DYNAM C RESTRI CTlI VE REUSE SCHEDULER CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains
whenefiz2éainder 35 U. S.C.  119(e) from U. S. PromiBUS2083/020179

Pat ent application Serial No.,60/678,258 entitled

"Dynam ¢ ASBR Schedul er" and }i | ed June 9, 2004, the

entirety of which is hereby incorporated by reference.

relates oo MAPIERENBICTVe ShuSELhERl iRy o e

particularly to scheduling resource assignnents to
user devices in a VVI reI ess networ k environnment.

pocone a SFSr R ERE yaﬁ%ﬁfﬁ@%mﬁﬁmome

[090611dwi de THias ap;ﬂrmtlbmclamﬁﬁhmeﬁtatrﬁerWUﬁﬂ €5§ 119(e) from U.S.
rmunlf t| on devi. cegﬁ%%ve becone snall er and nore

pgwistangl Fatentgppideation SpaaliNa. GR&RLS8 priitied ‘“Thmarye ASBR
SERUAE RRTTHADIrle!0) 200 e ORKRA SFGhich [ Fert BFEARSralcd by

proceSS|ng power in nobil I cCes suc

refdresaones has lead to an increase in demands on

Wi rel ess network trans G Iﬁléﬁ Such systens
typically are not as ea S‘?gb‘gi asthe cel lul ar
new CEigld hat conmuni cate there over. As nobile device

Babl lities expand, it can be difficult to maintain
R0 der wh heeﬁOHg‘ymgéie@mmogy@méwgm«rralmrmmless hatnmumcatlons

A O S I B Ve

Hateopkemneirotnetitsi on based t echni ques typically separate

the spectruminto distinct channels by splitting it

i nto uni form chunks of bandw dth, for exanple,

Hi Vi sgkepéuddre frequency band al l ocated for wireless

cel | ul ar teI ephone communi cation can be split into 30
[O88HNnel s, Warchss)lﬁetwhrkmtg gyatems dave/bavonei agrevaent ecand bypwhich a

! . _Each
R e b S Ayl cmabican

dRRes RATEREY MY bnhilrQEd YiRré péWertid iR Brdef {1R6Q IEaﬁsumer needs and
frequency division technique that effectively

tpamprove pagahihy apdspatdnienyet By iperedse it phodessing pawdriip hwbile

devices such as cellular telephones has lead to an increase in demands on wireless

network transmission systems. Such systems typically are not as easily updated as the
cellular devices that communicate there over. As mobile device capabilities expand, it
can be difficult to maintain an older wireless network system in a manner that facilitates
fully exploiting new and improved wireless device capabilities.

[0004] More particularly, frequency division based techniques typically separate
the spectrum into distinct channels by splitting it into uniform chunks of bandwidth, for
example, division of the frequency band allocated for wireless cellular telephone
communication can be split into 30 channels, each of which can carry a voice
conversation or, with digital service, carry digital data. Each channel can be assigned to
only one user at a time. One commonly utilized variant is an orthogonal frequency
division technique that effectively partitions the overall system bandwidth into multiple
orthogonal subbands. These subbands are also referred to as tones, carriers, subcarriers,

bins, and frequency channels. Each subband is associated with a subcarrier that can be
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Rferested in receiving one, more than one or all the data streams carried by the
composite stream. Likewise, a mobile terminal can transmit data to the base station or
another mobile terminal. Such communication between base station and mobile
terminal or between mobile terminals can be degraded due to channel variations and/or
interference power variations. For example, the aforementioned variations can affect
base station scheduling, power control and/or rate prediction for one or more mobile

terminals.



anot her nobile term nal. Such comruni cati on between
base station and nobile term nal or between nobile
WO eoogilz2bs can be degraded due to channel variBECT/O8®05/020179
and/ or interference power varjations. For exanple, the
af orement i oned variations car affect base station
schedul i ng, power control and/or rate prediction for

one or nore nobile termnals.[0007] Restrictive reuse
[PQ07 t echRegliistie siugnisc tedhnigugdieaigned terreduseinteropell (or inter-
| I int. r .
EOLBIABFLARS b FULE SRRl A S 52 FATROLERLLEN, st
pléming seherae that akecmmmdcotntehedtanne land ivterferewoeimemea by users
measur ed bév users aof .a wireless network. Restrictive
HeUErlesardvark RetfEetivsretsgarie o Fewse ortbegonakigigyregs (such as

C . , . .
GBS, TS AR oA ) LR B
chswet judlity assoeiatedithérewillionCemtenbersl stiardstrictizs rquse algoathms

r euse orithns are inflexible d cannot ac dat
SR e Pl Pt s CTamodait 4ot haRR sl Sy e BBt
faRRK4k FRARBMSnts Wihieh rdsBRdintaSledstoBust BSer coMbimicati&®Experience.

comuni cation experience. [0008] In view of at | east

[08@8labov e, Intviray of al¢ast the gbonsetheraexisiea apad indhe &t y sispstem
/ t I i JF [ ' . ' '

SR SRR i Rine MR R O bl BB In SRR Ao

allot&1oa6 ukdt Wo4 WirelRyd fiedwoikrdnvirGuh@MRY [ 0009] The

followi ng presents a sinplified sunmary of one or nore

enbodi nents in order to provide a basic understandi ng

of such enbodi nents. Thi ¥ IS not an extensive

overview of all contenpl Zst eg eEEodi ments, and is

[00@¥9nded tTherfellowimg presents afsimdeiedsnmmary ofere @lineorent s

of. all enbodi,nents nor delineate the scope of any or, .
SrodmpBRTHEHEGo Pr A bt Rating o 55t csdiadiRinyfe This
aBRERP iSnd fan @RRNAVe HRIAeRIVTAN icORMBIP1atdll entsddithbnts, 288 is
formas a prelude to the nore detail ed description

intended to nsitheradensidly key ercriticalelanentshofaibembrdimentpnerdebineate the
or e enbpdi ts and, cor.r nelj iscl asur ‘
Bind UL S SRRREN AR pgyorone o

MbrelRnibo@ithélits @ asimpiiial foas es agyshads t6 theibrd détdied deRuiption
scheduler in a wireless network environnment. According
thef ippeesepdedbldter. 3 met hod of dynanmical |y schedul i ng

