APPARATUS AND METHOD FOR CHANNEL RESOURCE DESCRI PTI ON CLAI M OF
PRIORI TY UNDER 35 U.S. C.,.$119 [0001] The present Application for

Patent clains priority to Provi si onal Application No. 61/040, 793,

entitled Nﬁ%?%@é%?ﬂbture for Channel Resource Descri pt PER/USHIOYPISE3ess
OFDVA W deband Systent filed March 31, 2008, and assigned to the

assi gnee hereof and hereby expressly incorporated by reference
herein. FIELD [0002] This disclosure relates generally to apparatus
and nmet hods for channel resource description. Mre particularly, the

di scl osure r &AERARATHSHNR METHOR FOR 6 HANNBR KRESQUERGEJRESCRIPTION
description. BACKGROUND [0003]Wrel ess comunication systens are

wi del 'y depl pyadvt OF PRRYRAS VAIDIUSs L)PEs 196 comuni cation cont ent
such as voi ce, data, and so on. ese systens nmay be nultipl e-access
systems capglog) Of SUpR: y&geﬂgA GRIZHRN GAPLER bhllodBlleh IPhGRELS DY

sharing the av | abl e system resources (e.qg., ransmt
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access (CFDNA 0004 ]CGenerally, a wireless nultiple-access
conmuni cat i &% ggﬁ%ﬁ C’iaﬁ ereby ¢xpressly mcotporated by reference herein.

FIELD
[0002] This disclosure relates generally to apparatus and methods for channel
resource description. More particularly, the disclosure relates to data structure for

channc! resource description.

BACKGROUND

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3GPP LTE systems, and orthogonal frequency division
multiple access (OFDMA) systems,

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the

base stations to the terminals, and the reverse link (or uplink) refers to the



si mul t aneousl y support conmuni cation for nultiple wirel ess term nals.
Each term nal communicates wth one or nore base stations via

transm ssions on the forward and reverse |inks. The forward link (or
downl i nk) Wef¥PA2PH t he communi cation link fromthe ba®ETSSA0PBIHIIH 0
the termnals, and the reverse link (or uplink) refers to the 2
communi cation link fromthe ternminals té the base stations. This
comuni cation |link may be established via a

si ngl e-i nput -si ngl e-out put (SISO, nultiple-input-single-output

(M SO or acemmppighteon i fromillet¢rplimaloitipuase MrodDs. Blyis cammuific0ios Jiak

M MO system enploys nultiple (NT) transmt antennas and nultiple (NR)
recei ve ant erpds ctablistlet va b smgbrmpgisongle-dutpdt MEISED anulablefiopusthglyoutine
NT transmt and NR receive antennas may be deconposed into Ns

i ndependent (dON@lasmultipiedipuvahelégisouthef @FIMO) dysteddsS spati al channel s,
where Ns mi n{NT, NR}. Each of the Ns independent channels corresponds
to a di mens{@s] The MNAMONGSyREh eRPloRE AVl (NFPRAEE: ARHHAT B MG ple
(e.g., higher throughput and/or greater reliability) if the

addi tional diyRashenalehtdsgsr AELRIRRIBYNTA ! FARAESY d
recei ve ant gnﬂgs are ueti ISi zed. [OOOéq] AnM %@g{l@%asﬁﬁpports&%?pne
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This enables the access point to extract transmt beanform ng gain on
t he forwar dMsinskpsaident chennelsgbacswpandsinaslimensicay Jht ¥IMO ststanheangrodds
poi nt. An access point (AP) is also known as a base station and is
t he part of impreved peefoesancs ysg.ehghdraroagipomdis ereatee cdmbility) ifthe access
termnal (AT) or nobile station (M5). 3
additional dimensionalities created by the multiple transmit and receive antennas are
utilized.
[0006] A MIMO system supports time division duplex (TDD) and frequency
division duplex (FDD) systems. In a TDD system, the forward and reverse link
transmissions are on the same frequency region so that the reciprocity principle allows
the estimation of the forward hink channel from the reverse link channel. This enables
the access point to extract transmit beamforming gain on the forward link when multiple
antennas are available at the access point. An access point (AP) is also known as a base

station and is the part of the wireless system that allows user access to an access

terminal (AT) or mobile station (MS).



SUMVARY [0007] Di scl osed is an apparatus and net hod for channel
resource description. According to one aspect, a nethod for
descri bi ng channel resources conprising allocating channel resources
for a plur¥Pize0p1gP4t i | es; and determi ning a descri pti oRCEHUSLIH8/038713
channel resources allocated for a tile of the plurality of tiles by
perforning one or nmore of the follow ng3steps: a) conparing the size
of the tile to atile size threshold (THsiza) to determne if the
size of the tile is small or large; b) conparing the allocation of

t he channel gigpaurees to the tile to an allocation threshold
(THal I ocation) to determne if the allocation of the channel
resources ' i(%(}cﬂgf]; %tsgﬁgedap f %?araﬁﬂ Pﬁheﬂk%hgéﬁhfh&greséu&e escrltption.

al | ocation hann resources w i sTregular

spaced or ced 0 another aspect, an
appar at us f %r 0(3891 tg oS cch’an n tP‘L(fg)g g%f 1§g 8%%%?’1 TEIORE AR TRISES ace

for exchangl ion relatin ot at ed cha ne

resour ces; &88%@ SGPUEBUST %BR'\F\?H’%O{}% @"t%rfncﬁlp%@ SriplReof the
codes, mhere n the softﬁgwe codes _are instructions inplenmented by the
processor t 8 Pprlyesoreces HarAe foredie pliibs phislitgoidtles by pariprismeops esmarsd
to determne_a descrlptlon of the channel resources allocated for a
tile of theopthafelionise Beost vl compping,de sige i thy titsrie adile st threghold (BH.i.) to

follow ng steps: i) conpare the size of the tile to a tile size
t hr eshol d ( ¥eteimyieg ifithe sdrstadthe tHe isi smallve lasgz &) odmpahipg thid adlocatios whthe or

| arge; 1i1) conpare the allocation of the channel resources to the
tile to an ahdnoelatdoorves torths hileltol af Aahticcttesioold (T Lel.prorderemink if the
al l ocation of the channel resources is sparse or not sparse; and iii)

det er m ne i hilddagoradf the eitainge] rabulcheis shas@inot §a06] HES) Wetbiitink Ehd i | e
is regularly spaced or not regularly spaced. 4 [0009] According to
anot her aspeldcati®lofRRPaidhdlFesbPceL RANABle 116 HAUHAR1ISIEI P hbOR larl
conprising means for allocating channel resources for a plura ty of
tiles; and pe for determning a description of the channel
resources allocated for atile of the plurality of tiles by
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(THattocatl a)glto determne if the alhg |on of the chai;t*mel
resources i §TEPEFERUEFSABE ® SIREPERS CORRG HMAPURIY SIOHYE Py YHE codes,

al l ocation of the cha%nnel resources within the tile is regularly
spaced or ndteERGhE stXpr e are sy radRReeRiEd b ihs meroRespr ‘éﬁ’s‘aﬁ@%&tte a
conput er -readabl e nmedi um having a_conput er program conpri sing

i nstruct i onShanpplireseuigRB T 8 phEwiteal Biys ard fodpsumaree: dsswindion of thpucbanndles
channel resource description, the conputer program conprising

i nstructi ongespweesalllpens fbngtlwmlmlumb@mﬁrﬁlﬁeé)yﬂo@nfomm orreairingoye of the
tiles; and instructions for determ ning a description of the channel
resour ces afdloeatgdepsol) campdrt ¢heafze tolihepileoal tile yizofhrdshbld §THY,.) to
perform ng one or nore of the follow ng steps: a) conparing the size
of the til edéterndnd iflttes shiczsf tlichtile shalatl of Trsd; #i porhghrélgk allgdatien bf the he
size of the tile is small or large; b) conparing the allocation of

t he channel ckgsdluttaes @ thdigleld heallRafh tatehm&gn@a m{]@-ﬂa&h@lm if the
(THanocalion) to determine if the allocation o annel resources
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channel resources within the tile 1s regularl y space
regularly spaggfon of the channel resources within the tile is regularly spaced or not regularly

spaced.



[ 0011] Advant ages of the present disclosure include a way of
descri bi ng channel resources which is nore efficient in terns of
menory usage. [0012]1t is understood that other aspects wll becone
readi |y apy@e®miz® t hose skilled in the art fromthe PETUSRHIOHPEE713
detail ed description, wherein it is shown and 5 described various
aspects by way of illustration. The dr afi ngs and detail ed description
are to be regarded as illustrative in nature and not as restrictive.
BRI EF DESCRI PTI ON OF THE DRAWNGS [0013]Figure 1 illustrates an
exanpl e of EORE] ti pl eAcrovbrstownotbrasgeat,omepireas faoshayshresaurce
[0014] Figure 2 illustrates an exanple block diagramof a transmtter
system description comprising means for allocating channel resources for a plurality of tiles;
and means for determining a description of the channel resources allocated for a tile of
the plurality of tiles by performing one or more of the following steps: a) comparing the
size of the tile to a tile size threshold (THsiz.) to determine if the size of the tile is small
or large; b) comparing the allocation of the channel resources to the tile to an allocation
threshold {THauiocasion) to determine if the allocation of the channel resources is sparse or
not sparse; and ¢) determining if the allocation of the channel resources within the tile is
regularly spaced or not regularly spaced.
[0010] According to another aspect, a computer-readable medium having a
computer program comprising instructions, which when executed by at least one
processor provides channel resource description, the computer program comprising
instructions for allocating channel resources for a plurality of tiles; and instructions for
determining a description of the channel resources allocated for a tile of the plurality of
tiles by performing one or more of the following steps: a) comparing the size of the tile
to a tile size threshold (THiiz) to determine if the size of the tile is small or large; b)
comparing the allocation of the channel resources to the tile to an allocation threshold
(THatocation) to determine if the allocation of the channel resources is sparse or not
sparse; and ¢) determining if the allocation of the channel resources within the tile is
regularly spaced or not regularly spaced.
[0011] Advantages of the present disclosure include a way of describing channel
resources which is more efficient in terms of memory usage.

