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1. Field [00021 The foll ow ng descri ption relates generally to wireless
comuni cations, and nore particularly to scheduling resource assignnments to
user devices in a wireless network environment. I11. Background [00031

W r el ess networking §$%g? V, gg val ent means by which a

maj ority of people V\f#ﬁ ] ﬁgST ﬁ@%mﬁﬁﬁwhﬁra ess communi cati on
devi ces have becone snaller and nore powerful in order to neet consumner
needs and to inprove portability and conveni ence. The increase in
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[00041 More particularly, frequency division based techniques typically
separate THE*Fectruminto distinct channels by splitting it into uniform
chunks of bandwi dth, for exanpl gadkeird@Npof the frequency band allocated
for wreless cellular tel ephone conmunication can be split into 30

channel s, &ach Bieldahi ch can carry a voice conversation or, with digital
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into nmul ti orthg@gnal subbands. These subbands are also referred to as
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IL. Background

[0003] Wireless networking systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices have become smaller and more powerful in order to meet consumer needs and
to improve portability and convenience. The increase in processing power in mobile
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 ceilular 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



bi ns, and frequency channels. Each subband is associated wth a subcarrier
that can be WD 2005/ 125263 PCT/ US2005/ 020179 2 nodul ated with data. Wth
time division based techniques, a band is split tine-wise into sequenti al

time slic@s Wsikigg slots. Each user of a channel is pﬁ@ﬁh%ﬁ%/%ﬁ? atine
slice for transmtting and receiving ipformation in a roun -roﬂbln manner .

For exanple, at any given tinme t, a uSer is provided access to the channel
for a short burst. Then, access switches to another user who is provided
with a short burst of tine for transmtting and recejving.information. The
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The recei I.S: [ r eG ' fﬂh‘%l | L0 uence code
and undo t\ﬁg&uépglﬁgg\ﬁnﬁlggfg?to&ngiuﬁ%ggggérn%tg 0 C ?%l(sita &%l E%Cﬁgllnty ésH E?lg?p%&garti cul ar
user in a cetrevatiblatandeidth, whe@GhulAple ypireedn baiovediad sn terhumiecakli on net wor k

omeof mor bR METERE saabt Breo PR oBoet oty A arb BN o “rore

mobi | e (e. game Wide®a88 shunk OF BicBiRdeB, Wiadin R ukEraNSdial isapdad 6 RE Hevatidat a wi thin
the coverage area. A typical base station_ can sinultaneously transmt
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randomization in order to collect the bits for a particular user in a coherent manner.

[0006] A typical wireless communication network (e.g., employing frequency,

time, and code division techniques) includes one or more base stations that provide a

coverage area and one or more mobile (e.g., wireless) terminals that can transmit and

receive data within the coverage area. A typical base station can simultaneously

transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein

a data stream 1is a stream of data that can be of independent reception interest to a

mobile terminal. A mobile terminal within the coverage area of that base station can be

interested 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 beiween 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.



term nal or between nobile term nals can be degraded due to channe
variations and/or interference power variations. For exanple, the

af orenenti oned variations can affect base station scheduling, power control
and/ or ratwe fpiedksti on for one or nore nobile term napSruh)sARH54 125263
PCT/ US2005/ 020179 3 [00071 Restrictive reuse is a technique designed to
reduce inter-cell (or inter- sector) ifiterference in wrel ess comunication
systens. Restrictive reuse is a global planning schene that takes into
account the channel and interference neasured by users of a wreless
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to provide a basic understan ) Iments. This sunmary is not
an ext ensi Varmessaeqiiements, which evitsanp less whus wbodomenniatiemekpegenceé.nt ended to

neither id LIy key,aor critical. ele s of. .all enbadi nents_nor delineate
The scope T0PBL A Oy BhiGR ey VE e ipdh pe IR 0K L8t Soffinent | come
concepts: ahd/entetbtdolemyrod iplooi WefleSs ¢omrtus¢afiph biid @thopofiahrasurae pr el ude to
the nore de}aiLed descg%gtlon that is .presented later. [00101 In accordance
with one orlPf3HYM OHIEEATH HITElesiNst Wk FRYI9BRAMNg  di scl osure thereof, various
aspects are described in connection with providing a packet- based dynam c
restrictive reuse scheduler in a wirel ess network environnent. According to
one aspect, a nethod of dynami cal | pPUMMARN i ng frequency sets for reuse by
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det er m ni ngmhndiowets &b brdethtapretide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts.of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
(0010} In accordance with one or more embodiments and corresponding
disclosure thereof, various 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



peak desirability netric based on channel quality over nultiple orthogonal
resource sets for each user device, and determ ning an overall scheduling
nmetric for each user device, the overall scheduling netric is the function

of the faiygRssRREric and the channel peak desirabiIﬁéﬁuﬁﬁ&ﬁhQHQAccording
to a related aspect, a channel delay desirability netric ased on channel

qual ity over multiple orthogonal resoufce sets can be determned for each
user device, and the overall scheduling netric can enploy the channel del ay
desirability netric in addition to or in place of the overall channel peak
desi rabi | i tyeth® 20685/d2ei6@68h RGIgheB 2068 82ediID g ntbtniedcprecan Be asadcdevi ce with

a hi ghest overall..schedul i ri c.score can a ded ortion of the
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ort hogonal resource sets_have been assigned. [00111 In this docunent, the

frequency §%F§WVQT¥HB@HE§§d as an enbodi ment of orthogonal resource sets to
expl ai n thegghypam c hﬁﬁkﬂkﬁ&h&ﬁJﬁ@Héﬁm@%ﬂ?ﬁNﬁﬁ%EPﬁg%gégknmoﬂﬁéhﬂﬂs aspect s

set forth herein are directly applicablé to othe iments of orthogonal
resour ces sudhgeps! tepavecesietstto cxpirin therdynangio ekstrictisp eembadl gatithmn Slovmeyer,

frequency/tinme | | a nd. beanf or,m ng. beans... [ 0012]. Accor.di ng to anot her
aspect, a S‘S?E %Sn%g{’%gstsef%%}l?lfa ‘A %%H%efﬁgﬁmgm?eg Or?ﬂé%rie\rlnjebo P& Sec’ff requency
schedul i ng drihogonal fesdu@SS stk aviie stowatrizryesdes Gpaful dBemisiany estrictive reuse
schedul i ng conponent that determ nes.an overall scheduling netric for each
user devi & %’%WVPWQWE@%mﬁ@?ﬂg 1 dnment, a peak conponent that

det er mi nes @2jover alpcsGIRBRSInRRAKPEAS £,3R1H thinku ARk GydQlic RAGRHASEr
device, and a delay conponent that determ nes a channel delay desirability

metric for rewcHeasey shpihding i hevinglpprenel work epwronimeni eeanpriserseresighigul i ng
conmponent Cr@ﬁbfeféa{eﬁﬁlﬁﬂgk%n@o At WSS erltRlek b oftin &?x&{hlﬁ&g%m Yedefiubz! NG an
equal grade of ‘service technique, a proportional taiFness eé%nlque, or the
| i ke, whi chiegin irbthe miretesphdatedkisyviomencot, a perkecooifpohdne thavéatahlinashannel peak

desirabilit ric, and .t he channel .del desirability nmetric to identify a
Wi nni ng usée "%ﬁ@fﬂ%‘&em&g de%réhﬁlﬁyéngr}ﬂéfodgﬁcﬁusf’rr A T {a.y&aﬁnpwbenh gi ven
round of fr@guRRENInESE clatsd] BT BesiratiNg mails fe BhdaRetddick] TRAlMmEONpPri se a
sorter conmponent that excludes a winning user device fraom subsequent

assi gnnent FtEstEErHs sshsdyhgepmpencehidatermiae a imessestrig dyricadsuser

device using an equal grade of service technique, a proportional fairness technique, or
 the ike, which can be multiplied by one or more of the overall channel peak desirability

metric and the channel delay desirability metric to identify a winning user device that
can be awarded a frequency set during a given round of frequency set assignment. The
system can additionally comprise a sorter component that excludes a winning user
device from subsequent assignment iterations in order to ensure that all user devices
receive a frequency assignment. Alternatively, the sorter component can include a
winning user device in subsequent assignment iterations in order to permit the user
device to obtain multiple frequency set assignments.
[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 fairness 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 faimess

metric and one or both of the overall channel peak desirability metric and the and the



receive a frequency assignnment. Alternatively, the sorter conponent can
include a w nning user device in subsequent assignnent iterations in order
to permit the user device to obtain nultiple frequency set assignnents.