Hﬁ,gﬁguency 18%korifHoe WithSsheRY nib?@émﬁ(gﬂﬂn%ﬁé ah@ cbieGiiting

r-cell interference conprises determning a
disdlosnestherepf, vaxious aspects are described in connection with providing a packet-

based dynamic restrictive reuse scheduler in a wireless network environment.
According to one aspect, a method of dynamically scheduling frequency sets for reuse
by user devices to reduce inter-cell interference comprises determining a fairness metric
for each user device in a wireless communication region, determining an overall channel
peak desirability metric based on channel quality over multiple orthogonal resource sets
for each user device, and determining an overall scheduling metric for each user device,
the overall scheduling metric is the function of the fairness metric and the channel peak
desirability metric. According to a related aspect, a channel delay desirability metric
based on channel quality over multiple orthogonal resource sets can be determined for
each user device, and the overall scheduling metric can employ the channel delay

desirability metric in addition to or in place of the overall channel peak desirability
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[0013] According to yet another aspect, an apparatus that facilitates scheduling

frequency assignments for user devices in a wireless communication environment
comprises means for determining a fairess metric for each user device in the
communication environment, means for determining an overall channel peak
desirability metric for each user device, means for determining a channel delay
desirability metric for each device, and means for determining an overall scheduling
metric score for each device, the scheduling metric score is a function of the fairess

metric and one or both of the overall channel peak desirability metric and the and the
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iR M&ertain 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
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] FIG. 1 illustrates a diagram that facilitates understanding of restrictive
reuse and resource allocation with regard thereto.
[0018] FIG. 2 1s an illustration of a system that facilitates dynamically allocating

network resources using restrictive reuse in accordance with one or more embodiments.
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[0027] FIG. 11 illustrates a methodology for dynamically assigning frequency
reuse sets to user devices in a wireless communication environment while permitting a
user device to obtain multiple frequency sets.

[0028] FIG. 12 is an illustration of a wireless network environment that can be

employed in conjunction with the various systems and methods described herein.

DETAILED DESCRIPTION
[0029] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
foilowing description, for purposes of explanation, numerous specific details are set

forth in order to provide a thorough understanding of one or more embodiments. It may
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devices in a wreless network’ in accordance with

various enbodi nents. [0026] FIG 10 illustrates a

met hodol ogy for dynamically scheduling frequency reuse
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wireless local loop (WLL) station, a personal digital assistant (PDA), a handheld device
having wireless connection capability, or other processing device connected to a
wireless modem.

[0032] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture" as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart

cards, and flash memory devices (e.g., card, stick, key drive...).
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to magnetic storage devices
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di sks (e. b di. ital versatile disk
ersveyve reush 'WEGLRETog MG volg e aisonangl oy FaEsity I often
Ritél by e SINRIT! 'tl‘r‘é‘woﬁ?ﬂsef’srlh‘é%etwork) B[e@zgﬁg’]a vBRE @5driviid Hecupy
now to the draw ngs, Fig. | lustrates a di agram 100
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BB e BTEL b etk SRR Gty el 49106 o
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[135 I
RULRARETe BEEHE dhia BHOR ETHHE B8l Blenfit B lrc il atic of
Yavying fadrnesseqiFdtmentsihWhen 8 @sdraranémasieotised lnmsty anaéfic,

interfered W|thb the us nsm ssj.on on
SRy ERioge DERESUress TRl of iy Rt SPPRS BHEIFY S that have

Xt AHSINE Gvailsb1d Par@wi®B! and offetddBad@lg., fr&iH WBRE users on a given

reuse set). A scheduler can be further complicated if fairness criteria such as equal

grade of service (EGoS) or proportional fairness need to be enforced for users from
different reuse set.

[0035] Diagram 100 illustrates a simplified scenario in which communication
bandwidth is divided into seven frequencies, Uy through Us, that can be assigned to
various sectors, over which the sectors can transmit and receive information. In the
following exemplary restrictive reuse algorithm, each sector is assigned a value of 0, 1,
or2. The ovérall bandwidth available in a network is divided into 7 frequency sets with

universal reuse, 1/3 reuse and 2/3 reuse. Each reuse frequency set is then labeled with a



interference on both FL and RL can be achi eved.

Si mul ati ons and anal ysis have shown that the frequency
w0 swsa226xi gnnment al gorithm based on a user's BCL/UY®05/020179

set yields a 3.5 dB signal -togi nterference and noi se

ratio (SINR) inprovenent w th”25% bandwi dth parti al

| oadi ng. [0034] Schedulers in wreless networks can be

modi fied, according to various enbodi nents described

Brbitdyinary mask. akkeraay Knatdbe: grosttien isfisgtes thpribiseisechby sectors of

r C :
ey S B U8 RSP L s
atuéseartd Nbutaibt sdveorsvof edlueid eThe labelaofifrequenky sdbe (g <8, Hs, Us,

oi ce er will o py, .S rrow portion_of o
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GHRaGAEY tHaBEVERPR Mg BAVetiBnd &R pBYEsle PHoARShAR 1R vAlue of the
static frequency reuse set to the user to Inprove the

theea-bismiapk ¢cdmrheapiployed: th dabglithatfiegnenst set (egl,Iwherngd ¥ bdenotes

n th f d traffi ' | static._.
Satepry sety o PRI AishRmaier SREYN OV PEay e Eblafningusers can
hevi@ddeaiiaRdiateeferd2sibg tising dalPort 2y Atdus€ fréqueticy sdtr af fi ¢

that is intermttent, etc.) and/aor traffic of varyi ng
[M3phess rbythirdweneration ngwarks, the &imepsamona data esers qpade

. o . . e
PHER e S S EAANE b SRS T Y o iminions to wses
diieftings mnitipHixbiR, thewuser athl the highebtscticlulirpaewicfietypitallpacheduled
e.g., fromother uysers on a given reuse set). A
(&fﬁ%aﬂpléfwa axerfBe rabegHHine tom Pt g@tﬁé&?@ﬁ%ﬁrﬂ#@%@ usually
EbthpREd Bastlt Gbt Gty 6 FhinfsSAlERbub £ b BhdrRELPRSirMility, to take
proportional faitness need to be enforced for users
fdvantage bf theemtltinserstivesity (NTOD3 5Foxagipiaylet @Qdenote the throughput

il lustrates a sinplified scenario_in which
ebysen hoeagisBeriedwindavnandlet vy ppd & depase thevistant and average

frequengi.es, t hr ough ... that .can be assjgned to
R e A S e St e
and receive information. In the follow ng exenplary
restrictive reuse algorithm each sector is assigned a
value of 0, 1, or 2. The overall bandw dth availabdl?
in a nétwprk is divided into 7 frequency sets with
uni versal ‘reuse, 1/3 reuse and 2/3 reuse. Each reuse
frequency set is then labeled with a3-bit binary mask,
%er S"l"%‘&thedith position indicates that it is
&t EREBIL 1 val ue i . For exanple, 110 indicates
a 2/ 3 frequency reuse set that is used by sectors of
values 0 and 1but not sectors of value 2. The | abels
of fregueticy sets {Uo, UL, U2, U3, W4, U5, U6 are ()
given by £r1 1, 110, 101, G, 100, 010, 001}.
However, it will bee

for a proportional fair scheduler. The channel desirability metric is given by:

T =4, 3)

Hi

[0037] The scheduling metric can be calculated as the output of a metric
combining function of the fairness metric, and the channel desirability metric. The

scheduling metric can be further combined with other QoS related metric Q; to make the



appreci ated that other |abeling conventions are
possi bl e. For instance, the value of the three-bit

worami/ 1282263 be enpl oyed to | abel the frequency seCT/(820095/020179
wherein 111 denotes frequencx set 7, 001 denotes
frequency set 1, etc.). Wth Prequency pl anni ng, users
can avoid domnant interferers by using a 1/3 or 2/3
reuse frequency set. [0036] In third-generation

feal seheduling desistay. j[rh@@ssing%wg, oy faimsss wetEigs peed to illustrated the
. Of- . | t ..