[0012] It is understood that other aspects will become readily apparent to those

skilled in the art from the following detailed description, wherein it is shown and



(a.k.a. access point) and a receiver system (a.k.a. access termnal)
in a MMO system [O015]Figure 3 illustrates exanples of tiles in a
ti me-frequency plane. [0016] Figures 4, 5 and 6 illustrate exanpl es of
di f f er ent YeOaWHa13%40esource al l ocations for U tra Mbi | ECBUSZEYEIGALI
Forward Link (UMB FL) channels. [0017]Figure 7 illustrates an exanple
f1 ow di agram for channel resource descrfption. [0018] Figure 8
Illustrates an exanple of a device conprising a processor in

comuni cation with a nenory for executing the processes for channel
resour ce dedesciipad anoud BOd 15 wyr ef ibudtiations {Tha desvings aas detpilel dekcrgption
devi ce suitable for channel resource description. DETAl LED

DESCRI PTI ONare to be regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 illustrates an example of a multiple access wireless
communication system.

[0014] Figure 2 illustrates an example block diagram of a transmitter system
(a.k.a. access point) and a receiver system (a.k.a. access terminal) in a MIMO system.
[0015] Figure 3 illustrates examples of tiles in a time-frequency plane.

[0016] Figures 4, 5 and 6 illustrate examples of different channel resource

allocations for Ultra Mobile Broadband Forward Link (UMB FL) channels,

[0017] Figure 7 illustrates an example flow diagram for channel resource
description.
[0018] Figure 8 illustrates an example of a device comprising a processor in

communication with a memory for executing the processes for channel resource

description.

[0019] Figure 9 illustrates an example of a device suitable for channel resource
description.

DETAILED DESCRIPTION

[0020] The detailed description set forth below in connection with the appended

drawings is intended as a description of various aspects of the present disclosure and is
not intended to represent the only aspects in which the present disclosure may be
practiced. Each aspect described in this disclosure is provided merely as an example or
illustration of the present disclosure, and should not necessarily be construed as

preferred or advantageous over other aspects. The detailed description includes specific



[ 0020] The detail ed description set forth below in connection with the
appended drawings is intended as a description of various aspects of
the present disclosure and is not intended to represent the only
aspects i "VQRIEM23PHe present di sclosure may be practi c&8T/UEHWHOBIFect
described in this disclosure is provided nerely as an exanpl e or
illustration of the present di scl osure, %and shoul d not necessarily be
construed as preferred or advantageous over other aspects. The
detail ed description includes specific 6 details for the purpose of
provi di ng ade¢thite fouthh purpdes sfiraerdding a dforoush yrersiendingl pEibé prosang disclosure.
However, it will be apparent to those skilled in the art that the
present di séloosureit mily bbeppareactoithesd skilbdouthe dihdmeths pesidt idscldadrailag be
In sone instances, well-known structures and devices are shown in

bl ock di agr gacfiedWithdudheRspédficyeddil. Bsewihsfgict) &etaneepbsuchired e
present disclosure. Acronyns and ot her descriptive term nol ogy may be

used mer el y 4&QesGRINKB I SN EIR cladlidg@ Aol Yn GO8 186601 R 8bscliAhEME 88hdepts bF et
the scope of the present disclosure. [0021] Wiile for purposes of
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t hodol ogi | {0t ed : : :
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in accordance w ers

and/ or conc tly w ther acts fromthat shown and descri bed
nerei n. For HREHL1 3. " Vieds BradiimerSeet rad BF ofieh, R Gn LRl el e
appreciate that a net hodol ogy could alternatiyel e represented as a
serios of i NP EXAeSTOR] 3 Beorst 0‘15\%%{%5, od endcubeding SPitat it fagm
Moreover, not all i]llustrated acts nay be required to inplenment a .
met hodol ogy Mefhodelesics aisast Wnttef Bnbe grderptastsagpoatecispmyppy apprdance with
t echni ques descri bed herein may be used for various wreless

communi cat i ORc PENQIS RIS CueIsuRlY ddfdentprdarsingrpr ppnauiTehtly Wl ether eI
networks, Tinme Division Miultiple Access (TDVA) networ ks, Frequency

Di vi si on Multhat ghosvnind eleseripEOhaginn Eomematgle, Dosdkgbadah thiephAvill OEDRgnd
networ ks, Single-Carrier FDVA (SC FDVA) networks, etc. The terns
"net wor ks" andlappsycsitetint a maetoddlbgncoutbdtctmtiecly hangeabityd ash €hbfof
network may inplenment a radio technol ogy such as Uni versal

Terrestri al iRatdigtcd\e©ssr VeHiRANLch sinR20@0diagh®, Molddher fistlaldibsstrated acts
W deband- CDVA (W CDMA) and Low Chip Rate (LCR). cdna2000 covers

| S-2000, | 5@ rdnehuifed %%gérﬁéhdah@ﬂmd&o P cBRHNRE kvifiBiie bFRbRBPctR

radi o technol ogy such as obal System for Mobil e Conmunications

(GSM. An g@ﬂ‘ﬁ] Net WOt {XBiYhi ¥R UERRHL 1RrdiRHaf bk GEANS! QGYuSHEH RS
Evol ved UTRA (E-UTRA), | EEE 802.11, |EEE 7

communication networks such as Code Division Multiple Access (CDMA) networks,

Time Division Multiple Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier
FDMA (SC-FDMA) networks, etc. The terms “networks” and “systems” are often used
interchangeably. A CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes
Wideband-CDMA (W-CDMA) and Low Chip Rate (LCR). cdma2000 covers IS-2000,
IS-95 and IS-856 standards. A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM). An OFDMA network may

implement a radio technology such as Evolved UTRA (E-UTRA), IEEE 802.11, IEEE



802. 16, | EEE 802.20, Flash-OFDMr), etc. UTRA, E-UTRA, and GSM are
part of Universal Mbile Tel ecommunication System (UMIS). Long Term
Evol ution (LTE) is an upcom ng rel ease of UMIS that uses E- UTRA.
UTRA, E- UMRAZ0EEMAMOMTS and LTE are descri bed i n docun®GFaIspeoeyaisars
organi zati on nanmed "3rd Ceneration Partnership Project” (3GPP).
cdma2000 is described in documents from’an organi zati on naned "3rd
Ceneration Partnership Project 2" (3GPP2). These various radio

t echnol ogi es and standards are known in the art. For clarity, certain
aspects of 8021¢,dERRIBHRES, [dash-QIE3NIR!, bied UHH A\E-UTR AL Tl GaNCark pat of
termnology is used in nmuch of the description below Additionally,
one ski | | edUniivetsaEMabile Telbdoahriniilenish 8Rderh (BM TSRNY.0@XPFRl B® 1 Qfon (BUEPis

access technol ogi es enpl oyed by various wrel ess systens, including

but not | mak geonfing FMES o MEAYS.thdeals FOSIVR GPREDGEUTRIE GINE- TS and
CDMA2000, EVDO or , etc. are applicable to the present disclosure.

[ 0023] Si ngl ¢1gapL ae%Friﬁerdqa u@&%nggyc{mm EE‘dkagfoP LEmaF 68 Sehabu PV -
whi Ch_ ut i | | zes_ Sl ngl e C_arrl er nodul atl Of%_ an requency (?OHB.I n_
equal i zat i 0@aﬁ%r;%s&%iéckﬂ};(épgﬁCc%%l%zéo%%Q aés%ﬁﬁedcig’n%% Fu[I)nl\éAﬁttshtas gymlar

rom a
performance an ential e sane overa Onprexs y 45 ¥ hose of

OFDMA system SC- EDMVA si.gnal - has .| ower ak-10- ave r ratio
(PAPR)  beacaltEmgP R aniEH L SR Rg PR el P ety darirl et as
drawn gr eat tention, especially in the uplink copmuni cations where
| ower PAPR &eﬁlgﬂogc@*ﬁéﬁp SaRdREISASBIVTY 8,0 B PO RL2EBh A iGT SPPUneRE
power efficiency. It is currently a working assunption for uplink
nul ti pl e actsbaiquespendessibeddpp™iohhTEansh winelagy ismsyd ingruded thged
UTRA. [0024]Figure 1 illustrates an exanple of a nultiple access

Wi rel ess conpighpiian badow.sHddidemallysonelskillsd fathe drt iweul updewstand thahmamces s
point 100 (AP) includes multiple antenna groups, one group including
104 and 106 gxamyeshdirage acopss tadinobbigieg ethp®yehbly daldps evivelesssystehali, tindmdihg
group including 112 and 114. In Figure 1, only two antennas 8 are
shown for eaahmoeatitmétad s, GIR, WEDWMA,EESMNOSE/GPRE/EDEIE, ATECINGS nay be
utilized for each antenna group. Access termnal 116 (AT) is in
communi cat i QDMALTORBYVEMASUME? cNde ddifticaMb ey B BRE@NARSlodutd and 114
transmt information to access termnal 116 over forward |ink 120 and

receive infompalion fgapeaceRsfed@he] Odbior NS LckEYSEIDNANKyHidB-

Access termnal 122 is In communi catiion with antennas 106 and 108,

where anten ﬁﬁﬁzeé Q@g%f%grri;eg %gﬁ%l%érm&d gL TRbHIR ehﬂ?lﬁzﬁﬁcﬁls % 4 Ahighral

122 over forwar rnk 1 recelve informatio rom access
T So SR BELSC AR s B AR By BB S SAR
TR U T
sector of t REVHdEE & DA O R B e AT SRBHRS POV Fa s
designed to conmunicate to access termnals in a particular sector of

the areas céAgdespttentionsspsilivin theaplipoersnpgicatoriyhee WS RK ASRer

forward links 120 and 126, the transmitting
greatly benefits the mobile terminal in terms of transmit power efficiency. It is currently

a working assumption for uplink multiple access scheme in 3GPP Long Term Evolution
(LTE), or Evolved UTRA.

