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[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
modulated with data. With time division based techniques, a band is split time-wise
into sequential time slices or time slots. Each user of a channel is provided with a time
slice for transmitting and receiving information in a round-robin manner. For example,
at any given time ¢, 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 time for
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base station scheduling, power control and/or rate prediction for one or more mobile
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[0007] Restrictive reuse is a technique designed to reduce inter-cell interference
in wireless communication systems. Restrictive reuse is a global planning scheme that
takes into account the channel and interference measured by users of a wireless
network. Restrictive reuse seeks to reuse orthogonal resources (such as frequencies,
time, codes, beams, spatial dimensions, efc.) for selected users based on channel quality

associated therewith. In view of at least the above, there exists a need in the art for a
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then be utilized to maximize sector throughput under the constraint of equal user
thfoughput over all reuse sets.

[0010] In this document, frequency sets will be used as an example of
orthogonal resource sets to explain the restrictive reuse set management algorithm.
Such algorithm is directly applicable to other embodiments of orthogonal resources,
such as time slots, carriers, codes, spatial dimension, frequency/time interlaces and
beam-forming beams.

[0011] According to an aspect, a method of optimizing signal transmission
throughput in a wireless network can comprise approximating aggregated throughput of
frequency reuse sets, employing one or more EGoS schedulers to enforce fairness
constraints for resource allocation to at least one user device within each resource reuse

set, and employing a restrictive reuse set management algorithm to enforce fairness
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[0014] Yet another aspect provides for a computer-readable medium having
stored thereon computer-executable instructions for distributing resources to one or
more user devices associated with a resource reuse set according to an equal grade of
service protocol, and for managing resource reuse sets in a wireless network. The
computer-readable medium can additionally comprise instructions for evaluating
spectral efficiency for at least one user device in the wireless network, instructions for
identifying a user device having a lowest spectral efficiency relative to all other user
devices, instructions for identifying an resource set with a highest overall throughput

relative to other resource sets in the wireless network, and instructions for reassigning
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BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 illustrates a table that facilitates an understanding of to active set
based restricted reuse resource hopping and resource allocation with regard thereto, in
accordance with various aspects.
[0019] FIG. 2 is an illustration of a system that facilitates assigning user devices
to resource reuse sets to maximize sector throughput utilizing an EGoS fairness

constraint, in accordance with various aspects.
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a wireless network according to one or more embodiments.

[0027] FIG. 10 illustrates a methodology for user device communication
optimization utilizing a restrictive reuse set management algorithm in accordance with
various aspects described herein.

[0028] FIG. 11 is an illustration of a methodology for improving user device
throughput in a wireless network by swapping user device assignments between
orthogonal resource reuse sets upon a determination that communication throughput
will be improved as a result of the device reassignments, in accordance with various
aspects.

[0029] FIG. 12 is an illustration of a wireless network environment that can be

employed in conjunction with the various systems and methods described herein.
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[0032] 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.

[0033] 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-
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user will occupy some narrow portion of available bandwidth for a relatively long

duration, a capacity improvement can be achieved by assigning a static frequency reuse
set to the user to improve the user SINR throughout the duration of a call. However, in
the case of data traffic, conventional static reuse algorithms are not flexible enough to
accommodate “bursty” data traffic (e.g., traffic that is intermittent, efc.) and/or traffic of
varying fairness requirements. When a user transmits/receives bursty traffic,
conventional systems require a tradeoff to be made among frequency sets that have
different SINR, available bandwidth, and offered load (e.g., 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 of

different reuse sets.
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"article of manufacture" as used herein is intended to
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traffic that is intermttent, etc.) and/or traffic of
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for an EGoS scheduler, and
Y

F, ==, 2
7 (2)

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



varyi ng fairness requirenents. \Wen a user
transmts/receives bursty traffic, conventional
WGEymremesr equi re a tradeoff to be nmade anong fPEUSV0§031403
sets that have different SINR, avail abl e bandw dt h,
and offered load (e.g., fro ther users on a given
reuse set). A scheduler can be further conplicated if
fairness criteria such as equal grade of service
(ECGo§) _a¥: proportional fairness need to be enforced
for uSerg ‘of different reuse sets.[0036] Di agram
illustrates a sinplified scenario in which -
conmuni cati on bandwi dth is divided into seven
requencies, U0 thro , ich can be assigned to
Th, ST can b & Eilaredins v on s combpmaonction of
tHRTEirfRS Blewe:, hid Be MRk deéif&bﬂﬁf leftid. P9k Q&eaﬁﬁﬁ%fng{ﬁé and be
resource reuse algorithm each” sector Is assighed a
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sk, where a "1" at the ith position indicates that
PHOPUGLS giNel Byy sectors of value i. For exanple, "110"
indicates a 2/ 3 frequency reuse set that is used by
sectors of values 0 and 1 but not sectors of value 2.
The | abel s of frequency sets {Uo, Ul, U2, U3, W, U5,
U6 JSarefgiven by {111, 110, 101, 011, 100, 010, @H1}.
However, it will be appreciated that other |abeling
conventions are possible. For instance, the val ue of
the three-bit mask can be enployed to | abel the

f . wherein 11 not es fr.equency set
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expoadiits 0Gind B eSvemadsy: avoi d domi nant interferers by

using a 1/3 or 2/3 reuse frequency set. [0037] In

t hird-generati on networks, the fairness anong data

users can be enforced by the scheduler. In a network.