BETALERH Y i AR T BT MUk BBl the combining

fimttionpk @pestiuct dxezivedy: Wi t h t he hi ghest schedul i ng

metric is typically schedul ed for transm ssion over

the scheduling tine slot. The scheduling nmetric is

usual Iy conputed based not only on a fairness netric

but akso mp channel desirability, to take advantaqg)of

the multi-user diversity (MJID). For exanple, let I

denote the throughput of user i over a specified

wi ndow, and let m and Ji denote the instant and

aver age spectral efficiency of user |, respectively.

[PA38) ai r nelaanpther grabadiment, the\fapctigy is a podugtpf thegach metric
h er d o .for a proportional fair
é%%@gﬁ?gfgg%ﬁgmgﬁgﬂﬁéﬁgﬁg@%?g I'lity metric is given
by: [0037] The scheduling netric can be cal cul ated as
the output of a nmetric conbining function of the
fairngss gpwmtsric, and the channel desirability netqgf.
The scheddling metric can be further conbined with
other QoS related netric Q to nake thefina
schedul ing decision. In this invention, only fairness
j9886] C i S WSRHadhdrlehibdliinnE dhd RiicfidE%ialidibht¥d Qfm bh&ach
dynam c restricted reuse schedul er hi one enbodi nent,
mbieicaaisd by sogne expohermdnaiasd § asgodudly: as gi ven by: S1
=F1T1. (4) [0038] hi another enbodi nent, the function
Is a product of the each netric raised by sone
exponents a and b as given by: S1 =F aT . (5) [0039]
hi yet, angteh gnbodi ment, the function is a wei ghied
sun1o$fé§ h'ﬁépric rai sed by sonme exponents a andqé)as
gi ven by:

[0040] In yet another embodiment, the function is the maximum of the weighted

metric raised by some exponents o and 3 as given by:
S. = max(aF,* ,bT/). (7)

[0041] Fig. 2 is an illustration of a system 200 that facilitates dynamically
allocating network resources using restrictive reuse in accordance with one or more
embodiments. A dynamic restrictive reuse scheduler component 202 is operatively
coupled to each of a wireless network 204 user device(s) 206. Wireless network 204
can comprise on or more base stations, transceivers, efc., that transmit and receive
communication signals from one or more user devices 206. Additionally, wireless

network 204 can provide communication service to user devices 206 in conjunction



[0040] hi yet another enbodi nment, the function is the
maxi mum of the weighted netric raised by sone

wez2psneszss a and b as given by: [0041] Fig. 2 PET/@if2005/020179
illustration of a system 200,that facilitates
dynam cal ly allocating net work resources usi ng
restrictive reuse in accordance with one or nore
enbodi ments. A dynam c restrictive reuse schedul er
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bands, Thesgisubbands axsaleorrallediipmes. sheamisrs banss gud %’rﬁn Jingh
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Rty o A PR AL S RRTOrS e 4R B obends
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subbands are also call ed tones, subcarriers, bins, and
symbols inghetme dbmamcandéymsdkycqudmenﬁ subbandg.espect i ve

@ﬁg@ar r er%h%Fw?&yzok& anmgg uflofaéf ¥a ¢ hceﬂgltala%hog: DMma.rlpPhone a

smts i on synbo’l S cy ‘4

PDARA laptup, @ witehs e PCObr éﬂ?&)ﬂ&r&tﬂlﬂb&m&ﬁmnhﬁ%ntde&m @vérSwhich a
nmodul ation synbols in the tinme donmain on subbands that

wsepcaiiongpeRigate vath thewirelgssneruark 20eUser dappesmld. maHpim
ro#de e{dya&qg ?etlésg ﬂe@s()%ggﬁt ISé?lh%lB:% ifﬁ é&e&ﬁ epfoﬂﬂglce. For FL

ypl ca on a j acent User evi ces
@béduimg, the chdrmel mda'nwtferenae cmiditidnaat updrdaeicess206 could be

smart pho a PDA ..a s_P

Serer Ay oeind bl FBACHE S abh PELABC b bt ite re
GRhndl QBRAUNLE 81 BseViéicdsRBd e iflePefenBE VO v er @idferdd® Bfthogonal
devi ces 206 may al so

resource set could be directly measured at 204 based on pilot transmitted by 206. The
RL transmit power of user devices 206 could be explicitly feedback to 204 and 202.
Dynamic restrictive reuse scheduler component 202 is a packet-based scheduler that can
employ frequency reuse as a scheduling dimension in addition to EGoS and
proportional fairness criteria without requiring utilization of a static frequency reuse set.
Dynamic restrictive reuse scheduler component 202 can determine a scheduling metric
in a manner similar to that set forth above with regard to Fig. 1 in order to facilitate

frequency set assignment to one or more user devices 206. Additionally, dynamic

restrictive reuse scheduler component 202 can employ a dynamic restrictive reuse



provi de feedback to wirel ess network 204 to enhance

t he schedul er performance. For FL scheduling, the
waeb@snegd2zeéand i nterference condition at user derRCTES2089@0179

coul d be neasured by 206 and explicitly feedback to

204 and 202. For RL scheduliﬂg, the channel condition

of user devices and the interference |evel over

di fferent orthogonal resource set could be directly

atgersthmdd fanilita@assessing clanngl degirahilityn dIvnamécireplyictivsreusth e

