is on cl ains the benefit of U. S ProvipgiraRalshaiant
application Serial No. 60/985,534 entitled "SCHEDULI NG A M X OF BEST
EFFORT (BE) AND DELAY QOS FLOMAS" which was filed Novenber 5, 2007.
The entirety of the aforenmentioned application is herein incorporated
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II. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication; for instance, voice and/or data can be provided via such
wireless communication systems. A typical wireless communication system, or
network, can provide multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, ...). For instance, a system can use a variety of multiple
access techniques such as Frequency Division Multiplexing (FDM), Time Division
Multiplexing (TDM), Code Division Multiplexing (CDM), Orthogonal Frequency
Division Multiplexing (OFDM), and others.

[0004] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple mobile devices. Each mobile
device can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations.

[0005] Wircless communication systems oftentimes employ one or more base
stations that provide a coverage area. A typical base station can transmit multiple data

streams for broadcast, multicast and/or unicast services, wherein a data stream may be a
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[0008] Systermns and methodologies are described that facilitate dynamically
adjusting scheduling prioritics in relation to a combination of delay sensitive flows with
delay requirements and best effort flows. The systems and methodologies provide
optimal and efficient techniques to enable real fime adjustment and assignment of
bandwidth for a combination of best effort flows and delay sensitive flows. In
particular, the bandwidth allocation is adjusted for each data packet such that delay
requirements are met and the remaining bandwidth can be assigned to best effort flows.
[0009] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are

indicative, however, of but a few of the various ways in which the principles of various
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efficiently [0012] FIG. 3 is an illustration of an example wireless communications system
that facilitates utilizing a scheduling policy with dynamically adjusting Quality of
Service (QoS) flows.
[0013] FIG. 4 is an illustration of an example system that automatically allocates
bandwidth for a best effort (BE) flow and a delay sensitive flow for each packet.
{0014] FIG. 5 is an illustration of an example methodology that efficiently
assigns bandwidth to receive at least one data packet in relation to best effort (BE) flows
and delay sensitive flows.
[0015] FIG. 6 is an illustration of an example methodology that optimally
allocates bandwidth to transmit at least one data packet in relation to best effort (BE)
flows and delay sensitive flows.
[0016] FIG. 7 18 an illustration of an example mobile device that facilitates
receiving best effort (BE) flows and/or delay sensitive flows with efficiently allocated
bandwidth to such flows in a wireless communication system.
[0017] FIG. 8 is an illustration of an example system that facilitates managing
quality of service (QoS) for best effort flows and delay sensitive flows in a wireless
communication environment.
[0018] FIG. 9 is an illustration of an example wireless network environment that
can be employed in conjunction with the various systems and methods described herein.
[0019] FIG. 10 is an illustration of an example system that facilitates efficiently
assigns bandwidth to receive at least one data packet in relation to best effort (BE) flows
and delay sensitive flows.
[0020} FIG. 11 is an illustration of an example system that optimally allocates
bandwidth to transmit at least one data packet in relation to best effort (BE) flows and

delay scnsitive flows in a wireless communication environment.
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2009/ 061778ba@EINISZBO8H0BRA 2alapter,” and the like are intended to refer to a computer-related
entity, either hardware, firmware, a combination of hardware and software, software, or
software in execution. For example, a component can be, but is not limited to being, a
process running on a processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of illustration, both an application
running on a computing device and the computing device can be a component. One or
more components can reside within a process and/or thread of execution and a
component can be localized on one computer and/or distributed between two or more
computers. In addition, these components can execute from various computer readable
media having various data structures stored thereon. The components can communicate
by way of local and/or remote processes such as in accordance with a signal having one
or more data packets (e.g., data from one component interacting with another
cormponent in a local system, distributed system, and/or across a network such as the
Internet with other systems by way of the signal).

[0023] The techniques described herein can be used for various wircless
communication systems such as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-frequency division
multiple access (SC-FDMA) and other systems. The terms “system” and “network” are
often used inferchangeably. A CDMA system can implement a radio technology such
as Universal Terrestrial Radio Access (UTRA), CDMA2000, efc. UTRA includes
Wideband-CDMA (W-CDMA) and other variants of CDMA. CDMA2000 covers IS-
2000, 1S-95 and 1S-856 standards. A TDMA system can implement a radio technology
such as Global System for Mobile Communications (GSM). An OFDMA system can
implement a radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile
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smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, etc.).

Additionally, various storage media described herein can represent one or more devices
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[0029] Each group of antennas and/or the area in which they are designated to

communicate can be referred to as a sector of base station 102. For example, antenna
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the transmitting antennas of base station 102 can utilize beanform ng
to i nprove signal -to- n0| se ratio of forvard links 118 and 124 for
nmobi | e devices 116 arﬁd Al so, while bgL e, station 102 é]tijlﬂzes
beanf or i ng StBPE FEHRSHCHERY thsBRMEnifals e mebUa ¢evinssmssoior ot the pisas
random y t heekgdl Bbass @ednatoed e i @dEatioNRREd BrdlRY 1if8SI 18nd 124, the
nei ghboring cells can be subject to | ess interference as conpared to
a base st at fBRRIHBRESAEERSSRh DEsE sBLigh 1 & winngilize basrderming to improve signal-to-
mobi | e devi gg3e ra[tlgggﬁlr@%%n% aid Qi 594, Klﬂéﬂ(@q{evﬁéscﬂéﬁﬁtﬁf Rfsob\@hci?e
station 102) can enpl oy one or nore rru? e access technol og

(e.g., CDVADasEBNon FMIIIZGFMfonmng to tF&msmltrhtsmahldxedcvb:as él(sarmltllzan 102

can utilize [l nol o Qr. .commun tijng wth. npbile
devi ces (e. b&ﬁglaed%dq%gm?ew céﬂ d&i%gé E‘ﬁ‘?f&%ﬁp’%}ﬂb@: dc%g?selgﬁlcg'ﬁgpﬁfg oells
bandwi dt h. Mrr IBosudjert th ﬂesamtafdrdﬁaa aotngaeaito albagystdton eapdnsited thiyugiase
station 102,. ch t echn he associated with a respective
bandwi dt h. ‘?‘H@ taﬁf(?ﬂ’??otlo a ‘ﬁ’é‘% FY'6€d herein can include follow ng:

G obal Syst gg3bpr Mbpie shESM o2 @RO6F &kh E&@d&%&%gi%taao{#@@z,g/gs@f&&%ﬁ%he

Enhanced Data Rates for GSM Evol uti on (EDGE), Uni versal
Tel ecommuni E&EPEIBuIEplS pesesy loprsiogiopldebeRM Mp, VDM AORDMA, pl.)e For

Access (V\CDWA) I d
(EV- DO)( Ut rénﬁ/(ic)g %%P%é@b%?&n %;%%—98@ rtgé\;im&hlgtgygc{}eroper%a’%‘%éﬁfor
M crowave AowéidsdéwiyehMiog., mvkitt @Fl@@; llﬁzgndtléﬁ) Iointai coerdspand@ng bateiagdthng
(DVB), Digital.  Vide Br cas Handh isto
be apprecia (56%"}%%%01? #@H'??I%Wela e?]ipg’ty F%@D%?‘geféé‘?fhmzzoaqo sis
provi ded as ta’ehncﬂtx@mah ®e andcmﬂa& withai reBdctiieltiaB@lidtRThe kechBolBEks &a@cnbed
limted; rather, al | rel ss comuni cati on technol ogy
5" nt endednigmcat e lloind RSV CH MRS RUCOM e ok RAG
[0031] Base stiatdeQOPRIR, EGRcEIDhAR afes b GEMbaRAMLA EDBES, mxﬁlvefréai Rlobile
technol ogy. Moreover, base station 102 can transmt a pi

cor r espondi Agleenmprications Bystese ARITS yyW isaband<ade Rvisian Mu“@lftlh Access (W-

According t ddgg F
by base gt at@ %AI(%%H ﬁ? 2 é§§§)gfe“ g“ﬁgés}gwé@%t%ﬁ%ﬁ 3% ‘ég Lﬁggf or
comuni cat i dfebilaBroadband (méB)a ﬁ@ork;imdmldtdrcgmmbd{tp@y Midtoweow Accest he

pil ot can i pgdi t-h N f.the fjrst tec .(e.g., to a
Pobi | e devi LENE AN PEaR G 5RRE PhheEe st al R P ick Hsbourr 6
the pil ot CBroadsaubgL(—hhdHe‘m B ‘H)J 435,01 e ibe Apprbeisttd thAethp bRSaRG B oRdd
the first technol informati on such as a Sectorl D of

0g Addl Li onatcj(e ,
t he sector H‘]&(‘f“ﬁéﬂq PrEcs IS prvided ep b Pegiple andche flagied wedisctmidecianphg

the first freauensYahandwhetdulyandwilesd édﬁﬁn&%hgﬁte‘cﬁ&gjl Qldtéthéﬂﬁ
pilot. WO 2009/ 061778PCT/ U82088/ 082424 8 [ 0032] Acco t o anot her

exanpl e, thﬁallm’llﬁb’ﬂﬂ@éﬁomé’f@eﬁ@%@wma@ﬂw%&im& sequence of beacons). A

beacon can Fﬁ‘) gn OFDMb sy mhala VLS eﬁ'tgio%r gtgrsif ﬂaﬁ&&/l ﬂ‘p\(/% E'ps% te%&?ﬁ’ﬁ&g

transm tted on one subcarrier or carrier
nunber of sMecaved, bass)statidh (il canhisnbene piofproaesmading tethe ﬁlng tqeRadogynat

can be observed e.devi.ce e.interferi it a on a
nar r ow portflts)erf()%‘?g%lgo 3@/\}’ thﬁco(r%m%%d an\tl\ﬂEStrragﬂlézltﬁ%ﬁw%#ﬂPW‘g ?ﬁﬁ‘bﬂedt h can
be unaf f ect eteiayed Biebabeastsm) 102kalbpmyispattSha¥ aadnotshbivhplor Sect or
can conmmuni cate vi a. CODVMA q first bandwi dth and a second sector can

comuni cat eSYPHHRETHORdhAt &“Q@é SRS ARGRF o2y AMBEQICH dreypiiof pap indicate
sector can gie@histrceloh ﬁleefifﬁ'téc%gblb@' ¥e. £f to GIANRIQ 'ae\tnp@ccjrﬁrﬁ]?ﬁl%ﬁﬂg i tgé h

(e.g., to nobile device(s) operatl utilizin econd
bandwi dt h) #pgond gpkneiagy). f&ﬁafu}iﬁ)l\tlh%@éiﬁ@m (ssrbités) secpuarisforodtioprDIvt the

beacons) upPRRNEFHE B tRARIY It haid PORP T it AR GG as A HANAT G an

sector utilizing the first technology, a CarrierIndex indicating the first frequency

bandwidth, and the like can be included in the pilot.