mhers ngzgprmard link transm ssions to users are tinme
mul t PpTéxed, the user with the highest scheduling®)
metric is typically schedul ed for transm ssion over
the scheduling tinme slot. The scheduling netric is
usual |y conput ed based not only on a fairness netric
Inlyst araltis eaodin@ntehe HRGH6R1RIal Wdi¥hted Surh d BaRAUARE 28E Oy
the nulti-user diversity (MJD). For exanple, let |
sogsrespenante. er BagBiyen bsf user i over a specified
wi ndow, and let //,. and Z1 . denote the instant and

aver age spectral efficiency of user I, respectively.
The fairness netric F,- is given by:
S, =aF* +bT/. (6)

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

by some exponents o and f} as given by:

S; =max(aF,",bT"). (7)



* 1 (D for an EGoS scheduler, and (2) " I, ' for a
proportional fair scheduler. The channel desirability
woredoroz1956 gi ven by: (3) The schedul ing netric PERUR®06/031403
cal cul ated as the output of a netric conbining
function of the fairness rretllic, and the channel
desirability netric. The scheduling netric and be
further conmbined with other QS related nmetric Qto
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probl ens when a reuse set is assigned based solely on
agy NRetdvicecugrbls forosceaifing and/er trawswniitimgwnfohoation over wireless
elo]yk i g X i ng reuse set bandwi dth and/or reuse set

F&'a%ll{ g System 200 conprises an restrictive reuse

[6039ponent AZARidnBRY, witecl@R @Bl drk eDY c&OpRbRI chBmunication service
wi rel ess network 204 and one or nore user devices 206.

topsee fedeespdo i FRIPI4iop avitic d ity ef mpliple access techniques, a

combination thereof, or any other suitable wireless communication protocol, as will be
appreciated by one skilled in the art. For example, these techniques can be employed in
conjunction with a code division multiple access (CDMA) system, a frequency division
multiple access (FDMA) system, a time division multiple access (TDMA) system, an
orthogonal frequency division multiple access (OFDMA) system, an interleaved
(IFDMA) system, a localized FDMA (LFDMA) system, a spatial division multiple
access (SDMA) system, a quasi-orthogonal multiple-access system, and so on. IFDMA
is also called distributed FDMA, and LFDMA is also called narrowband FDMA or
classical FDMA. An OFDMA system utilizes orthogonal frequency division
multiplexing (OFDM). OFDM, IFDMA, and LFDMA effectively partition the overall
system bandwidth into multiple (K) orthogonal frequency subbands. These subbands
are also called tones, subcarriers, bins, and so on. Each subband is associated with a
respective subcarrier that can be modulated with data. OFDM transmits modulation
symbols in the frequency domain on all or a subset of the K subbands. IFDMA
transmits modulation symbols in the time domain on subbands that are uniformly
distributed across the K subbands. LFDMA transmits modulation symbols in the time

domain and typically on adjacent subbands.



exanple, a plurality of base stations, sectors,
regions, and the like, as will be appreciated by one
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phone, a PDA, a laptop, a pé sonal conputing device, a
handhel d conmuni cati on device, a satellite radio, a
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J acen 0040] For instance, when a user
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comprises an EGoS component that enforces EGoS constraints with regard to user

devices 306 assigned to a reuse set in order to ensure fairness within each reuse set.
[0043] EGoS component can assess user device 306 throughput to determine an
appropriate reuse set to which a given user device 306 can be assigned in order to
improve throughput for the user device 306, which in turn improves overall efficiency
of wireless network 304. For example, let A; denote the throughput of user device i over

a specified window, and let 4, and %, denote the instant and average spectral efficiency

of user device I, respectively. The faimess metric F; can be given by:

F, = )

1
A’



enpl oyi ng an EGoS fairness criterion, it can be

desirable to equalize the SDSfR anong all users
waelewroz®sR06 by assigni ng weaker user devi ces POI/LSR06031403

2/ 3 reuse sets. User device 206 throughput performance

can al so depend on bandwi dth &l ocation to each user

device 206 within a reuse set. Accordingly, one or

nore EGoS schedul ers can be enployed by restrictive

reuse conmponent 202 to ensure fairness within a reuse
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sets, LFDMVA subcarrier sets, and/or any other suitable
resources. [0042] Fig. 3 is an illustration of a
syst em §G_(D.t hat facilitates maxi m zing user device 3
t hroughpuyt under an EGoS fairness constraint in €)
accordance with one or nore enbodi nents. System 300
conprises a restrictive reuse conponent 302 that can

i ser_devices 306 to .a uency, reyse s to
I DR i
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reUS%ﬂcoqE%gent conprises an EGoS conponent t hat .
BRFSLeSECEB3S constraints with regard to user devices
306 assigned to a reuse set in order to ensure
fairness within each reuse set. [0043] EGoS conponent
can assess user device 306 throughput to determ ne an
appr oprTatle- reuse set to which a given user devi ce(4306
can be assigned in order to inprove throughput for the
user device 306, which in turn inproves overal