R ransm t f_ user..deyvjces 206, coul. e .
S BpopBR AR B e4foS H RN TR it P descrbed above,
Wwhish chiChd Mzmientiticbysdesieabili§mefisP@hemissigaihgi fleqlency reuse sets.
acket - based schedul er that can enploy frequency reuse
ﬁ‘yo shamglkdrsirabitydneiass g defipedyyith ffigéﬁly toyapiepsembrdiments to
Q{aﬁﬁgégtﬁ&ﬂ/%l rex}s@'ﬂ:égtﬁélﬁzycs'éff defidctifn Y4 A2 PR EFdtBe rest of this
utilization of a atrc frequency reuse set. nam c
destent; bne specHicembodiaeht loé theclynpoivansitri®®@ rapae scheduler, where
'?leteeri ne, a schedul i n% metric .in. rrannler ﬁlfm | ar éo
f Qrtheganal rssquice FeiR Are Fieayeney §eis-d¥ &)er-%xg AINPAINT 548 to
frfetsidniffge frequency set assignment to one or nore
user devices 206. Additionally, dynamc restrictive
[0843le scheligl 2is angHpsiratinn of @ Sysiem 380rilabiacHitaigspacket-based
restricti.ve reuseal d.thm,ito f.acilitate assessin .
Sehaiiiiog of SEmay FF JBliepe 2 b pamiE Bossticre Fo R SR technique.
Sysheaal BO@EorBpriges A @phartid Zedtidti v S 6188 Sciicdulen €SiBipsient 802 éperatively
to determ ne F as described above, which can be

gsepitted wthigywindessmghyark 804 aed pnccer mprenserddevigas 3@, each of which
gr'é %ﬁ@?ﬁeg%?fﬁﬁgélgmd iR tﬁ@@tﬂgﬁ Dﬂﬁﬁ%& %ghng%l%é re{ﬁgé §dheduler

are regard to vari ous enbo
aomglainentr ¥Rt forthdricomprisessecHange] uesesymesie torapdnent 3@nfaeiditates

detai) ed bel qw. For the rest. of, this docunent, on
Sehediing Commsbinith terbestebliy chanpercondiioss g cgtibble
REQIRALY &is. Mﬁlﬁfi&laﬁlpeinoars’b@l%ﬂrlﬁ|w1ﬁ<§§§g'i‘v€§c§r§ﬁe§ticﬁf’§more
frequency sets, w Il be explained fof ease of

desitebls frenainey seth 6@4B urbipdy chanrieh assessinehtucompmnertr3 08 fcam facilitate

st.em 300 that. facilitates .packet-bas schedul i.ng of
SRR ROl o A 5ok f AR Lo PRI BEPEE et
fimbeshalityne dyashie restBetivdrsiREcEER I 0apbiEms 362.dynam ¢
restrictive reuse schedul er conponent 302 operatively
H944kci at edDYRATC esiGtyE sause ﬁ@te@ekkccg@mr@ﬁ@@rﬁéldmonﬁ%y e

. C - . .

S8 P EEend e GREH @ el B e 25 Pk e bamdwicth i wircls
nete/brki 304i and car paee swhddndweidticmpfreqrehcB€E?s. fHortekamnple, in a case

coppri,ses, a, channel , assessnent co nen 08 )
Fia it Aearibel Wi SRR A Eoh REBNSToR SR 31 Gamssien frequency

2 RlstMBrsIHARNS toTROEH hlsRIso VIR fRYAdcRR! Sufl K31AREH!s can be,
sets. Additionally, in a scenario in which a given

oo instamc €, omiversabragse sets, 2/3 reuse sets, 1/3 reuse sets, efc.
[0045] Fig. 4 illustrates a system 400 that facilitates dynamic restrictive reuse

scheduling of frequency reuse sets based on channel desirability and channel delay, in
accordance with various aspects set forth herein. System 400 comprises a dynamic
restrictive reuse scheduler component 402 that operatively associated with each of a
wireless network 404 and one or more user devices 406. Dynamic restrictive reuse
scheduler component 402 comprises a channel assessment component 408 that
facilitates scheduling connections with best relative channel conditions over available

frequency sets, and a frequency analyzer 410 that determines appropriate bandwidth



desi rabl e frequency sets are occupi ed, channe

assessnent conponent 308 can facilitate del ayi ng
wa@oeosaezedns for |ater scheduling in order to PeDUSZIES/020179

conflict resolution functionggity to dynamc

restrictive reuse schedul er nponent 302. [0044]

Dynam c restrictive reuse schedul er conponent 302

additionally conprises a frequency analyzer 310 that

pramtiensfersassignmant efifegquentsies to aeetiors dndior wsenievdtasdr a paging

net work 304 and can parse such bandwi dth into

QEUency sets. For exanple, in a case such as
[@es6]r i bed @hdnAel BeaEent@ompgnent 408 c@fpitdes W paalatotdgonent 412
310 can assign frequency .sets tqQ sectors for reuse to

thptedetsrpings ichannst PEklepTabily te ferldate sdicdnling:qnppstionp.<and a
S, el DD NGO g o e o R
Bspierey se6lare barrerftydully scitedgledyinapitems withmogtstuetiveaesse, the

chedul i.ng of frequen reuse sets .based. on channe
Yol 7 Shrgponspi i AR R FoEF 2y Of 1 e ChSeLogion and
$RFd R AR PESHARIGHE In 4 Rt IDEFRLSsysRYNS bBIR Hahned ?em ¢otffonent
a dynamc restrictive reuse schedﬁler conponent 402
4 Raandwbpenmsd delay gompersot Atdtakainthacsqunt differgniipterferenge levels a
network 404.apd. one.or nmore user devigces 40 '
Pt Pesere PRl aR L et R RN R B e e B g e
£58659 RRANneBiscak YeEIfubi 100 R @A, foRBcH Reduehtidt j,tthd efnnel peak
schedul i ng connectjons with best relative channe
desiapilitydactonoiseniisigivemIby: f r equency sets, and a
frequency anal yzer 410 that determ nes appropriate
bandw dt hpartitions for assignment of frequencies to
sectors apd/or user devices in a paging region. [0046]
Channél; =assessnment conponent 408 conprises a peak
component 412 that deternines channel peak
desirability to facilitate scheduling connections, and
a del ay conponent 414 that del ays schedul i ng of
connections whose nore favorable frequency sets are
where et iy thetihdtynt spdoadlieffidient ylofysst cower Wedjenngset j, and z; is the
restricCtive reuse, the channel peak conponent is
svenggespectfaliefficienty of useh £oven atl dirt resthiativeedeu seofinetjuencynsetsn dChe

aver age chanpel diti ' tricti

&\t el FLIGHaRNEHn Mo Gt Bh Ao gTogh ol g iltred

grlay e‘f‘ﬁ’&@r&ge@t. Skeed BREstiltVR ree herﬂ:‘ryfsfete@ €81 the weighted
ence Tevel es

I'nterfer S a user experien n different
1 581 Shefc®T.| BXIR B siP€gfuconmponent 412 can
g‘éeg%gg’@%ﬁﬁél ggzgjlgesi ra ?TIPtef(g’uch that, for each