[0013] Acc@bdhiygz$@s yet another aspect, an apparatus thatyda6ishbdids es
scheduling frequency assignments for user devices in a wreless

communi cati on environment conprises neans for determining a fairness metric
for each user device in the conmmunication environnent, neans for

determ ning an overall channel peak desirability nmetric for each user

devi ce, rreanlsanhcirdeumda‘rimbirhihngeiaiccﬁ)amaélscmmlm metas sqoadsifbi ngivideelniser f or each

cach. abvi o i cut Rssl Wl Re Bl Fite i RRR A% Sicdr T ess

metric and @Bguedty s0t h of the overall channel peak desirability nmetric and
t he and the 005/ 125263 PCT/ US2 020179 5 channel, de] ay desirability
metric. OvefGHif ]Zsched%"l‘qIFFQa?ﬂ?ﬁtrl?rewg?%{g’éascwtqr‘ﬁﬁd@alaEl‘é?fil%]éar"lng(f&fFCLeS can be

conpar ed,  apgrdnYsBputesict@Radib tdatr@cufahmeaétem&hg fﬁﬁ@sshﬁetﬁwr@% wRer frequency
set. [0014] Anot her” aspect provides for a co er -readabl e nedi um havi ng

stored thefeder iganyptitess n@wedqﬁnabo@nenhiﬁrrimmm foyvegpdlichppriehpadly f ai r ness
metric for i LI £l
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devi ce, andnfetric fdetaeh nienidegca Atdtbﬂmmlly,dl@ @ynpiesireadihle hte;limnmhmbmpfﬁsmr each
user device, Additi | | the c er - readabj e djum ca rise

i nstructi onénsfrﬁ‘r"tm&%g’éa %’l“ﬁ'é‘gé SE}EBHB PHEC ﬁ@f?g?aéege ?hgpf)eégcg r’ql)"tC

precedi Nng MehidhGan be ¥WHI6Redd AcRENIQER WAURL iser (o8 tdvARNA fiMgidHcheetuger device
to which a frequency set can be awarded. [0015] Still another aspect

relates to &eAV¥Pehrocessor that executes instructions for dynamc

frequency seggyigfhedul $tﬁgadoﬁleiaa%két%1§l§§to%qml’cﬁ§§sb%aﬂ%rem&iﬁn§h%%cﬁﬁ@ the

instructions conhprising: assessing a each a fairness nmetric, an overall
channel pealfor dyeghicditsiidancy seretheilelingand varclhasmehurdetitiay ndwrkrlabnoh; thy netric
for each of . a Iurallt of user. deV| n the n term ning

twor Kk i on d
an overal | %H?Inf ﬁom r%sﬁnrgi %Ssgsél&g “For & cﬁsa alﬁnes%@em% 8%51 C% ased on
the fairnes aedmbﬂht)zmaﬂd, aatl alchasic] dnsy daﬁlrzibhey meéglcabl ee@h aﬂﬂplurame@fkmer

desirability netric and the channel delay desirability netric; and awarding

a devices in the network region; determining an over all scheduling metrlc score for cach
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
frequency set to a user device with a highest overall scheduling metric relative to the
other user devices in the network region.
[0016) To the accomplishment of the foregoing and related ends, the one or
more embodiments comprises 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

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 is an illustration of a system that facilitates dynamically allocating

network resources using restrictive reuse in accordance with one or more embodiments.



frequency set to a user device with a highest overall scheduling netric
relative to the other user devices in the network region. [0016] To the
acconpl i shnment of the foregoing and rel ated ends, the one or nore

enbodi nentwoGeu¥ani;ges the features hereinafter fully degahidedeane
particularly pointed out in the clains, The foll ow ng description and the
annexed drawi ngs set forth in detail certain illustrative aspects of the
one or nore enbodi nents. These aspects are indicative, however, of but a
few of the various ways in which the principles of various enbodinents nmay
be enpl oyed WAl t he ddS&ic? isradilestater semtlent ffavildatdephcke-tapesl ude all such
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illustration,of .a systemthat facilitates d m cally allocatj ._networ k
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enbodi ment s acotlaBQ0RHVRRESadp6ets 46P2Q0FHA20179 6 [00191 FIG 3 is an
illustration of a systemthat facilitates packet-based scheduling of

L nat, p - C

frequency s&ét®@lhti|i AlRgS & anHeswetonr darwptemithal ficdiiates denménally aguteghni que.
100201 F1 G il cbHSTRbE Torfaf¥ ST lor BARLE WALERIANARG Grolcithr] Ui ve
reuse schegullng 0 requency reuse sets based on chanhe desira ility and
channel del agnditians, inecordasceithwiartpuy aspegsis aspects set forth herein. [00211
FIG 5 is ap.l]ustration.of . temthat faci.litates dynam cally adjusting
power consu@bdtzH)n fo?ﬁlpr Ehssz},ﬁ@%g%%ﬁ%n ‘%?oa Sﬁgtgln tgag\%célétgtewrtoﬁ%%r?@@?lgnt ly strong
channel congdkd frefisncyisatsacesdlance with vari ous aspects. {00221 FIG 6 is an
illustration of a systemthat facilitates providing.nultiple  reuse
frequency sét®3to a’ ugEr’ fi53ie) 2 pstem ﬂ?j“iff‘ﬂﬂﬂfé“te? éwgn%m@@?@ﬁ?dt hat
facilitates dypam cuRACKLLIRASEImMENalibe ibi@ndy2esR sk R8ABLY Behiftg
conmmuni cation frequency reuse sets wthout requiring assignnent of
connect i ons assigngest eicoanebhenglie Aciptie Bemeneyaruse[sg0241 FIG 8 is an
illustratio a sy . hat. L1 tat I G se sets to
user devi cei‘0 dggged O?I?&éi%ﬂ%ﬁ%ﬁg{gdé ar ngﬁﬁ%g&rﬂg&% %s'? I%Hﬁlgﬁé ﬁ%gsn% or the

reuse sets to user devices based on assessment of channel desirability metrics for the

user devices.

[0025] FIG. 9 illustrates a methodology for providing dynamic frequency reuse
set assignments to user devices in a wireless network in accordance with various
embodiments. | l

[0026] FIG. 10 illustrates a methodology for dynamically scheduling frequency
reuse set assignments and mitigating resource waste in accordance with various
embodiments.

[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 systerns 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



user devices. 100251 FIG 9 illustrates a nethodol ogy for providing dynam c
frequency reuse set assignnents to user devices in a wireless network in
accordance with various enbodinments. [0026] FIG 10 illustrates a

met hodol ogyo $00%/1dys3am cal |y schedul i ng frequency reusgcsgtwasgyganents and
mtigating resource waste in accordance with various enbodinents. [0027]
FIG 11 illustrates a nethodol ogy for aynan‘i cal ly assigning frequency reuse
sets to user devices in a wireless conmunication environment while
permtting a user device to obtain nultiple frequency sets. [0028] FIG 12
is an ill.uderadegnhofever, Wiat aich smbpdimawiR mag bie prashesdtwitheat thesersperdfic enpl oyed

in conjunctj f t - [ 3 I erein.
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to provide jxebROM@HAR b RGBS haBRbRer-RfatANSHQY ¢ifRF Rar8Whedi fiitiSatioh bf My WO
2005/ 125263 PCT/ US2005/ 020179 7 be evident, however, that such
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formin order acilitate I ng one Or re e I ments. [0030] As
used in t hicbjeapph ex@tiable, a thivad béexrsutiovponpopent, ptid/drsyetrgnet. Bnelot he | i ke are

intended to refer to co ter-related enti ither .hardware, a

conbi nat i od™¥F “ORBETHRE & %ﬁl e%tmr%c’es%%ﬁWg%deoﬁexgcgp?wﬁé\éai n executi on.
For exanpl eompof@npaneblocaléRn obene fuiputs afidibr distibitedibdt@edietivd®r ndrdr OCESS
runni ng on a processor, a processor, an opject, an executable, a thread of
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communi cat e
in a local system, distributed system, and/or across a network such as the Internet with

other systems by way of the signal).

{0031} Furthermore, various embodiments are described herein in connection
with a subscriber station. A subscriber station can also be called a system, a subscriber
unit, mobile station, mobile, remote station, access point, base station, remote terminal,
access terminal, user terminal, user agent, or user equipment. A subscriber station may
be a cellular telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a
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...).



way of |ocal and/or renote processes such as in accordance with a signal
having one or nore data packets (e.g8, data from one conponent interacting
wi th anot her conponent in a local system distributed system and/or across
a network such as the Internet with other systens by way of the signal).

[ 0031] Furthernore, various enbodi nents are described herein in connection
with a subscriber station. A subscriber station can also be called a system
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from other 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, U, 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, or 2. The overall 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



[ 00341 Schedulers in wireless networks can be nodified, according to various
enbodi nents descri bed herein, to take advantage of the SINR i nprovenent
through restrictive reuse. Wien dealing wth voice transm ssion traffic,

voi ce capacity is often limted by the SINR of the worst users in a

net wor k. Because a voice user will occupy sone narrow portion of available
bandwidth for a relatively long duration, a capacity inprovenent can be
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third-ge éﬁé(g tmor s, the fairness anong data users can be enforced by
t he sche ﬁmnﬂ work where the forward link transm ssions to users
are tine nultlplexed, the user with the highest scheduling nmetric is
typically schedul ed for transm ssion over the scheduling tinme slot. The
schedullng' Iric is usually conputed based not only on g2jairness netric
but al so oh channel

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

©)

'}
n
X |®

[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



desirability, to take advantage of the nulti-user diversity (MJD). For
exanple, let Xi denote the throughpuigof user i over a specified w ndow,
and let , and , denote the instant and average spectral efficiency of user
i, respectively. The fairness netric F;, is given by: F. =i , (1) | A for
an EGoS scheduler, and F; (2) for a proportional fair scheduler. The
channel desirability netric is given by: T (3) fk 100371 The schedul i ng
metric c ct.ion of the
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final scheduyi ng decision. In this invention, only fairness netric is used
to iIIustrate the flexibility of the dynanic restricted reuse schedul er, hi
one enbodi nent, the conbining function is a product as given by: Si = FT..
(4) [0038], In_another enbodi nent, the function is a product of the each
netric raPs®&d;by sone exponents a and (3 as given by: S €F'T" (5) 10039]
In yet anot her enbodi ment, the function is a wei ghted sum of each metric
rai sed by sonme exponents a and 0 as given by: S. = aF.. + bT 6. (6)
100401 | t t n t he func S
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=max ( aFay b, fB giveriry: 100411 Flg 2 |s an illustration of a system 200 t hat
facilitates dynamcally allocating network resources using restrictive
reuse in accordance with one or nore enbodi nents. A dynamc restrictive
reuse sch duUeFT@bnponent 202 is operatively coupled to eaZg of a wireless
network 204 ard ‘a user device(s) 206. Wrel ess network 20 Ean conprise on
or nore base stations, transceivers, etc., that transmt and receive
comuni cation signals fromone or nore user devices 206. Addi tionally,