techni ques in accordance with assigning bandw dth for best effort
(BE) flows and delay sensitive flows (e.g., flows wth delay

requi renerwg odabiays Q0S flows, etc.). The schedul i ng ofeclhastoogbiderat
flows and flows with delay requirenents can be efficiently managed in
that the delay requirements can be net for the delay sensitive flows

as well all jng the repmai ni ng. bandw dth to the best effort flows.
't 15 to bel Rt eqi at{gamf %&th%ng@slt Sareb {L_eﬁﬂﬁawaeé?ﬁ Ahgacgniy T#hi ch
can be nodekgfle@® ofiBYAcHEk)Ehathich daRbE ak OHBIM §HRIH $/heR-alarge RAcHHNHFRREM
rate requirenent éet t he user experience associated with such flows

gets bett er PeerinEanspyiigdps ane gpbyaater phg E89 subparigs feg-aymallyerbet ere i s
a mx of begl,.efkant ThiOME vk | gﬂ%g' | I )imoliie
subj ect i nnove(}:%ifngnﬁlca‘n Sbfrfléoral%tg%ggﬁgiggg\fm dF}[ t%&%ahéela%&;glog%&éégn ir??l%l/g
flow. |n padtiicas) while micthiing wthédadabn ngarren podieh af bandguidth énenths  of

del ay sensitive fl an, _be net, and -t he.repaini ng, resources. or.
bandu e o amtuder Ve SRR En TR oA iaebOg) DOV oRRh, TGS R B ex o
Fi gh 2, ill Hﬁ]frstaécﬁ{d ciaﬁc@nmommbm&IDMASorapm{mﬁﬁdcﬂO@ldfﬁec@mmeaﬁfmt
within a wirel ess. comruni.cati ons envi ronnent. The conmmuni cati ons
appar at us 260 CHRCHE VY %RaaieF?i‘% b&P‘?‘&ﬂgbrf}‘ic W“Ea‘iﬁéﬂ@of?r?t SSCIRHEM e

device or agppiry ih@@yéiﬁ%ﬂﬁ@f)ﬁ CIOMASHPEE Fdt bdhdwWidBTY. o C I AMRICRYIORP
appar atus t hat recel ves ata transmtted in a wW ref ess communi catl ons

envi r onnent opgrafinggritame QLM es thgsseendshandwidihl by caningHingianiOidP M desesan

transmtter ﬁ@%&ﬁ&@&ﬁtﬁﬁngb@g%@woﬁ%eas@wﬁ%tbmmﬂhUS1 the

conmuni cati ons appar atus 200 conponents described below to
facilitate §$3Hul i ngTlizasmithettdhiovagoracamipxowde dfsitbntedi optiméll solesiuhmgl

delay sensitive flaows. The conmuni cations . rat 20 n_inc e
oo 115 or st M Resel e TSl b R RN RN Grt e W A0S
al I ocati on ednshiasflowe (. f tewd Wiaineslayarrduidineatatisisy QoS AgwRe:d Nelthe WO
2009/ 061778PCT/ US20 /08&42% 9 c}g{g det erm r]e t he. bandwi dt h alJ | ocati on
and/ or adj uStHedHnesE Pt ALoH dews aasilorrrl delay refpigraentsigsa be efficiently

communi cat i gafadd8 Vi Gt ROQeISARIRGRINECaRtbe hRAR: tRIEIAALAIRACREs ds el
accordance with the allocation of bandwi dth for the best effort fl ows

and/ or the a&cayngdasinainias brngnddth thihs best gEor Sawanltéatoibsrppigeiticd a0
can conser Vﬁes?@@&‘é‘hpmaﬁﬂgé Abw Wi afi B8 el%&)ta%]%ilgyelmggag% &qui*?é?%éms

effort flows an el ay sensitive or eac tta pac
[ 0035] Accor (i.egnd mingmumxarpdo@iremntre yeotherustr cgierions sappatedtwith 200 flows

schedul e a m_x de) ay, sensi.tive fl and best effart flows,

wherei nt neEuspais BEhENe PR iARE riesll FroBBetal Bl otedh et sor
del ay t ar geflowd (BE)analdyky sershiyt flew2 0BS); &2 subjedtii@Rvatididan ipfiotigzeconpar e
the prioritjes of serving the packet of each kind of flow (e.?fl., best
effort flowPanseidh tathgdplpy \?@SF%@W&‘Aﬂpqrﬁéulwlthﬁﬁawlwzhecf& Py

enforce suchqpiréREdt beR1ASERITRI MR- cafb¥Wei-Odd N ARk fIREQYEH tO
relate the EI’IOI’ItIes of "each of the two classes. In particular, the
f

priority of bauiwiqthgambedloagicd oribe besyeffert Bowsan be Wi (q, (t),

d, (t),(t)), hle th ] ' - . ' r-gi nal
a1 ze of 03P o o uRmeSERE. BUARTss Elcrhloilo @l ipalhR IR 1

It is to becaploymentatidon & hateled{ tommancadtiont hiwithmacktoTht coremaet#ipn or a
flow, the qg(t a e the buffer. size . 0,, the sum aof .the nunber of
bytes that periaes B« B Gliof oG deP phieoLEeionle et £ BOREER
over heads/ heetr,s) sutdtdtisiieanlfjcombiuhicefidhshppirhas speetdidds defaftagiminey in

[ 0036] Mor eover,, . al t hough not shown, it_is to he appreciated that .
communi cat i BHCESHEFHIIAECHIORS EHHOPHET U HeCHURHIORBEYSieR sfoRymunication

i nstructi ongmd el QARRGImers28E RickivBY ot rd 8RS ARGl TRudBleaY
sensitive flowwth a delay requirenent or a besSt effort flow,

al | ocati ng eomnpEiratisss eprsrates 208 emmaycromppoenthdeserited pelourtgifadilitatef | ow,
allocating g;SEAMRYRANHINB aAfix RRDLEALN L0 LREIRS ShnfitdeHolws| TRY

communications apparatus 200 can include Quality of Service (QoS) manager 202 that

can efficiently schedule allocation of bandwidth for flows, and an analysis engine that



WD 2009/ 061778PCT/ US2008/ 082424 10 [0037] Now referring to Fig. 3,
illustrated is a wreless comuni cations system 300 that utilizes a
schedul i ngvgpedobgyi7vd th dynam cally adjusting Quality ofpcPeswoses2(f0S)
flows. The system 300 includes a base station 302 that comrunicates
with a nobile device 304 (and/or any nuflber of disparate nobile

devi ces (not shown)). Base ation 30 an transmg{ information t
mobi | e devi E8 GEATHShe %ﬂnﬂwﬂffx}aﬁlépcrﬁl?ika ﬁﬁlélﬁtmeﬁm fiR™ s AT ot

302 can recab¥g THY QuiBldiRohd REDED b deMi €8 13R4R e RclL LT Se
| i nk channel. Moreover, ﬁstem 300 can be a M MO system

Addi ti onal | gocordgacesyish thnaomitienaf knpdwisite far ﬁleahﬁ%bt@ffgmﬂqmbraeﬂ/@s&w delay
net wor K,

functi onal | ??q:fs?wébﬁ%m gﬁd escrlirbmﬁg% n?tg\g\yiféralét can%%gﬁggﬁﬁﬁ&%ggﬂ
be pr esent rasodrbes byodpitilrellg enah agin 8Btt efforinidws andiclaycensitarSawsifor cacke
exanpl e; ﬁ tconf i gur ation depicted excludes these conponents for
ease of expP¥ARES*Sh. [0038] Base station 302 includes a schedul er 306

that can al [@38f e bandvdoddif toknfdx@Wble, the CXMMIMOALRE aFfAatid T caan
adj ust an ampunt, of bandwi dth related to flows, and an anal ysi s

engi ne 310 #Hgdulg éﬁuay%fwc%?pwvea%%%%néubﬁstﬁéfﬁﬁ\ﬂoerﬁh“’%@%m

adj ust ment s ¢4 RitQ€ ﬁg%g%ﬁﬁeé"ﬁ bdlaPrefRitdnhént éld@e?éif" thi28d THR AR} s Qfgh?c' i04
bel ow). In general, the analysi's engine 310 can|everage a wei ght
metric in ofeewtilizo asreal compagUs: nreonidigeet s:@r)@ngfbe d9ckamicath kindatflow
aut omat i cal

best effort glg\/\é/ssy%{rﬂ]&% @&T’%ﬁgﬁﬁtp e%%%J Hm.@ §e){n§ C e%@er %%@pcggg#h
provi de anypﬂummeatabc@rtdmb@\ Aes}'eagl'ﬂzw tan Hermpdm,ted te ehateithie pabiites off etovedn

the b t at 02 apd th | 304 tiljze th
bandwi dth: alISSBaEO pIGRATHELEn e PRATRE ObTvie S dEry RSt Prd cppbé© |
communi cat i er§dsp e, IM)@)) | hitbaHit@e s&%g lbedt weBs mu%ermﬂglha udiliZe bhat

can receive transmtted data in accordance with t he bandw d

assi gnnent s thedlagewir-t4he ppeunt qbbandyidiypioepied tidt K iy 1.4y, app%}ﬁtﬁd ey dedt
best ef T ort chd e niRLEMins @BRY bdr4Sidh, My Rk bb iR BARE. hAlindsr
302. [0039] Accordl ng to an exanpl e ase station 302 can nmal ntain
synchr oni zatheommber ¢f bytdsithas agevathes f@”@égl‘emﬂb%w@ﬂle seslondied devi ces (not
shown). In ey ri.al i E- UTRA) ,

transm ssi o§1 %%%9/%%%% a%%éh\%ﬁécje %sazﬁ%%g’e%p&%%%ﬁm eVice 304 or

t ransm ssi of{36i ween mgeombaltt@uglemt(sﬁo@m&c iandbdxapeciitcdtthan 302
require alltgnmant |n time. Alignment in tinme facilitates paintaining

ort hogonal i £ BHEPREINTS ARRAES 2HR\RER Siehuds anemdy, atTeraisd P acios ¢ itvobi | e

devi ces, suekp@s tdﬁ@béﬂnﬁ% derchst BnBSEh deR ket BROWIth WdEIBY feq@ir&Bédt o4
sector servi ced by the base station 302, Changes in distances between

the nobile @esirfetfow. dingatings Wasrordenelitgpdwgh todhe delyurritivedlaipdat e
in uplink t 'aﬁédAHn§£ sdTBRY p &Ryt lﬁﬁg\g% @Qhé@ésﬁé@drpﬂ% trQ&Q%@%ﬁJg‘tﬁé’ first

Pursuant to an ilTustratfon, evi ce nmovi ng towar raway
froma baseasmamtlﬁhandﬁﬂ)ith@@@t@meﬁﬂMY sdeoli agthe decond partidbef

kil oneters t

synchr oni zatB ?Il(i)dr\lxn %# &c%‘.a%e? lgv. goﬁgggxgg%%l{gﬁ%p deiagﬁ’e@é%}g%% 1185 addi t i on
to pure di stauioentiapargast, anmuﬁp@fgﬁhdmﬂtlﬁcmdmcrm lewdh of beadgadthedidween a
nobi | e devi ce and base due .to . rel atjive enent . , .
0040] Typi cArFpY Porga et iR P TR Bhvs P BLr SHOL o el SFERPEH i
periodi ¢ neebanbtShkin@inRE MALMHIHYREAAGToZAE FeR amWiittbf biiRIWREh 2Reed
mechani sm the base station transmts timng adjustnment to nobile

devi ces whefcPR aHagH of bardvadth Hcbedslinsguizmmendjs pauivelant 1 ghefagfiortiog, of
Wth the pe%amf f&hm%eél@lﬂg%%tatp@a( bASRcHAE %hramagﬁ{rvﬁﬁﬁ h¥ocRER Snd the

adj ustment to a active nobi | eV| ces. Active no devi ces
i ncl ude nobiike Bethiccesmapnicsddns agpmaiing)dananclude alrs’oqe@sobélaampy bei at ed
that active uflR zbeldln(la cgn%\éé:tgoenswgﬁlagxegilitlsnog IHS%’I.I&?OQIS l(g g, dlen\étllgc%ons re%me% Lo thin® t

memory, instructions obtained from a disparate source, ...).