@][oaﬂpency PR ov_eralhalggﬂarwﬁé dRGaKiLELHREOLABE hdet Visledrdndy:

user i is given

o<

I, = MAX e free frequency set} TiJ ? )

where the maximization is carried out over non-restricted frequency sets that are not
already fully scheduled. For example, the scheduler of a sector of value 0 can restrict
the channel desirability factor to be computed over frequency sets that are not fully
scheduled, and not over one of the 011, 010 and 001 sets. The factor T; reflects the
instant channel desirability of a user on the user’s best available frequency set relative to

the user’s average channel quality. The channel peak desirability factor T; does not



T1 =J (8 J m, where m. is the instant spectral
efficiency of user i over frequency set , and mis the
war@sageespectral efficiency of user i over alPCT/082005/020179
restrictive reuse frequency slgts. The average spectral
efficiency can be cal cul ated "ds the al gebraic average

of the filtered spectral efficiency /J . over each
restrictive reuse frequency set Uj, or the weighted

wilestdbepgentjalpenefit for a usprtoavajijor aspptadable fequgney seffto become
i 100 Theoverald | i fabidh: :

PailpOF B BprReR dooaIApDR. SRARE 08 [OR SN lmcise,

0eud] i , | ' Di¥y vhbrapenchhél S determinesecend@strictivk @use channel

ver. .non-restrict reque sets, t hat. are not
%S}ré‘aﬁsy mEW‘Ff@e?Fzgﬁ{aMgSl@gﬁ%&x‘%‘ﬁ‘P is defipgd Bhedul er of
a sector of value 0 can restrict the channel
desirability factor to be conputed over frequency sets
that are not fully schedul ed, and not over one of the
0 11, a6 appo0T Sers.—Thefactor Tj reflects thdl0)

i nst ant chanr’féfﬁ"eﬂééf"re'a’b‘i"l’ﬁt‘y of a user on the user's
best avail able frequency set relative to the user's
average channel quality. The channel peak desirability
factor Tj does notreflect the potential benefit for a
Waen no dreqeéricy fets have haenschedalst sthe denpreinatpr &eD;; can be replaced by

ecane avail ab Rat her ch can be fine the. ...
(e apes ot e PRyt et off HEVEEY sfigohfs OTsEHLgetay dbirabiticy
eIy EMn thi4 can deternmine a second restrictive reuse
channel desirability netric, channel del ay

desirability, which is defined by: 1J = (10) maX
ke{schedul ed frequency set) M,k Wen no frequency

sets ve been schedul,ed, the denom nator in D j

be regfécnelacf(fﬂy“f’wwm}nli’lf'rUm spectral efficiency ovgip)

all frequency sets. The overall delay desirability
factor is given by: D -max ef free frenmencv set D1 . |,

( 11) where the maxim zation is carried out over

where tiesmaxiatizatioh iecpudsicyut setrsndnh@striated freqtierzly setadhat are not

by sSghetu o s, the, channel doLey, dest LaBLld Lhe as
bawbathe SRR hid ind®drk sFdcRACHTHOMNREy Nk afl e fefRALGIEY, and the
sets, and the maxi nrum instant spectral efficienCy over
mbkinumaingiahbspeetrdl eéepiensy pvetalbunavailable frequency sets.

[0049] The overall restrictive reuse scheduling metric utilized by dynamic

restrictive reuse scheduler component 402 can thus be of one of the following forms:

FT peak diversity

H

S, =3 F.D, delay diversity (12)

H $ ?

FETI.D; peak & delay diversity

if product is used to combine the metrics. As described above, the combing function
could also be other functions such as weighted sum, max efc. For each time slot,
dynamic restrictive reuse scheduler component 402 can rank the scheduling metric and
assign a top user an appropriate number of subcarriers in the user’s winning frequency

set. The scheduled subcarriers can then be excluded from the free frequency set(s), and



[0049] The overall restrictive reuse scheduling nmetric

utilized by dynamc restrictive reuse schedul er
weoeowparent 402 can thus be of one of the foll orMTYS2005/020179

forms: F T peak diversity Sl,5 F1D1 del ay diversity

(12) F TDi peak & delay diverSity if product is used

to conbine the netrics. As described above, the

conbi ng function could al so be other functions such as

RenghtaddedarRmppisd for usergwho agtireadygchedyjed. LS racgss can be
lfe?ﬁéd bl aYIQub &S &rs SRMRGBh&ET, THE SHRAGH: AOLic R bE Althet NE

ling metric and aSsign a top user an appropriate
combiad with ethic@oeS redated metric@; ta swake sherfimad seigdahngdeeision. In

S BBEE BHBE 5 R BB BEE M

resaeRpwhRd sédhedulegser s who not al ready schedul ed. This
process can be iterated until all subcarriers are
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diagram 100 of Fig. 1, the 011, 010 and 001 sets are not used in sectors with a value of

0. The low power component 516 of the dynamic restrictive reuse scheduler 502 can
transmit at reduced power on restricted port sets to user devices 506 with good channel
conditions. In this manner, the bandwidth partial loading penalty can be avoided. To
enable universal reuse, equations (9) and (11) can be evaluated over all frequency sets
that are not scheduled, without the restrictive reuse sector value restriction. In addition,
the spectral efficiency of the restricted frequency sets can take into account the lowered
transmission power.

[0052] Fig. 6 is an illustration of a system 600 that facilitates providing multiple
reuse frequency sets to a user. System 600 comprises a dynamic restrictive reuse

scheduler 602 having a channel assessment component 608, a frequency analyzer 610,
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é)sfsignment of connections to a static frequency reuse set. System 700 comprises a

plurality of components similar to the systems and/or components described with regard
to the preceding figures, including a dynamic restrictive reuse scheduler 702 that is
operatively coupled to a wireless network 704 and one or more user devices 706.
Dynamic restrictive reuse scheduler component 702 further comprises a channels
assessment component 708 that determines overall channel desirability as a function of
a channel peak desirability metric determined by a peak component 712 and a channel

delay desirability metric determined by delay component 714 on a per user device basis.
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volatile and nonvolatile memory. By way of illustration, and not limitation, nonvolatile

memory can include read only memory (ROM), programmable ROM (PROM),
electrically programmable ROM (EPROM), electrically erasable ROM (EEPROM), or
flash memory. Volatile memory can include random access memory (RAM), which
acts as external cache memory. By way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM



users. A processor 722 can be operatively connected to
dynam c restrictive reuse schedul er conponent 702

w@ avd/iezesrenory 720) to facilitate anal ysis of PCT/US2005/020179
information related to fairn$§s criteria, desirability
metrics, frequency reuse, and°the like. It is to be
appreci ated that processor 722 can be a processor
dedi cated to anal yzi ng and/ or generati i nformation
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conjunction with a fairness metric derived by restrictive reuse scheduler 802 to identify

a winning user device 806 to which a frequency reuse set can be assigned.