GRS BL R R Bl Rt o Eerblescathine e s rigmetric can be
esRoyelia tvell, AEas sé¥arth SithTegdd td bduaBSROLSS- (1ol B St ant

nd _average spectral efficiency of user dévice |
[Sﬁfgsdect i vaii ifiyeirates 2 sistom AQQ thiatfapilitatenusordeyiiscethrdmghput
optimization utilizing EGoS schedulers such that each frequency reuse set is governed
by an EGoS scheduler. System 400 comprises a restrictive reuse component 402 that is
operatively associated with a wireless network 404 over which one or more user devices
406 can communicate. Wireless network 404 can comprise, for example, a plurality of
base stations in sectors, regions, and the like, each of which transmits and receives
communication signals to and from other base stations and/or user devices 406, as will
be appreciated by one skilled in the art. User device(s) 406 can comprise, without being
limited to, cellular phones, smart phones, PDAs, laptops, personal computing devices,
handheld communication devices, satellite radios, global positioning systems, and/or
any other device suitable for receiving and/or transmitting information over wireless
network 404.



F . = (D Aas descri bed above. [0044] Once a fairness
metric has been eval uated for user devices 306,
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reuse sets in order to faci lMttate I mprovi ng
t hroughput. For exanple, restrictive reuse conponent
302 can determ ne a channel desirability nmetric for
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estrictive reuse conponent 402 conpri ses

m§§0§gﬁ¥§wy§nponent 408 that enforces EGOS fairness
onstrai nts during frequency reuse set assignnent.
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where |.| denotes the size of a set. Estimated user device 406 throughput over reuse set

m can be given by:

= m i (8)
77'" lelui,m

ie slll

[0048] Reuse set memberships can then be allocated to user devices 406 by
restrictive reuse component 402 to maximize sector throughput under the constraint that
a substantially similar user device throughput is to be achieved over all reuse sets. In

this manner, system 400 can facilitate optimizing user device 406 throughput in wireless



conmponent 408 further conprises one or nore EGOS
schedul ers 410, each of which is responsible for a

W@ ewghz1950 equency reuse set and determ nes a fBRCT/HERNS6/031403
nmetric for user devices 406 assigned thereto. EGoS
conponent 408, in conjunctiohdw th EGS schedul ers 410
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approximation for fairness anmong user devices 406 by
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constraints to ensure that user device throughput is
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reuse, sets. . . "
connections Ee. ¢., connections with the smallest spectral efficiency u, o) from reuse set

S, to the other M-1 reuse sets, such that each reuse set has only one connection (e.g.,

user device 506). Estimated user device 506 throughput can be computed by Restrictive

reuse component 502 using the equation:

B
7 foasnd —_m . (S)a
7," Zl/ lui.m

€S,

wherein an independent EGoS scheduler 510 is implemented over each reuse set, as set

forth with regard to this and the preceding figures.



System 500 conprises a restrictive reuse conponent 502
that optim zes frequency allocation over a wireless
weioroe1s604 to user devices 506. Restrictive PEUES2006/031403

conmponent 502 can conpri se an EG0S conponent 508

havi ng one or nore EGoS sched®l ers 510, and an

assi gnnent conponent 512 that assigns and/or reassigns

user devices 506 to frequency reuse sets to ensure
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rades of service over all fﬂequenc reuse sets
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sets in a sector of wreéel'ess network 504. "Restrictive

506 UBRerCRARRHSO6 id@dseCsdt nt Nl ialolek Bibi A8t BHYENMt due to
reuse set SO with the set” {1. ..N} and initialize

iapReed Sldtage chawhd] uelftaid 668¢ Rss MRS HEVIES, IV € té BdtBFete for the
conponent 502, in conjunction wth assignnent

reouenifiequbicy Rase sgpve, 1 he weakest M| connections
(e.g., connections with the snmallest spectra

[@I52] ci enc¥n detef)infripem apptipeiawatassigninent foe ugdriveyicdhd,
reuse sets, such that each reuse set has only one

resointive réwsa compgnent G62 candidwitife a5OEe.seiEst, iinmihéch weedevice n,,
devi ce 506 t hroughput can be conputed by Restrictive

caeapigcvesrpaTianm Bhoghgitn df wehisicyeisusoenmpunenef(? datermines that
i nde endgjnt EGS scléledul er 510 is i Jéeme?t ed over