[0039] In yetanother embodiment, the function is a weighted sum of each metric raised by some

exponents o and B as given by:
S, =aF," +bT/". | (6)

0040} In yet another embodiment, the function is the maximum of the weighted metric raised by

soine exponents o and P as given by:
S. = max(aF,*,bT/ ). (7)

{00411 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 dynarmic restrictive
reuse scheduler component 202 is operatively coupled to each of a wireless network 204 and a user
device(s) 206. Wireless network 204 can comprise on or more base stations, transceivers, etc., 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



wi rel ess network 204 can provide conmuni cation service to user devices 206
i n conjunction WO 2005/ 125263 PCT/ 1JS2005/ 020179 11 wth a variety of
nmul ti pl e access techni ques, a conbination thereof, or any other suitable

W rel ess ganpsAbeat i on protocol, as will be appreciat QR854 | 1 ed in
the art. For exanple, these techniques may be used for a code division

mul ti ple access (CDMA) system a freddency division multiple access (FDVA)
system a tine division multiple access (TDMA) system an orthogonal
frequency division nultiple access (OFDMA) system an interleaved (| FDVA)
system a Withalvades oFDiWAip{d DA jecByigies g comtgipsitn dercodioviasy othermultgtiipl e access
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be neasured by 2 exp icitly feedback to 204 anél 202. For RL

schedul i ng sultbard is@bmoiatel wWitrdespediveshbaser tldtsmnay: bs maddatehavithniziar f er ence

| evel over ,di rent. ort onal esQur oul d b dire asured at
204 based gﬂﬂ d&k% IBW%%%&F@P e 1521th ﬁ%qélg DR O ]torﬁlob{gﬁ"e %t%tgeser

devi ces 20& &@bdrds DEFDEMAltaairhitymbdedbagkmbds dQYe tmnd d202in onbytandsc
restrictive reuse schedul er conponent 202 i s a packet-based scheduler t hat
can enpl oy PEGOENEYY fislibuted acrgssibh B FUPHaES- i RS SRS BAd e %N to EGoS

and symbols in the time domain and typically on adjacent subbands.

[0042] User devices 206 can be, for example, a cellular phone, a smartphone a
PDA, a laptop, a wireless PC, or any other suitable communication device over which a
user can communicate with the wireless network 204. User devices 206 may also
provide feedback to wireless network 204 to enhance the scheduler performance. For FL
scheduling, the channel and interference condition at user devices 206 could be
measured by 206 and explicitly feedback to 204 and 202. For RL scheduling, the
channel condition of user devices and the interference level over different orthogonal
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.
Dynarmnic 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



proportional fairness criteria without requiring utilization of a static
frequency reuse set. Dynamc restrictive reuse schedul er conponent 202 can
determ ne a scheduling netric in a manner simlar to that set forth above
with regard to Fig. 1 in order to facihitate frequency set assignment to
one or nore user devices 206. Addltlonally, dynamic restrictive reuse
schedul er conponent 202 can enploy a dynam c restrictive reuse 12 algorithm
to facilitate assessing channel desirability. Dynamic restrictive reuse
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sectors {p@r reuse to the exclusion of other frequencies. Such assignnents
can be, for instance, universal reuse sets, 2/3 reuse sets, 1/3 reuse sets,
etc. 100451 Fig. 4 illustrates a systen1400 t hat faC|I|tates dynam c
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bandwidth into freQuency sets. For example, in a case such as described with regard to Fig. 1,
frequency analyzer 310 can assign frequency sets to sectors for reuse to the exclusion of other
frequencies. Such assignments can be, for instance, universal reuse sets, 2/3 reuse sets, 1/3 reuse sets,

ete.

{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 is 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



aspects set forth herein. System 400 conprises a dynam c restrictive reuse
schedul er conponent 402 that is operatively associated with each of a

wirel ess network 404 and one or nore ldser devices 406. Dynanic restrictive
reuse schedul er conponent 402 conprises a channel assessnent conponent 408
that facilitates scheduling connections wth best rel ative channel

condi tions over avail able frequency sets, and a frequency anal yzer 410 that
det erm nes, appropriate g ndw dth 13 partitions for assignnent of
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Channel assessnent conponent 408 conprises a peak conponent 412 t hat
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average Bp8&Hral efficiency can be calculated as the al gebraic average of

the filtered spectral efficiency ,i over each restrictive reuse frequency
set Uy, or th meighted average of U ;j, where fU denotes the size of U
100471 The av |1 channel peak desirability factor of r i is given by:

Ti = R 1dXJIeCﬁree frequency set (T ] e (9) where the naXim zation is
carried out over non-restricted frequency sets that are not already fully
schedul ed. For exanple, the scheduler of a sector of value 0 can restrict

the changgle desinE ﬁxhhdtbgeytraﬁ aeticy omerbevem bﬂcggetP\éﬁ‘c[p,ﬁsrtW@f@é&é p2B1S that are
not fully scheduled nd not over 11, 010 and _001 Seh%
er on t he

1). The ¥ E‘l‘tﬁ“&)ﬁ of-piser ¢ ey @lcqf'“sreifh‘é“’? ‘f?%sceg il“eE"rXéﬁh dhe HELET RER qfeigsey ogn
user's bagliate@dahd aaﬁablemfavee@u enayfilsed slsaedrateﬁmﬁency q,f bhse cddb extristivavasage channel

qual i tya?TE%ﬁ)g%w rth Iﬁ%egg%ltr%ea\(?\aul u,fghere |%|86noteé th Oes %Ot 14 reflect the

pot ent i 2! GASaiF 86 f'requency set to
becone avail abl e. Rather, such can be defined by the channel del ay
desi r abi 0047y T bverail.channel peak desirability factor of user i is given by:

T, =max; T, . 9)

Jjef free frequency set} “ij?

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 (Fig. 1). 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



[ 00481 Del ay conponent 414 can determ ne a second restrictive reuse channel
desirability netric, channel delay dgsirability, which is defined by: D ,]j
= P ,j (10) maxke(sckedv(ed frequency set) Pf,k Wen no frequency sets have
been schedul ed, the denom nator in D;a can be replaced by the m nimum
spectral efficiency over all frequency sets. The overall delay desirability
factor is given by: D, = max je(free frequency Sc:) D1, s (11) where the
maxi m z e ed fregue set hat are not
i cady Py PSR BB B R b SR PR bl b

defi ned Fegey PPéh Paatbpéefwect byetbehprel delay Hevinghility 'ﬁsttlfant spectral ef f| ci ency over
all free frequency sets, and the maxi muminstant spectral efficiency over
al | unavigjspblgy Mnﬁ)gwm céﬁ&eénmw%%d TR S dhadn®ShGilabli L{ YRuleuse
scheduling nmetric utilized dynam c restrictive reuse sc & er conponent
402 can ‘tnd dpey dpirbikiy. Bf'ml?ﬁée"f"é‘l”l’)bw ng forms: F. T, peak diversity S, =F.
D delay diversity (12) F.T.D, peak & delay diversity if product is used to
conbine the netrics. descri bed above, the conbining function could al so
be ot heeruqqeﬁ—mw—eueﬁ—as—wer—ght ed sum nax etc. For €d@h tine slot,

dynani c restrl%ﬁkwe»ezuwnaemé’dul er conponent 402 can rank the scheduling
nmetric and assign a top user -an appropriate nunber of  subcarriers in the
user's wi nning frequency set. The schedul ed subcarriers can then be excl uded
from t MEhehme frequersy sxinheye kean fobgduledyiep deSminagor fri [ scag Anrebleced b berpiniredn f or users
who ar e Qba1affcRADNvEGN §aMERT setd hﬁ@ov@fa@ﬁé@sdeﬁﬁQﬂ@Qadt& & g)hunt' | all _
subcarriers are assigned. Thé scheduling netric can be rt’her conbined with
ot her QoS reI ated netric Q to namke the final schedullng decision. In this
aspect, we fairnesslgetrlc is used to illustrate t(gﬁflexi bility of

t he dynamc TP8% ieiAectepptoreg (S *schedul er. 100501 Fi g. 5is illustration of
a system 500 that facilitates dynam cally adjusting power consunption. for
transm ssions to user devices with sufficiently strong channel conditions,

i d t.h t Th 0 d i

Fost | ouToE R B B O oL BP0 B Pl 88 THEERER 1504 and one
or nore sdséwleddEMsaESclﬁﬁlel, dem Hesodbilighean e dafieed asﬂemitoibmleeyl tessotmat eq w th each
ot her, Q§stagps$gétljafeegﬁc?e9W&elyg_[ltfge F&ﬁ@iw sc:,[tst]gndglgeerﬁ:ﬁ%llﬂginlténgHare:&%l ef%&%;n ¢

over all unavailable 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:

ET, peak diversity

S, =4 F.D, delay diversity (12)
FT.D, peak & delay diversity

if product is used to combine the metrics. As described above, the combining function could also be
other functions such as weighted swr, max etc. 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



restrictive reuse schedul er conponent 502 conprises a frequency anal yzer 510
and a channel assessnent conponent 508, which in turn conprises a peak
conponent 512 and a del ay conponent Bl4. Peak conponent 512 can determ ne a
channel peak desirability nmetric that can be enployed in conjunction with a
channel delay desirability netric as described with regard to Fig. 4 to
determ ne an overall scheduling netric, S;, that can be utilized by dynamc
restrictive reuse schedul er conmponent 502 when assignhing frequency sets to

the one ﬁiétnm&ﬁbeu&d%l’npﬂ@yﬁoﬁ%@rs 86 are A Qfachdy J?Mé’@l@l%ll (Thfs%ﬁkésb EdnibY RerfiShg@ Schedul er
conponent 502 further ggqg Fes a Iomlgfmer onent 506 that facilitates

pover cofSEPOLEISSF FRD hlie mefjic ?e%mwﬁﬁ et witueths S g&&dci at ed
wth Onemahcanﬁmhsmwﬁd&mh@ﬁﬁgﬂ&ﬁwmﬁbﬁmfM$&1Wﬂyﬂﬁﬁ&aa@aﬁnkﬂhﬁ@ﬂ&ce bandw dt h

parti al q ﬁp strlct d sets in ach sector. For instance, in
di agr am %%%og% emgh% WBTmfﬂgﬁf mm%ﬁ%ﬁi sets are not used in sectors
with a val ue of O. The Iom/pomer conponent 516 of the dynam c restrictive

reuse s@hﬁddﬁgﬁiﬁﬁzmsaﬂbhDhnﬁnwnSwmmméﬁMm&d@m&w&ﬂWamumegp@Wmted port sets
to user deyj 0 anner , t he
bandmﬁdtﬂ) n&ﬁ?ﬁ? ? &nmgggggﬂgg%ggﬁl @%%v Eﬁgn‘mThm €>™ni versa
reuse, e@a@ﬁanmw‘slﬂ(@ywta Atpeqts The wysigm B comatisghit @dalm eastrigivie refuseeeqhﬂelmlexy sets that

are not sEOGOU R, withdsRMorl H8, Mgﬁerolr%k\ﬁ%a&%ﬁso%eemto%hmrge restriction.
In addition, the spectral efficienc restricted frequency sets can

take int %i’era{’é%“é%ﬁﬁfoclaﬁéwl%%]? @faertqséﬁglﬁﬁ gfs@i‘%wﬂp@%@# the pogrspg figiry. D@aing an

i 11 ust r ateb@livofeudt ssialiawbRfflerdt Bat colipbded 4 frli@Sy @fa@ydrde Bukdnhdpl € reuse
frequency sets to a uggwgﬁﬁysten1600 co rlses ¥nanlc restrictive reuse

schedul efSEHRFPHE 2 & U geses it %Wﬁéﬁ ang@glelapcopariiency
analyzersﬁlmmkMﬁm@ﬂﬁﬁﬂmZﬂﬁQwPﬂth$aﬁﬁﬁkﬂa&i%&hwkﬁmﬁnﬁuamnemmﬂﬁwﬂnlconponent

616, and_whi o 9 era oci at ed, wi twor.k 604 and
one or (mLm%mEV'devﬁmw ééﬁégm%iﬁ erwﬁ%%@%%%%ﬁguearto 1£28§nmggﬁprlses a

peak conw@n@m@w®n®gmhagSdém@mmbm@$mabmhﬂmm@h%p@awrdesﬂhabwfumwomatr|c for a
each useggday) & Figﬁﬁ’gﬁfr&{ﬂ&c?‘se@% @1&10&%?91%%% d844s ddgat eval uates a channel

delay desirabilrty ne each respective user device, which netrics
are then enployed by the restrictive reuse scheduler 602 to deternmne a
Wi nni ng 988N BewvinsecstiThe raisasshaigler wappneaidf Bethaapmprisess e pevesi gned t he reuse

frequency, Sehent fhe MALRLIARS po[“Qp&?IsJerJ%{d?lao%eQ atrl &éttnll ?;{%Edn\éﬁanﬁé H%tﬁa@é&%@t er 602

further corprises a sorter component aci | 1tates rel axing various
constralWﬁ%m&§§6@F&ﬁ%@“%F%ﬂ%ﬂB@WﬂP@ﬂWW%BnW@ﬂ@@”@%ﬁ@@hPWﬁ@“&ﬁﬁg@ﬁ@%ld|ng

mul ti pl erb@ueEsels (EALEREGY:. BRtnsARS] 1§ AABAHI00 3B €lthe 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 iltustration of a system 600 that facilitates providing multiple reuse frequency sets
to a uset. System 600 comprises a dynamic restrictive reuse scheduler 602 having a channel

assessment component 608, a frequency analyzer 610,



conponent 618 can ensure that a user device 606 that has been assigned a
reuse frequency set in a previous round of channel desirability assessnent
is not excluded fromfuture iterations of frequency set awarding. For

exanpl e, woaen)enployi ng a static restrictive reuse sghadw,gfsopfes ocol, a
user device that has been assigned/ awarded a reuse frequency set based on a

| ugh overall channel desirability scorl® (e.g., a function of channel peak
desirability and delay desirability netrics) can typically be excluded from
future iterations of frequency assignment because the user device has
successf ul lyd beerpovwss seypadnisd Iteusloviieieg upsreyyehetssodByed withig ivgleshi s
exclusion r | 14,00, ] : i ltiple
frequency g%%%&é%ﬁﬁ%ﬁnggﬁgﬁﬁeng%g%aﬂﬁ%h?ﬁﬁggﬁgﬁa%@gﬁ‘%ﬁ@?%%g@g% can be the
uni on of alkbmpudee apedikansipbhat 61 hbatudeermobey i clenbl@ehiadesbetghty ragse fpned over

the nultiple fre nc ts reover .pl e frequency s assi gnnent
P 0 e O SR G R PR R i R A
associ at ed qwifabilityC@ g fbrGath RBpdcfiv\&6 dvicoNwhibiORetcs biedhenfenipldeabiat es a

system 700 that facilitates dynam ¢ packet-based restrictive reuse
schedul i ng TsFredBtHTGATUSE EEALIET QUG d@ ARG THRG A WIngEEdLsH deniGat Thedinieng

assi gnent of; EABIGRIAANR k8eRdthAkl dhEOREBEN hRAAE SeL - Syst em 700
f co lar to e

conprises a plurality o onents si systens and/ or
conponent s [AEStr i bedDwwantic resgabivk retss schrsuler e¢ebirther doingrisessy, soiterc| udi ng a

dynam c restrictive.r e.schedul er 702 that i operatively coupled to a
W rel ess né?%‘?r}?ﬂ%@j t #ga%lﬁgte%?e&'ar%}gg aﬂ%uesrcoagfii]@seasss%%‘?& W}S@ﬁ"é?%“@‘“?est rictive
reuse schedglsesche@tingRed protiznd wiiltihie rews © fpficieBsedaBipamaet s So@ssessment

conmponent 708 that determ nes overall, K channel desirability as a function of
a channel ﬁ%’éRor&EE@%ﬁPF?W tﬁ%‘tar‘is‘ér 4?&"%2&@ Fi‘éfdhaﬁg}’e%i‘ I5eigRed g Bnent 712 and a

channel d%ﬁﬁ(w@%&tﬁ@bbﬂe%ﬁs fRhd bCchdRicPad AR HH D% AGhAY iGRIDANRIRY 714 on a
per user device basis. WO 2005/ 125263 PCT/ US200S/ 020179 17 Additionally,

dynani c r edton} Bturg derpéansof Setieael ©f avstigen Bertexzoplecahpr sredeying 4 stelifuency
anal yzer 7 s i . i 1.0 W ) net wor k 704
and/or r egjgr%gﬁ]crs&@% ﬁ%?%%? ?dugé?lﬁjgévbo%\c{i% r Qigg rrl}ggﬁ’ggl\tms%% %sﬁlgt% *%Jéd?%%taat es

| ow power treandnestoset beed us e highlasthihghdnnghiegjtubility yeocofereect fiomisn ofind a

AN T TR T RGN RN
future iterations of frequency assignment because the user device has successfully been
assigned a reuse frequency set. By relaxing this exclusion restriction, a given user
device 606 can be awarded multiple frequency sets. A final channel assignment for a
user device 606 can be the union of all subcarriers that the user device 606 has been
assigned over the multiple frequency sets. Moreaver, multiple frequency set assignment
can increase peak rates for such users, which in turn mitigates delay associated with
communic¢ation transmission.

[0054] Fig. 7 illustrates a system 700 that facilitates dynamic packet-based
restrictive reuse scheduling of communication frequency reuse sets without requiring
assignment 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 channe! 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.



[ 00551 System 700 can additionally conprise nenory 720 that is operatively
coupled to dynam c restrictive reuse schedul er conponent 702 and that stores
information related to channel desirability algorithms, netrics, avail able
frequency sets, user device frequency assignnent, etc., and any ot her

sui tabl e iwdonmatseedn related to providing dynam c respCraBiwgIzedse
schedul i ng of frequency reuse sets to e or nore users. A processor 722
can be operatively connected to dynam Cc restrictive reuse schedul er
conponent 702 (and/or nmenory 720) to facilitate analysis of information

related to j.rness criteria, desirabili metrics,. freqguency, reuse, and the
o o P ARUGEY A et R h e b Gass T 107 foR s et
dedi cat ed t@aBB&I N30 RDAAGEL avBIRbeS RhiREH RiaFIRE haworeraivedr by dynam c

restrictive reuse schedul er conponent_ 702, a_ processor that controls one or
nor e conponfEEPEs Berealy 3 {anporbad compencat 718 thit fecdlsalss lophedver FERENERA Yzes and

gener at es i&t&r@"hﬁhggﬁ%‘x ;qﬁflﬁﬂr\4&&69&0119%@@@5&1&%%&&&% Y& thAUs&gehedul er

conmponent 702 a ol s"one or nore conponehts of system 700. [00561
Menory 720 mualtipkdelist freqenty se bormmpniet 1 colededabove with exzaw tolprageding at i ng
frequency aﬁsi nnments, nmetrics, etc., such that system 700 can enpl oy stored
pr ot ocol s andror algorithns to achieve dynamic restrictive reuse frequency

hoppi ng as [@es8]ri bed Syftem €00 cad dddwiohhllhe@mapips mematyet20tthats dpeeatidelya store

(e.g., nmenories) conponents described, herein cap be ejther volatile nmenory

or nonvolayWW@kaﬂﬂﬁﬁﬁPmﬁFﬁegﬁwFWEFﬁg@dﬂSFWHWQH?Q??f@FHhﬁSﬁﬁﬁvolatiIe_nenDry.