[0024] Figure 1 illustrates an example of a multiple access wireless
communication system. As illustrated in Figure 1, an access point 100 (AP) includes
multiple antenna groups, one group including 104 and 106, another group including 108

and 110, and an additional group including 112 and 114. In Figure 1, only two antennas



antennas of access point 100 utilize beanformng in order to inprove
the signal-to-noise ratio (SNR) of forward |inks for the different
access termnals 116 and 124. Al so, an access point using beanform ng
to transmwWOoe@wareHss termnals scattered randonly thr ®OHASRA0/038713
coverage causes less interference to access termnals in neighboring
cells than an access point transnlttanSthrough a single antenna to
all its access termnals. [0027]One skilled in the art would
understand that although the term access point is used, other

equi val ent tershowin foygycheyenbe guspthowevert sopl adevaiatttonts redyflectiling! fohe
spirit or scope of the present disclosure. For exanple, an access

poi nt may beach shiexedestyat Acrsdisednilan 6 CAMMdih catintigicmichRvithhatasaess
termnals and may be referred to as a base station, a fixed station,

a node or s@®l et A8kreahidhhAr1 10 @Ad NOkDGHit 11§bfﬂlitﬁh|t6/accE§&QeﬁTﬁﬁdﬂl@&6@&5
term nal can equally refer to a nobile termnal, a handheld, user 9

equi prent  ( EElard@ind 1261288 fecCOPTHERbL 8BmdRYVdsE ?ennﬁl%f ﬁ'6'}§7ler ﬁ@e@@%p er
simlar tern1mnthout affecting the spirit or scope of the present

di scl osure. Ogé:]e@t%gﬁ?al%%b '14_ HEbhhGRah § @g%ﬁaph%%dq'og% Of a

transmtter syst em 2 access pOI nt a recelver  sys

250 (a.k.a. a at(e:n%'%fg SfOé dtnf()%"%rd}lbnnt m‘% atzon ?cy a&g&es?tezg{%?rgg@% (%Vré? Eo%%a r&g%t&g '

system 210, IC a - HuPhe

froma data spurce 212 to a.transmt at a roces 2 I n one
aspect, eacA"UafA"s %%ﬁ??%ﬁWF§ﬁ§ﬁ§FF%@‘Q@ngﬁf CEEHI }Pbﬁ? cmn
antenna. TX data pr cess(&-§?4 formats, codes, and |nterleaves
traffic dat&lreayensndrisin ke (ERRY Baeay commanisaian liks 448, é@&%%dag%%@m
selected for that data streamto provi de coded data. {0029]In one

aspect, theuroHEerendfreguensicsdnth foraazd knk BAhansthagel usppbesesersaiinih! 18 | ot

data using orthogonal frequency division nultiplex (OFDM techniques.
The pil ot d&8035] s typEashlgrappea§knievnss dad/ar thatitee imwhiehthey srapdesigasbied i n
a known manner and is used at the receiver systemto estimte the
channel r espomsenicithé ofichtrefplrekiods pistdr clitic avoghe doidatla ohonspeactaciat a
streamis then nodul ated (i.e., synbol mapped) based on a particul ar

modul ati on asebars s s desiBi&Ko QptinidteRSKocesy teMhiQMn Selreall@dedt@rof
that data streamto provide nodul ati on synbols. The data rate,

codi ng, andﬁﬁn@y@a&w@@uﬁakcgggbmﬂanﬁ stream are determ ned by

instructions perforned by processor 230.
[0026] In communication over forward links 120 and 126, the transmitting
antennas of access point 100 utilize beamforming in order to improve the signal-to-
noise ratio (SNR) of forward links for the different access terminals 116 and 124, Also,
an access point using beamforming to transmit to access terminals scattered randomly
through its coverage causes less interference to access terminals in neighboring cells
than an access point transmitting through a single antenna to all its access terminals.
[0027] One skilled in the art would understand that although the term access
point is used, other equivalent terminology may be used in its place without affecting
the spirit or scope of the present disclosure. For example, an access point may be a
fixed station used for communicating with the access terminals and may be referred to

as a base station, a fixed station, a node or some other similar terminology. Similarly,

the term access terminal can equally refer to a mobile terminal, a handheld, user



[ 0030] The nodul ati on synbols for all data streans are then provided
to a TX M MO processor 220, which further process the nodul ation
synbols (e.qg., for OFDM. TX M MO processor 220 then provi des NT
nmodul at i orWeyHBaR394t reans to NT transnmitters (TMIR) 222P&TUSR@OGIB7T13
222t. In an exanple, the TX M MO processor 220 applies beanform ng
wei ghts to the symbols of the data stredns and to the antenna from
whi ch the synbol is being transmtted. [0031] Each transmtter 222
recei ves and processes a respective synbol streamto provide one or
nor e anal ogcguipmakt{UEapdvifaless henmouinatian demise,(terngna! oaaplthdr isiesilar term
filters, 10 and upconverts) the analog signals to provide a

nodul at ed smwgthabt affsctimthe sfinr ortst@rfiteiraseniadigtostize M MO channel . NT
nodul ated signals fromtransmtters 222a through 222t are then
transm tted[§02em NT apipeRPadudAds ah bk Mgo bR HiaglafSTRGEYRINF system

[ 0032] At receiver system 250, the transmtted nodul ated signals are

recei ved by 2NRANE QBRASpARS nd NFRHIG s9&2h 230 ¢h £ heick&e Ri-Med) $h §RaMO
fromeach antenna 252 is provided to a respective receiver (RCVR)

254a t hr oughy 454600 ERCGHe FRGRIING sydatt 260 NBkd SRSrok 3 n@mber c1f ldEtgrstsreams is

anplifies, and downconverts) a respective recelved signa igrtrzes
the conditi i Lo. VA Pl d..further esses the
ol o5 o PRS- aUaRL e e 3R, & B (M s L PL R BBty
RX data proce Sf%a ¢ go tihten I gi ves rand rocesses t he EBQ etcei ved
symbol stred o R} é%léil'@ge SVIYCHRESRY (RS SRPRR 14 2t REOSFRY
processi ng ni que t.o provide NT "detected" S%%g?l streans. The RX
data proc eséﬁ‘ﬂj S ’é‘ﬁ’ﬁ'&qﬂeé‘feég}e tﬁéﬁﬁ%@? o sRbdatayiigay Lassd @8 deach
detected synbol streamto recover the traffic data for the data
stream TheDPpitigelasyidig sehemescipsted yrthudaesircapty pravidpapsicddait ary to
that perforned by TX M MO processor 220 and TX data processor 214 at
transmtter [43281 em 211w onA apiest Ewsodeddat foe pdchdip@asireym andtinferrsswitihi ch
pre-coding matrix to use (discussed below). Processor 270 fornul ates
a reverse | pit ebssagerbogpal Séqugney drasion xmiltydex(QFON) srhrands.aThaplkot
val ue portion.
data is typically a known data pattern that is processed in a known manner and is used at
the receiver system to estimate the channel response. The multiplexed pilot and coded
data for each data stream is then modulated (i.e., symbol mapped) based on a particular
modulation scheme (e.g., BPSK, QSPK, M-PSK, or M-QAM) selected for that data
stream to provide modulation symbols. The data rate, coding, and modulation for each
data stream are determined by instructions performed by processor 230.
[0030] The modulation symbols for all data streams are then provided to a TX
MIMO processor 220, which further process the modulation symbols {(e.g., for OFDM).
TX MIMO processor 220 then provides Nr modulation symbol streams to Ny
transmitters (TMTR) 222a through 222t. In an example, the TX MIMO processor 220
applies beamforming weights to the symbols of the data streams and to the antenna from
which the symbol is being transmitted.