" m R MERREEAS Bjuse S Ugh 1f Faseriney nF% § Bafody Afsenamgt
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hput . F I | et denot he | nd f .
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caaputingastngreduser deavicetthroagignt bad cacli eusesa Sire.) Batiithroughput
that after t gﬁ r eas?i gnment by assi gnment conponent
f‘g_f usetevigss gt ABllgrussSete IHeRREChw exhibits a
[gvsahest | %\d@lﬁoﬂmw,%&%b{&gtgpb gg@?%@sﬁﬁgg g&‘l’!r&&kefssﬁ Ahnd ©

ot her user devi ces 506. in reuse set

eqiialized by iterhtively xdnissigning uspredevicéyr Hogfnguta ldwehtoaghput reuse sets
to high throughput reuse sets. Restrictive reuse component 502 and can further improve
device throughput by swapping user devices 506 between reuse sets if the restrictive
reuse component determines that throughput for both reuse sets with be improved,
rather than reassigning one user device from a low throughput reuse set to a high
throughput reuse set in each iteration.

[0054] Fig. 6 illustrates a system 600 that facilitates reassigning user devices to
frequency reuse sets in a wireless network environment to optimize user device
throughput in accordance with various aspects. System 600 comprises an restrictive
reuse component 602 that utilizes an restrictive reuse set management algorithm to

reassign user devices 606 from reuse sets with relatively low throughput to reuse sets



I mproved average channel quality and one | ess user

device, nw, to conpete for the resources in frequency
woews®mwed mw . [0052] In determ ning an apprpQr/iUsi0e6/031403

reassi gnment for user device nw, restrictive reuse

conponent 502 can identify alfeuse set nd in which

user device nw can achi eve a maxi mum t hroughput. |If

restrictive reuse conponent 502 determines that mwis
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Fig. 6 i strates a system 600 that facilitates
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havi ng hi gher throughput, in order to inprove overall

informainngagdi wesb it 1epHIgHEIsEse sprepoeRied2snd septipls long oymore
Restricti r conmponent 602 conprises an EGoS
BRI o SR

onen aving a plurality of EGoS schedul ers

t hat [ N i . )
(9861 oot | SASHGS d13ichR EiGbRRCRRLERoCS ASBLARE with gencrating
us@uieeics 606 assighnasmtemsl/ gremsignmonty priensuch 1Rattshstem 600 can

reassi gnsg user devjces 606 to new reuse, sets
employ stgreg protocols and/or a?gonthms to achieve user device throughput

e

optimization 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 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 (DRRAM). The memory 614 of the subject



upon a determ nation that reassignment will inprove

user device throughput, as detailed with regard to the
woee@ceziiony figures. [0055] System 600 can addi PC€DIS1006/031403

conprise nenory 614 that is ggeratlvely coupled to

restrictive reuse conponent 2 and that stores

information related to user device assignnents, reuse

set availability, user device throughput, etc, and any

syteres andinethpdsis iipteadadapicompries, atithdut keingriimited fg these and any

QI THRLEA i)é)rbﬁﬁqug‘l t hroughput for one or nore user
ogjew ces.” k 5 v

processor 616 can be operatively connected
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reuse conponent 2 and controls one
Regripidyraionse acompopent&ioR 60 0prifGCHEEG IS omnyorzhtl 7@Sthat has a plurality
r.ot.ocol s associ.ated with

°€§%i8$ g%n{éﬂe}t{fs@r 9%"2%‘??‘)5 &/ ALOFYR ?r[gmegs Ygsgieee allocation
béte@ss i@n dents, 7060ithin su@d@eétl\r%_tfreﬁgﬁéﬁ&y%é&%e%ﬂ “ﬁﬁ@! PYiven

stored protocols and/or algorithms to achieve user .
Etpev iseledpler 4@ ispasponpibleriBastrictine seisd emopitirat 70%:fueihar cdrprises

i i t Al . q..,
R e A N TR T —
upal addtérenimaivnrtyataeassignmehtalll ienpleE sy d@iﬁceﬁtﬁfbuigﬂﬁﬂtyﬁedetailed

hoth volatile apd nonvol atile nmenory. By way o
Wftﬁlr (?‘é)ttf’%ﬂr,ec%\‘ﬂag H8YeSi it ati on, nonvol atile nmenory

i ncl 9 o)
sy 1 o i STBLY L AT v

718 ascletailed hbgveavids edghl RO, (EBRREMer, ot All campondRiPI§/can be
o B S e ORI F SRR T oo
PR ol el 14 SN LR, e
ORtIBRANAON, &y.n AruserbiieiDRARItEr8DRAN) fer du it fereder aefeat generally to
thg@%'v%s(%sggﬁé%out%? Iﬂ%gl%%% s%?e%A()MtlgeEss}l%Aml\,/pehvi§Xn%emt,l arrll or
user from a set of observations as captured via events and/or data. Inference can be
employed to identify a specific context or action, or can generate a probability
distribution over states, for example. The inference can be probabilistic—that is, the
computation of a probébility distribution over states of interest based on a consideration
of data and events. Inference can also refer to techniques employed for composing
higher-level events from a set of events and/or data. Such inference results in the
construction of new events or actions from a set of observed events and/or stored event
data, whether or not the events are correlated in close temporal proximity, and whether
the events and data come from one or several event and data sources.