[ 0041] The system 300 can enpl oy a scheduling algorithmthat can
exploit nmulti-user diversity in which the m ni num anount of bandw dth
resour ces wanoiesurts | i zed to satisfy the del ay requirememntus20bosielay
sensitive (e.g., delay QoS flows, etc.) and the remaining bandw dth
can be applied to nmaximze the rates oflbest effort flows. Mreover,

t he schedul i | gorithm can, nai n.fairness between best effort

fl ows. The ﬁ@ﬁ’flﬁw ng TaHT m@{glt‘?P é hﬂ)“‘ﬁ%?gﬁ??”gﬁle?secé’&ﬁ%’é%at‘%%% a
m x of fl owspo aas@fized £schbdiling PehcyBRtE fMicallR aGRARGAMGuANIRCSERSH QI
utility function U(r where ri. is the average rate seen by flowi;
the aver age (@enplardt iTop sysrmyaQ0 includepr byae $tﬁ‘fﬂne”r98ﬁ1??éélora§m&w§tﬁ%mdhﬁd
exponenti al yfdplit 8vicd R (ﬁﬁi%} a6 hBYLERP dlsh Melmobi B Be i (‘(Bét%ﬂoxxng)?? ]%

can be associated where f 1Is a npbnotonic I ncreasing ion i
argunents; Blatiem#02an @amsmim@nmatlmetoheddbdbvm P cdek ayoravac Iqlke:lhmnol

L?P?E?eﬂiyf Ffe pIsE RARGE 100N ko 08 ieBlmdion SRSl YRR I bR yrase
ti me-f r equetiay cldmneli Moré®eg. systémBDdl ean m: aIMEMOLsJyNBmS )Aﬁﬁﬁmlalgalfhe@stem
all ocated t ($|OWI i f. fl has, he h| est _netric, %Yner

Tetric i s ghdd g g iy U ONA GNP Ok BRCP dlE HiHhC bete. . )

i f the flowail®, heldbmpdncRank kWioddlitibSshb@nREd BRRFBS li%icﬁ@mﬁﬁ@%as@@%tmn
suitable netric based on average rate and spectral effect can

i mpl ement ed 302 cmdz|rresentip thetmaebile\igvies 394as vl ang qudmacla@ﬂhéxmmﬂ%tt@d
as foll ows: cétﬁigfu{c?@i\%Heﬁcﬁggkﬁxuc%ggﬁcan'n%a?ﬁ%t% fo}ﬁ\é%get%lfg%%gmt ed, else,

WL is increnente The system al rness
bet ween BE {0088k. MorBweentiom3flmcluiiomn schalater Be6 ﬁlapcra@diloatat@lﬁangjws:ith tove

powers of i nts nahl.es the de S.flo t o, no

O o wi  houSBBu0T 1) Sbf DaFe B Sl e hgclomRBRALE g%, and
r egui rher’rent sn @fiarl]isineen@hs 30 ]gwsﬁmaﬁrnbﬁcmm ascérfin WadOAdB agahnRanver ge,
and the tot t hr ou ut of t BE flows WO )

2009/ 061778 Joseusanss it w&%&cé@qscrﬂlz\ggf%fr&omﬂ Relppdn genrcrl.

hi gher thanga a%hl[yh@%ng?ﬂé k2 0] a;au 1&@%&@@Eufeghgmetrmﬁ5ﬁe$ Renfat ax 3OS flows
are given higher E)I’I ority than | ows irrespective of the Spectral

ef fi ci enci eglangzepdye d,ya@ré@allhg@ua@tqn@ﬁxg@lhfsadﬂ&h@e Ibéwléﬁlﬂlﬁlgfén@éﬁmas
f the diff t t
of ‘the di T etehihaddi@eBher HBRHBLNBLLAYES scndlibdBNAN IRl RDAND 304 dan! S 1O

be apprecia evi ce can Inc MeNory retains
i nst ruct i ongronidelny egpbbtdatagelreded th'emigtaa:bnmmnmnbetwéenahﬂbdsaytatlon

sensitive f ith _a,del ay r.equirepent,..or .effort.fl ow,. ;
o oeht 1 vy A0 b pRp s adtes08 i HETET i o 1853k 4 BhicnRetiasd
al | ocati ng armechind weinht inemicad cdimmdﬂ\tcdidﬂ flovst Meobiiesitvied $@rihcihii@w,Qos
real | ocati ng th]g férst anount of bang\gl dth to a reduced._ | evel of
bandwi dt h aRtfdbise 14 BRbe [HEYS HES B dAaN ercardepceanth the baulddh evel

of bandwi dt Rssidhmich® ad elB¥s ﬁ@qw'e%ﬁi?rﬁﬂfable%aﬁ% , u8akd Rt detoEidvls! St
amount of bandwi dth to an 1ncreased | evel of bandw dth and the setond

portion of Belrdsdnsitive flows efcadodiedbapesiationd02bandwi dth i f the del ay
requi rement 4 ot ne i r the
first am)un{doé? Pbande‘&%ﬁ E&iﬁ%%a%n%&gggo%g}{%ﬁg%ﬁ?l?W%%ﬁ%@h if the
del ay requi perbrhizagoregith wabdndevice 304 end mﬂlsxtmpinketde@memommw dih,
transmttin cket.in.accord i.th the bandw d

al | ocati on, % ;}‘GE%WTS(’% e.SEr Lfafjf?earcfesﬁg]g“ﬁﬁ%ee?r@guﬁﬁﬂ oG W@}lﬁﬁ%VI%?s

processor t hah ageobhiedetidd 3028 trafbndiSidreshl @n thd hbbieXRe1tt 304 and base
i nstructions ﬂ ﬁ} instructions retained within nenpory, jnstructions
obt ai ned f r AN 2L parEadigagept dntime. A)hgm[l%zilllﬁ“i%\ﬁ?cf*lg?téfr RRIRGIRIEE Fi g.

4, an exanpbndohsltf Bewe YR CAIAL S SHEIRMEPRrdnse | Mobid &é&&c%gi such
according to one or nore aspects of the subject disclosure.

system 400 @smobibrsiicsd04rranaous sbqybithingrcel gs ecciraeivisad e bgmmi)on
that receives EfAB&Thftank&RRANSE 1’ Sobile el Bh S6F at QUYL §8HLL502 can

require an update in uplink timing of mobile device 304 to maintain orthogonality.

Pursuant to an illustration, a mobile device moving toward or away from a base station



WO 2009/ 061778PCT/ US2008/ 082424 13 (e.g., processors, nodul ators,

mul ti pl exers, denodul ators, demultiplexers, antennas, etc.), as wll
be apprecivebeahoboyi7mne skilled in the art. [0045] As il | wstrrsbmeios2my
Fig. 4, the system 400 can facilitate automatically allocating
bandwi dth for a best effort (BE) flow ahd a delay sensitive flow for

each packet stem 400 can include the schedul er 3

enabl es al | 6%%{6%‘8%6%&5? PH B Fr‘f?"le&ﬁga%ﬁdna “&stt“iﬂﬁé sg{ggwngpﬁl%g@irgtﬁ
based upon gab, Bﬁlﬁbﬁtﬁoﬁlﬁhﬁysdc@ﬂwIh%ﬁ@xﬂbﬁtoﬁﬁﬁ@@ﬂsﬁﬁ@cbh‘eﬁm%‘cb fiedaaNtion
sensitive flows. The schedul er 306 can_ include the analysis engine

310 that cafondlionscal shapehiatyvee a makiledsicpand base ptaten @l@ to sadithyR
bandw dt h tﬁhf\rlﬂ:ﬁﬁﬁ In other words, the analysis engine 310 can
cal cul ate scheduling priorities rel ated to conbination of flows such
as a best e{G03P1 romT)amhlla d‘easaytaé@n@fntmp@yfd mvncwmwf@aibmuirambmic

t he QDS mang %ﬂa ?b%tocrﬁl&mtg{rrlpsl Qehr IH%&.QIOR r \f\ﬂ{h th r%ee %Ctt ﬁ:b%é‘le station

bandw dth a oca 1'on 1'n acc ance Wwth suc
schedul e a eaxsntifs tiehaydjaemshitto vebia deies tvhef ﬂf&rﬁaseedtaiﬁilldeteflhm%an a

metric can be enplo edtoc re the priorities of servin

packet of " cATHTRIEHE GRkF by R oGt Wb G 1 SEiPn BPEIaRe ¢ he
priorities gfndsBgubtieniab @ﬁ%@t%ve(lﬁolﬁie dePiest RkibOkobild Wocs HRLAY mobile
sensitive flows, etc.). In particular, the E)I‘IOI’I'[ of serving a

del ay sensi deviessrowlcsending dpips It ip il e appregiated thagagtye malile deviegsgen also

o9, 2 RSl b SaR BF TR Dl bt ll Bt
appr eci at edbumtalmﬁmesart@the%mh)as of priority metrics. For
nstance, {fadipSt o FR L Lol caf RELS RS 855 Fu VL RS 120 e

decreases a Creases roves
is to be apprugtusd dtlctsitatin W&fc@ ItHbahmuhmh lafnyuiit@if BheRvidtd réddercadBu i Of

bandwi dt h. [QQ47] When .t is a mx of st effort flqw an

ol ay- sensi £ SHBD AR RBRROTBINT GRS CembGokE- (N8 Motk
to each ki nqn@fheflélﬁaaﬁmg%@@dﬂ%@b@hﬁp@l@d (Enpliinfdetthe/ra®s of Dk bt Hs.
G ven the nunber of RBS for each of the two categories, the

di stri but i oMesgosRBdhssicherduling alghriden @géwnt@arfaiﬁ@ssa‘&t@mh@é@fﬁqmﬂvgv& he
above SChedeh%@&b@Hﬁegs&h%g uuLQeQi"t%I@ ﬁﬂ&&m&%e%%n '@\%\;?H&é %Qso Fojs

bandw dt h between b fort an ay sensitive fl
QoS fl ows) , WithredeinBRtflal iy cencaet intreastagutiiey fimetaont B(r),edlatrer: istbe besige

Cuch as o walbeo op/t ik aP et oo Pp BLpRnhe Pridliodal st

of schedul i lagpcm@hmaﬁ figtsr; fareacledalyy QeENALW i, \Re funove, f(IDe) El Vecivdddfited

al gorithns C%ere 15 a g%lngt%gg 1£c?easbfngqftljrl1jcltlgn ?n lg)'tfl( drgumferlltgvg and q; can denote the
head-of-line delay and queue length of flow i respectively; and let K; denote the spectral
efficiency that flow i can achieve; each amount of resource in the time-frequency
domains (e.g., a tile in the UMB system) can be allocated to flow i if flow 1 has the
highest metric, where the metric 1s giving by : KiU’(r;) if the flow is a BE flow; and
Wikif(Dy, ;) if the flow is a delay QoS flow. It is to be appreciated that any suitable
metric based on average rate and spectral effect can be implemented.
[0042] The weights W;’s of the delay flows can be updated as follows: if flow
i’s delay target is met, W; is decremented, else, W is incremented. The system 300 can
maintain optirnal fairness between BE flows. Moreover, a function f can be a product of
positive powers of its arguments, which enables the delay QoS flows to not grow
without bound for any given positive weights Wi’s. The delay requirements of the QoS

flows can be met, the weights can converge, and the total throughput of the BE flows