[0058] System 800 can additionally comprises a memory 820 and a processor
822 as detailed above with regard to Fig. 7. Moreover, an Al component 824 can be
operatively associated with dynamic restrictive reuse scheduler component 802 and can
make inferences regarding channel connection quality, inclusion/exclusion of a winning
user device 806 from subsequent assignment rounds, whether channel delay is desirable
(e.g., due to a lack of available frequency reuse sets, ...), efc. As used herein, the term

to “infer” or “inference” refers generally to the process of reasoning about or inferring
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can relate to packet-based dynamic restrictive reuse scheduling in an OFDM

environment, an OFDMA environment, a CDMA environment, a TDMA environment,
or any other suitable wireless environment. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a series of acts, it is to be
understood and appreciated that the methodologies are not limited by the order of acts,
as some acts may, in accordance with one or more embodiments, occur in different

orders and/or concurrently with other acts from that shown and described herein. For
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[0063] Fig. 10 illustrates a methodology 1000 for dynamically scheduling
frequency reuse set assignments and mitigating resource waste in accordance with
various embodiments. At 1002, an overall scheduling metric, S;, can be evaluated for
each user device in a set of user devices communicating over a wireless network. The
metric S;can be a function of several metrics, as described above with regard to Figs. 1-
4 and equations (1)-(12). At 1004, a winning user device can be identified for each

round of metric evaluation. An appropriate number of subcarriers in the user device’s
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user device in the set, a winning user device (e.g., a user device with the highest .S;
value) can be identified at 1108.

[0066] At 1110, for each time slot, the winning user device can be assigned an
appropriate number of subcarriers in the user device’s winning frequency set. In order
to permit a user device to win over multiple frequency sets, at 1112, the winning user
device can be included in the remaining list of unscheduled user devices. Thus, if a
frequency set assignment at 1110 is not sufficient, such that the winning device can
potentially have a highest overall scheduling metric score in a subsequent scheduling

round, then the user device can be permitted to obtain subsequent frequency set



various enbodi nents. At 1002, an overall scheduling
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wpigappntspMethad HoRser then revepidald 2 fog fugher ftgratigns of dynamic

, &ﬁgdlﬁ'l% S\N &@f @@/1&3@ HRUFd! 63%51@&%&%3 Q%n béofhe 3099)% oftagesubcamers
é user devi ce can be exc e e.g.,

\fvbloby thelusert devfcewser makipleciesjuency set aksrgxmmmudsa wihfieti can

ot her user .devices n receive frequency aSS|g ments |

@&’ﬂlF%‘i;mF{?laﬁ}P%PFé‘erP'éﬁq SRTmgmiGHEn 5T st deyiee W‘g’tlﬁ@étlgatmg

revert to 1002 for further iteration until all
user devices in the set have been assigned a set of
[Iﬂﬂé‘du enci déigalXishowsswnlezemplasyr wirel[em@mr}muxticalim(system 1200. The

AR one el SR ADE it Bt i3y bl S Bt
AARevisN AR Rdvet ANditd b@argn@oadtecb@lame fspdtérR dan! ficRMle ke than one
power in the restricte port sets in order to mtigate
brspafalion sndienmers/thancngitergniorlewhereinrdditionelbase gtatianstand/or
By b BB B S SO PEBRE 0P fEsigp nd

tefreinaldesGrited biglond , Inaiddition] io (st btahppxreeﬁteﬂltlsa*t itiebase station and/or
val ue restrictions described wt

thg termigal gy emplay Hhssysiens (Kigs. kﬁmd/qrav%h?%dmgsn%lbb%‘épnbed
WBL osts. [0065]
ﬁ?gﬁ 11 Pﬁf}ugﬁegﬁség&g}n%{cﬁo 0 o%?e%c?% for dynamcally
K968lgni ng Refeximgmoy todilig.cl2s en 8 downlslgat geessgesnti 1203, a transmit

e e P BT b A
1 mRpHNAMAEC Hath 8RKpRORIes Adhilativn ssqﬁmdls:(“d&a syﬁlaalsb)e An

etern1ned for each user device in set of uSer

QEDM medulatos 1AL weeikey andipsecessss the mgzsémbqlm}denbt syrhleols and
channel eak for

RRRES wRARL ISRV Bt AT iR A Bl e ane

Bl ¥ embbls bn Itlmﬁbﬁertsﬁb‘tﬁinﬂs pfovidés alslith] valu€ BFuie fordatiymused
desirability netric can be assessed for each user

andiokeaing a ﬁ%ttqf é\ﬁtrwsmt Sé’&lﬁ’ﬁisl tgnthe M gpbbanes forgach OFDM
tri ! g&ﬁﬁ‘;\vﬁ;&%g g\grl]gdgl\t/g for (gﬁ %@C@W gglgb?lhor a signal

vdhee afetero. o'ﬁm mlot bymbnlsmtay |be sert aontirmonsily in pdche@FIBY symbol
fairn t he user devi.ce,

Sy Al e glpte ol ey B e d5iEE mefliered (TPAD.

BERHEY @ilvismlnaﬁm?iex gnmgglo& bbde d®isionGnul@plex&tB(CIM). OFDM
equation ce the overall channel
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an N-point IFFT to obtain a “transformed” symbol that contains N time-domain chips.

OFDM modulator 1220 typically repeats a portion of each transformed symbol to obtain
a corresponding OFDM symbol. The repeated portion is known as a cyclic prefix and is
used to combat delay spread in the wireless channel.

[0069] A transmitter unit (TMTR) 1220 receives and converts the stream of
OFDM symbols into one or more analog signals and further conditions (e.g., amplifies,
filters, and frequency upconverts) the analog signals to generate a downlink signal

suitable for transmission over the wireless channel. The downlink signal is then
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$yAfboRas Refdr¥an uplink signal, which is transmitted by the antenna 1235 to the
access point 1210.

[0071] At access point 1210, the uplink signal from terminal 1230 is received by
the antenna 1225 and processed by a receiver unit 1275 to obtain samples. An OFDM
demodulator 1280 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1285 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1235. A processor
1290 performs channel estimation for each active terminal transmitting on the uplink.
Multiple terminals may transmit pilot concurrently 6n the uplink on their respective

assigned sets of pilot subbands, where the pilot subband sets may be interlaced.



synbol period. Each transmt synbol may be a data
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symbol period. Alternatively, the pilot synbols may be
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respectively, at access point
of components or methodologles for purposes of descnbmg the aforementioned

embodiments, but one of ordinary skill in the art may recognize that many 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.
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6. The method of claim 5, further comprising awarding a portion of the orthogonal

resource set that corresponds to the winning channel metric of the winning user device.