[0031] Each transmitter 222 receives and processes a respective symbol stream

to provide one or more analog signals, and further conditions (e.g., amplifies, filters,



[ 0034] The reverse |ink nessage may conprise various types of
information regarding the comunication |ink and/or the received data
stream The reverse |ink nmessage is then processed by a TX data
processor WBWIAMIHHh al so receives traffic data for a ROMMYSIVYHPISFEG a
streans froma data source 236, nodul ated by a nodul at or 280,
conditioned by transmtters 254a thr oqu 254r, and transmtted back
to transmtter system 210. 11 [O035]At transmtter system 210, the
nodul at ed signals fromreceiver system 250 are recei ved by antennas
224, condi t anhegoimertsetbe pnadogssi@dis to dewidtid moddattyysignad suitabligi fat or 240,
and processed by a RX data processor 242 to extract the reserve link
nmessage tr atrsmtitséoh dyyr thb dIMIE ehanael. dpscelindaBHGignBls doessarsm280s 22%an
determ nes which pre-coding matrix to use for determ ning the

beanf or m nghRicBIPSt 4rb €idn REGSERSERoH NG a@tehiACL e thiRSE 2G4, rdsHRAGIIYN
one exanpl e, orthogonal frequency division nultiple access (OFDVA) is

used as a n}ddB@ZP' € aC&ﬁ%@ei&@@?ﬂﬁéﬂgﬁo,itﬁb &ﬁ@mﬁeﬁ%cﬁﬁﬁteﬂ)ﬁ%ﬁﬁ‘aré Bcditids
schene, communicati on resources are divided into discrete units of

time and of bf FS\J%%#@M 25T RER TP Sind tTecJiRY s%?l%lﬁ'\rlcl){%gﬁﬂ MRnhMD is

di screte uni Sl ze At an requency may b up 1nto
di screte unj %& I . . ; C heat i I
al T ocat i on Py RLiTARSRG e kB8R0 234 AIR A5, Flh FEROHIS
ti me-frequency,.plane known as.a til Atile copsist .of, .fo
exanpl e, M ETRESA TS A arphBgnantirtierrersl Freieelve daveq vl | o
has di mensigns. of MAt X NA \[0037£In. co ni cations system fo
exanpl e, usFEfEF ?n‘ﬁ‘a?ﬁ?hﬁ 2ealp BEPVidESBTP @sanéﬁrﬁ@a?re $S WAt Bis ©
users may be divided intg isolated tiles. In a receiver, each tile
may have as8t6¥idgtec@retnondingrgreivey oY maelisdaio pernit the receiver to
extract, for exanple, known pilot synbols for channel estimation and
subsequent H¥HBHul at | HmRXTWatarroersgorF4) degirecerierpmd mpesees therNpepayed
positions, requiring different receive processing. The receiver is
provi ded ti kgnigd steanpt framd: reoconallie bpred per pedicelaycroQesSimg
technique to provide Ny “detected” symbol streams. The RX data processor 260 then
demodulates, deinterleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 260 is
complementary to that performed by TX MIMO processor 220 and TX data processor
214 at transmitter system 210. A processor 270 periodically determines which pre-
coding matrix to use (discussed below). Processor 270 formulates a reverse link
message comprising a matrix index portion and a rank value portion.
[0034] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message is then processed by a TX data processor 238, which also receives traffic data
for a number of data streams from a data source 236, modulated by a modulator 280,

conditioned by transmitters 254a through 254r, and transmitted back to transmitter

system 210.



[ 0038] A resource allocation over the tinme-frequency plane is known as
atile. In one exanple, a tile has dinensions of MAt x NAf, where the

time unit is At and frequency unit is Al. In one exanple, the tine
unit i s kn¥Raa2¥4synbol and the 12 frequency unit i SCHRAGWMI/O3STES
subcarricr. Figure 3 illustrates exanples of tiles in a

ti me-frequency plane. In general, a tilk occupies a discrete region
in the time-frequency plane and does not overlap with other tiles.
Moreover, in one exanple, tile allocations may vary as a function of
time. Speci &036kf er ensetrmisgitsy syskmoMD, ds medubtial signalsieona sstigney sttm
each tile, for exanple, and may be located within a specific tine and
frequency ub® are€@324 By basnmmey 2 avedidbict &y etdervalaNe sdediodplatedtby a
positions, requiring different receive processing. However, a

reasonabl e demb@ilatéf 240] 4Rl FHe®edel mg la QRIS d4PRYrolEssBY Bt2gb eXtffdt thd eSseive R
all expected tile foul ats, and then referenced when needed, for a

particul ar tjek@pe WhiknAtdddR HERLEVREteR 250t PRYeLO 23@%&%&%&&% WAL

Further, receiver processing nmay be perforned on different scal es:

for exanpl e,..a0 4 i " oI i : . i

station, rra{/)regéc?))r% iséeﬁgJF?ru[ﬁe'?sit?|c§(infed%§3|I @gt Qg%&% o@%grte}ggﬁ%éé’l%ar{)%agg ?)[%an

assi gnnent E%mégﬂplied to receiver hardware, certain information my
e or

be replicat f:r?%%;g'nultiple tiles in the formof tile job

descriptors 40] Further, the tiles be correlated.in their

| ocati ons i 50438 quengiy' B e#?"ﬂg‘?’ Ol‘—j;?f)g%? UENCy; ‘ﬁ“t“ﬂ% HHlS2906%i | e

Br oadband ( system tine |s broken into frames, conprising eight
OFDM synbol E‘BPMP%“SFH 8% & MR CCes i g in the warclesicyRpas ) thiy scheme,
regions of eight nodulation synbols in tinme by 16 subcarriers in
frequency, &PBMYBISRLOHTCHWUGEEHS T Hdadrinto discrete wiipiof timwand of feyeesyaFer
the receiver processing for such a frane into a job table, containing
conmon par amenene tinkeahaynize/dibdehertiédditdreto ughoefisiz e afid Gopenasmeyebd as
pointers to job descriptors which apply to individual tiles within

that frame. d{v@c%lLEHﬁto ARereasIPRE bf sitd18f. GRlobhRalCOSIMBINIELDA Y Brck S
divided into blocks or tiles to be used by different channels. The

resource all y t] , TN td ,
bt ary. ERSARGOR, ORDIRARR dofith 3 SORNIGL bR sl cdiefB bt

channel res RESGCas a tile. A tile may consist of, for example, M time units and N frequency units.

In this case, the tile has dimensions of MAt x NAT.

[0037] In a communications system, for example, using OFDMA,
communication resources allocated to various users may be divided into isolated tiles.
In a receiver, each tile may have associated structural information to permit the receiver
to extract, for example, known pilot symbols for channel estimation and subsequent
demodulation. Tiles may have different shapes or pilot positions, requiring different
receive processing. The receiver is provided tile descriptions to enable proper receive
processing.

[0038] A resource allocation over the time-frequency plane is known as a tile.

In one example, a tile has dimensions of MAt x NAf, where the time unit is At and

frequency unit is Af. In one example, the time unit is known as a symbol and the



13 allocations for Utra Mbile Broadband Forward Link (UVB FL)
channel s. To efficiently handle the arbitrary resource allocation
requires a well designed resource description. [0042] The present

di scl osur evQReeNZ¥es an al gorithm and data structure t@CHES2N0P/PIS713
arbitrary channel resource allocation within the tiles that provide
flexibility through software with enpha¥ s on efficient nmenory
utilization. In one aspect, define atile as a rectangle in a

ti me-frequency plane with the nunber of tones in frequency and the
nunber of symipahsy imt siknewn bisesubharito Figowi hijlusteatcesemplogof thies in a time-
arbitrary shape of resource allocation within the tile: 1. Bitmap:
one bit per freqanoeplanesageneal( i dkrelsipigardidcedty replonhh thettinge-fréduncyA " 1"
means the channel resource is available to the channel. The total

number of b?llaﬁe sl @R abt dverligWRitls bder ks, Miedviel, &n bio RamPlNBIBLII&fatibRNES
by nunber of synbols). The bitmap is useful when tile size is

reasonabl y mlvgryaa@q RGN bEEmE! EReal lré?é}ex‘{!ets%ansfkﬁéwﬁ hd R1dtSmMPhe VEry

sparse. An exanple appl ication is UVB orward l'1nk dat’a

channel) wheg, I?ég@d’i Laefo?e%ffm lé bl ITB b?100&1@&3"15110r3j]'§)§0lﬁ5ttltr{glahgap s

used to descr hnel sour ce ocate annel wi thin
the tile. é g}exum;rhe channel resource description conprises the
i ndi ces of {ﬁ afY 6c4t ed tones for each synbol . Index is best suited

for channel h very. spar er aIIoctlon within the.tile. An
exanpl e appfqo\ggii on ileé gg\ﬁﬁ?scf’rlpf RIPOSIEPRS: ALAUfring fﬁﬁ‘gl
whi ch has only. 2 tones out of 2048 toQ (for a 20 MHz syste

al | ocat ed i FPeEHERISHIHSH Ho¥eveE, afpasqmg LFH‘P@ E%&féﬂe 4%@%&%@3}[ Bsapre-

channel resources within the tile of each synbol are regularly

spaced. For f@@ﬂnﬂﬂséﬂbl@&@hcw%@ﬁﬂe\ipﬁ%ﬁa apchicy rqferepcgd vihen G@@éﬁislf@é@ by:

toeter Kpgr’ticul%i;ﬂe, via a job descriptor pointing to that description. Further, receiver
processing may be performed on different scales: for example, an “assignment” for a
given link, e.g. mobile to base station, may comprise multiple tiles. Once information
related to an assignment is supplied to receiver hardware, certain information may be
replicated for these multiple tiles in the form of tile job descriptors.
[0040] Further, the tiles may be correlated in their locations in frequency or
time. For example, in the Ultra Mobile Broadband (UMB) system, time is broken into
frames, comprising eight OFDM symbols: within these frames, multiple tiles
encompassing regions of eight modulation symbols in time by 16 subcarriers in
frequency, arc sent at a transmitter. It is efficient to aggregate the receiver processing
for such a frame into a job table, containing common parameters that may be needed
throughout the frame, as well as pointers to job descriptors which apply to individual
tiles within that frame.
[0041] In one aspect, the entire channel resource is divided into blocks or tiles to

be used by different channels. The resource allocation for a particular channel within the

tile can be arbitrary. Figures 4, 5 and 6 illustrate examples of different channel resource



where,tr, is nth tone index in tile allocated to the channel; to is
the starting tone index; Kis the tone spacing; and n is tone index.
The step efficiently describes a large tile with regularly spaced
resource WOaHWatizB# For exanpl e, an application i s UVBCEUSPIOEEES713
(forward |ink conmmon pilot channel) which starts at a tone offset
varied from synbol to symbol and then spbhns the entire usable
bandwidth with a fixed tone spacing. [0043]Figure 7 illustrates an
exanpl e fl ow di agram for channel resource description. In block 710,
al | ocat e chahemliomsdsollteddoliikrBraagbland Bbriwtayd bink {ITMESFL) ahaoneds. Aspect ,
t he channel resources are tine-frequency resources. Follow ng bl ock
710, in bl oefictally haellethmiarstray dasott pldcaivrokqiites achdinkeknsdasaurees
allocated for atile of the plurality of tiles. In one aspect, the
descri pti ondegriggser m ned by the size of the tile, the allocation of
t he channel resources and/or spacing as described herein. Foll ow ng