WD 2009/ 061778PCT/ US20081082424 14 [0049] For exanpl e, the

di stribution between flows can be related to at | east one of a single
sub- band awoltmpoa7mul tipl e sub-band. For exanpl e, wher ecbhasthos/cizlnsi s
di stributed anong the delay sensitive flows using the function g ,
the following optimzation problemcan ¥e solved: max. U, (0 -

tax, (t)+ | | , (t)Yb)- W w. ()= beK (0) .1=1 §.t.Ebi =B,0,
LS T Tibiphiee Bytnedy combeitbnidiiefhaP S St g Jistie e athefs the
probl em candbigy 968 Vieds b%igdgniighebpSaay 1an mmn%lqﬁ@tﬁ\iet&%et Jg@&ﬁl@] For
e

the burst-size based scheduling for delay sensitive flows, .

fol | owi ng nedicincip, seargegntes apemengtlyn pid bagiwinhing delas af itheedifferent
Initializat 'ﬂg@'s)_gni' =0,B" =B 2. Set BBE = (Br"B"") 12, BQ s = B-BBE
3. Conpute opti'mal distribution of spectral resources BBE anong best
effort flowi0ddd BQ sMarrovey, altoagh we kv, Wgs fol lmvappiesiateg thah eobile device

si ze al gor| g&m:an include memory that retains instructions with respect to receiving at least one of
a delay sensitive flow with a delay requirement or a best effort flow, allocating a first
portion of bandwidth to the delay sensitive flow, allocating a second portion of
bandwidth fo the best effort flow, reallocating the first amount of bandwidth to a
reduced level of bandwidth and the second portion of bandwidth to an increased level of
bandwidth if the delay requirement is met, reallocating the first amount of bandwidth to
an increased level of bandwidth and the second portion of bandwidth to a reduced level
of bandwidth if the delay requirement is not met, maintaining a level of bandwidth for
the first amount of bandwidth and the second amount of bandwidth if the delay
requirement is equivalent to the first portion of bandwidth, transmitting a data packet in
accordance with the bandwidth allocation, and the like. Further, mobile device 304 can
include a processor that may be utilized in connection with executing instructions (e.g.,
instructions retained within memory, instructions obtained from a disparate source, ...).
[0044] Now referring to Fig. 4, an example wircless communications system
400 18 illustrated according to one or more aspects of the subject disclosure. The system
400 can comprise an access point or base station (not shown) that receives, transmits,
repeats, etc., wireless communication signals to other base stations (not shown) or to
one or more terminals such as terminals . The base station can comprise multiple
transmitter chains and receiver chains, e.g., one for each transmit and receive antenna,
each of which can in turn comprise a plurality of components associated with signal
transmission and reception (e.g., processors, modulators, multiplexers, demodulators,
demultiplexers, antennas, efc.). The mobile devices can be, for example, cellular
phones, smart phones, laptops, handheld communication devices, handheld computing
devices, satellite radios, global positioning systems, PDAs, and/or any other suitable
device for communicating over wireless system 400. In addition, the mobile devices
can comprise one or more transmitter chains and a receiver chains, such as used for a
multiple input multiple output (MIMO) system. Each transmitter and receiver chain can

comprise a plurality of components associated with signal transmission and reception



4. Post-allocation, conpute x = Wmax tf(ql(t),d,(t),K (t))) :1is
QS), and the | argest and second-I|argest K(OU; ((1-

rapx, (0+2-veQ Eoo00kL7Y8 denoted by y and z, respectively. pChUSki0s89824242
or B' B6 is tolerance) Stop. Else if x> Bnux = BBE , and Go to 2
Else = BRE, and Go to 2. WD 2009/ 061717%1 CT/ 1JS2008/ 082424 15

[0051] The s¢hedul er 306 c furt‘g I ncl,ude, a wei ght adapter 402. The
OS] The oY eks ot et 4P e SR e i

the del ay requj ase;miarbb&pp%mmb@bjdeh@skn&ﬁﬁﬁtHcla\f@ flows (e.g., the delay
sensitive ng flow) are an outer |oop substantially

sinilar to Sher contit 'g‘et”é‘iﬂ 1“é‘rF‘$ &@B‘eééﬂerﬁéo‘%ﬁﬂ fgibptc agtprmptisplly

adapt ati on gRdtaghd BEAWRIH RE a%%ﬁ%ﬁﬁhf@ﬁﬁ%@@%% dEI8y %Efﬁ‘ééﬂé@ fohgcipest
effort flows and make use of ti-user diversity. [0052] Referring to

Figs. 5-6, nttkabdOlsystes 49@3meln¢igd<t Ge pehsdulan 3 thaslehaikestallatatiggcont r ol
whi | e reduc I a Wi | e,
for purpos egﬂgjf“ggﬁr%ﬁ?o%b%g wex bgﬁggﬁg%ﬂd%q%bﬁnl&oﬁ b‘lclf%%;m &quyar e
shown and desprreheds asc@atsewitke Qelaj* samsitise flotvs.i Thd sehémlan 30€ cst iaciddsathd

t he .or

apprematedt at the are not, |imted, er. o

e goieits o TTb AR R SR et s b Sl B B b
occur in di idBsaNtnef@dersrdaeé alal B @dinesmd kan Mduhht@édﬁ@duhﬁ%bﬁoﬁﬁé@,m
t hat shown and described herein. For exanpl e, those skilled in_the

art will unfded QfmRHItan Rt EsTapeh ek et flonsrbygeleoiengtive flow.

alternative S
vent o cuciboR GERRIGS HOREE ng?%ﬁfﬁmgviwy@%‘%% P fee s Gon

acts may bebamslyidth @logagion mpyiceerémice avithsublodolriegy i n accor dance with
one or nore [(ﬁﬁRPd' manf‘é schedule a mix of delay-sensitive and best cffort clastic flows, a

metric can be employed to compare the priorities of serving the packet of each kind of
flow. A weight J¥ can be utilized to relate the priorities of the two classes (e.g., best
effort flows, delay sensitive flows, efc.). In particular, the priority of serving a delay
sensitive flow can be Wf,(g,(6),d.(¢), K/ (t)) , while that of serving a best-cffort flow can
be the marginal utility of the flow w.r.t. the amount of bandwidth allocated therewith. It
1$ to be appreciated that these are examples of priority metrics. For instance, for best
effort flows, a priority increases as average rate decrcases and increases as the channel
condition improves. Thus, it is to be appreciated that marginal utility relates to the
amount of bandwidth.

[0047] When there is a mix of best effort flow and delay-sensitive flows, the
number of resource blocks (RBs) allocated to each kind of flows can be determined
(explicitly or implicitly). Given the number of RBs for each of the two categories, the
distribution of RBs within each category can be determined using the above scheduling
policies.

[0048] To determine the distribution across bandwidth between best effort and
delay sensitive flows (e.g., delay QoS flows), fundamentally, a metric can be used to
relate the best effort flow priority function to the delay QoS flow priority function such
as a weight# . In particular, corresponding to the two flavors of scheduling policies for
delay sensitive flows, the following algorithms can be employed to schedule a mix of

flows.



[0053] Turning to Fig. 5, illustrated is a nethodol ogy 500 that
facilitates efficiently assigning bandw dth to receive at |east one
dat a packs¥orae/nabmti on to best effort (BE) fl ows and det/agosgessidii ve
flows. At reference nuneral 502, at |east one of a delay sensitive
flow with a delay requirenent or a bestl4effort flow can be received.

At referenc neral 504, a.fi rtiqn. of ndwi d

o enrod s DOMTStal £ el PRl AR isndRBR bt kel S gplgast gne
second por t podsiffle aaﬁlsbﬂddhavocaﬂmn@x@dub%ﬂd eRbrteQarhifle, Wiesé bakhadh isf | ow.
At ref erence nuneral 508, the first amount of bandw dth can be

real | ocat eddigii ateﬁéaae&@mdéwr%er@ftnfﬁ&ﬁa'mfﬂ&t@rf@qnﬁ@ % W6 RIOYERE i on of
bandw dth t C ey, bandwi dth if the delay requirenent
is net. 8pt lrzéét%cl (ﬂﬁﬁ'grc% %5%&) the first anount of bandwidth can
be reall ocat ed to an increased | evel of bandw dth and the second
portion of bandwidth to a reduced | evel of bandwidth if the delay

requirenent is met 1c W ral V,
bandwi dt h for ”r}gg_,%_i rsz‘ﬁt( uﬁ%ejgfﬂbadd ‘t) chtlwg%(g% eM@ggned and t he

second ampunt of bandw dth can be maintained if the delay requirement
is equivalent tq.the first portio 9 anﬁ wfth_,At .reference nuneral
514, a portion of data on the fll’z e éecond portlon of

bandwi dt h can be received in accordance with the allocation. WO
2009/ 061778PCT/ US2008/ 082424 16 [ 0064)MNsw,kxf érling to Fig. 6, a

met hodol ogy 600 that facilitates optimally allocates bandwi dth to
transmt at |east one data packet in relation to best effort (BE)
flows and dF&Pf}ka ﬁI%S{hE 'aﬂ&zefdgﬂﬁézduﬁﬁ {ogfe EABE sAVOELA tﬁle’bc@l{ﬁn SRS
one of a delay sensitive fl 5 ay reqwrerre or a

effort flowelganthlye received. At reference nuneral 604, a first
portion of wndth I S veflow At
ref erence nﬂﬁﬁ 0%%620215%? %%gr (Q‘Cﬁe(am#&ofoggélg%%eﬁgg‘aénh e a % ocat ed
to the bestfcelfof.am’(gnefsﬂedlﬂaasea@ionrseﬁrehﬂg@ﬁhmwﬁmbahﬁiﬁﬁ& the first anount
of bandw dth can be reallocated to a reduced | evel of bandw dth and
the second porgt iffliRhtidanen-df p=tq @n increased | evel of bandw dth if
the delay requirenent is net. At reference nuneral 610, the first

armount of ban t hesCa e ocC ah increased | evel of
bandw dt h anddzt\lvh"cé]It ‘Eﬂeco d po‘&tﬁdh 1@& réd_wledth to a reduced | evel of
bandwidth if the delay requirenent is not nmet. At reference nuneral
612, a |evel G Compuiwiogtimaldistribdtmnfof sctralmosoutces fB°bamdng bieshefferhflies
mai nt ai ned and Qfﬁé second anmount, of bandwi dLFt]} can be mgjntained if
the del ay reqd‘f1 APOPE gy PPIHER OV URE T DHISE SiEoH 8 BRMof

bandw dth. At reference nunmeral 614, a portion of data on the first
and t he second Bettailesption. C@&lﬁ’dﬂﬁﬁdﬂﬁ“@%lﬁf (et} ARk ¢ Dkd i§ Qo et Bance
with the allocation. [0055 .. 7is an illustration of a nobile

devi ce 700 t hatrefsiand ?GP%Rdéﬂs’* .<<)Pr{§1*ofé@ec( el (e fendighy dridfdr
del ay sensiti ve fltPWF with efficiently allocated bandw dth to such
flows in a wirePresy“communi cation system Mbbile device 700 conprises
a receiver 702 that receives a _signal. from for instance, a receive
antenna (not shdi)S*PErFdf ns~ Py piodQ s e ryEL on (e.g., filters,
anplifies, downconverts, etc.) the received signal, and digitizes the
condi tioned si gnal Slf@-obt ain sanpl es. Receiver 702 can conprise a
denodul ator 704 that can denodul ate received synbols and provide them
to a processor 7BBeffor>ghannel estimation. Processor 706 can be a
processor dedicated to analyzing information received by receiver 702
and/ or generating i nf geaatgon,fiasg iyAansm ssion by a transmtter 716,
a processor that controls one or nore conponents of nobile device
700, and/or a prpgessor that both analyzes information received by
recei ver 702, generates information for transm ssion by transmtter

B™ = B®F and Goto 2.




via the channel. Menory 708 can additionally store protocols and/or
al gorithns associated with estimating and/or utilizing a channel

