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optimize data throughput in a given communication bandwidth.

[0004] The problem of optimizing data throughput in a given communication band
is compounded by the need to simultaneously support multiple users. The users
may each have different communication needs. One user may be transmitting
low rate signals, such as voice signals, while another user may be transmitting
high rate data signals, such as video. A communication system can implement a
particular method of efficiently utilizing a communication band to support
multiple users.

[0005] Wireless communication systems can be implemented in many different
ways. For example, Frequency Division Multiple Access (FDMA), Time
Division Multiple Access (TDMA), Code Division Multiple Access (CDMA),
and Orthogonal Frequency Division Multiplexing (OFDM) are used in wireless
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[0009] Thus, in the time domain, a number of OFDM symbols 110a-110n are

transmitted, resulting in a frequency spectrum of orthogonal sub-carriers 130a-
130d and 132a-132d. Each of the sub-carriers, for example 130a, is
independently modulated. One or more sub-carriers 130a-130d may be allocated
to an individual communication link. Additionally, the number of sub-carriers
assigned to a particular user may change over time.

[0010] Thus, OFDM is a promising multiplexing technique for high data rate
transmission over wireless channels that can be implemented in wireless

communication systems, such as cellular communication systems supporting
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concept to enhance the efficiency of spectral
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carrier, the received power represents an estimate of the noise plus interference

in the sub-carrier frequency band. If the unassigned sub-carrier frequency band
corresponds to a system wide unassigned sub-carrier, the received power
represents an estimate of the noise floor in the sub-carrier frequency band.

In one aspect, the invention is a method of determining a noise estimate
comprising receiving OFDM symbols and detecting a received power in an
unassigned sub-carrier frequency band. In another aspect, the invention is a

method of determining a noise estimate comprising receiving OFDM symbols in
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and may aFigureldeisadhnrgtiondl block diagram of an OFDM transmitter.

Figures 4A-4B are functional block diagrams of OFDM receivers.
Figure 5 is a spectrum diagram of a portion of an OFDM frequency band.
Figure 6 is a flowchart of a method of determining noise and interference

in an OFDM system.

Detailed Description of the Preferred Embodiment

A functional block diagram of a cellular OFDM wireless communication
system 200 having receivers that incorporate sub-carrier noise and interference
detection is shown in Figure 2. The OFDM system 200 includes a number of

base stations 210a-210g that provide communication for a number of terminals
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i mpl enent s a transmtter configured to provi P}

downl 126R wedge that represents one third of the cell. Each sector may be served by a
corresponding base transceiver subsystem (BTS), for example 212d. The BTS
212d includes an OFDM transmitter 300d and an OFDM receiver 400d, each of
which are described in greater detail in Figures 3 and 4. For a sectorized cell, the
base station for that cell often includes all of the BTSs that serve the sectors of

that cell. The term “sector” is also often used to refer to a BTS and/or its

coverage area, depending on the context in which the term is used.
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by t edndiZioeg, ﬁiﬂd?dc@ﬁ cefls 202ac@hid 20201, EXPHRESHBADve, (B base
base station transmitter nmay mnim ze the RF power
station transmitter contributes to the co-channel interference (CCI) experienced
by neighboring receivers, in this case neighboring terminal receivers. For
example, the transmitter in a first base station 210f contributes to the CCI of
terminals, 220e and 220g, in adjacent cells 202¢ and 202d, that are not
communicating with the first base station 210f. To help minimize the amount of

CCI experienced by neighboring terminals, the base station transmitter can be

part of a closed loop power control system.
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and stores the sub- carriers e assi
t o coquality ofisdrae sdenlby the ﬂaﬁnmals &mcampwﬁmbamﬁ I‘Wduilcbfesult in an
exam nes th oi se airid interference | evels

det er HiCKiasgs @ﬁ%f% dlediacent sells 2823 2024 a@é@HZe Conversely, an SINR
o s B €/1aus HS: bAG IAREARU AT teh 1207 Rshh & @il decreased

s ub- caualitgof ﬁdnat:e epetiohced Hytthetetfinal, @20i8r i enced by

termnals in other cells. [0032] In another
[0031]  enbodi menthe base stekpmieqeiver qapmeskamphenaisopnd igigrference levels in

at tenpf, gtc}? thé@l'bq:taﬁ’ﬁé? baﬁfs Jyg%g??go%%le !:odﬁ%llj gc{olﬁlﬁle{% %?tga IS]NR or

require or achirevin rmne

ser Vi A of Whetarishet sﬁ@fael Yl@éiba‘éla Rt rdokivet ﬁe@dﬁf&é@h@nmse and
predeterm ned |evel, the termnal 220i can transnmit a