bl ock 720, ijr(ﬁm!@} ock 73fh piEQREPAE@odiREifI &8s B alkMBivhiah@ dhQ s@udnirk & Si Ze
threshold (THsize) to determine if the size of the tile is |ess than

atile size . i . ; I il e
to atile sidtzegézht8 i%gﬁgf gﬁ?ﬁ}%g?%e Eta %écgg%g??nﬁ%gh% @gsi ’%%ﬁg?‘szqge fcl)%}mﬁlhgl
tileis sm large. . : : ] e sj.ze thresho .
(i 2o 1o NaafpoRbB vt S 8RB lotont MEmb FRbER. abFERBe.tspee
the art woult.fl under st and tthat t he vallue o.ft {?he 51%3' efrs‘ii ze.threshol dd
(THsi ze) may FEFSRARE P TBUECUEROGRE™ Rl e JamBeROTEES i1 e
application, usage, desigper .and operator choice, etc. w thout

af fecting t e HH f?fdsaﬁﬁrggé%fi@eg’flseﬁﬁ%? wingp dgcsipe BSgritrary Aang of ye
of the tile size threshold (TILiza) is chosen to define whether the
si ze of theresppise pldocatien Withip thedflge” dependi ng on factors such as
application, usage, designer and operator choice, etc. 15 [0044] Al so
in block 730, LoRpgmep: ansditaict gheansl aesowrce (thec/athasiriel widgobe ties AWt hi n
the tile to an allocation threshold (THatbeation) to determne if the
al l ocation of thecaisdhadianngdsooncess dveilapatoghe dranmpi Thepgatebmimi@nef bits
skilled in the art would understand that the value of the allocation
t hreshol d ( THane&tdqos)o i@ ef érdilof.cvaunbay sf foaed wrmimistcisyaholsyutThaot
limted to, application, usage, designer and operator choice, etc.

W t hout af f ecti ngithlyeissRéful Whaile seORGe@bndblesnidl B6EREsodics alleatibewitline
val ue of the allocation threshold (THakeation) is chosen to define

\SNhet her the all ogRtdlOR 1of vdrf §p£§é@0ﬂ?€xa&?&%‘ﬂ?ﬁ&ﬁoﬁ § GBI DO (R8kard

parse depending on factors such as application, usage, designer and

operator choi ce, jigf fata channel) wherein the tile size is 16 by 8; thus, a 128-bit bitmap is used
to describe the channel resource allocated for a channel within the tile.

2. Index: The channel resource description comprises the indices of the allocated
tones for each symbol. Index is best suited for channels with very sparse
resource allocation within the tile. An example application is a UMB FLCN
{forward link cell null) channel which has only 2 tones out of 2048 tones (for a
20 MHz system) allocated in each symbol.

3. Step: In this case, the allocated channel resources within the tile of each symbol
are regularly spaced. For example, each symbol within the tile can be described
by:

t, =t + K¥n,



[ 0045] Fol | ow ng bl ock 730, in block 740, describe the channel
resources allocated to the tile as a bitmap if it is determ ned that
a) therile sizeis small, i.e., less than the tile size threshold
(THsi ze) awd2¢p/1239¢ channel resource allocation i s not PSPAISS®Y/0ISTE.

t he channel resource allocation is greater than the allocation

t hreshol d (THal | ocation). [0046]1n bl ock 750, describe the channel
resources allocated to the tile as an index if it is determ ned that
t he channel resource allocation is sparse (i.e., if the channel
resource all ocatiomwhcass tthamtiltdac frdcain tdallochred onthcabpmel;, t he
description of the channel resources allocated to the tile as an

i ndex i s i ndependengis dfe steandnpstozeindéx;t he tile. That is, the
description as an index is regardl ess of whether the size of the tile
is greater than, edualthewond gmsinghad the tile size threshold (THsize).
Herein, the channel resource description conprises the indices of the
al | ocated tones fomieadbimpbol . [0047]1n block 760, if it is
determined that the size of the tile is greater than the tile size
threshol d ( THebtegptficlenly descHibestal n@e Sleagith @ghlai@shacé@EbuddctBedioh O For
determine if the allocation of the channel resources within the tile

are regul ar byanw@@ﬁqf;pﬂ%@h&rpwums tri @PKCH Gfrwind 1k @Gﬂﬁmzz 110&%5&&1)%1&1{19

channel resources allocated to the tile as a step if | ocat ed

channel res
eacﬁf‘ﬂﬂ%%%;éﬁn%%mﬁ%ﬁ%o%ﬁs 8 EAOBARLL EBRe B,

Ken, where, ANt ﬁﬂ%&%a& tile allocated to the channel to
is the startlng one 1 ndex; ie tone spacing; and nis tone
S in

i ndex. [004 da | owi Qng JZ_ hn blqp 07 0, repe tq $

bl ocks 730 [Palgh 7605HS LHORRA: Frve oV RReBLRarIF)° g fos.
description. In block 710, allocate channel resources for a plurality of tiles. In one
aspect, the channel resources are time-frequency resources. Following block 710, in
block 720, determine a description of the channel resources allocated for a tile of the
plurality of tiles. In one aspect, the description is determined by the size of the tile, the
allocation of the channel resources and/or spacing as described herein. Following block
720, in block 730, compare the size of the tile to a tile size threshold (THg,.) to
determine if the size of the tile is less than a tile size threshold (THgize). That is,
compare the size of the tile to a tile size threshold (THg;,.) to determine if the size of the
tile is small or large. In one aspect, the tile size threshold (THs.) is set a priori for the
plurality of tiles. One skilled in the art would understand that the value of the tile size
threshold (THji,e) may depend on various factors, such as but not limited to, application,
usage, designer and operator choice, etc. without affecting the spirit and scope of the
present disclosure. The value of the tile size threshold (THg,.) is chosen to define
whether the size of the tile is small or large depending on factors such as application,

usage, designer and operator choice, etc.



[0049] One skilled in the art woul d understand that the steps

di sclosed in the exanple flow diagramin Figure 7 can be interchanged
in their order without departing fromthe scope and spirit of the
present dive@Re®nr40 Al so, one skilled in the art woul d pemadse®b/azsdi3
that the steps illustrated in the flow di agram are not excl usive and
ot her steps may be included or one or nbre of the steps in the

exanpl e fl ow di agram may be del eted without affecting the scope and
spirit of the present disclosure. [0050] Those of skill would further
appreci ate {00st8] t he vAlsbdublotkt T3ils temapary theatioqadne of the chaagelaadoukdeocks,
nodul es, circuits, and/or algorithm steps described in connection

with the exanpirese die36boskitai@! BiRhIBYTBG. JPloaaRine@ iBde elleatis 0ot the
hardware, firmmvare, conputer software, or conbinations thereof. To

clearly ill Hﬁénh@ltiﬁsoﬁlme&s'sﬂ&@é &N eRRRl l0deXk®ika Hﬁhgﬁ\@%uldfdn'a%ﬁ@tkﬁﬂd

software, various illustrative conponents, blocks, nodules, circuits,

and/ or al gometdame%tf%sauta@a\&%n hﬁ@gﬁo@g@g ocamfilngﬁgcféﬁeﬂﬁmaﬁbﬁ Fabirst ﬁ{i

of their functionality. Wether s unc ty 1's 1 emanfe

appl | oat | on AT HLEA o B, AEREE 5@%%9%%9%29%%%5%@ doperm
ways for aéta'sﬁ‘a%lgs?*?%wrrﬁp n@%%%% 8%@?8%365%@%89@8%% e BRan el lawﬂoar i

deci si ons shoul d be i nt reted.as causi ng depart ur m t he
scope or spf ?Slh‘)]éif( ca‘p’r)é% U&P&éﬁ%%‘ﬁ]ﬂ?éhef[ﬂm)% gron of $hg f‘ ]Feé?ur‘?aes
har dwar e i npl enentati on, the processing units may be inpl errent ed

Wi thin one 6YSPASP &F 25 sPaTscdepeilingrariostors spef wpratiedor, useas €esignasids) |
17 digital signal processors (DSPs), digital signal processing

devi ces ( DSPP®¥tor gfioérys etfmabl e | ogi ¢ devi ces (PLDs), field

programmabl e gate arrays (FPGAs), processors, controllers,

m cro-contr #3046t s, m Eai@mm@g@o?@, indtlbaa740) destniterthechanidl sesdessegned
to performthe functions described therein, or a conbination thereof.
Wt h sof t wanbgcatekeo ihepilemertiatdpdnit hedetdomirted tiow ghthatthdieds {realli.c., less
procedures, functions, etc.) that performthe functions descri bed
therei n. Theragalid MakiRe GREAEIdTRM, DEarSth) FiRGEhitheRERIYe Aldkitonadfbt sparse,
executed by a processor unit. Additionally, the various illustrative

flow di agr ang, theQEAmal refuddetlocdiRH W ESat@NHiOMhe BEALibr MRS PPH . 0cation).
descri bed herein may al so be coded as conputer-readabl e 1 nstructi ons

carried on ggpactoNpUt prisg&adgblScARALIA Kﬁlé?‘é%ohﬂaestﬁféc&i& to%e tile as an

i npl enented 1 n any conputer program product known 1n

[0052] 1 n on r

herei n may g’e | rfﬂ?%%%%te &ﬁﬁ gﬁznﬁélq'gs%u cealg&ﬂn!% 18 ﬁarg é% 1fq9éj channel
conbi nati on_t here