By way of i jhkdisbiicheRfd t@aﬁanﬂatdeéifaplﬁ%&?gwé@mkme PREROYy &8f) | ncl ude
e

read only nenory (ROM, progranmmab , _electrically progranmmabl e
ROM ( EPROM) uscedavice fiegegnicy asteagighl, acRan {neetron)itablgranfopnation rakatedie. Vol atil e

menory can | NG ; i rnal cache
menory. By rgglhtﬂg%ﬁﬁqﬂg? %ﬁlgﬁ%gﬁ%%ﬁ%{m?é W&U? on I&E%Xﬁ/?? Esosong\%/) 5%% le in many
fornms such asrssynmheosto (82 RaNe((pRAN¢ly dymacted toRAMGIORAMigtive sguse hr onous DRAM

(SDRAM), doubl ¢ data rate (DDR S nhanced. M ( ESDRAM ,

Synchl i nk D‘iﬁﬁ?&ﬂe"ﬂ%ﬁﬁﬁ%‘&’/}e{“ R ¥ OET R RIS AN 6% Frepinon

PCT/ US2005/ QBRI uifhss( HRRAM s D k2050 chdyar subisethe B TETR W0 et hods
is intended to conprise, wthout being |limted to, these and any ot her

sui tabl e typwsccofedibpreresspOGE7Rn ke g progesser dgAicpted (is1PBRINGINPr a syst em 800

that facilifatein@8fd&RlifPreceived by dynamic restrictive reuse scheduler component 702,
a processor that controls one or more components of system 700, and/or a processor that
both analyzes and generates information received by dynamic restrictive reuse scheduler
component 702 and controls one or more components of system 700.
[0056] Memory 720 can additionally store protocols associated with generating
frequency assignments, metrics, efc., such that system 700 can employ stored protocols
and/or algorithms to achieve dynamic restrictive reuse frequency hopping as described
herein. It will be appreciated that the data store (e.g., memories) components described
herein can be either volatile memory or nonvolatile memory, or can include both
volatile and nonvolatile memory. By way of illustration, and not limitation, nonvolatile
mermnory 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



frequency reuse sets to user devices based on assessnent of channel
desirability nmetrics for the user devices. System 800 conprises a dynamc
restrictive reuse scheduler 802 that is operatively coupled to a wirel ess

net wor k 8@@022‘%%%% or nore user devices 806. Dynam tCPc{T??sEE(iS%EJﬂ/ye reuse

schedul er I's simlar to the scheduler 702, in tha conprises a
channel assessnent conponent 808 that Bacilitates determ ning various
nmetrics associated with frequency set allocation, and a frequency anal yzer
810 that assesses a total avail able anpbunt of bandw dth and generates a

plurality @T)RRABQUMB&yOry rausfhsubiet ysass det abiheds wiltthdee gedothpiiee,Fi 9. 1,
whi ch can be. as ri ous, user, dev ces 806 to mtigate interference

ne
in bet WeenWLfg‘é‘ft%B‘gg 155@8% eé%ﬂ’db’%@th%%tﬁ PSR ePEEPBns in one or nore

sectors of gmvpl ess mgtmrahﬂﬁﬁaéanoﬁd)%tsys@a@dehmdﬁsaﬁme% asdi@sid | ctive reuse
schedul er 802 conprises a | ow power conponent 816 that can transmt

si gnal (s) ﬁ@ql@ﬁ@}’ BHserfgsdo wgse dovikey bassd oBeBexmeNioyl chgwet dagisemlity nerédtiesr mi nat i on
that the Ol B Rl stefEYI0SBR ﬁ%@ mfﬁm‘%%sftﬁc(ﬁvg?&ll YsAbhlgoshannel

quality (e , I clen resourc a sorter comnponen t hat can
optionall ythanmlopdetltmecou@emt@esrlre@& ne&tméédyara‘s@]egnmed)r@mr deviceoBes.f r equency

reuse sets_jn the of users, sti i 1 nt. pernitting a
user to wi rYRETES %rétt@%feéls%?ca?(}uz &b%\bg ar\f\%ﬁ%ﬁc@aﬁle?g@?ﬂ@%ﬁb i ncreasing a
peak transgbEsiidea tiaintella0desdnhtat @ﬁfon&ﬁlISb@tmﬂ fab ek dsngteeimnpelaidel ay.  Channel

assessnment conponent 808 conprises a peak conmponent 812 that assesses a
channel pe#Ktisggispapied vt frausry s¢t gllocation apd e fegnsvrc @abaer 818kpta del ay

conponent  §ddcd Mn@@ﬁg@% %ﬁo&tghﬁmwldtﬁgﬁf%en@ﬁ%s Lkl ¥r IHFcLJeh@y to

det erm ne et her chann connection should be del ayed, er ‘or both of
whi ch net r rese sdeethes @tﬁﬂbdwwetb régard to ditg- Unehichpandia dysignddap vakss uset ri ¢ deri ved

by estr1 ShLue.iBHee, BENRTHLAL RIS b0 LIS obiceBud OVAG. Wger devi ce 806 to

whi ch a frequency reus e aSS|gne
addi ti onal kr}&nmﬁmmis$IecSnea)rMDE&tMvﬁfhﬂhsﬁn@W@ﬂ&ﬁ&O%ddﬁﬁﬂal% dgeindd | ed above

with regard to Fi eqgyer, an Al onent 824 can be operatively
associ at edfwcﬁvﬂ%ﬁ%ﬁﬁchﬁiﬁgpg %‘F?Rf@esr%]ﬁ ng"@ﬁ‘éfa’ﬂi?oé‘Fm@d %‘6@ tand can
make i nfer gnaag) fRIRA G SRAMIRk: @WW{J&%&B@{R hwtenmﬂ&ioﬂswmeexcl usion of
a W nning user device 806 from subsequent assignnment rounds, whether

channel delagol mord #sdrdatire 306 dayp sufferigatly gtrang fé)él@lebﬁuﬂl%ﬁelgawﬁicﬁlbq uency
o4 0 o 8 DR E AL e A g Lt o e
25263 PCT/ B2d0540204 ¢8e or more frequency reuse sets in the set of users stlll requiring

assignment, permitting a user to win multiple sets of frequencies, which can facilitate

increasing a peak transmission rate for the user while mitigating channel delay.

Channel assessment component 808 comprises a peak component §12 that assesses a

channel peak desirability metric for each user device 806, and a delay component 814

that assesses a channel delay desirability metric to determine whether channel

-connection should be delayed, either or both of which metrics can be employed in

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

o “infer” or “inference” refers generally to the process of reasoning about or inferring



19 states of the system environnent, and/or user froma set of
observations as captured via events and/or data. Inference can be enpl oyed
to identify a specific context or action, or can generate a probability

di stri butwonoewescst ates, for exanple. The inference aam/dRo0s020179
probabilistic-that is, the conputatiog_of a probability distribution over
states of interest based on a consideration of data and events. Inference
can also refer to techniques enployed for conposing higher-level events
froma set of events and/ or data. Such inference results in the

const ruct | 8WeePT e wskapb SRETBMAL FRUMISHT 5 & seof obTeresey WeaPtuBdditt s and/ or

stored eveplenfahdior M@t ﬁl%rerﬁ'é cPbe énﬂﬁoyee\ﬁm(ﬁ:n%% g E-Ulﬁce&?}k@(@oi figh,0se

tenporal proximty, and whether the events and a come fromon€ or severa
event and oolmesmnc@@@bapmgagﬁnmamrodm@t@sofoamfgmdfxpﬂee infigrencopporeent 824

can i nfer BRARLO0GLALSpe L EIERGY LENE: 5 RN PRTRIPASFthata cast 11

part on, Fhstanc nutrber user
devi ces 806¢mdbanmahuﬂeﬁmnabﬂﬂaﬁmimmmmlBﬁaausemlmdﬁmmﬁaa&eﬁﬁmkﬂe
requi r enent Accor di IS exgggﬁsp it can be determ ned that a

et
user deV|c§m85@mﬁ%§°@HW¥F@' EW YRS B SurEe iR SHEY, such as

bandwi dt h, infBlefee redults 81 € EorksRudtids F Aoty Evetlsled hiithnb RBmUSRE ofdébc& from a
resource assignnent despite high nmetric scores for the user device 806, and

the |ike. Avenomponearedgyant dpta, Wieahty aheatitoreveiis Aregpuelesd &k 184 and/ or menory

812, can | nﬁfor&l @?&xuﬁh‘f Qn@wﬂécﬁér tﬂeeé’\!eﬁ[ﬁ an® @Qyégn?ﬁoxﬁ’sﬁé Hld&gellapeggatp:: :f] ent

round of freduencCy assi’gnnent. In such a case conponent
faC|I|tateamb¢nuammma35|gnnent in the nost eff|C|ent manner possible to
faC|I|tate &g wi dt h aII cation and reuse, te t ansm ssi.on costs, etc.
It will [ ggre0|a%%8r Pat® A& Oﬁﬁo h% ém}§PH§¥W§t|ve in

nat ur e and firf@enbPteubd YeLiteigHmb @ babddmt Ieaitﬁtﬁpz&pﬁpﬁ)rﬁlﬁstdﬂd@ ereneGRs that can be
made by the Al conponent 824 or the man in_which the Al conponent 824
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illustrated. For exanp met hodol ogi es” can relate to packet-based dynanic
restrictive us@uisms 80iddha budfigichirirapmGFDMeseures FselgmBents, sach SEdMwidivi r onnment ,
a CDVA enV| onnen E QI an ot her SUIt%%|e Wi rel ess

v onmonEerog! o s R FREURORE evie HonP s LBt Ao
met hodol ogihgs radtfic sdaesoraRchudesshdc?ed, ad tle 18er m&mf;omt 4,1t is to be

conjunction with processor 814 and/or memory 812, can infer that such a user device
should be excluded in a present round of frequency assignment. In such a case, Al
component 824 can facilitate resource assignment in the most efficient manner possible
to facilitate bandwidth allocation and reuse, mitigate transmission costs, efc. It will be
appreciated that the foregoing examples are illustrative in nature and are not intended to
limit the scope of inferences that can be made by the Al component 824 or the manner
in which the AI component 824 makes such inferences.