(e.g., penformanegisased, capacity based, etc.). [0057pCtr/vaedok/odres
appreciated that the data store (e.g., nenory 708) described herein
can be either volatile nmenory or nonvolBtile nmenory, or can include

both vol at i d | af i : f i.llustrat] d. not

i tact on. [5hU0r att & sy TEa T etk s SRl ag. Tabpieht

progr anmabl eddp@yvu(PEIMdapel@ghtiohGaldwtihE- e SRR Elae thR@Ma(; RRiREhents of

el ectri cal I¥ er asabl e, P%EEP , or flash nenmpry. Vol atile nenory

can incl ude h%#%@m%%&%@ (S @%WF?HSWF&?SM Al FF e Picadhe

menory. By waw Bbp bdskafidiRdiRardBd phREr dohBbIlcRtdr @fbp FABL em@lo?é@'mﬁ Le
h RANI ( SRA RAM { DRAM) ,

in many forms such as synchronous. M, dynam c

synchr onous a@Rmvon SDRAMrate dubmeinidgtsacatial wsSDRAKD (hDDRSt SHRARWs and
enhanced SDRA §QI§§M . .1 nk DRAM ( SLDRAM, and direct Ranbus
RAM (DRRAMDm%éEnemryuﬁéﬂ%@MFhe subj ect systens and nethods is

i ntended tofMs2pri se, Refetringud Figel 33§, héthodobgbidsaclatityas @ravidingaylinhttingng

suitabl e type f ry. [0058],Processor 706 can further )
operati vel 3 COBDFEAE i CE O and PO g By e fype, for
schedul i ng @firpbieR WB sitvipligieL o SpREMION thb nRiHTEbloLRs ASCREWRhMEsBbea s a
anal ysis engi ne 712 as described supra, for instance, Pursuant to an

i |1 ustrati offrics REAGh 114 9 be vadersiend yacbanpensiatiek thatihayactbagriogienase not

assi gnment gy ﬁgm@'o&l@éﬂo@&tgfa S5hAerSRAS irk ABrdhh QAR IV bdebr dRl@Y
requi rements and best effort ffows. For "exanpl e, the analysis engine
can dynam cambgdimahteidcatrean @iféréns prdsrs andtor cdrsudenthyywitheotbérragisdrom fhet
del ay sensi iV I [ in S trica T

manager 710E1i1308‘.ﬁ1 %&j%é%tr%? %légglgh ﬁnﬁ{aﬁl%gﬁ’ ﬁ%(%éjag(?lgerﬁi a}gg{ée oaft d‘i%rlllg‘ﬁnggr(g ‘%%;?‘}d
based upon tpyeedimt Hiac) methodsldgy cdudd ltesnatieelly ive repedsapted expuscriensnt s are

met for delay sensitive flows and assi gni any_remai ni ng . bandw dt h
Lo the best TUPTRUHEL HIFIER: PHOGHHEE APHE ST OMSFHR GBI Hird e
anal ysi s engiaf®e fdrire@td igfpl@ednt ¥ 8lethoadldgpmtadcttidnte Pith @b bt @6re
scheduling policies in regards to flows for the nobile device 700.
Addi ti onal | §MbedHBIERSHi | e devi ce 700 can recei ve data packets based at
| east in pa on t j LOJi-t i | Ed £ Qs
manager 710T[§3?r‘?g]/00r tﬁgurgﬁgﬁggiigé q’ggg%tﬁ%rdf%éé%I%ggg%%ﬁﬂaetq%%{}?%% 700
still furt hefficentyppisigningbanddidtatooecebat bast one dats pradkeein rfagont thest

respectivel e and transm.t _signal 0, faor in ce, ba
Statton. anSTRB Rk O] dbled 88Mlive HoRT WS rfense Bl B SOL EfigngheSi
separ at e fr dekey hasipivolewsath /gy redjuitetnehDoraeheaipgifoerciicnt eah Hehradeivtelie AQOS
manager 710, analysis ine. 712, . 2009/, 061778PCT/ US2008/.082424 18
denodul at or }'@fefal}ceawme&? S iones Ve 0 BAPE d@aﬁ@ﬁéo fgfs g8l8%sor
706 or nul t kdsRive FIBEE 98 Q&reh O USRI W0 . a dB8HIGOH @ ofBahdvidh can be
illustration of a Ségtem 800 that facilitates managing quality of

t

servi ce ( Q&b tpsibedtefisritlon. dhgelsiraceeimgralsdfishe it anpeustin a

W reless copmuliglchope r%agwag?r!@med%edq&%@ Bf@&ﬂw%ﬁ%@csthér&%ﬁﬁa’ﬁ&r%ﬁ g0
conprises a base station 802 (e.g., access point, ...) wth a

recei ver 81lbandvadthrteeringeasedilgyehbfsndidéms trealebuy reprirementis net. détvi ces
804 t hrough L ural it ege] ve antennas. 306, .and transm.tter
524 that o KebeteRplstal a0 HERS| AP BT Ry BIE Beh R e
transm t anieshef bBBA8vidRemdithesec@tiGotiton of dardwidthitoh asdiadd level bf bandwidth
recei ve antenpas ;806 and is.operatively associated with a_denod t or
812 that deRumtfebesaisam isdoy WFbr‘?H{fﬁéE?er Eﬁ%ﬂtﬁqatae V@fﬁgm@uﬁ or
anal yzed by i fREQEREO6F BAdwidnAdan B8 haliRaigdddddahe {eBotdW@ndhPSAREAKidth
descri bed above with regard to Fig. 7, and which is coupled to a
mermory 816 £Hbke BeripfEsdiithe ety reanireraqna isequivalenidte thedfrptgrizonsifgnal

(e.g.. pilopin&liaGRNak RerBRlHunlelh 814, 8" R oFHh&RM R il thdselshd

portion of bandwidth can be received in accordance with the allocation.



[ 0061] Furt hennore, although depicted as being separate fromthe
processor 814, it is to be appreciated that the QOS manager 818,

anal ysi s &v@eae082B, denodul ator 812, and/or nodul at or PERPSHWaSIHIE4
part of the processor 814 or nultiple processors (not shown).

[0062] Fig. 9 shows an exanple wreless Wommuni cati on system 900. The

w rel ess co i cati syst em 900. depi ct e ation 910 and
ohe mobi | o HBI 6 on0 SR itk o Preb F e §ocdlia TR et Pttty optigey
ap 8 /r eci at edalldﬁaﬁes Bmh@dﬂ]b _ﬁ?@alﬁﬁﬁt_a& rwétmle d#® peckbgi@nglmitﬁll tbgﬁﬁ cSbAatBEN
and/ or nore_than O nonl, . e devl ce, erelrn aqdli.tl ona as tations
and/ or nobi fl8VH#A oy e Wi Y AFFTCRF 3P bt SRS PR AFIEY £ om
exanpl e basgngitiot 16R WA &N EBRIhRnAG 1126 IRB: MRS & eeekeRehow: N

addition, it is to be appreciated that base station 910 and/or nobile

devi ce 950 tdscERpLEpral A4, gfssteopgion\nbbagipadih 61y replorrtebrobsfidar424 19
(Figs. 1-4 a t 1 (< - j rein to
Fact i tate Grure B K0 A g A L

st ati on 910alldcetafl o the dadt affow flow. Aimtfercnof nudetd 668, rtbafmst arsoymt of/i ded
froma data,sour 9 to,a transm.t X)., dat a . processor 914 .
accor ding. + BER i v udtel §ht ks Ia S0P oRIAT SROR vl nvion of
respective BatdeidiR to dnindiabRd Hverernadwiddf frelderl Sequiemies.is med At

i nterl eaves the traffiﬁ]ipdat ae[ft ream based on a particul ar codin

schenme sel etfeangegumerhp 1Y dhefirstqrou elapdwidihyen bs gedospisdio awtf%%me

coded data {Q& Faaiivilatang HER038riRA JFBhidwREBXSE ratubdl 1BV BF bAl@kaith
usi ng orthogonal frequency division nmultiplexin t echni ques.

OF
Addi ti onal | ¥ tey delayt reqwizeniopkisyiot mpte zﬁéiw%lten@yrn@aﬁrg é&rﬁ?gb@l PF apdeirdly for
di vi si ) 7 SR i 1 q
ai vi oi on b SBn( v B Kl d U SRSt Mene i AT
pattern thatanls mrioioess @dhé delay lenavemanaisrequivalng tc dre fvet posted ot nobi | e
devi 950 i h I .. Ih | ti.pl d,pil d
e ancs, PaRBbTR G Cl SRRSO el 1B e Do

mapped) baspektion ofbaddbidte bdndic taemlt@t initcotRei¥Byi(tethg aliochiiiar y
phase-shift keying (BPSK), quadrature phase-shift keying

> ) . (QPSK), .
M phase- shi {405Reyi ng {ig P Hysiaipiniaroeiledeprs Y%_atrfﬁﬂlﬂ(a% irqg?q%vmg
(M QAM , et Gegt ofF6ik 651 )EThv O dloPallafahSitisd ASREWHR cRHcR¥lIF e dmAdaldvRBn

synbol s. The data rat'e, coding, and nodul ation F_or each data stream
can be det etruakdowy in awirelgsstoonmingratieosyset:. dylolplealzvige dObyorpprsees sor

930. [ 0065] T ol @100 SYTDaLA dl ANe 1AL 3 sLieATR6an, D
provided to ‘%%* I\%tp‘%ggéggglg Eg , ’\ﬁ{i ch %g’n r?%e:if eren%r ngeg}so“fnl)\’e
modul at i on gynfidrols Sypiel getionf om (G=Diljers, IpMiddDdprooess ey e8P hetréreived
provi des NT .nodul atian synbol streams to NI.transmtters (z,lg R) 922a
hr ough 9228 g Bes EnpBaT R LR I PRI Ce SCer Va0 ARpI | oo
beanf or m ng cwep@ttasleinddtibor 3§aiel Gn Abmbieatd adcaived ?ﬁ‘ﬂflﬁs #APré&add fiem to
antenna from which the synbol is b_eln%transmtte : i
a processor 706 for Channel estimation. Processor 706 can be a processor dedicated to
analyzing information received by receiver 702 and/or generating information for
transmission by a transmitter 716, a processor that controls one or more components of
mobile device 700, and/or a processor that both analyzes information received by
receiver 702, generates information for transmission by transmitter 716, and controls
one or more components of mobile device 700.
[0056] Mobile device 700 can additionally comprise memory 708 that is
operatively coupled to processor 706 and that can store data to be transmitted, received
data, information related to available channels, data associated with analyzed signal

and/or interference strength, information related to an assigned channel, power, rate, or

the like, and any other suitable information for estimating a channel and communicating



[ 0066] Each transmtter 922 receives and processes a respective synbol
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engine can dynamically calculate whether or not the delay requirement for delay

sensitive flows are being met based upon a metric. The QOS manager 710 can adjust
the bandwidth allocation accordingly (e.g., based upon the metric) in order to ensure the
delay requirements are met for delay sensitive flows and assigning any remaining
bandwidth to the best effort flows. In other words, the QOS manager 710 and the
analysis engine 712 can effectively and optimally prioritize scheduling policies in
regards to flows for the mobile device 700. Additionally, the mobile device 700 can
receive data packets based at least in part upon the scheduling priorities identified by the
QOS manager 710 and/or the analysis engine 708.