software,, t nct ns ma
Stored on o%eswlsﬁ?ﬁﬁcﬂwera‘e%%@“i@mw SRR
a conputer-reada med ut er-read medi a i.ncl udes bot h .
conput er st 6?85@6%?@18?%{6%31‘%%% Pdex ﬁﬁn%@‘fﬂdﬁ“ﬁ (% She e Ry tapnsfe: rrimtlhfin
that facilitates transfer, of a conputer rogramfrom one place to
anot her. A ébfedireaf@@ﬁﬁ%a?%plﬁév %éegég@esm%w bt dhawien of thantale ismpptesehan,
accessed by a conputer. By way of exanple, and not limtation, such
conput er-rea@l@bplélcwmfathé&iﬁ sézsrieshodd ) RANcinEERREMNCORSROM or
ot her optical disk storage, magnetic disk storage or other magnetic
st or age deviessgptiay commpyiser themdreesipithe tlhaated tomebbrusdicsytmbokarry or
store desired programcode in the formof instructions or data
structures #1d71 hat chblindk 7#0ci€ §sedetbyhimedabanphe e of Mletiie isgigater than the
connection is properly termed a conputer-readabl e nedium For
exanpl e, i f titdwezeshickhadd ETH,S.) tiled fisdTilt biedisl15:98) tRerYabSdell & ddb&@ e if e
ot her renote source using a coaxial cable, fiber optic cable, tw sted
pair, digitalloatsef thbeanhé &GS Vithilihe tile are regularly spaced. Following block

760, in block 770, describe the channel resources allocated to the tile as a step if the

allocated channel resources within the tile are regularly spaced. In one aspect, each



18 wirel ess technol ogi es such as infrared, radio, and m crowave, then
the coaxial cable, fiber optic cable, twi sted pair, DSL, or wreless
technol ogi es such as infrared, radio, and m crowave are included in

t he defi nW@ &W%d13%Pedi um Di sk and di sc, as used herei BCTURKIOYBREEI3
conpact disc (CD), l|laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray di sc whetfe di sks usual |y reproduce
data magnetically, while discs reproduce data optically with | asers.
Combi nati ons of the above should al so be included within the scope of
conput er - r esyalisll evithidthetile[c00 BB{l¢saribnddyexampt B n.twherd, Itd i sthrtend index in
conponents, flow diagrans, |ogical blocks, nodul es and/or algorithm
st eps descr tilzatlobredetp nheachennahyh B ent et oionpaxéqididhadohdispaniag omdnms e
processors. In one aspect, a processor is coupled with a nmenory which
st ores dat atons@idadat a, programinstructions, etc. to be executed by
the processor for inplenenting or performng the various flow

di agrams, | pmugpl bl ogdipwandiiesk MdHl fsckd8sGephetheRRpEINblodREgRG € 8
illustrates an exanple of a device 800 conprising a processor 810 in

comuni cat i ﬂﬂod’ght‘ﬂgo%rfﬁﬁﬂﬁ_@%ﬂ@?@thfe ur@E6Hilkg the processes for
channel resource description. In one exanple, the device 800 is used

to i npl enen bfalg ' (r}mllﬁ t, P (T L :
t he nenory go% s | ogg%eteb védt1 #%dgﬁg&%} gﬁ(:deesbsolrd %‘fg}?e slé%bgﬁgltoﬁegiﬁﬁﬁ{e
aspect, the menory 820 is ext.ernal tp the.processor 810. ., n one .
Aot t heo B atsten ety RIaEhET eut B o BP SRS Mt vy Harting
perform ng the various fl owl?&ii agrans, .| ogi cal, bl ocks.and/ qr nodul es
Gescri bed: ndPE A 90808 et i iatigs Alse QISR b sriRHICe
900 suitable for chﬁ%nel resource description. In one aspect, the
devi ce 900 FRAGHyddhatticeticnsyllusirated isthe faw s asdot Rwhsrieanfgtishe or
nmor e nodul es configuyed for channel resource description as described
herei n i n bpepksaRtpinclydel orgeg or o, ofgEstepy dothe granplp doggiieergmy may be
exanpl e, each nodul e conprises hardware, firmware, software, or any
conbi nat i ond¢lhted sathoutlafifecting thtrecops prsictprittol hegesscntali@BBuies al so
i npl enented by at | east one nenory in conmunication with the at | east
one processfso] 0055] Tae pf eili ouslddeticr pyiredste dfat thheaddsdllsedve
aspects is provided to enable
components, logical blocks, modules, circuits, and/or algorithm steps described in
connection with the examples disclosed herein may be implemented as electronic
hardware, firmware, computer software, or combinations thereof. To clearly illustrate
this interchangeability of hardware, firmware and software, various illustrative
components, blocks, modules, circuits, and/or algorithm steps have been described
above generally in terms of their functionality. Whether such functionality is
implemented as hardware, firmware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled artisans may implement
the described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope or spirit of the present disclosure.

[0051] For example, for a hardware implementation, the processing units may

be implemented within one or more application specific integrated circuits (ASICs),



any person skilled in the art to make or use the present disclosure.
Various nodifications to these aspects will be readily apparent to
those skilled in the art, and the generic principles defined herein
may be appYo auoaB98t her aspects w t hout departing fromPCHAISEIGP/PIBF130r
scope of the disclosure. 20 CLAIMS 1. A nmethod for describing channel
resources conprising: allocating channel? resources for a plurality of
tiles; and determ ning a description of the channel resources
allocated for atile of the plurality of tiles by perform ng one or
nore of t hedigohl siguiahgrosdseps (IWNbRsh degitkhsignad pecessgrdevices (DSPA%), conpar i ng
the size of the tile to a tile size threshold (THsize) to determ ne

i f the sizeprigrdniieatiid logicidevises(PILDeY, ficRirgegrammable ghik aeapp@EPGag),t he

al l ocation of the channel resources to the tile to an allocation

threshol d ( FHdatdse6adon@bllers, i@t RAFOIRSs, nficiopRcadsbrOCAhdr@RcObnit biits
channel resources is sparse or not sparse; and c) determ ning

if the allogaliRh tPperfdd® tkhRABRIns ESAVELCERS M. b SnithRatioh hiRrdo$, With
regul arly spaced or not regularly spaced. 2.The nethod of claim 1

further CO”P&ﬁéelrélghéjﬁ%éﬂaé?ﬁd&n%? b%mﬁlaﬁ@l mbERAUE £€ Procedures, functions, etc.)

that perform the functions described therein. The software codes may be stored in
memory units and executed by a processor unit. Additionally, the various illustrative
flow diagrams, logical blocks, modules and/or algorithm steps described herein may
also be coded as computer-readable instructions carried on any computer-rcadable
medium known in the art or implemented in any computer program product known in
the art.

[0052] In one or more examples, the steps or functions described herein may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media can comprisc RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source

using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or



allocated to the tile as a bitmap if the size of the tile is |ess
than the tile size threshold (THsize) and the allocation of the
channel resources to the tile is greater than the allocation

t hr eshol d WOTRBRPIZE4X | on) 3. The net hod of claim2 furt h@TAHSRAIPDISITIg
choosing another tile different fromthe plurality of tiles and
repeating the deternining the descriptibn of the channel resources
step of claiml on the another tile. 4.The nmethod of claim11 further
conpri sing describing the channel resources allocated to the tile as
an i ndex t owyickkgtcehnohares elichras swftared rafiés end plidrowaef thehéecharsakble,
resource allocation is |less than the allocation threshold

(THal | ocat i fibyr.opfic Thide, neisted ghadf DRI, air Mikleshetleiol giddsucthaninfedred, esiiol a6
description conprises a plurality of indices of allocated tones for

each synbol migolhe deindRdedin B adffithonf dfitddRim CRIRITIdSIifRYasGROPRIrEIE,

another tile different fromthe plurality of tiles and repeating the

det er m ni ngidchReA&IGIabitis QTS ladd Qise pABA disk 8RS GERatdt 8Rc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.
[0053] In one example, the illustrative components, flow diagrams, logical
blocks, modules and/or algorithm steps described herein are implemented or performed
with one or more processors. In one aspect, a processor is coupled with a memory
which stores data, metadata, program instructions, etc. to be executed by the processor
for implementing or performing the various flow diagrams, logical blocks and/or
modules described herein. Figure 8 illustrates an example of a device 800 comprising a
processor 810 in communication with a memory 820 for executing the processes for
channel resource description. In one example, the device 800 is used to implement the
algorithm illustrated in Figure 7. In one aspect, the memory 820 is located within the
processor 810. In another aspect, the memory 820 is external to the processor 810. In
one aspect, the processor includes circuitry for implementing or performing the various
flow diagrams, logical blocks and/or modules described herein.
[0054] Figure 9 illustrates an example of a device 900 suitable for channel
resource description. In one aspect, the device 900 is implemented by at least one
processor comprising one or more modules configured for channel resource description

as described herein in blocks 910, 920, 930, 940, 950, 960, 970 and 980. For example,

each module comprises hardware, firmware, software, or any combination thereof. In



21 of claim1l on the another tile. 7. The method of claim®6
wherein the step of describing the channel resources allocated to the
tile as an index is independent of the size of the tile. 8. The
met hod of WQaPH13%Ur t her conpri sing descri bi ng t he ch@EMEIS2¢084838013ces
allocated to the tile as a step if the allocated channel resources
within the tile are regularly spaced antf the size of the tile is
greater than the tile size threshold (THsi ze). 9. The net hod of
claim8 wherein a synbol within the tile is described by an equation
of to = to en&ispectyherdevicaP(0gs akdimmpereentaidexatileast dneenentopy its t he
starting tone index; Kis the tone spacing; and n is tone index.