[(G060] Referring to Figs. 9-11, methodologies relating to generating
supplemental system resource assignments are illustrated. For example, methodologies
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



under st ood and appreci ated that the nethodol ogies are not limted by the
order of acts, as sone acts may, in accordance wth one or nore

enbodi ments, occur in different orders and/or concurrently with other acts
from t hatwsheyw&p¢g descri bed herein. For WO 2005/ 125263 R&j/:ke3805/ 020179
20 exanple, those skilled in the art wll understand and appreciate that a
nmet hodol ogy could alternatively be r@Bresent ed as a series of interrelated
states or events, such as in a state diagram Moreover, not all illustrated
acts may be required to inplenent a_ nethodol ogy in accordance with one or
nor e enbodF¥ES thopppdied ipithy arowill| understand el apprepialedbimlagegih@iotvey or provi di ng
dynamc fr : L ONIER : I i j:rel ess
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t he peak déSiPabi W’tnya %g%cﬁwf Y _Iugref1 O%‘glﬂlée can be derived using
equations (@pljand ( Wigdeslastdped adendelog, V00 fe gadviliih@dfrathic AequAicy904, a
channel delay desjrability nmetric, D;, .can be assessed for_ each user device
in conj unclSUShSShAtIFMEHS it FEReVICERIn Ligelest TFIWOoRl BFcaudRIce BEl YA regard to
Fig. 4. OnegpshmBtiBAL S 2 DR Sel ae%f&sﬁytﬁlli%%&%,fy%a@ﬂ)é S Rincdedig@s in the

set, one or both metrics can be nultiplied by a fairness netric, F;, for
the user desdr deviceas thiesstof dlagenderiseripgaeavorloregiog, orlg subset theckof. ¥@  det er mi ne

an overall . channel Krabillty metri i, i i .(12), at 906.
Once the 6n\%§?a’ﬁle@%§§%eesfr&dgé’i regtl)(f folrfbai(;thrlrlgétrrdie‘léﬁ%]g&gl b%giéﬁ%e elglm ed for each user
devi ce in thatiset() ad (W dnidigd userc vdémeged (eFig. 4. At W=es cldeweldelapi t h t he

hi ghest Si ,val can identified.at 908., [0062] At 910,, for each tine
0 S he GFRATRY TP et ae “eaiohs sty HavER - ABBPeRr kit numbor of
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schedul ed subcarriers can then be excluded fromthe free frequency set(s),
and et hodewoyalyapd fasgluserdgvigpan thinel ensrrsbpiigactiarcapde nedadisdbed for user

devi ces not,: r > t i -ate il all
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winning user device (e.g., a user device with the highest §; value) can be identified at
908.
[0062] At 910, for each time slot, the winning user device can be assigned an
appropriate number of subcarriers in the user device’s winning frequency set. At 912,
the scheduled subcarriers can then be excluded from the free frequency set(s), and
method 900 can revert to 902, where metrics can be recomputed for user devices not
already scheduled. Method 900 can be iterated until all subcarriers are assigned. In this
manner, method 900 can facilitate providing packet-based dynamic restrictive reuse
scheduling of frequency sets without requiring assignment of connections to a static
frequency reuse set.
{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 §;can be a function of several metnics, as described above with regard to Figs. 1-
4 and equations (1)-(12). At 1004, 1 winning user device can be identified for each

round of metric evaluation. An appropriate number of subcarriers in the user device’s



[0063] Fig. 10 illustrates a nethodol ogy 1000 for dynam cally scheduling
frequency reuse set assignnents and mtigating resource waste in accordance
with various enbodi nents. At 1002, an overall scheduling netric, Si, can be
eval uat edwbanesneseh user device in a set of user devi aGeS/RMIMAJI6ALI Ng over
a wreless network. The netric Si can_be a function of several netrics, as
descri bed above with regard to Figs. #! 4 and equations (1)-(12). At 1004, a
Wi nni ng user device can be identified for each round of netric eval uation.
An appropriate nunber of subcarriers in the user device's WO 2005/ 125263
PCT/ US2005+0mOBAapancy aptrih il 0. Atd§0f mlegywisaing aser fgvies cantbergolgdedi(he. wi nni ng
user devi Cnfidls BimeE] UIRE: L icl in o EBYALL AR HucOLeing dovi ces) 11
order to ensure that ot user eV|ces can recelve frequency assignnments
during futuxevwﬁanamnumagmhmne&hm@ﬁﬁﬁﬁﬁwHﬁhesm@hﬁhmiuﬁﬂnTheﬂmﬂbdto 1002 for

further |terat|o er.. dev in the se een assigned a
set of fre&ﬁ@ﬁé?%gqQﬁ%&B%HgﬁbﬁgWFpépbfﬁfﬁﬁ%ﬁanﬁ‘ t%€ﬁ3 2l conditi ons
can be evahg@@aﬂag@dfﬁhﬁwﬁ@aﬂhﬁmpmmcma&@ant at 1012 transm ssion to user
devices with good channel conditiaons can be perforned using |ow power in

the restri (096# port Al040ichamchendrignyianibg sy dudiethnd dicanddersiviiranoadi ng  due
to the restyrq r VIal tions (4-7)
and (9) caﬁ1OggﬂgmﬁﬁﬁgFégﬂgeg?ﬁ&Fkﬂ$§§gggﬁgyagéﬁgﬁ éﬁﬁgg Blﬁ%ﬁggcheduled

and mnthounmmhb“nmsmrunteREWmﬁémseSﬁaHUEdme@nmu&MaMH@wmwsmnm%éuﬂm@th regard
to Fig. 1. n can facilit [ ower
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devices in a wireless co nlc tion en perm g a user
devi ce to BUFRIARSHITIINE IPFRERISHEY o8 o PR | 11;(5@3 “}im{%ﬂa?i‘ﬁ‘éf’é b@ﬁ
desirabilitah ﬁﬁhfale@eduﬁngﬁ%r Qﬁlsﬁ’rﬁﬁtﬁfn% ﬁ@&u@ﬁ%@m&i%@s&s device in a set of
user devices in a network region, subset thereof. The channel peak

deS|rab|Ilﬂwﬁﬁetrlciﬁ@ﬂleéﬁwﬂﬁééﬁw“wévbgblEEM&%@W@@m¢WEG%UQng equations (8)
and (9) d_e?r ﬁdeﬁ&%ﬁ‘&%@% t%éepgév?&é‘ﬁr{ja w¥r§l %cgnmﬁmhca ?f sméGipagnel del ay
y user de

desirabili € assesse eac vice I n conjunction
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user .devi.ces one or
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devi ce, as;deseriRednWrtahusRIAEdot Orhe channel peak desirability metric for each user
device can be derived using equations (8) and (9) described above with regard to Fig. 4,
At 1104, a channel delay desirability metric, D;, can be assessed for each user device in
conjunction with equations (10) and (11), also described with regard to Fig. 4. Once
such metrics have been evaluated for all user devices in the set, one or both metrics can
be multiplied by a fairness metric, F;, for the user device, as described with regard to
Fig. 1, in order to determine an overall channel desirability metric, S;, using equation

- {12), at 1106. Once the overall channel desirability metric has been derived for each

user device in the set, a winning user device (e.g., a user device with the highest 5;
value) can be identified at 1108,
[0066] At 1110, for cach 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 assi gnment 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



Fig. 1, in order to determ ne an overall channel desirability netric, Si,
using equation (12), at 1106. Once tdre overall channel desirability nmetric
has been derived for each wuser device in the set, a w nning user device
(e.g., a user device with the highest Si value) can be identified at 1108.
[0066] At 1110, for each tinme slot, the wi nning user device can be assigned
an appropriate nunber of subearriers in the user device's w nning frequency

set. 1N QLEBKents NeRANTHY cal thdS RerA8 Y108 SorliBmid 1{%ra9¥r§ of (ﬁpﬁhﬁli'c&lh@dufl&gg‘uency sets,
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di f f er enfes§ord hegeigo E‘WVEFVS%@WU@P%‘P’F Brrebsideer ni nal descri bed bel ow. In
addition, it is to be appreciated that the base station and/or the term nal