[0059] Mobile device 700 still further comprises a modulator 714 and
transmitter 716 that respectively modulate and transmit signals to, for instance, a base
station, another mobile device, efc. Although depicted as being separate from the

processor 706, it is to be appreciated that the QOS manager 710, analysis engine 712,
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for a number of data streams from a data source 936, modulated by a modulator 980,
conditioned by transmitters 954a through 954r, and transmitted back to base station 910.
[0071] At base station 910, the modulated signals from mobile device 950 are
received by antennas 924, conditioned by receivers 922, demodulated by a demodulator
940, and processed by a RX data processor 942 to extract the reverse link message
transmitted by mobile device 950. Further, processor 930 can process the extracted
message to determine which precoding matrix to use for determining the beamforming
weights.
[0072] Processors 930 and 970 can direct (e.g., control, coordinate, manage,
etc.) operation at base station 910 and mobile device 950, respectively. Respective
processors 930 and 970 can be associated with memory 932 and 972 that store program
codes and data. Processors 930 and 970 can also perform computations to derive
frequency and impulse response estimates for the uplink and downiink, respectively.
[0073] 1t is to be understood that the embodiments described herein can be
implemented in hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units can be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable

logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,



25 5. The method of claim1l, wherein the reallocation of bandw dth
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'_ ;-a ) X, (O+r ﬁf(;%;% C))l?ﬁ' 1 ﬁmg&%bc(,esgors \'}}:'ar glezt}onlj: 1{1}1!5 Qibs%n Iétt? P?Ifci,rﬁlft fiction

whi ch neasuﬁﬁﬁubﬂseiebﬁﬁabd ﬁérf:mwra‘doﬁzwlmmﬂfcthlon of an average rate

at which it erve s a_l th of one subf.ra i s a weight
for updati n @ﬁ averg%eﬂ ipe efpodiie Qreroigwigmgnte PS*%%@WW&% is a
wei ght for ghigdekark BhgidreddE Cp%oggérﬁwode orRodd SeemcBBOBEY @h eRRAMiRE Of a

flowi, g() is a cost function based on a queue length, and Bis a
spectral regwghipercagablamediyay sl aéfl S@ra@P SPBPOTn: tAh 6pdeseErpent SRintgpresent
|n|t|aI|2|ng vced m L n,

BQ s = gg)ce ar dlofun ““rl?g' | ng ‘E)IEB%PFI( s?éra?r %En:éo%m%%{ﬁe, ¢

spectr aI r estnft;waresa@m, anvbny Obaaftcoefbﬁmmn of iowisucangs, dith sialmungs, del ay
;enfs :JJ; It \fllgr f lgzoo\%sgam Statﬁlg;ex%é O#pc%%ie ?}e&%neen c rﬁ%&@p{[@fd(tgatu%qg eC fe)gg'ﬁq{ cor((:atl);:1 I) ;n
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Ui() is a (cj}? rrnleglg;yl C\(/)gte?lIS r?fgnge}tgohl a;[r%/ur}clflzjn?sf %zlirgrrrllet]é}s} ata, efc. can be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, efc.
[0075] For a software implernentation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and
executed by processors. The memory unit can be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.
[0076] With reference to Fig. 10, illustrated is a system 1000 that efficiently
assigns bandwidth to receive at least one data packet in relation to best effort (BE) flows
and delay sensitive flows. For example, system 1000 can reside at least partially within
a base station, mobile device, efc. It is to be appreciated that system 1000 is represented
as including functional blocks, which can be functional blocks that represent functions
implemented by a processor, software, or combination thereof (e.g., firmware). System
1000 includes a logical grouping 1002 of electrical components that can act in
conjunction. The logical grouping 1002 can include an electrical component for
receiving at least one of a delay sensitive flow with a delay requirement or a best effort
flow 1004. In addition, the logical grouping 1002 can comprise an electrical component
for allocating a first portion of bandwidth to the delay sensitive flow and a second
portion of bandwidth to the best effort flow 1006. Moreover, the logical grouping 1002
can include an electrical component for reallocating the first portion of bandwidth to a
reduced level of bandwidth and the second portion of bandwidth to an increased level of
bandwidth if the delay requirement is met 1008. In addition, the logical grouping 1002

can comprise an electrical component for reallocating the first portion of bandwidth to
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portion and the second portion of bandwidth if the delay requirement is equivalent to the
first portion of bandwidth 1012. The logical grouping 1002 can comprisc an electrical
component for receiving a portion of data on the first and second portion of bandwidth
in accordance to the allocation 1014. Additionally, system 1000 can include a memory
1016 that retains instructions for executing functions associated with electrical
components 1004, 1006, 1008, 1010, 1012, and 1014. While shown as being external to
memory 1016, it is to be understood that one or more of electrical components 1004,
1006, 1008, 1010, 1012, and 1014 can exist within memory 1016.
[0077] Tuming to Fig. 11, illustrated is a system 1100 that optimally allocates
bandwidth to transmit at least one data packet in relation to best effort (BE) flows and
delay sensitive flows in a wireless communication environment. System 1100 can
reside within a base station, mobile device, efe., for instance. As depicted, system 1100
includes functional blocks that can represent functions implemented by a processor,
software, or combination thereof (e.g., firmware). System 1100 includes a logical
grouping 1102 of electrical components that facilitate scheduling of data packets. The
logical grouping 1102 can include an electrical component for receiving at [east one of a
delay sensitive flow with a delay requirement or a best effort flow 1104. In addition,
the logical grouping 1102 can comprise an electrical component for allocating a first
portion of bandwidth to the delay sensitive flow and a second portion of bandwidth to
the best effort flow 1106. Moreover, the logical grouping 1102 can include an electrical
component for reallocating the first portion of bandwidth to a reduced level of
bandwidth and the second portion of bandwidth to an increased level of bandwidth if the
delay requirement is met 1108. In addition, the logical grouping 1102 can comprise an
electrical component for reallocating the first portion of bandwidth to an increased level
of bandwidth and the second portion of bandwidth to a reduced level of bandwidth if the
delay requirement is not met 1110. The logical grouping 1102 can comprise an
electrical component for maintaining a level of bandwidth for the first portion and the
second portion of bandwidth if the delay requirement is equivalent to the first portion of
bandwidth 1112, The logical grouping 1102 can comprise an electrical component for
receiving a portion of data on the first and second portion of bandwidth in accordance to

the allocation 1114. Additionally, system 1100 can include a memory 1116 that retains



sensitive flow, receive a best effort flow, allocate a first portion
of bandwidth to the delay sensitive flow, allocate a second portion
of bandwi dW8 2009061788 best effort flow reallocate the fiBCIUSREBOSAY Of
bandwi dth to a reduced | evel of bandw d%£ and the second portion of
bandwi dth to an increased level if the | ay requirenent is mnet;

real | ocate arﬁ@m&wn§fforre%éuhﬁ AREHARR Qggg gnvg&ha&tﬁm@g% JL ?Y&' 966

bandwi dt h and t he second t| on of to ar evé
bandwi dt h i fl16%he1H&I14l2, Iae@]ilIMeﬁ?éhic shewnes bereg extomplrtb aicmoay | Ehelt 1sotb be
bandwi dth for ,t IS rtio andwi dt h .a S n orf.i-.on
o Dot at S Ged thdng BPEIO oM IE bt Maep FERRFLBPLH2:
portion of hahdiddiah exist within memorghElGei n the real | ocation of

bandw dt h f eflr i on, of s served by Wi (qi(t),
di(t), Id; ‘Wspv\mHe Sé" Jes l@gﬁg?‘tc 9@ 49386\?“1132)\?%%“&0%1’18%‘% ve

wei ght bet wegmodibietsi 1118 eburfe st Iﬁtsme to MSErk eafgldj d@ﬁ&&&dbleycoﬁfbiﬁ%@y
sensitive flow users, | is a sub-band i ndex, is a

head- of - | i néf eanEEpeRts P mehpdipgiesior Aarpeses pédeac@ung @p afgroreentignedl t he K1

(t)is a spechfghinfhis! ki SREYE fifhad skliOWite £ m&y Leb8Bride th@MWhny further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes” is used in either the detailed description or the
claims, such term is intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



a nmenory coupled to the at | east one processor. 11. The wirel ess
comuni cati ons apparatus of claim 10, wherein the at |east one
processor is configured to receive at |east one data packet in
accordance with the bandw dth al | ocatypn of the first portion of
bandw dt h and the second portion of bandwi dth. 12. The wirel ess
comuni cati ons apparatus of claim 10, wherein the at |east one
processor is configured to transm tClaAINI8ast one data packet in
accordance with the bandwi dth allocation of the first portion of
bandw dt h and the second portion of bandwi dth. 13. The wirel ess

communij cat i ARSetRRPBEARHRRE seleahiMgldbestrRieli Gy bhtea Bbwlaast adne
processor_is configured to adjust the allocation of bandw dth for

each dedBirgsaet sithin g wirelpsiecopraticadignscavivonnenit sosmsisigpar at us of clai m
10, wherei ”zet:él%ng%glle{)g%éﬁsit%fﬁfw\‘p }9%19% I.u?ém d?e second portion of

bandw dth is ser a margi na e best effort flow
rel ati ve t orettivingmbasiteffoft floandwi dt h al | ocat ed ther ewith. 15. The

I t th t | t
one. pr ocescHIPHete bl BasRh et Bhitfidd wihSodhdanrtBESks, ch algor ¢ hm
E o) E o) |) v\e/:\E t hﬁ}cfc@ﬂgﬂg)cw‘égﬂigld ;fﬁ)iigioribf‘baﬁ&\ﬁrdth/@t})é(lbdsf éffdlﬂﬂdﬁy

t | Cl 1(t | = S.t
t(t), i =1, lgeﬁﬂocatmg ﬂ’\ﬁﬁéﬁ*é’PﬁloPPibafidé”l‘éthﬁ? P rqdwedr IGYFétOf B@vd\wtb ﬁmh@éﬁm@é

the begdigh BPEatnndQHVt@& 1%01%&'5@8tlév@fbf@ian&’w%dﬁi’?ﬂ%%la&@&ﬁuﬁhemb Gt i
served, v is a |engt one subfranme, cci is a weleg for updating

an aver age, leﬁlfoqagnaﬁeﬁwﬁ mag@nroéb@d@ahdth t$ ppwcieasagley oabméwghlu arid)uhea
cost f &Qgﬁd g{h ;)19 bt l{a!nﬁ\\% th to a etcluc%d 1&/%1 gfpn%flgﬁgal[ﬂh{f?l'gen%ﬁa%%eégneranent 13 tn

go) is a co unction base a gueue
resource. maintaining a level of bandw1dth for the first portion of bandwidth and the second portion

of bandwidth if the delay requirement is equivalent to the first portion of bandwidth; and
wherein the reallocation of bandwidth for the first portion of bandwidth is served by
WHi(qi(t), di(t), Kji (1)), where {i is a delay sensitive flow, W is a relative weight between
priorities of best effort users and priority of delay sensitive flow users, j is a sub-band index, di(t)
is a head-of-line delay for a flow, the qi(t) is a buffer size, and the Kji (t) is a spectral efficiency

for a flow i at a time t.

2. The method of claim 1, further comprising receiving at least one data packet in
accordance with the bandwidth allocation of the first portion of bandwidth and the second

portion of bandwidth.

3. The method of claim 1, further comprising transmitting at least one data packet in
accordance with the bandwidth allocation of the first portion of bandwidth and the second

portion of bandwidth.

4, The method of claim I, further comprising adjusting the allocation of bandwidth for each

data packet.