10. The met hodmahicaticn witidtht ur tedve bnepopess@i Nng choosi ng anot her tile
different fromthe plurality of tiles and repeating the determ ning

the descri p{aoss] of t hehechavios de@@gﬂuﬁﬁﬁﬁleﬁis@%s&fasﬁéc@d ifplovied tdénable
anot her tile. 11. The nethod of claim | wherein the channel

resources apfy bdrfiir kilRAULHEYrt @ HAKE 68 8e the presentld?tsclo-gnl% ORtiqRd of claim
11 further conprising choosing another tile different fromthe

plurality O]}notdiﬂc%’ﬁorﬁsqgtHe@é)ﬁg%dtWﬂf%erfggﬁ%? r@ﬁtchﬂﬁer kﬁ?ﬁﬁ% 'tlféta'rto&cf]tﬁg

t he channel resources step alm anot
brocessor caabrsa Pk S ARAEIE Ry e RHEs Eb Tk ety e

sof tware cociimm st ructions,.i npl ement ed by t he processor to:

At spm{l or scope of the disclosure.



a) allocate channel resources for a plurality of tiles; and b)
to determine a description of the channel resources allocated for a
tile of the plurality of tiles by perform ng one or nore of the
following steps: i) conpare the size of the tile to atile size
threshold (THsize) to determne if thegsize of the 22 tile is snmal
or |arge; ii) conpare the allocation of the channel resources
to the tile to an allocation threshold (THall ocation) to determne if
the allocation of the channel resoqﬁggﬁwgs sparse or not sparse; and
iii) determine if the allocation of hannel resources within the
tile is regularly spaced or not regularly spaced; an interface for
exchangi ng inforpmatio elating to t%g al | ocat ed channel resources.

14. The apphr atu%n%ﬂth‘lfiifrﬁﬂir‘?si‘éb%@ﬁaé’fl TPHETES PRI R odes furt her

conprise '”ﬁic{ch'ﬁﬁgé?faﬁnélF&%b@r@%‘ﬁo?%ﬁhlﬁ?@f@ﬂé@%&sor to describe the
channel resources allocated to th l'e as a bitmap if the size of

the tile isditesuningadeschiption b%thg plza@nclrrp@yrm allqcmed ifored) tilg il theppéurality of

all OCaE eQByg{e] fing %?e?&%&é?r ‘érf&?%%é?st%&ewﬁ%% qu'héro%s%@} er than the

al  ocation |on apparatus of claim
14 wherein ﬂhﬁnﬁﬂﬁhgﬂk%mﬁ@ﬂ&&tﬂm&ﬂhﬂésﬁ@ﬂﬂﬁ&ﬁﬂ(ﬁﬁ@k]ﬂﬂhﬁmmﬁm1fmeSmeof
inplemg}re Xai processor to choose another tile different from
the pl é???f 9 9'%5 and to repeat the steps to determne the

descri pti onpdontdating BRMINBLat{o8 B9 tHeG RNk B c AN IHRRle {d dnBilocation threshold
(THalocation) to determine if the allocation of the channel resources is sparse or not sparse; and
c) determining if the allocation of the channel resources within the tile is regularly spaced

or not regularly spaced.

2. The method of claim 1 further comprising describing the channel resources
allocated to the tile as a bitmap if the size of the tile is less than the tile size threshold (THgize)

and the allocation of the channel resources to the tile is greater than the allocation threshold

(THallocation)v

3. The method of claim 2 further comprising choosing another tile different from
the plurality of tiles and repeating the determining the description of the channel! resources step

of claim 1 on the another tile.

4. The method of claim 1 further comprising describing the channel resources
allocated to the tile as an index to yield a channel resource description if the channel resource

allocation is less than the allocation threshold (THanocation)-

5. The method of claim 4 wherein the channel resource description comprises a

plurality of indices of allocated tones for each symbol.

6. The method of claim 5 further comprising choosing another tile different from

the plurality of tiles and repeating the determining the description of the channel resources step



16. The apparatus of claim 13 wherein the software codes further
conprise instructions inplenented by the processor to describe the
channel resources allocated to the tile as an index to yield a
channel resource description if the channel resource allocation is

| ess than the allocation threshold (Tl l ocation) 17. The
apparatus of claim 16 wherein the channel resource description
conprises a plurality of indices of allocated tones for each synbol.
18. Thgfaggg{gﬁﬁgag&h&hﬁgn117 wherein the software codes further
conprise Ins ions i mpl emented by the processor to choose anot her
tile different fromthe plurality of tiles and to repeat the steps to

determ ne the descriptiqn_.of.the channel resaurces on the anot her
tile 23 ifstrudff H‘t%gloﬁr?ﬁlclé% ey herstep of dessEbipe therhgaral Fespwcehe

channekiida&a\ #R%i1d4s a%q&l@(ds irﬁeﬁgéﬁaeﬁtldfﬁle%&e%f%eqne.l f the allocated
channel resources within the tile are regularly spaced and the size
of the tile is greater than the tile size threshold (THsi ze).

20. The apparatu i i i )
descri bed bg an ggghFﬁ%ﬁ‘bPﬁ?“iﬂﬁﬁﬁﬁgﬁﬁﬁgxﬁﬁg%é IBEHQ h?ﬁw[%ﬁgn9ﬁdex
in til eljochteditsthichite ataesté;j ﬁ@letaﬂiﬂ&ltéd”\dﬁm;el Ifesbﬁrcémlﬂﬁmmlea tilp aki rogilariyngbated
is tone dex ppar.at us of cJaim20 wherein the

sof t vvaf“b‘i @83@% of the fiffeis g?&ﬁ’b% éﬁ) tl‘llgﬂzﬁg’trﬁ}i‘ﬂiéla(ilrﬁpte}snent ed by the
processor to choose another tile different fromthe plurality of
tiles and to repeat the steps to determne the description of the
channel res®ur cedhemethiod ohplsirh 8rwherdipa symbol within thy e i3 dpssribedioy of
claim n th 5
25 TefalOEbes ol R-EIAN0E ¢ FRAHAC AR MhtudoqTy e R aNeN: [ERRA KR
conpr i saespeinggietd oisgonaplenent ed by t he processor to choose another
tile different fi-omthe plurality of tiles and to repeat the steps
to determine the description of the channel resources on the another
tile. 1@4. AMc aRPAUJ Uk OFuCkR 0BG diSS 0S8 RSBt Hi®fRrent from

conprisin
the ?ulahty of tiles and repeating the determining the description of the channel resources step

of claim 1 on the another tile.

11. The method of claim 1 wherein the channel resources are time-frequency
resources.
12. The method of claim 11 further comprising choosing another tile different from

the plurality of tiles and repeating the determining the description of the channel resources step

of claim 1 on the another tile.

13. An apparatus for describing channel resources comprising:

a processor coupled with a memory storing software codes, wherein the software codes
are instructions implemented by the processor to:

a) allocate channel resources for a plurality of tiles; and

b) to determine a description of the channel resources allocated for a tile of the
plurality of tiles by performing one or more of the following steps:

i) compare the size of the tile to a tile size threshold (THg.) to determine if the size of the



means for allocating channel resources for a plurality of tiles; and
means for determ ning a description of the channel resources
allocated for atile of the plurality of tiles by perform ng one or

nore of the follow ng steps: a) conparing the size of the tile
to atile size threshold (THsize) to gletermine if the size of the
tile is small or |arge; b) conparing the allocation of the

channel resources to the tile to an allocation threshold
(TFBIIgﬁqghﬁaimhgrgeternlne if the allocation of the channe
resources Is € or not sparse; and c) determning if the

al | ocati on of cotrﬂpmecthaa]ﬂm:lathesﬁ:he clesingliredources toetht tilegio ias al@gtib@thirgshold
spaced 25. The. a ratus of claim

not ularly aced.. 24 a
24 furf Tﬁiaﬂocae@?ﬁs’rq% eﬁ%@ﬁgﬁ?% oy afthp chanmg! EryreEh REISC PR Spes and
al l ocated tg) Haenﬁmé £ tRSalRcRid BHhd éhahﬁ@lébﬁl%eso\fvltﬁih%etﬁﬂe% ﬂesuilaﬁﬁaaced
than the tile size threshold (TFBIZE) and the allocation of

channepr i sxuitaekyspeesdi he tile is greater than the aIIocatlon

threshol d (JHal érﬂ?@‘fo'r Qfokian m mfm%@ahlo;[ p&atﬁ%‘%@?lﬁaﬂ%cﬁ% %r f n%f}'%sgulrcgs{.t her

conprising nmeans for choos anot her ti eren
plurality of tlles and repeatlng the steps performed by the nmeans for
deternlnlng es on the anot her

scripti e .channel resour
tile. 47° Fhe SoasBit B Yo B PR B ISR SPRg Hoans
for deﬁﬁfmdﬁoﬁguﬁﬁlan&h@mmeihe hEEHbEReddriReR @MnAd rdsBrctd AIRCAS Mthe tile
index to yield a channel resource description if the channel resource

al | ocats ditmap if dessizepd the tHe isdpsssban the Hlerskredbigehiodd (THdad rat teiadpgation of

the channel resources to the tile is greater than the allocation threshold {THajocation)-

15. The apparatus of claim 14 wherein the software codes further comprise
instructions implemented by the processor to choose another tile different from the plurality of
tiles and to repeat the steps to determine the description of the channel resources on the another

tile.

16. The apparatus of claim 13 wherein the software codes further comprise
instructions implemented by the processor to describe the channel resources allocated to the tile
as an index to yield a channel resource description if the channel resource allocation is less than

the allocation threshold (THajocation)-

17. The apparatus of claim 16 wherein the channel resource description comprises a

plurality of indices of allocated tones for each symbol.