[0059] According to an example, AT component 718 can infer an appropriate
frequency reuse set to which a user device 706 can be assigned to improve throughput

of the user device 706, based at least in part on, for instance, reuse set availability
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captured via events and/or data. Inference can
rtyp seS§-el Wil bedenteripipddhaf teforegoingsiaaplespye ablﬁraihve i pature
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o Fre 00l icRad BEANAShookk e Brpd Mo Bl &Y B bR iR
compoﬂid‘me 7t® npllnb ahdnaer iafwlackpthe kﬁdb:ioknpbyerdﬂsle mhdke$ suwh iofeemces.
I deration of  dat

(e & en: S Rince San B Euar B Lfe BB Ra th cffects
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of events and/or data. Such inference results in
as an OFDMA system. Average SINR, with and without reuse set management as
detailed herein, are depicted. “ASBR2” and “ASBR3” refer to restrictive reuse
algorithms with maximum active reuse set sizes of 2 and 3, respectively, although other
set sizes are possible, as will be appreciated by one skilled in the art. As illustrated,
with anticipated 25% partial loading and using a reuse set size of 3, the distribution is
uniformly shifted 3.5 dB to the right. Mean spectral efficiency can be improved by
approximately 57%, while estimated throughput is improved by approximately 18%, in
view of 25% partial loading. Thus, it can be seen that the systems and methods
described herein facilitate substantially improving user device throughput by utilizing
an frequency reuse set management algorithm to dynamically reassign user devices to

new reuse sets.
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where |.| denotes the size of a given reuse set. Estimated user throughput over reuse set

m is then given by:
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[0066] Estimated user throughput over each reuse set can be determined, at
1008, according to equation (8), assuming an independent EGoS scheduler is
implemented over each set to ensure intra-set fairness among user devices. Several
assumptions can be made to facilitate estimation of user throughput over each reuse set

at 1008. For instance, m,, can denote the index of the reuse set with lowest user
throughput 7, . Additionally, n,, can denote the index of the weakest user (e.g., the
user device with lowest spectral efficiency) in reuse set m,, . At 1010, a reuse set m,
in which user n,, can achieve the highest throughput can be identified. At 1012, user

n,, can be reassigned from reuse set S, toreuse set S, . In the event that the original



reuse set. Such through put can be based at |east in
part on fairness netrics, channel desirability

woredorioz®so and the |i ke, as described wi th regardI/Us2006/031403
preceding figures. For exanphe, in a case where there
are N active users and M available reuse sets in a
sector, nmmm can denote the spectral efficiency of user
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each set to ensure intra-set fairness among user devices. For instance, m , can denote

- the index of the reuse set with lowest user device throughput 77,,. Additionally, n,, can

denote the index of the weakest user (e.g., the user device with lowest spectral
efficiency) in reuse set m,, . At 1110, areuse set m, in which user device n,, can
achieve the highest throughput can be identified. Acts 1104 through 1110 can be -
reiterated for at least a second reuse set, Sy, such that S; is provides a best fit for the
weakest user device of Sy, while So provides a best fit for the weakest device of S;. At
1112, user devices n,, for reuse sets Sp and S; can be exchanged between reassigned
from reuse sets Sp and S;. Method 1100 can then revert to 1108 for further iterations of
user device assessment and reassignment in order to facilitate continuously updating

user device assignments in a dynamically changing wireless networking environment.



(e.g., devices with connections exhibiting the

smal | est spectral efficiency mfi ), can be reassigned
WO @350 0 to the other M1 sets, where each BEL/UBHS6/631403

singl e user device connectigp. [0066] Estimated user
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sym@‘cl ggg.dEfac,rhomn%ﬁﬁt symbol may be a data symbol, a pilot symbol, or a signal

value of zero. The pilot symbols may be sent continuously in each OFDM symbol

period. Alternatively, the pilot symbols may be time division multiplexed (TDM),
frequency division multiplexed (FDM), or code division multiplexed (CDM). OFDM
modulator 1220 can transform each set of N transmit symbols to the time domain using
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.



SO to the other MI sets, where each set has a single
user device connection. [0068] At 1108, user device
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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. ,

[0074] At access point 1210, the uplink signai 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



the term nal can enploy the systens (Figs. 1-7) and/or
nmet hods (Figs. 9-11) described herein to facilitate
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e
cle¥bdRt uhies ddignéd eqpeefoey: thofmictions described herein, or a combination
thereof. With software, implementation can be through modules (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.