si gnainteréerense 1@@@@@@& ¢fghe S@lcmxlenhﬁnﬁ%@fwe%@res the lpepdse As sub-

stati du e transm.t.sign P

A or RREED oS ol GO uhh 7Bt RRHES papepire

t he pegshehey tit A6ide hlﬁi/ﬁlkarfe}éiﬁe ldvelsTh G@ﬂenﬁi%ﬂig tﬁé‘Bower to allocate
transmt a signal to the base station 21 to request

t hat tOh@ch sld:searg@laﬁm the bge siation deansmitiee canrmaistain a

Pt ool SR g Tl et ECu a2
term aé}ieneﬁ&a b3BH a1 Sthdr c%np.erl enced by

[0032] In another embodiment, the terminal, for example 220i, can attempt to

_._:

maintain the minimum received SINR or C/I required for achieving a
predetermined quality of service. When the received SINR or C/I is above a
predetermined level, the terminal 220i can transmit a signal to the base station
210f to request the base station 210f reduce the transmit signal power.
Alternatively, if the received SINR or C/I is below the predetermined level, the
terminal 220i can transmit a signal to the base station 210f to request that the

base station 210f increase the transmit signal power. Thus, by minimizing the



[0033]

[0034]

[0035]

termnals in adjacent cells is mnimzed. [0033]
Figure 3 is a functional block diagramof an OFDM

wo e@ndmissd er 300 that rmay be i ncorporated, foPCEYSIODY/@15204

in a base transceiver station or a termnal. The
functional block diagramof tlke OFDM transmtter 300
i ncl udes the baseband section details the baseband

porti and do not s

proce g}v%t,r&gglﬁ{rt{:@gl V%éée ! aﬂ %& ANQUPG Q g%&]tseﬁg?m?’?ﬁ?ﬂ by
be lneéruﬂ@qsinradjd@entdenaﬁ&mnhhi%dsoo- [0034] The OFDM
transmtter 300 includes one or nore sources 302 that

cor r esponHigets bise fgrctinpakblock diagtarmeelirn ONPMirarismit@FBRO that

t tter. 300 b tatjon t tt
Sour YT IARPrHRTo BORE CE PER AR REDIT HeorboR emainal The

net Wo Fknctis#4l blctk dagfah N BRIOWDNKE triRaHHST30b fh?cl@c?ets e baseband

streams maybe intended for a separate term

dat a peativhdeidilpthettaecband potion 80 thecteamsinétter land togslmet show signal
paral | el data strea ser data strea

mul t i BrOERE & SHCSTHE %’i‘ﬁ% org?’] SRCUS Rt BN r%w‘ne)lfld?ﬁa}%léhe

st r eagBnsnliter sRUr ces 302 provides the data to a

nodul ator 310. The nodul at or 310 processes and

nmodul at esTh@FDivptrensswtiercid). indlhées onedu hatro souddd3 302 that

i ncl ude functijonal bl océs that performinterl eavi t%
encodF?fﬁeSpc’@‘i (GuUey mogR aﬁﬁ'a%ﬁt%&u‘éfhenﬁ@q) EDMfepgmitfer 300 is a
the aphge sﬂﬁ%n%ﬂéih%f fthesbrdes 3?5’ qﬂxciee&ta{ &re'z_uns from an
performng a particul’ar type o eavi n
exanpésermaheectworkg sbchtasa IMIN ndstd/eﬂe nmmtdﬂh&dmhreams may be
inter|l eave the source data f each termnal. [0035

The niHeHOSe G 2opparate feraug. gle daimrexidediby e seire3f2 can be
encodjfg; plé‘g@%lpel dtaﬂestre%IBQ NS t(fagar t%gt%s,'erélélﬁgeye(?& ?%;tgé gtgeams, ora

to a parti eénc o
nmodul edrabinatidh mtmeﬁms NThe sstir&s1 30090 e dssaBé Bta & a modulator

convolutional encodi ng. The encoding rate nmay be
fixed3Ht Hegmoaylgtoyd ngewdtm@%mfép ingfut squsces. The

t .
£ o AR R0t honfe SRITRSHE Dol bk Ol i, groane

conv ogmhpmgpdnd&ﬁmﬂatﬁm ad i Rnéwh ad meﬁﬂe ’ﬂ]@'rﬁocﬁn‘l‘eﬁ&%b is not
when a first nunber of sub-carriers are assigned to a