18. The apparatus of claim 17 wherein the software codes further comprise
instructions implemented by the processor to choose another tile different from the plurality of
tiles and to repeat the steps to determine the description of the channel resources on the another

tile.

19. The apparatus of claim 13 wherein the software codes further comprise



28. The apparatus of claim 27 wherein the channel resource
description conprises a plurality of indices of allocated tones for
each synbol . 29. The apparatus of claim28 further conprising
means for choosing another tile different fromthe plurality of tiles
and repeating the steps perfornmed by phe neans for determ ning the
description of the channel resources on the another tile. 30.
The apparatus of claim24 further conprising nmeans for describing the
channel - til.e. ' .
channer = ot EERe SR B B SR id AR BHER rhlond BEARIHAT L E e
of t heat i btep ifshgelbatted chdnael redoardes atha the titehuresdgolady §fddsd ae) the size of the
31. The,apparatys of claim 30 wherein a synbol within the tile is
descri%gﬂgEvaghﬂgaﬁgﬁﬁ8ﬁzgﬁmﬁﬁgg(&§;¢)Kﬁn, where tn is nth tone index
intile; tois the starting tone index; Kis the tone spacing; and n

is tone index. 32. The apparatus of claim31 further conprising
neans for cR®osi fgeaprarsas okqlaim I whaseiagsympahyithia ths tile &l dessribsd by pnes
and re A treps f. o; : : S. f LN E
R R
appar atars spfcing; andm omhizdei.n t he channel resources are

ti me-frequency resources. 34. A non-transitory
conput er - r eadabl e nmedi um havi ng a conputer program conpri sing

instructiongl. WhiTh apheiuesRaaberh Wieréih theRtvaen@dpd AERSSRpRKOVI des
channel resource descrlgtlon, t he conputer progran1conpr|5|n
1

our ¢ ] 9.
instructions implemented by the processor to choose another file different from the plurality of
tiles and to repeat the steps to determine the description of the channel resources on the another

tile.

22. The apparatus of claim 13 wherein the channel resources are time-frequency
resources.
23, The apparatus of claim 22 wherein the software codes further comprise

instructions implemented by the processor to choose another tile different from the plurality of
tiles and to repeat the steps to determine the description of the channel resources on the another

tile.

24.  An apparatus for channel resource description comprising:

means for allocating channel resources for a plurality of tiles; and

means for determining a description of the channel resources allocated for a tile of the
plurality of tiles by performing one or more of the following steps:

a) comparing the size of the tile to a tile size threshold (THgi,) to determine if the size of
the tile is small or large;

b) comparing the allocation of the channel resources to the tile to an allocation threshold
(THanocation) to determine if the allocation of the channel resources is sparse or not sparse; and

¢) determining if the allocation of the channel resources within the tile is regularly spaced

or not regularly spaced.



instructions for allocating channel resources for a plurality of
tiles; and instructions for determ ning a description of the
channel resources allocated for atile of the plurality of tiles by
perform ng one or nore of the follow ng steps: a) conparing the
size of the tile to a tile size threshpld (THsize) to determne if
the size of the tile is small or |arge; b) comparing the

al l ocation of the channel resources to the tile to an allocation
threshold (THal l ocation) to determne if the allocation of the
channel resources is sparse or not sparse; and c) determ ning
if the all o2&t i ohebppdieuchiataiel 24 fegercompriving Rietnd foedéscliging she channel

regul arly spaced or not . ul ar | aced.

non- t r S E%ﬁﬁloeﬁﬁmtg‘? tileg adpma? il it 6F e fls ﬁf@gﬁthﬁﬁ heriidg size threshold
conpr i gTHg,)iaN8 tHeUtlob 138 of &l HBHRI fel@wgesttb %&h@ﬁ@%méﬁ%&h& Si%ocation
allocated to the tile as a bitmap if the size of the tile is less

t han t Heeshpldd TEkipeiot)hr eshol d (THsi ze) and the allocation of the
channel resources to the tile is greater than the allocation
threshol d (THal | ocati on) - 36. The non-transitory

corrput er - r e2@abl é‘herapbamamaxﬁf o¢dimi 2H f8Ghdrebinpdsing anpid Bt cighobing bhathdritda s

for ano ile ent fr m t he Iural of tiles and
|nstru§&f6 Eﬁ?Xﬂ@ﬂF Re3ting SH@?B‘ﬁFﬁFﬂbyﬁﬁ@nﬁ@égplptlon
of t hed@cb@rﬂﬂiﬁh tlﬁeﬁ@e@éﬁlﬁﬁyﬁ o@ﬂletclﬁmn%(hﬁéestdnlt@e another tile3 /- The
non-transitory conputer-readabl e nediumof claim34 further

conprising instructions for describing the channel resour ces

al | ocat ed t 971N rhb b Aauadk d A% hitnotcBlilifiné BRANCH: ARBAUNE Fhe chanmel

description I'f the channel resource a I“ocat ess
al | ocatdsourceshallesdied @ thatikelas et atden ) yleidZtG:hannel res&&ce ddseriptam-if thagBarinel y

conput er -readabl e ne of. cl ai t he channel resource
descrlﬁ?ﬁﬁﬁe%‘ ??%@‘%ﬁq%? ?ﬁ?%hﬁﬂmugﬁ%€€@1@$w@ I'l ocated tones for
each synbol .

28. The apparatus of claim 27 wherein the channel resource description comprises a

plurality of indices of allocated tones for each symbol.

29. The apparatus of claim 28 further comprising means for choosing another tile
different from the plurality of tiles and repeating the steps performed by the means for

determining the description of the channel resources on the another tile.

30. The apparatus of claim 24 further comprising means for describing the channel
resources allocated to the tile as a step if the allocated channel resources within the tile are

regularly spaced and the size of the tile is greater than the tile size threshold (THge).

31. The apparatus of claim 30 wherein a symbol within the tile is described by an
equation of t, = tg + K*n, where t, is nth tone index in tile; t;is the starting tone index; K is the

tone spacing; and n is tone index.

32. The apparatus of claim 31 further comprising means for choosing another tile

different from the plurality of tiles and repeating the steps performed by the means for



39. The non-transitory conputer-readabl e nmediumof claim 38 further
conprising instructions for choosing another tile different fromthe
plurality of tiles and instructions for repeating the steps for
determ ning the description of the channel resources on the another
tile. 40. The non-transitory cogputer-readabl e nedi um of claim
34 further conprising instructions for describing the channel
resources allocated to the tile as a step if the all ocated channel

resour 1.1 N -1 e i S t he size of the
e Sesmbihg el dotiloh b A LB B gl 41. The
non-transitory conputer-readabl e nedi um of claim40 wherein a synbol

within the tile s described h n equation of t. =to + K'n, where
t. is nth t%%e . e goRaEtHs ‘Pgﬁ‘a%& el thechppnel gFsoyhes %rﬁa@%}r%u?wt he
tone spae6iweg and n is tone index. 42. The non-transitory

conput er -r eadabl e nmedi um of claim 41 further conprising instructions
for choosing another tile different fromthe plurality of tiles and

i nstructiongy f QoL &RGEGEP %&;%\ﬁez%fe%% eflﬂédi-ﬂfi%%img Qicglgaé,tgleplrﬁgr%&réo%plrgﬂlg
of the channel resources” on e another tile. |
non- t r ansittony, wocpwhar exceacdby et lomsdonmprofessdr proviBd civiree biegourdte
channel LESQUrces are tine-frquengy resour ces.
description, theé compiiter program comprisifg:
instructions for allocating channel resources for a plurality of tiles; and
instructions for determining a description of the channel resources allocated for a tile of
the plurality of tiles by performing one or more of the following steps:
a) comparing the size of the tile to a tile size threshold (THsy.) to determine if the size of
the tile is small or large;
b} comparing the allocation of the channel resources to the tile to an allocation threshold
(THantocation) to determine if the allocation of the channel resources is sparse or not sparse; and

¢) determining if the allocation of the channel resources within the tile is regularly spaced

or not regularly spaced.

35. The non-transitory computer-readable medium of claim 34 further comprising
instructions for describing the channel resources allocated to the tile as a bitmap if the size of the
tile is less than the tile size threshold (TH;;,.) and the allocation of the channel resources to the

tile is greater than the allocation threshold (THayocation)-

36. The non-transitory computer-readable medium of claim 35 further comprising
instructions for choosing another tile different from the plurality of tiles and instructions for

repeating the steps for determining the description of the channel resources on the another tile.

37. The non-transitory computer-readable medium of claim 34 further comprising
instructions for describing the channel resources allocated to the tile as an index to yield a

channel resource description if the channel resource allocation is less than the allocation

threshold (THB!localion)'



26

38. The non-transitory computer-readable medium of claim 37 wherein the channel

resource description comprises a plurality of indices of allocated tones for each symbol.

39. The non-transitory computer-readable medium of claim 38 further comprising
instructions for choosing another tile different from the plurality of tiles and instructions for

repeating the steps for determining the description of the channel resources on the another tile.

40. The non-transitory computer-readable medium of claim 34 further comprising
instructions for describing the channel resources allocated to the tile as a step if the allocated
channel resources within the tile are regularly spaced and the size of the tile is greater than the
tile size threshold (THiize).

41. The non-transitory computer-readable medium of claim 40 wherein a symbol within
the tile is described by an equation of t, = ty + K*n, where t, is nth tone index in tile; t; is the

starting tone index; K is the tone spacing; and n is tone index.

42. The non-transitory computer-readable medium of claim 41 further comprising
instructions for choosing another tile different from the plurality of tiles and instructions for

repeating the steps for determining the description of the channel resources on the another tile.

43. The non-transitory computer-readable medium of claim 34 wherein the channel

resources are time-frequency resources.