[0077] 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, modifications and

variations that fall within the spirit and scope of the appended claims. Furthermore, to



using an N-point FFT, obtains N received synbols for
the N subbands for each OFDM synbol period, and

WEe@viozloso r ecei ved pil ot synbols to a processoPCIBSIN6/031403

for channel estimation. OFDM denodul ator 1245 furt her
receives a frequency respons% estimate for the
downl i nk from processor 1250, perforns data
denodul ati on on the received data synbols to obtain
theeaxsens yhred dhe tesn f imaludss”(lmmedﬁn aitherdbé detnileelsdesdriitiom or the
ransm.tted.da ol s).. .and provides the data
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decodes the data synbol estimates to recover the
clilansnitted traffic data. The processing by OFDM
denodul ator 1245 and RX data processor 1255 is

conpl ementary to the processi ng by OFDM nodul at or 1215
and TX data processor 1210, respectively, at access
poi nt 1200. [0073] On the uplink, a TX data processor
1260 processes traffic data and provi des data synbol s.
An OFDM nodul at or 1265 recei ves and mul ti pl exes the
data synbols with pilot synbols, perfornms OFDM
nodul ati on, and provides a stream of OFDM synbols. The
pil ot synbols may be transmtted on subbands that have
been assigned to term nal 1230 for pilot transm ssion,
where the nunber of pilot subbands for the uplink may
be the sane or different fromthe nunber of pil ot
subbands for the downlink. Atransmtter unit 1270
then receives and processes the stream of OFDM synbol s
to generate an uplink signal, which is transmtted by
the antenna 1235 to the access point 1210. [0074] At
access point 1210, the uplink signal fromterm na

1230 is received by the antenna 1225 and processed by
a receiver unit 1275 to obtain sanples. An OFDM
denodul ator 1280 then processes the sanpl es and

provi des received pilot synbols and data synbol
estimates for the uplink. An RX data processor 1285
processes the datasynbol estimates to recover the
traffic data transmtted by term nal 1235. A processor
1290 perfornms channel estimation for each active
termnal transmitting on the uplink. Miltiple
termnals may transmt pilot concurrently on the
uplink on their respective assigned sets of pilot
subbands, where the pilot subband sets may be
interlaced. [0075] Processors 1290 and 1250 direct
(e.g., control, coordinate, nanage, etc.)



operation at access point 1210 and term nal 1235,

respectively. Respective processors 1290 and 1250 can
Wheoassest ated with nenory units (not shown) tPEE/US1006/@€31403

program codes and data. Processors 1290 and 1250 can

al so perform conputations to2ferive frequency and

i mpul se response estinmates for the uplink and

downl i nk, respectively. [0076] For a multiple-access

OFDM system (e.g., an orthogands frequency division

mul ti pl e-access (OFDVA) systen), nultiple termnals
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rein race a such alterations,
mxirdel readei sonwithadhigher throughput than the first orthogonal resource reuse set.

5. The method of claim 2, further comprising estimating throughput for each

orthogonal resource reuse set in a wireless network sector.

6. The method of claim 5, further comprising identifying an orthogonal resource
reuse set with a highest throughput relative to all other orthogonal resource reuse sets in

the sector.



variations that fall within the spirit and scope of

t he appended clains. Furthernore, tothe extent that
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12.  An apparatus that facilitates optimizing user device throughput in a wireless
network environment, comprising:

a restrictive reuse component that assesses spectral efficiency of user devices in
a wireless network and enforces fairness constraints between orthogonal resource reuse
sets; and

one or more equal grade of service (EGoS) schedulers that enforce fairness

constraints within the orthogonal resource reuse sets.

13.  The apparatus of claim 12, each reuse set is governed by an EGoS scheduler

assigned to the reuse set.

14.  The apparatus of claim 12, further comprising an assignment component that

assigns user devices to orthogonal resource reuse sets and reassigns user devices



resource reuse set. 8. The nethod of claim?7, further
conprising iterating the nethod for all user devices
WO pooator1960 t hogonal resource reuse sets. 9. TherP@EUk®A6/031403
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assesses specfra th I'’crency of user devices in a
improsepsat ingpyarakefficttnenf or ces fairness constraints
bet ween orthogonal resource reuse sets; and one or
nore equal grade of service (EGS) schedul ers that
nf or ' r@ b LR : iFi
s our e SPPAASSEIRARIE AL Heturhe Db aR P 1, idenified
useradevice tis thed dentifisd gpoheganatirdsgurae 1486 St $¢ haptavethroughput of the
.ésskgged to the reuse set. 14. The apparatus of claim
1GeNUNER PV EBnpri si ng an assi gnment conponent t hat
assi gns user devices to orthogonal resource reuse sets
and reassigns user devi cesbetween orthogonal resource
18eus dhsa@pparpiys ohplesy é0.dhe resirictivh Fese Bpmponeait gppsoximates
hrele net k ' "
PoBorREFeo DY B st ieod AT PBRGERE 53t o5 B B el Etficioncy
ofiall lus@ deoleshssipped td b rafstiseti ency rel ative to other

user devi ces.
19.  The apparatus of claim 18, the restrictive reuse component initializes a first

orthogonal resource reuse set comprising a first set of user devices.

20.  The apparatus of claim 19, the restrictive reuse component initializes one or

more empty orthogonal resource reuse sets with no user devices assigned.

21.  The apparatus of claim 20, the assignment component reassigns user devices
having low spectral efficiency relative to other user devices to the one or more empty
orthogonal resource reuse sets such that each of the empty orthogonal resource reuse

sets will have one user device assignment.