16. The wi rel ess communi cations apparatus of claim 15, wherein the at
| east one processor is configured to: initialize Bmn =0, B'""" =B
,, BE set BBE = (B"'" + BBQps =B B ) | 2,and conpute an
optimal distribution of spectral resosdces BBE anong best effort
flows and BQ s anong delay sensitive flows using a burst size
algorithm 17. The wirel ess comunications apparatus of claim 16,
wher ei 6. t heTh¢ mkhad bf dnign praeess ﬁfe redllocgthi cﬂ b QEvilo: fofBEBetohd Gorkior of

te fir | ar t =C rct )xi (t)+ rat c(t)bl)
wher ei %Wl%fgi iy sergpdp @Y%EW@OBJ éfé e hest F f?‘i‘/ﬂPYYﬁ%l?ﬁlYﬂwtOUPSam%ﬁﬁﬁt e a

secondpdAkG@A lldcatcdhdrbdak) ((1- vet i) xi(t)+ raiKi(t)bi) ; and
I npl ement the following: If y x z or Bmax -Bm n<O where b is

tolerance Stop Else if x >y
6. The method of claim 1, further comprising utilizing a bisection search algorithm to solve

the following:

max. i Ui - T )xi (r)+raiKi (t)bi) - Wi: Cig(Q'f (- bi'Ks )

s.t. > b=B, b>0, i=l..n

j=}
Kb sq,(t), i=1l...n
wherein Uy() is a utility function which measures the best effort flow as a function of an average
rate at which it is served, 7 is a length of one subframe, «, is a weight for updating an average, x;

is an average rate of a flow i, ¢; is a weight for a cost function for flow i, b; is a spectral resource

of a flow i, g() is a cost function based on a queue length, and B is a spectral resource.

7. The method of claim 6, further comprising:
initializing B™ =0,B™ =B ;

Setting BBE — (Bmax +Bmin)/2, BQUS — B—BBE; and

computing an optimal distribution of spectral resources B®® among best effort flows and

B® among delay sensitive flows using a burst size algorithm.

8. The method of claim 7, further comprising:

computing x =W max{f,(g,().d.(), K/ (ON};

computing first largest y = K (6)U/((1-7a,)x,(£)+7a,K,(£)b,), wherein U’i() is a
derivative of the utility function U;();

computing a second largest z = K, ()U[((1 -7, )x,(t)+ 1K, (£)b,) ; and

implementing the following:



Brax = BBE and set BBE =(B'"' +B"") / 2, BQ' =BB Else Wi = BBE , and
set BBE = (B"'"" + B")/ 2, BQ = B 18. The w rel ess comruni cations
apparatus of claim 10, wherein the at |east one processor is
configured to adapt the bandwi dth allggation for at |east one of the
first portion of bandw dth or the second portion of bandw dth on a
slowtime scale. 29 19. A wireless comuni cati ons apparatus that

enabl es schedul i irg, @xkessr pff oprntd QWA Hisdolbl g W th a del ay
requirenent in a wireless comuni cation network, conprising: neans

for receiving a del ay,requirenent associated with a delay sensitive
flow, means for receiﬁ}f"lﬁg a best effort flow, neans for allocating a
first portion of bandwi dth to the delay sensitive flow, neans for

al locating a sec&H§1hsPti on of bandwidth to the best effort flow
means for reallocating the first portion of bandwi dth to a reduced

| evel of bandwi dt h ang=t hesrsegngd; por.t jomn oéﬁqadm@d&s@égb-,am
increased level if the delay requirenent is t;’ nmeans for
real l ocating the first portion of bandwidth to an increased |evel of

bandwi dt h and t he%$econd portion of bandwi dth to a reduced |evel of

bandwi dth if the del ay. equi:renent s nalk - . nsed or
mai ntai ning a |l evel of ba dwiad]gﬁe r"t(%e f‘iﬁt)/fmrﬁléﬁ”r Ita)andvx,i dth

and the second portion of bandwidth if the delay requirenent is
equivalent to the first portion of bandw dth; and wherein the
real | oRat i ohhenethaghdivleitrhl, ffother hempiivisg adapting tha baidviddthdbcitionifer at least

d i £Qi . 4G (0 fi d Lti
i ow el e 68 idlion St teblicten hghorof FF0D ool « SBR IS 1t

and priority of delay sensitive flow users, j is a sub-band index,

di (t) L& a ead?f-line del a%/?Pfor a flow, .the (1(0 is a buffer size,
and t he’'| C1(H®958 CPUTHRCHIDS 2R IR, SHEDISRF a flow i at a tine t.

20. The W rgll&stoePeaétios adiigdappar atus of claim 19, further
conprising nmeans for receiving at | east one data packet in accordance

with the bandwi defrie 4 ddaticarirentent frsodigted withedelagn of bandwi dth and
the segangdvpaksi on of bandw dth.

receive a best effort flow;

allocate a first portion of bandwidth to the delay sensitive flow;

allocate a second portion of bandwidth to the best effort flow;

reallocate the first portion of bandwidth to a reduced level of
bandwidth and the second portion of bandwidth to an increased level if the delay requirement is
met;

reallocate the first portion of bandwidth to an increased level of
bandwidth and the second portion of bandwidth to a reduced level of bandwidth if the delay
requirement is not met;

maintain a level of bandwidth for the first portion of bandwidth and
the second portion of bandwidth if the delay requirement is equivalent to the first portion of
bandwidth;

wherein the reallocation of bandwidth for the first portion of bandwidth is served
by Wfi(qi(6), di(9), K (), where f; is a delay sensitive flow, W is a relative weight between

priorities of best effort users and priority of delay sensitive flow users, j is a sub-band index, di(7)



21. The wirel ess comruni cati ons apparatus of claim 19, further
conprising nmeans for transmtting at |east one data packet in
accordance with the bandw dth allocation of the first portion of
bandwi dth and the second portion of bapdwi dth. 22. The wirel ess
conmuni cati ons apparatus of claim 19, further conprising neans for
adjusting the allocation of bandwi dth for each data packet. 30 23.
The wi isd lemd-of dimerdelay ftriadlosy, dppg@)at udufiér stdeahnmd AOK’, \Whay #dpactidl efficiency
reall o atl n of bandwi dth for the second portion of bandwidth is
sewed Yittdr 4éMt ity of the best effort flowrelative to the
amount of baﬂﬁmﬁy&b@ldaqgaie%@lléa&%egfdcbssonm The wireless

communi cations apparatus of claiml further conprising neans for
utilizing a bisection search algorithmto solve the foIIovvi ng: max. |
E-{’- - lia' )’f‘hé I;v)ré'l-g%y %Sh(xﬁl}.nl?éa)aow é\}}?aﬁﬁﬂ'o@\k}nﬁi@v@ﬁ&%m ea‘t Efasﬂtnoc Iocessor is
whi ch n@é@ur 01r¢1>eIVb@skeaﬂbh@dfita phadner mﬁc@rtﬂamneMthmhaﬁanam@lvﬂtcazg@orrc&ttﬁe
at whigh,it nes frame, oti is a weight
f or up%atlportlon § d?védt% anéﬁle Sgcogﬁ%g{?’é’f“é’é al}dé'fl of aflowi, ci is a
wei ght for a cost functlon for flowi, bi is a spectral resource of a
flowi,.go).Js a cost function based on a queue | engt and Bis a
spectraf r eghwgelessz@mwwwp&@n@@ﬁﬁhw 4Gt whsin %ﬁ@é}eastwe @focessar in

24, f upddTRArLIQF REA DAL ledﬁ?@&sdaiﬂacké}'nﬁ h&bfd%hé@w% the bancgmgth a‘l‘l@catron of the
means for setti ng BBE = (Bnf +Bmi ")1

for coffFtpeiHgn ah ledfhlanfﬂthgtsﬁqobdmmwn@f b@p@udﬁlal resour ces BBE am)ng
best effort flows and BQB anbong del ay sensitive flows using a burst
size algorithm

13. The wireless communications apparatus of claim 10, wherein the at least one processor is

configured to adjust the allocation of bandwidth for each data packet.

14, The wireless communications apparatus of claim 10, wherein the reallocation of
bandwidih for the second portion of bandwidth is served by a marginal utility of the best effort

flow relative to the amount of bandwidth allocated therewith.

15. The wireless communications apparatus of claim 10, wherein the at least one processor is

configured to utilize a bisection search algorithm to solve the following:

max. i U.((1—o))x, () +7o, K (1)b) — Wi c,g(g,(H)-bK. (1)
i=1

i=l

s.L. >'b=B, b20, i=l..,n

i=l
Kb <q.(t), i=1,..,n
wherein Uy} is a utility function which measures the best effort flow as a function of an
average rate at which it is served, 7 is a length of one subframe, «, is a weight for updating an

average, X; 1s an average rate of a flow i, ¢; is a weight for a cost function for flow i, b; is a



26. The wirel ess comruni cati ons apparatus of claim25, further

conprising: conmputing x = 31 nmeans for conmputing first largest y =

ICi(t)U; ((1- rar)xi (0+ we i(t)bi) , wherein Ui() is a derivative
of the utility function lii(); neans $@r conputing a second |argest z
=C (t)U((1 - rai)xi(t)+ ra i(t)bi); and neans for inplenenting the
following: If y x z or H" -Bnil"45, whereOis tolerance Stop Else if

X >y Hien@dl resoBreBlof afldwdet() isk cos( fhidttioh HBkatlon)a duede 103@h§and Bisa @B&ra}

El se Binh' = BBE , and set BBE = (Bnax + Bm" ) | 2, BQE = B -

27. ThESWMF%I ess comuni cati ons apparatus of claim19, further
conprising nmeans for adapting the bandwi dth allocation for at |east
one of the first portion of bandwi dth or the second portion of

bandwi &2-h ohhewEElessy copmppinigatipes apparatus of claim 15, wherein the at least one processor is

configured to:
initialize B™ =0,B™ =B

set B =(B™ +B™")/2, B®S=B-B";and

compute an optimal distribution of spectral resources B®® among best effort flows and

B¥Samong delay sensitive flows using a burst size algorithm.

17. The wireless communications apparatus of claim 16, wherein the at least one processor is

configured to:

computing x =W max{f;(q,(¢).d, (), K/ (ON};

compute first largest y = K, (1)U (1 -7z, )x, (1) +7e, K, ()b.) , wherein U’i() is a derivative
of the utility function Ui();

compute a second largest z = K, ())U/((1-7a,)x,(t)+ o, K, (£)b,) ; and

implement the following:
If y<x<zor B™ ~ B"™<), where is tolerance
Stop

Elseif x>y
Bmax = BBE and SetBBE (Bmax Bmin)/:z’ BQDS = .B““‘BBE

Else

Bmin =BBE, aﬁd SetBBE Z(anx +Bmin)/2, BQOS =B""BBE.

18.  The wireless communications apparatus of claim 10, wherein the at least one processor is
configured to adapt the bandwidth allocation for at least one of the first portion of bandwidth or

the second portion of bandwidth on a slow time scale.