ﬁan _errplt Py Me:feytnewso Kili 195on ahoaﬁlinarhdédaéss B@ﬁth@@sa (rims @8 (T3 ddd procdRSCr i bed
erein
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process Omodu]aﬁdJﬂsymeﬁle(“HmSymfoﬁiE mlﬂ)Fmdle&uatar mz Esrrbceavmd pmﬁtﬂsemd ditat es (or
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An OFDM I'ves an rocess ol s and pi | ot
synbol s mnidplpreoditahad plot symtekwn gl p@@m@yrmb@mldesﬁmmmunnﬁaatoafﬂr@nchl220

mul ti pl eza%m@bamaghq omal'npé sepdiPl, lggr%mw@fop{hggeabbﬁ,m@ﬁ@@eﬁ opprvpsy,ingas a signal

val ue of zero for each unused su tal ns Ntransm t
synbol s Pasied.Dagh tiaassittyahd nay B¢ o dagehmbE-pv sl or pggabirlucphestr- Thans i t

symbol g6t Benbals Gt fe SHEBRhuousty Ri éamom‘gmbm &chﬁA&btﬁﬂﬁElyM@é pigt of zero. The
pil ot synbol's may be sent continugusly in ea ng erlod
Al t er nat f,y\xl‘r@m?ma}f gf.‘é]llﬁﬁ ql\6$[10n multiplexed (TDM); frequency clmsmn mult1p]ex (FD ) or code

division multiplexed (CDM). OFDM modulator 1220 can transform each set of N transmit symbols to
the time domain using an N-point {FFT to obtain a "transformed" symbol that contains & 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 inte 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



synbols may be tinme division nultiplexed (TDM, frequency division
mul tipl exed (FDM, or code division nmultiplexed (CODM. OFDM nodul ator 1220
can transformeach set of Ntransmt synbols to the tinme donain using an

N-poi nt IfBEuisp20htain a "transformed” synbol that cont@imsedobdipe- domain
chi ps. OFDM nodul at or 1220 typically repeats a portion of each transforned
synbol to obtain a correspondi ng OFD¥Psynbol . The repeated portion is known
as a cyclic prefix and is used to conbat delay spread in the wireless
channel . [0069] A transmtter unit (TMIR) 1220 receives and converts the
stream of ORDEMigsdthwugh ilxnmcrmaéZZi)tlo thepeeniarial Addersiigph aR30, amdntbanat her
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OFDM synbol rio ived nbols to a processor 1250
for channefS" éﬁpﬁge%tﬁg%%mgﬁcei‘% ]fcﬂ}‘%]ﬁyes?‘éq?%ﬁ} 'S frequency
response esarlth@dcﬁmhh@ FrofnRoctestn 2 5K pérfants Rite deE6@Iatiba%M, thdREdiasdmtdat a
denodul ati on on the received data synbols to obtain data sklrrbol esti mat es

(whi ch ar e SEBRqIHgdEIHAaE Hanhof %ﬁ%ﬁw%a&eésmwmﬂ thy trangmefieddatai des t he
dat a sy nbolswﬁm)nmdeﬁmh@esm d%%& Aata] RHAGRS &P 1R ama pWhE&Br 156D, at es

(i.e., synbol démaps), deinterl éaves, and decodes the data symbol estimates
to recover detedlates(serd symbg! doradpb), deidarleavesiaed trcodeshd drja Hynt@EDM denodul at or
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nodul at or and f OCEessor at” "access poi nt
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a stream ofjpo70) On the uplink, a TX data processor 1260 processes traffic data and
provides data symbols. An OFDM modulator 1265 receives and multiplexes the data
symbols with pilot symbols, performs OFDM modulation, and provides a stream of
OFDM symbols. The pilot symbols may be transmitted on subbands that have been
assigned to terminal 1230 for pilot transmission, where the number of pilot subbands for
the uplink may be the same or different from the number of pilot subbands for the
downlink. A transmitter unit 1270 then receives and processes the stream of OFDM
symbols to generate an uplink signal, which is transmitted by the antenna 1235 to the
access point 1210.
[00671] At access point 1210, the uplink signal from terminal 1230 is received by
the antenna 1225 and processed by a receiver unit 12735 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.



OFDM synbol s. The pilot synbols may be transmtted on subbands that have
been assigned to termnal 1230 for pilot transm ssion, where the nunber of
pil ot subbands for the uplink nmay be the sanme or different fromthe nunber

of pilot subhands.fsor the downlink. Atransmtter unipch@dQodheer ecei ves
and processes the streamof OFDM synbols to generate an uplink signal,

which is transmitted by the antenna 1285 to the access point 1210. [00711
At access point 1210, the uplink signal fromterm nal 1230 is received by
the antenna 1225 and processed by a receiver unit 1275 to obtain sanples. An
OFDM denod®7dd or 1280oqetrers 3P0 et 568 dithe (s anpingl, anordpratey indesger ki ved
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i nterl aced. 2605/ 12p5263 CT/ US2005/ 02017 24 100721 Processors 1290 and

1250 directl®Blg., cBemasplirteosees REPY svignelge;. rethygonabiésgencan at access
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downl 1k, | redFRR Ry T obmer REP e i T a bebe ey e (e g . an
ort hogonal ffiloeaBBRRY forGhdt ©ORal¥PAr thd ke ra 6 LR me bHRD)Oksisy Sk@pd for el tipl e
termnals may transnmit concurrently on the uplink. For such a system the

pi | ot subbdiadedasy- Backhaidgubitphgrichis Veyldhe dediopledapeiaintirguaignnel
estimation éfe?ésyglfgpe%ﬁh WERHira THE Rl B8RO MR En bl lb;ﬂ%é(l@ﬁlerﬁ nds for

each term na an the entire operating ban possi cept r the band
edges) . Suchriausggnéans. Eersampiesthesadtctmigussondybeimpitesnied i kardwarept ai n
frequency ‘Sg)' vgrresci)t fﬂ%ri agalﬁ:@cte% r%@%lh. 1The A ecI:hnei galgs tgescri bed herein may
be i npl enent )Y PRRRFOEEO e sNg . Fof 3’553’%‘31131,]3 The! F’eceh%rioae&%lgg may be

i npl enent ediniti uded elverttnel essiafativ@in@y bOImHeeandd wighih ofc dheseapplickddn a har dwar e
i npl enentation, the processin units used for channel estinmation may be

i npl ement edPEEHINFEEHE %TPUMf\%I%ﬁpq‘l%%ﬁigaﬁ processors (DSPs), digital signal

processing devices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described herein, or a combination
thereof., With software, implementation can be through medules (e.g., procedures,
functions, and so on) that perform the functions described herein. The software codes
may be stored in memory unit and executed by the processors 1290 and 1250.

[6074) What has been described above includes examples of one or more
embodiments, It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing 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, medifications 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.




specific integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (BDSPDs), programmabl e | ogic devices
(PLDs), field programmable gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, other electronic units designed to
performthe functions described hefdiAdMSor a conbi nation thereof. Wth
software, inplenentation can be through nodul es (e.g., procedures,
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1290 anme§5®“rF@b?@ﬁmvm%?mﬁa§mheen descri bed above |ncludes exanpl es of one
or nore enbodinents. It is, of course, not possible to describe every
concei vabl e cerbiinad 4 QiinesOhe GOBPAPERESIAke B LIGES b&teth@Scafi@f redidtf pOses  of
describing the aforenentioned enbodi nents, but one of ordinary skill in the
art may recogni ze that many further conblnatlons and permutations of
various enbodEiEHpiae %?hé““ﬁb%e%'f fignbilinrpesiicchareg oy differges msﬂ’é&@?‘ PYsEEC €Rbsti ment s

ar e i nt eqdes bar AoKiplachoabilal 8GR itierath R eviddpgiaf i cations and variations
that fall within the spirit and scope of the appended clains. Furthernore,
to the extent that the ter .ncludes” is used in either the detaj | ed
description GFCIHENE §oyfT SCW%E PGPS &l e dRethe overd sty ling MFEC n a
manner  stherbdtgst oftaOndidvecotnBinimy fihetvr the fafrgess @&ric @0 Merch@hél geakidssiratikiter pr et ed when
enpl oyed_as a transitional word in a claim 25 CLAIMS 1. A nethod of
dynanlcaPFy ‘schedul i ng orthogonal resource sets for reuse by user devices to
reduce inter-cell interference conprising: determning a fairness netric for
each uset. devThe encthnd & clainn &lfedsr @optiving dertnitng & égirehielay detrahility mitrigfoa channel
peak desiranl|fl t[IEH I i 9@%%9@ 11gc|ssfnf1§rlcefnltthé &g}d%g& t%‘ﬂae@‘{n%ﬁt%%?e Ghannel
qualltles over mul e or ™ Fesour s tor eac ser device; and
det er mi nichglulng nepiresy @w {:hasl@h‘éﬁ'dm Idﬁwgblkmmeiﬂe 1Sfemp10wdhadﬂl§'@n teche Wi gasg ofithee over al |
schedul i ognfIBlchi fesitabitint AGriQuUt put of a metric conbining function of the
fairness netric and the channel peak desirability netric. 2. The nethod of
claim1, further conprising determ ning a channel delay desirability nmetric
for each uselhemslipdel ctahmd > fughaipguenrising %am@yngtah@erfdawn’@% highest p¢rflor  t he user

devi ce t QndBhRHEMSdHR OMRlinAlst: dedGhad iy MBdridnGr b BEnEhANRRLEel ay

desirability metric is enployed in addition fo or_in place of the
set that corresponds to the winning channel metric of the winning user device.

4. The method of ¢laim 3, 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.

5. The method of claim 1, where the orthogonal resource sets are at least one of frequency sets,

time slot sets, code sets, carrier sets, and orthogonal SDMA dimensions.

6. The method of ¢laim 5, where the orthogonal resource sets are frequency sets comprising at
least one of OFDMA, IFDMA, and LFDMA subcarrier sets.

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

weighted sum and a maximization function.