16. The apparatus of claim 15, the restrictive reuse
conponent identifies a orthogonal resource reuse set

WO pooro2oko t he i dentified user device can achi eR€I/ES2006/031403
greatest inprovenent in spectral efficiency. 17. The
apparatus of claim 16, the ad4ignnent conponent
reassigns the identified user device to the identified
ort hogonal resource reuse set to inprove throughput of
22he iThenppdrams ofisleim dévthe estricfive Tduse aqppporehtslentifias| aasepond

16, the restrictive reuse co nent appr oxi jmat es . .
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l%mgpéc[}apéffigieQ@ éali’x%esagﬁgﬁécﬁl efficiency of all user

evi ces assigned to the reuse set. 19. The apparatus
of claim 18, the restrictive reuse conponent

Lhitializes a flrst t.hogonal resource reuse s .
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initializes one or nore enpty orthogonal resource
throughpus of ewsertdeniseuser devi ces assigned. 21. The
apparatus of claim 20, the assignnment conponent

reassi gns user devices having | ow spectral efficiency

el atliheepparant beclalis @2, tlevithegonhbretdezcosees @e atieast one of
enpty orthogonal resource reuse sets such that each of
frequensysety. e RlogsrinItredBsnsyrang- s sat sk Sodf 3efs, REbeEogAlspace-
: j: '@ﬁﬁq t ; R of claim 21,
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ort hogonal resource reuse set exhibiting high

t hroughput, to i ch. the user device with | owest
Bpect arbbiri o e a2 e ot Gehghereurdsiet e Mfleney el
BhpsikRk A Rdst onb of BFPMANEBEarEHRANHTIMACRSEArH8Ssekd) @nd
user device with | owest spectral efficiency to the

IgadAdubeatiegsifal resource reuse set to inprove
t hroughput of the user device. 24. The apparatus of
claim 12, the orthogonal resource sets are at | east

wne ofn ippReitenayt Relisatestibipeodh@épeseiilsfficiency of user devices in a
frequency-and-tine slot sets, code sets, orthogonal
VeiFaess arOTS K MpESigp| e access (SDMA) di nensions, and
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ort hogonal resource sets are frequency sets conprising
devickeaghinonatioiol Dauselrewse setein asetdess nEDhAk; and
subcarrier sets,. a . :

means for en%orcmg I}ladlrness constraints related to resource allocation to one or

more orthogonal resource reuse sets in the wireless network.

27. The apparatus of claim 26, further comprising means for assigning user devices

to a orthogonal resource reuse set.

28.  The apparatus of claim 27, further comprising means for evaluating spectral

efficiency of one or more user devices.

29.  The apparatus of claim 28, further comprising means for identifying a
orthogonal resource reuse set in which a user device can experience improved spectral

efficiency.



LFDVA subcarrier sets. 26. An apparatus that

facilitates inproving spectral efficiency of user
walewroz®so n a w rel ess network, conprising: nMeERCHEUSHNG/031403

enforcing fairness constraiaﬁi related to resource

al l ocation to user devices wthin a orthogona

resource reuse set in a wireless network; and neans

for enforcing fairness constraints rel at ed to resource

381 | od&eiepprratys ohelain 2fphe meantfoy essidningeeassigns arsesdevice with
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ng oved spectral efficiency.30. The apparatus of
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ortho onal resource reuse set to inprove the spectra
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PIFRL L o BlReg o FelioR8 S uiouf o S roaat e reuse
et altiRWicd 800 R8P héHRENO REEGHS Mﬁﬁsﬁ&ﬁé&ha grade of

service schedulers. 32. The apparatus of claim 31,

wher ei n each orthogonal resource reuse set is assigned
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35. A computer-readable medium having stored thereon computer-executable
instructions for:

distributing resources to one or more user devices associated with a orthogonal
resource reuse set according to an equal grade of service protocol; and

managing orthogonal resource sets in a wireless network.

36.  The computer-readable medium of claim 35, further comprising instructions for

evaluating spectral efficiency for at least one user device in the wireless network.



LFDVA subcarrier sets. 35. A conputer-readabl e nmedi um
havi ng stored thereon conputer-executable instructions

WO o007/020i98d r i but i ng resources to one or nore UusSBECT/US2006/031403
devi ces associated with a orthogonal resource reuse
set according to an equal grad® of service protocol
and managi ng orthogonal resource sets in a wreless
networ k. 36. The conputer-readabl e nedi um of clai m 35,
Blr t h&he compuibsieadatilestedinn obaisinf 86, fevtedr ¢ainpfiging instructions for
ﬁﬁg§§ral effthga@¥.forlat | east .one .user device in

e Wittt BEE dnae st sy owasksneplry eifiiency dglatv e taathethen user

&dviedsai m 36, further conprising instructions for
identifying a user device having a | owest spectra
efficiency relative to all other user devices. 38. The

npu = | e di um of cl ai ,further . i
S 5 SR e of B firt® Borobriing ustons for
idestbfyimpeanssrthogbiid) résoliicg RESWit0 Y Bighklt vBralURBIRRBEput relative to other
6£Aat|ve to other orthogonal resource sets in the