28. A conputer program product, conprising: a non-transitory
conput er -r eadabl e medi um conpri si ng: code for causing at

| east one conputer to receive a delay sensitive flow wth a del ay
requirenent; code for causing at |easggone conputer to receive a best
effort flow code for causing the at |east one conputer to
allocate a first portion of bandwidth to the delay sensitive flow
code for causing the at | east one conputer to allocate a second
portlon of Rg dth to the best effaort flow code for
causi ng%t heAabirs %ﬁé§9m6ﬁlé1°é%?ﬁﬁ@?e%ra%thaé%abké athedyling Fheptsaffosollaw and of

bandwi @bk Wieh @dél%‘éﬁ@igenllé?ﬁ’ﬁi a erel@&%%%ﬁbaﬁgﬁi n%tuf%ﬂks @%9?1%119%? rtion of

bandwi dth to an increased |evel of bandw dth | equi r enment
is met; 32means for receiving gdielay srquiramsitrgsochiesdayith edeey msﬂe@ﬁwi er to

real | ocat e Pn%?? ffio;l%gelpggtalbg& e@ffoml%[% width to an increased | evel of

bandwi dt h an he secon ortion of 'bandwidth to a reduced | evel of
bandwi dt h lfnearisd'od@lloaytm’mﬁmrmﬁm oftandwidttmtthe delal sensitive ﬂow code
for causing the

east one co uter to intajn a |
bandw dth TBFAEHE AT S GO I TR AR e GUCoM por ti on
of bandwi dt fhehds fbh@am@aﬁﬂg 1he Gt HBARAlof bandElth {&th BRfucddeldl %fﬁénrd%ridth and
portion of bandw dth wherein the real |l ocation of

bandwi Herfesard peronsal bardvwidthitp am insreappsenel iithe flelavsisavieamdny isvnati (qi (t),
d, (t) Kji : V.
wei ght bet mggﬁaspf?%%ﬁcﬁ%{é%é o %ngbﬁ%P ?’ g?%{dys%tﬁstg grg%{cre%eg%‘%l B%a%ég}d%’
sensi t andthe sesandipertion of barglwadth tba fxanckdilencké xf batflGidtls 1fahehdam:y efuitdnrat is
del ay i % flow, the g(t) is a buffer size, and the K1 (t) is a
spectra efficiency for a flowi at atime t. 29. The conputer
program pr oheats fof mainaiining 8 ]evehebandwitlihefon®s firét pORich Of BarTH 84 the

r eadabl e diumfurther. co code for causing the at |east one
conput R P%B%PMWF%&I? g FAHELTFAE REAUIVACHR reddRROTUN o t he
bandw gifavwadthosat i on of the first portion of bandwi dth and the second

portion of bandwi dt h.
wherein the reallocation of bandwidth for the first portion of bandwidth is served by

Whai(D), di(0), K35 (1)), where fi is a delay sensitive flow, W is a relative weight between priorities
of best effort users and priority of delay sensitive flow users, j is a sub-band index, di(¢) is a head-
of-line delay for a flow, the qi(¢) is a buffer size, and the K’; (£) is a spectral efficiency for a flow ¢

at a time £.

20.  The wireless communications apparatus of claim 19, further comprising means for
receiving at least one data packet in accordance with the bandwidth allocation of the first portion

of bandwidth and the second portion of bandwidth.

21. The wireless communications apparatus of claim 19, further comprising means for
transmitting at least one data packet in accordance with the bandwidth allocation of the first

portion of bandwidth and the second portion of bandwidth.

22.  The wireless communications apparatus of claim 19, further comprising means for

adjusting the allocation of bandwidth for each data packet.



30. The conputer program product of claim 28, wherein the
non-transitory conputer- readabl e nmedium further conprising code for
causing the at |east one conputer to transmt at |east one data
packet in accordance with the bandw did all ocation of the first
portion of bandw dth and the second portion of bandw dth. 31. The
conput er program product of claim28, wherein the non-transitory
conput er- readabl e nedium further conprising code for causing the at
| east gge c?q?uter to adjust the allocatjion of bandw dth for each
data patket 1he yhelesprgmuyinisations sppergius At plaigy LS tvhsrere fhaireallogationedr ei n
the repddaesdthirannolechanshMich b a8widaeisSecendy 99{&%1941 ulfin RAME G dFrohS

served by a marginal utility of the best effort fTfowrelative to the
anount fleW reglaiepip dherprzgunpethaadwidderlbnsptet therg¥@tB3. The conputer program
product of claim 28, wherein the non-transitory conputer- readable
medi um further conprising code for causing the at | east one conputer
t o utiP4.ze ‘dhdwsdeisicomnsmimatbnsalpganius bfichion $@lfwehdr bempadih®mens:for

Max. BL il d dofecion S aidorihis 6 Ll i fomisa 9 (A (1) - biKi (1))

max. i U{(d—ze,)x(D+7o K (0)b,) — WZ": ¢;8(q;(1) - BK (1))

=1 i=1

s.t. Y b=B, 520, i=l..n

i=l
Kb <q(), i=1..,n
wherein Uy() is a utility function which measures the best effort flow as a function of an
average rate at which it is served, 7 is a length of one subframe, a, is a weight for updating an

average, x; 1s an average rate of a flow i, ¢; is a weight for a cost function for flow 1, b;is a
spectral resource of a flow i, g} is a cost function based on a queue length, and B is a spectral

resource.

25.  The wireless communications apparatus of claim 24, further comprising:

means for initializing 8™ =0,B™ =B ;

means for setting B"* =(B™ +B™")/2, B¥ =B~ B and

means for computing an optimal distribution of spectral resources B®® among best effort

flows and B¥®among delay sensitive flows using a burst size algorithm.

26.  The wireless communications apparatus of claim 25, further comprising:

computing x =W max { f(¢,(£),d,(t), K/ ()} ;



s.t.Eb,=B, b, 0,=1,...,ni=1 K ,(t)bigi(t), i =1,...,n

wherein U, () is a utility function which nmeasures the best effort
flow as a function of an average rate at which it is served, v is a
length of one subfrane, a; is a weigh{;for updating an average, Xi is
an average rate of a flowi, c, is wel ght for a cost function for
flowi, bi is a spectral resource of a flowi, go) is a cost function
based on a gdgigol Bing ﬁﬁ@la@gésﬁya @@?Qt((iajfar)§?ﬂwr&?{ gtﬁflj W-BIQFemUl() is
conput er program product of claim 33, in"the r8nsit

conput ederivadiae abihe utikgh furstion L e r corrprl SI ng code for causi ng the at
| east one corrputer to: initialize en = B " , set BBE (B +
Bmin) | 2, BEMS OI'CB’BlPutla&EISGCOHd I%We’{ &W&Brﬂﬁﬂm(@ﬁ@@,ﬁ @)n)i; evd of
spectral resour s BBE am)ng} t}e‘?t effort flows and BQ s anong del ay
sensi tive f’l”“(fj’WsS gf%e%lﬂ% ©18Y9% &1 gorithm 35. The conputer
program product of claim34 wherein the non-transitory conputer-
readabl e medi um ¥ur K& @ofpr & niP.cdwEd isitolerapesi ng the at | east one

conputer to: conmputing x =W conpute first largest y = K, (t)L
fal--raf)x, (0+Tai K(t)&bp, wherein U 10 is a derivative of the utility
function Ili(); conpute a second largest z = Ki (t)U;

((I'--rai)x, (0+Taigke(f xRi)); and inplenment the follow ng:

anx — and set BBT_' (Bmax Bmin) / 2’ BQOS =R _BBE
Else
Bmm BBE and setBBE (Bmax B‘“‘“)/’2 BQOS B—BBE .
27.  The wireless communications apparatus of claim 19, further comprising means for

adapting the bandwidth allocation for at least one of the first portion of bandwidth or the second

portion of bandwidth on a sfow time scale.

28. A computer program product, comprising:
a non-transitory computer-readable medium comprising:

code for causing at least one computer to receive a delay sensitive flow with a
delay requirement;

code for causing at least one computer to receive a best effort flow;

code for causing the at least one computer to allocate a first portion of bandwidth
to the delay sensitive flow;

code for causing the at least one computer to allocate a second portion of
bandwidth to the best effort flow;

code for causing the at least one computer to reallocate the first portion of
bandwidth to a reduced [evel of bandwidth and the second portion of bandwidth to an increased

level of bandwidth if the delay requirement is met;



34 If y :c5..z or 131"" -B"Bn<O where ei is tolerance Stop. Else if
x >y Bm" = B BE and set BBE = (BD' +) 12, BQs = B - BBB Else = BeE
, and set BBE = (Bnf +) 12, BB = B - BEE.. 36. The conputer program
product of claim 28, wherein the non-{yansitory conputer- readable
medi um further conprising code for causing the at | east one conputer
to adapt the bandwi dth allocation for at |east one of the first

portion of bandwodt foraaudifieths eclend opOEdhRRerad rdaBbehtd Gk Fird Boiof loW
time Sgaanld%fidth to an increased level of bandwidth and the second portion of bandwidth to a reduced
level of bandwidth if the delay requirement is not met; and
code for causing the at least one computer to maintain a level of bandwidth for the
first portion of bandwidth and the second portion of bandwidth if the delay requirement is
equivalent to the first portion of bandwidth;
wherein the reallocation of bandwidth for the first portion of bandwidth is served
by Wfiai(?), di(0), K'; (1)), where fiis a delay sensitive flow, W is a relative weight between
priorities of best effort users and priority of delay sensitive flow users, j is a sub-band index, di(?)
is a head-of-line delay for a flow, the q;(¢) is a buffer size, and the KJ; (?) is a spectral efficiency

for a flow i at a time ¢,

29. The computer program product of claim 28, wherein the non-transitory computer-
readable medium further comprising code for causing the at least one computer to receive at least
one data packet in accordance with the bandwidth allocation of the first portion of bandwidth and

the second portion of bandwidth.

30.  The computer program product of claim 28, wherein the non-transitory computer-
readable medium further comprising code for causing the at least one computer to transmit at
least one data packet in accordance with the bandwidth allocation of the first portion of

bandwidth and the second portion of bandwidth.

31.  The computer program product of claim 28, wherein the non-transitory computer-
readable medium further comprising code for causing the at least one computer to adjust the

allocation of bandwidth for each data packet.

32.  The computer program product of claim 28, wherein the reallocation of bandwidth for the
second portion of bandwidth is served by a marginal utility of the best effort flow relative to the

amount of bandwidth allocated therewith.
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33. The computer program product of claim 28, wherein the non-transitory computer-
readable medium further comprising code for causing the at least one computer to utilize a

bisection search algorithm to solve the following:

max. i U —7e)x, () +7o, K ()b} - Wz”: ¢,g(q,(6)-bK, (1))
P =1

s.L. > b=B, 20, i=l..n
]

K.()b £q,(t), i=1..,n
wherein Uy() is a utility function which measures the best effort flow as a function of an
average rate at which it is served, 7 is a length of one subframe, «, is a weight for updating an

average, x; is an average rate of a flow i, ¢; is weight for a cost function for flow i, &; is a spectral

resource of a flow i, g() is a cost function based on a queue length, and B is a spectral resource.

34.  The computer program product of claim 33, wherein the non-transitory computer-

readable medium further comprising code for causing the at least one computer to:

initialize B™ =0,B™ =B ,;

set B® =(B™ +B™")/2, B¥ =B-B";and

compute an optimal distribution of spectral resources B®® among best effort flows and

B¥among delay sensitive flows using a burst size algorithm.

35.  The computer program product of claim 34, wherein the non-transitory computer-

readable medium further comprising code for causing the at least one computer to:

computing x =W max {f,(g,(®),d, (), K/ (O)};

compute first largest y = K, (U, ((1-rex, )x, (£)+ 70, K, (1)b,) , wherein U’y() is a derivative
of the utility function U;();

compute a second largest z = K, (U /(1 - e, )x, (1) + 7, K, (¢)b,) ; and

implement the following:
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If y<x<z or B™ — B"™<), where is tolerance
Stop.
Elseif x>y
B"™ = B and set B®® = (B™ +B™")/2, B%¥S=pB-B™=

Else
B™ =B"™, and set B = (B™ +B"")/2, B®* =B-B™.

36.  The computer program product of claim 28, wherein the non-transitory computer-
readable medium further comprising code for causing the at least one computer to adapt the
bandwidth allocation for at least one of the first portion of bandwidth or the second portion of

bandwidth on a slow time scale,