7. The method of claim 6, further comprising reiterating the method of claim 1
after awarding the orthogonal resource set to the winning user device until all user
devices have been assigned an orthogonal resource set or all resources have been

assigned.
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each user device; and determ ning an over al

scheduling nmetric for each user device, the overal

15.  The method of claim 1, where the orthogonal resource sets are frequency and

time slot sets.
16.  The method of claim 1, where the orthogonal resource sets are code sets.

17.  The method of claim 1, where the orthogonal resource sets are orthogonal

SDMA dimensions.
18. The method of claim 1, where the orthogonal resource sets are carrier sets.

19.  The method of claim 1, where the metric combining function is at least one of a

product, a weight sum and a maximization function.



scheduling nmetric is the output of a nmetric conbining
function of the fairness netric and the channel peak
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24,  The system of claim 20, the restrictive reuse scheduling component designates a
user device having a highest scoring overall scheduling metric relative to all other user

devices in the wireless network as a winning user device.

25.  The system of claim 24, the restrictive reuse scheduling component awards a
orthogonal resource set to the winning user device, the orthogonal resource set
comprises one or more subcarriers sufficient to meet resource requirements of the

winning user device.

26.  The system of claim 20, further comprising a low power component that
assesses channel quality for a user device and transmits a signal at low power is the

channel quality is sufficiently high.
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Fet r i Theanystemtoflctrrnt2 Opwhemfthe drthogeralablountesatsake frequency sets.
desirability netric and the channel delay desirability
nmetric. 23. The system of claim 22, where the netric

OO THNGsEMUHARR J0S whbreBE orthdoRsl Hedourc? s6Ria8it 18430bne of
or a maxim zation function. 24. The systemof claim

QBDMAdFDMA rand tliRREMAcubearsetrsstsul i ng conponent
desi gnates a user device having a highest scoring
overal | scheduling nmetric relative to all other user

IdQE‘VI CHfe dySteinT clifhe)0g Shereha\brtiko gdtalaedbufidise@ absSeine slot sets.
evi ce.

33.  The system of claim 20, where the orthogonal resource sets are frequency and

time slot sets.
+ 34.  The system of claim 20, where the orthogonal resource sets are code sets.

35.  The system of claim 20, where the orthogonal resource sets are orthogonal
SDMA dimensions.

36.  The system of claim 20, where the orthogonal resource sets are carrier sets.

37.  An apparatus that facilitates scheduling orthogonal resource sets assignments for

user devices in a wireless communication environment, comprising:



25. The systemof claim 24, the restrictive reuse

schedul i ng conponent awards a orthogonal resource set
WO e00shes266 nni ng user device, the orthogonal reBOLUS®05/020179

set conprises one or nore su?garriers sufficient to

meet resource requirenents of“the w nning user device.

26. The systemof claim 20, further conprising a | ow

power conponent that assesses channel quality for a

user mearisder dateimining 8 Mpimessmsirigar cagh userdepisadr thes t he

annel | i |s.sufficiently high.27. The system of

cla Wﬁ%, llll%ll}|kr’{r%£neﬂ|rle¢‘né’orrpri sing a sorter conponent that
det ermeasovdeedrhnting an exerhil dkanadelpeakidagrabiity niberid foe each user
from subsequent orthogonal resource set assignnents.

IThe system of claim 27, the sorter conponent
excl Uﬁ.@&xstﬂ?xe?éfér&%iﬁgaléﬁ eFELF Besth B PMBER AV device; and
iterations of orthogonal resource set "assignnent when
i t | smeasiforedetermaning bh overell schedilimsmsteigseoreifad dagh device, the
recei.ve a orthogonal resoyrce set assign t. he
SCPERUE sRetBF SR 2t PHETR] ARSI SHBBRIH rfHsm A dte (BHiess
Mefi2iand oS 8F bR bF & dvBraHWRGRRYBEHk dekiRibikilyQhéri®tnd the and the
orthogonal resource set assignnent when it is desired
¢Hannelsleldesirability aioféc. mul t i pl e ort hogonal resource set
assignnents. 30. The system of claim20, where the
ort hogonal resource sets are frequency sets. 31. The
38/st emhehppdratusoBOaim\ 81K ferthidieompiiking afeahs foe sdeuitiféngetiser
are at | east  one of QOFDVA, | FDMA, . and LEDMA subcarrier. .
deice haymg the,highest prerplh scheduling metric spre gelative 19,0V SARgduling
BPERECO%s R0 B nt g P oredR® Pdiimel S FYRLEP Bor device.
frequency and tinme slot sets. 34. The system of claim

, ere the ortho al, resource sets are code sets.
58 THE Syeilin tse o ainihs 0y BB F et oS 1y MGG ortiogonsl
fe@&ﬁ%@&c&ﬁfaﬁsiﬂgsn@wrh&g@ﬁ@éarw di mensi ons. 36. The
system of claim 20, where the orthogonal resource sets
are carrier sets. 37. An apparatus that facilitates

hedul i ng _orth nal,qo s 14 ' . o
FEor e AaBRlsTRRRR 0] EREHE Sl PRl MR Biedfe winnine

GRANEVIE RGmTBBIRGud Foudds 6f Hith gogalaedodiderseSssighinehttofefisure that

each user device in_the conmmuni cation environnent;
all user devices are sequentially awarded a orthogonal resource set.

-

41.  The apparatus of claim 39, further comprising means for including the winning
device in subsequent rounds of resource assignment to permit the winning user device

to obtain multiple orthogonal resource sets.

42.  The apparatus of claim 37, the means for determining the fairness metric

employs an equal grade of service protocol.

43.  The apparatus of claim 37, the means for determining the fairness metric

employs a proportional fair protocol.

44.  The apparatus of claim 37, where the orthogonal resource sets are frequency

sets.



means for determ ning an overall channel peak

desirability netric for each user device; neans for
waledsnedzes ng a channel delay desirability netrPCT/82005/020179

each device; and neans for dzgernining an overal
scheduling netric score for ch device, the
scheduling netric score is the output of a netric

conmbi ning function of the fairness nmetric and one or

both of the overall channel peak desirability netric

nd t nnel [

e i PUaldGr ORI wBSt R FHSROR kecoinbe T8 McORBfa,
]FD%LA@EnFEm&Amgmﬁum@eemdev|ce haV|ng t he hlghest
overall scheduling netric score relative to overal
scheduling metric scores for all other users in the
.7 el RRS, gﬁﬁ'l?é %@Eﬁﬁ‘% gé}swﬁer@”tl{yﬁrﬂﬁ Y5 resBBNE SEts aredimd $16t sets.
apparatu ['ai m e MAnnlné user device IS
awar ded a orthogonal resource set conprising one or

re gubcap ers. he, appar afus of claim 3

i ¢ b SBBRBIS O Al A e ot IO 5P AES® R AT fjectuency and
Ha&slofiRyd. ce from subsequent rounds of orthogona
resource set assignnment to ensure that all user

devices are sequentially amarded a orthogonal resource

ﬂq 1agglr%%s%?e$§nax t.’st rg ?Ae%rtﬂn ggnal réﬁohp:gr ets are code sets.