2. A system that facilitates dynamic restrictive reuse orthogonal resource sets scheduling in a

wireless network environment, comprising:




channel peak desirability metric. 3. The method of claim1 , further
conprising identifying a user devicegth a highest overall scheduling

nmetric score as a winning user device, and awarding a portion of the

ort hogonal resource set that corresponds to the w nning channel netric of |
t he wi nni ng usetriclevpuseschaluliprpempenetidicht determings amoBsralf sahedién newindri si ng |
rei teratéaagusglhﬁwg@elgB@q,llg]fessqlgt%me}m@g&gﬁ awardi ng the orthogonal resource |
set to the winning user device until all user devices have been assi gned an
orthogonal resource set or all resources have been assigned. 5. The nethod

of claim 1, @eseorprerhthhisgonars a exolrbenslops darebiity nicerisder comiesat frequency
sets, tdeRe, ﬁleQBanﬁﬁ bk dERARNitS BleBic bsad il Bfer&Cihfiant BRChyA5E LRGN LialiREVA

di mensi ons. CI nmet hod of claimb5, where the orthogonal resource sets are
frequenc‘ﬂ/"e%‘B‘Egpl?:?i FnalTiigUust sei st one of OFDVA, | DMA, and LFDMA subcarri er
sets. 7. The nethod of claim1l, where the nmetric conbining function is at

| east one of aalcly eEpehcnt Bat IWEINGRE & ChaSild(Aehy) desaiBx indiri adrie@n ufcueickon. 8. A ;
systemthat facilitates dynamc restrictive reuse orthogonal resource sets |
schedul i ess, network envjronment isin 26 . a restrictive
reuse sc eduITihﬁé‘/S@B‘r?gfll ‘q’f’ ‘éet‘"a“cfélfea‘flﬁ‘ﬁH‘églcésﬁheo‘\?@ngqfla‘@gﬁéﬁm‘?‘?ﬁg nmetric for
each usefindiewoftte: fhllme‘sishﬂ:tlw ahéhtesst onedif\mroheranamarmm?éﬁfmbﬂﬁyan@eﬁakd menponent t hat
det er mi nes nnel K ch user

dovi co. R APl BRRES e BB PR Pt e R P PgRER, Petant and
aver age whamdehmqwﬂnmwe@on@metronrrul tiple orthogonal resource sets; and a

del ay conponent that determines a channel delay desirability netric for each
user dev*oce ThQSystmeof%,ﬁmtsemeQJs?ﬁ \%'réﬁ's@s«che}ih%ﬁ%ﬁoﬁé td&ggnﬁgslélu's@gei tric is the |
out put o IC co e Irness nmetric and at | east !
one of tkaingy bighdst scerivgnrrsall sel@iﬂmametrictrg}atwetoralletha'n@ertdh‘éces ghbainelesdel ay

desi r abi }dnfofk 55%%!1 MOQEGLNE REPRE FduG ORI D bR ohdMDSER AN bihodnhiner a
product, a wei sum or_a mexi m zation function. 10. The systemof claim

8, the r@gquwpéett?q}ée Viatjaeuseicdsuit e AghogyRprsTTasE Sea%}p@?%t)@soraw%éﬁwa@m ce

havi ng as i@ as incae@birbdeqenald of 3 hatiikinggdsvrtri c relative to all other
user devices in the wireless network as a winning user device, the

restrictive reuse schedul i ng conponent awards an orthogo resource set to
the wi nnihg udEpysiaafeaim ‘tohg"%?tc%@ﬁ%fi sy lEo PN e © g‘ al? HeSEEHE or nor e
subcar ri gdvie fromkits@u@n fteritdndEetthdeebisEDee Kot Gidioh Rt whe mii deksinel thic £1Ni Ng  user
devi ce. . . . _ . . .

user devices sequentially receive a orthogonal resource set assignment, and includes the winning user

device in subsequent iterations of orthogonal resource set assignment when it is desired that a device

receive multiple orthogonal resource set assignments.

12. The system of claim 8, where the orthogonal resource sets are at least one of frequency sets,

time slot sets, code sets, carrier sets, and orthogonal SDMA dimensions.

13. The system of claim 8, where the orthogonal resource sets are frequency sets comprising at

least one of OFDMA, IFDMA, and LFDMA subcarrier sets.

14. An apparatus that facilitates scheduling orthogonal resource sets assignments for user devices

in a wireless communication enviromment, comprising:

means for determining a fairness metric for each user device in the communication

environment;



11. The system of claim 10, further conprising a sorter conponent that

excl udes the wi nning user device from subsequent iterations of orthogonal
resource set assignment when it is desired that all user devices
sequentially receive a orthogonal resource set assignment, and includes the
W nni ng user megs\fircleteimining dagueralbripnniet perladesiphigityofietror hgoneldeviesber ce set

assi gNebnn ek dedirabifiy Seaicigda bld ke B 8MIMGE avél%geedhéﬁﬁengIthepé\gr Rukogonal
resource set assignnments. 12. The system of claim 8, ere the orthogona

r esour cePr8geRal ssuesetfia a5t one of frequency sets, time slot sets, code
sets, carrier sets, and orthogonal SDVMA di mensions. 13. The system of claim
8, where the mpidshaaenalinii s@uimeRIcBEIGirdiRy héQERLaRY ISRESnEONpPri sing at

| east one of OFDVA, 1FDVA, and LFDVA subcarrier sets. 14. An apparatus that
facilitates schedul i ng aorthogonal resource sets assignnents for user devices
in a wrel es@EBIRIAPEHIREH O&FioH SeByIHEBMetESeRET fossaRlydevicadbrsclegilinget er ni ni ng a
f ai r nes smdimd scbre isfiRrouacif a Sk ceEditfuhdiot FTeheFIMBsMeGRIah®bhe oLBON draRMENt ; 27

means for deternining an.overall chanpel pea esirability metric for each
user deﬁwgﬁfCTWég%%%%ﬁ%#”ﬁ@&%”%%@%?&ﬂ?ﬁ??@mWEF%? %B§§%H”% '“di f f erent i nstant
and average channel qualities over nmultiple orthogonal resource sets; neans
for det ersm niMhgamaainasmein te fiayerdesprisal inlehrs Yor idehiiflyiag & ofer @aicbhdayee; and

means f qﬂlg%hlgs%%\?erfaql] saiegﬂingrr%et%\é ?cro?‘el rle‘lfltﬂi"% Qoetgj\flé'Jafl ?c%e 11'% r&leﬁr'cs s%(())r%se fO.I (?lroth%raﬁ:sgqg devi .Ce’
t he sche I'ng netric-scorels € output o metric conbi ning function of
t he fai ringdsaimetseindroament grrevipringaptriieGée, hhwinniog evcaddvice hanmdéd apeak

desi rabi |k 3 8Ll qugmﬁﬁﬁ?ﬁ?fﬂ%nﬁ”ﬁﬁgﬂﬂgl del ay desirability netric. 15.

The apparatus of claim 14 er conprising neans for identifying a user
device having the highest overall scheduling netric score relative to
overal | ®chedk prpgraieefidiaim &6 theepafsder deeiminngdibe faresymetri¢ gnpldyeangapad| ess

envi r onngRf. oS naee WolidhINEd ¥S8orElRNitEEprohd@ Wi NNing user device is awarded an
ort hogonal resource set conprising one or nore subcanlers. 16. The appar at us

of claim 14, the nmeans for determning the fairness netric enploys an equal
grade of !7ser vihe @ppiist ofchim &havhere fe openeeiabisercs sisargyt (et e of ftgqupncy The

appar at UgsQfmeGloRid dle sedh@bRr idiear@isbiR0aRnalsiohesour ce sets are at | east one
of frequency sets, time slot sets, code sets, carrier sets, and SDVA

di mensions. 18. The aapatatus of claim 14, where the orthogonal resource
sets ar eldf r ecflie P8R piclaip i pihe Hig orhagonabigopres pss 45t TR e CPBRIK"8r  LFDVA
subcar r i £lea 8heSof OFDMA, IFDMA or LFDMA subcarrier sets.

£9. The apparatus of claim 37 14, where the metric combining function is one of a product, a

weighted sum or a maximization function.
20. 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, the channel peak
desirability metric based on different instant and average channel qualities over multiple orthogonal

resource sets; and
determining a channel delay desirability metric for each user device.

21, The computer-readable medium of claim 20, further comprising instructions for determining

an overall scheduling metric score for each user device, the overall scheduling metric score is the



1.9. The apparatus of claim2,7 14, where the netric conbining function is
one of a product, a weighted sum or2& maxi m zation function. 20. A
conput er -r eadabl e nmedi um havi ng stored thereon conputer-executabl e
instructions for: determning fairness netric for each user device in a

wi r el es§UREChBRRTIEFRmbIdNgFRIstion of fetfdmpss metig and et losd pag of hepumlsbansglak

desi r abipkdktaysiaBht neti @fid BEAndERIay dewiigigy mbie fe hannelevireak desirability
nmetric based on different instant and average channel qualities over

mul tipl e orthogonal resource sets; and determ ning . a channe| del ay

desi r abi*Pi t y BfeOPPUerTEya SRR R dhere %&?ﬂ?tﬂﬁ‘ﬁ@ﬂgb&a%wpn pagtahl e medi um
of cl ai mmdFa pfodiidt, RefeiQRIPIN SidAgnakinsdatistciihctirls f or determ ning an overal
scheduling nmetric score for each user device, the overall scheduling netric
score is the 28 output of a metric conbining function of the fairness
metric and at | east one of the overall channel peak desirability nmetric and
the channel delay desirability nmetric for the user device. 22. The conputer:
readabl e medi um of claim 21, where the netric conbining function is at |east

one of a product, a weighted sum and a maxi m zation function.