QgoBAldespurcRaets in Yt wirelessastwerker - r eadabl e medi um of
claim 38, further conprising instructions for
reassi gning the user device with | owest spectra
#.fi cTencympuertieadabid hedionadf dA6BY, a8tHEetombilidinfi@he& ons for
over al. | tl‘hhr oug]g ut to inprove spectral efficiency of

S ng H UM AENSS o R apURL  clsaimis 1 pEBpEMabtesoutce se
WitRh{Phd& overall igou SR Ed ShiRGvd %%Eﬁéi%‘ffie%elxicly:oglrthe user device.

~continuously eval bati ng user Vi ce sp
efficiency and orthogonal resource set throughput to
rmd, C I nUQUS assi.gnnent . of er devices with
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avntihudushreveliatng b deviéd spebirBl FEERRG anldtitho8 XS %s%ﬁrce set
hnst uctions for optimzing throughput in a wreless
t tdQAPFENE Erinpeisrepmsignieat ¢fsser davidesmsth poor spectral
GREBRIvSHRS ' . t.for one or nore user
devi c€s ?%hg nngﬁéggg?%%g?ﬁgg€§1@5§?hgﬁportion of a
W rel ess network; evaluating sector throughput for one
or nore orthogonal resource sets in the portion of the
wi rel ess network; identifying a user device with
relatively | ow throughput conpared to ot her user

41. A processor that executes instructions for optimizing throughput in a wireless
communication environment, the instructions comprising:

assessing throughput for one or more user devices in communicating in at least a
portion of a wireless network;

evaluating sector throughput for one or more orthogonal resource sets in the
portion of the wireless network; i

identifying a user device with relatively low throughput compared to other user
devices; and

reassigning the user device from a first orthogonal resource set to an second

orthogonal resource of higher throughput than the first orthogonal resource set.

42.  The processor of claim 41, the instructions further comprising employing equal

grade of service fairness constraints within orthogonal resource sets.



devi ces; and reassigning the user device froma first
ort hogonal resource set to an second orthogona

w0 e@oe1e80 of hi gher throughput than the first PCT/US2006/031403
ort hogonal resource set. 42. _The processor of claim4
1, the instructions further é%nprising enpl oyi ng equa
grade of service fairness constraints within
ort hogonal resource sets.43. The m croprocessor of
claim4l, the orthogonal resource sets are at | east

ne frequency se . ti sl ot sets,
4B o o i ERsrE SE Rt 4TS oRgeBRiibsoures i e Aidpast one of
R 8GR sWis SRR sIoHbdid, Fleguaesamd-tinRDNBY setl, B8RSR Srthéidklal space-
carrier sets. 44. The processor of claim4l, the
divisipn gowiiple peccou(SEBVIA dimensions randeritey sefet s conpri si ng
at | east one of OFDVA subcarrier sets, | FDVA
subcarrier sets, and LFDVA subcarrier sets. 45. A
44pbi IThegeadessdr bhalhirh 4L, the bAhGSHNEDRERECSRES 419 fRYBENCH sets
wirel ess network, conprising: a conponent that
CPEPEFINE &t leastome b QERMA sEBeRIHIgTesetse & YREBHEL seiinandy
I R%%B%ar{;’&aste est abl i shes control over resources
allocate y tﬁe ort hogonal resource set assignnent.
46. The nobil e device of claim45, wherein the device

is at, | east .one of cellul ar phone, a smart. phone, a
452t dpmORIBENICE TALAGHIEA CHHPHF e TR Hayeless nepork.
cbapdkigbd conputing device, a satellite radio, and

gl obal “positioning system 47. The nobil e device of

cl ai mcogpongrd that r¢nsiysn ah ortbegnnabweseresseh pesignmangnd

one qf frequen sets, ti | ot sets

£ r eqaeaeonig it s3eline’ et ol 48 lies aesarsdyog privogona
ré&doafedeivdssicamentil ti pl e access (SDMA) di nmensions, and
carrier sets. 48. The nobile device of claim45, the

ort hogonal resource sets are frequency sets conpri sing
at | east one of OFDVA subcarrier sets, EFDVA

subcarrier sets, and LFDVA subcarrier sets.

46. The mobile device of claim 45, wherein the device is at least one of a cellular

phone, a smart phone, a laptop, a PDA, a handheld communication device, a handheld

computing device, a satellite radio, and global positioning system.

47.  The mobile device of claim 45, the orthogonal resource sets are at least one of
frequency sets, time slot sets, frequency-and-time slot sets, code sets, orthogonal space-

division multiple access (SDMA) dimensions, and carrier sets.

48.  The mobile device of claim 45, the orthogonal resource sets are frequency sets
comprising at least one of OFDMA subcarrier sets, IFDMA subcarrier sets, and
LEFDMA subcarrier sets.