cOnpr|S| nmeans ihc W NnAlI NG dévi ce
subsequent rounds of resource assignnent to permt the

wi nni ng user device to obtain nmyltiple orthogonal
4% s outhiccapgaratis of slainydd, whers therrthogenal resopseg sets prporthogonal

§@ﬁg? dibfheidgl ermning the fairness netric enploys an
equa grade of service protocol. 43. The apparatus of

claim 37, the neans for determnining the falrness

I e Rt oL 3 B B R At o s s

sets are frequency sets.45. The apparatus of claim 44,
where the orthogonal resource sets are OFDVA, | FDVA or
JIFDVATh dpparatisef ckam 7, where Theemetplp apmbinngfungticr inegtrer a

(euc% t he rtho onal resou ng.‘_}n els are time slot sets.
44 5@ AL 37 Rher e the orthogonal
resource sets are frequency and tinme slot sets.
52. A computer-readable medium having stored thereon computer-executable
instructions for:

determining fairness metric for each user device in a wireless network
environment;

determining an overall channel peak desirability metric for each user device; and

determining a channel delay desirability metric for each user device.

53.  The computer-readable medium of claim 52, further comprising instructions for
determining an overall scheduling metric score for each user device, the overall
scheduling metric score is the output of a metric combining function of the faimess
metric and at least one of the overall channel peak desirability metric and the channel

delay desirability metric for the user device.



48. The apparatus of claim 37, where the orthogona
resource sets are code sets. 49. The apparatus of

W@ b@smR63 where the orthogonal resource sets BEBEUS2005/020179
ort hogonal SDMA di nensi ons. g . The apparatus of claim
37, where the orthogonal resource sets are carrier
sets. 51. The apparatus of claim 37, where the netric
conbi ning function is either a product, a weight sum

% a Thedompaterireadablg meadivn of elaim A3 dorthercemprisiagapitaictions for
i-um havi ;

SRR PSR EShaB 8056 P £, RIBUSE A REHLAM Buerall
sdhelulidg wietic scorerelitive teesibothert wwer devidey finl thervardless network
determ ning an overall channel peak desirability
HEFPRECHlor each user device; and deternining a channel
delay desirability netric for each user device. 53.
The conput er-readabl e medi um of claim 52, further
5SonprTiei cogputesireadable omslivio of cleine 62 foither campoisimgandtructions for
schedul | n tric scqre for.each user devi.ce he
s e SreBdniphavaors e SbSrH 35Hed S5h shfcaent

. {fBR4tdnS of MY gdhMTedonicetdePitsizhmehe fai rness netric and
at | east one of the overall channel peak desirability
metric and the channel delay desirability netric for
the user device.54. The conputer-readabl e nedi um of
claim53, further conprising instructions for awarding
a orthogonal resource set to a user device that has

t he hi ghest overall scheduling netric score relative,
o al Theqomputergesdableyedaym pf claim 544 Ehercompeisipgipstructions for

A e o D R L b et ons
afoethogenal msowve sal @skigrimeent td payppatrthé usee dovice ® abédin firudtiple
%ggse ent iterations of orthogonal resource set

3 FOUrCB &S The conput er - r eadabl e medi um of claim
52, further conprising instructions for including the
user device awarded the orthogonal resource set in
Blubs etheenomputes readabln snedim of ¢lhioy dAhavherethgumeiac sembining

ssianment _to permt .the user device to obtain !
fERir 8 b Rab St b orbdon M E B SR MRE h R s pgion
readabl e nmedi um of claim52, where the netric
conbi ni ng . . )
58. A microprocessor that executes instructions for dynamic orthogonal resource set
scheduling in a wireless communication network region, the instructions comprising:
assessing a each of a fairness metric, an overall channel peak desirability metric,
and a channel delay desirability metric for each of a plurality of user devices in the
network region;
determining an overall scheduling metric score for each user device that is based
on the fairness metric and at least one of the overall channel peak desirability metric and
the channel delay desirability metric; and

awarding a orthogonal resource set to a user device with a highest overall

scheduling metric relative to the other user devices in the network region.

59.  The microprocessor of claim 58, where the orthogonal resource sets are

frequency sets.



function is at | east one of a product, a weight sum
and a maxi m zation function. 58. A m croprocessor that
wez@sut®s3 i nstructions for dynam c orthogonal PEBOSI00£020179

set scheduling in a wreless_comuni cation network
region, the instructions co i Sing: assessing a each
of a fairness netric, an overall channel peak
desirability metric, and a channel delay desirability
Gt r i Bhefroicrapmedesssir o4 cloinmy 53 where gfe arthegorpd vésourse isets arge
GEDNPL HEDRRA OPLrBRISKIALAG a0 overal | schedul i ng

M e score of of "each Uee” §&Vi ce that is based on the
fairness netric and at |east one of the overal
channel peak desirahility nmetric¢c and the channel del ay
Rlesi r B m}cf‘ipr?&qs?qr@,f claim St Hlj’ oxthgeena) gesauce sets are ime slot
Jefsource set to a user device with a highest overal
scheduling netric relative to the other user devices
in the network region. 59. The m croprocessor of claim

éﬁ, w@@;e.the ortho ogal gesour e sets are freguenc

t 5. Bt MEFFPIORESIW OF Slua 98- Whsre tegrihogenal Fgsapice sefs are
9&%@&%@&@“ﬁﬁ@§gy§ﬁ§ sets are OFDMA, | FDVA or LFDMVA
subcarrier sets. 6 1. The m croprocessor of claimb58,
where the orthogonal resource sets are tine slot sets.
&‘2 : T’Phee i c(r:(gp(% RSt 0t 2laim f58 C\!vf? rmh%SGrthvé'hgrrla? rés?ﬁrce sets are code
orthogona1 redource Srs “8r e requenc§ ander e e 8t
&als. 63. The m croprocessor of claim58, where the

ort hogonal resource sets are code sets. 64. The
m cr oprocessor of claim58, where the orthogona

&£S0 ufl&%n&?cgp?o@'s r%{f%ﬁ}%ﬂ ggf\k’%\ﬁ% &LHgEGﬂI E&%urc@ éets Ip:e

m Cr oprocessor o ere t ort ogonal
orttmgonal SDMAdlimensiasl ri er sets.
65.  The microprocessor of claim 58, where the orthogonal resource sets are carrier

sets.