term h@ute@fmp%mnm a pastiela] tmecpﬁlnteﬂemflm nifor example, the
cecontfSaBE bt RSt texanlcPRuCbe §iEet Pt fongach tetninal

secon

t erm nal THd‘m@diﬁitBﬁSl(ﬁéﬁﬁrﬂﬂoQ»e cohﬁ%u:@@ﬂ}{!t)&fd?ﬁl én@dding. Again, the
per f orm Reed- Sol onon encodi ng e that varies

depentusgniter 30Rds mirl’b@lteddﬁ amﬁw@m typerof enssling dtbr bx:ample the
the ter 200 530, PCT/ US2004/ 015204
[ 0036 TodHaRE 3 fRaf BptertResbsdiedionsaccating figntatufional encoding.

nmodul BhéericB@ing #4t8 nm§bR%ix8d or may vary depending on the number of sub-
carriers assigned to a communication link to the terminal. For example, the
modulator 310 can perform convolutional encoding with a rate one half encoder
when a first number of sub-carriers are assigned to a terminal and can be
controlled to perform convolutional encoding with a rate of one third when a
second number of sub-carriers are assigned to the terminal. In another example,
the modulator can perform Reed-Solomon encoding with a rate that varies

depending on the number of sub-carriers assigned to the terminal.



predeterm ned format. For exanple, the nodul ator 310

can perform Quadrature Anplitude Mdul ati on (QAM,
wox@dnetssr e Phase Shift Keying (QPSK), Binary PEhESE04/015204

Shift Keying (BPSK), or some other nodul ati on format.

I n anot her enbodi ment, the nodul ator 310 processes the

data into a format for nodulating the sub-carriers.

ooser L 002 T] T R 4o B e A R b 48 g
sy mhohgedeRfhee forhfit.t Re sXeRipf e B dirlatdPe10RE PeAbM Quadrature
310 rmmy adjust the gain of the anplifiers on a

sub- c Amplisndeddoiiglation (QAVDQumiratutedPmse Shifid{dyingp(QRSK), Binary
d t, t i t, th ' d

ot or f B et Revie BEEEY. % some Bioepmegaon oreb JBEnsher
outp UEmBBdihféﬁ’lc, RRAUb &1 Hor ahﬂ(g?ﬂgé?\ls@,%le ﬁgtatiﬁ’totar}Errhﬁ %if nr}gé}]ﬂating

a 1: N nultiplexer 320, represents the max

nunbethecibsatrtecarri ers used in the transmt |ink of

the co i cation s em _The I tipl.exer 320 may al so
[0037]  pe referr ?Sd‘é}%to’égfé%?q alyo pgludg LgFrsé’B A¥8 stagps to adjust the

becaualglgﬁﬁaeﬁp{ | g 8% RTboR %8s e%qsitﬂeeélbsc%ii&% R Bollu®iBt 310

the no ator 310 and converts it to a paralle or na

to i magnfmstetheighin of tie qhplifeers diya efb-satkecmisis] ®with the gain to each
[ 0039] A sub-farr' er assignnment npdule 312 controls

the nitusangdepeerieghat leag n pat.imdhe Reise agdinterfegense foihe sub-
of supsfarsd sed to support the source data can

be, an ty%%ncgv??tg' is, less than the maxi mnum nunber of

[0038] sub- car r i Biiesoutp@tdf ithe rhbéulatbr 3dGRicbupledto ME inpueofa 1:N
comuni cation_system _The nunber of sub-carriers )
assi gHedplexsr 320 arhere N rgpreseatehe mezimen numbRrr efzsyb-carriers used
chang P Lt . | f he..nunbe f
198 B Sk 6 LR €M AR BARE Py o

l'i nk beraiérhal totabe “satiBto pdisllel demiettey” tebaish the multiplexer 320
sub-carrjers can change over tinme. [0040] Sub-carriers

can beecpixpvstipl daty fromshemedplated daf ynd aewvietn édo aparallel format to
Comﬂlltecfﬁtcé%thlthgéﬁgﬂ1§£8?¥uﬁe the identity of the

sub-carriers can écan?eir%quency bands occupi ed

[0039] by the coNBubCc&wiki &Righhiekt ©8duIE BANBENtRASthe nhdMilatdBA0 and the
conmuni cati on system can be a frequencg hoppi ng system

i npl emphiplexgr 320. pFlei@iraberiof sub-¢arders olsupirhipe source data can

met hod, 41] ..The.subh-carrier. assi gnjrent dule 312 .

an | TR 4 1P BB o R e ot sifeiceed in the

tr ackirkdignib@ik &f ths bbinfahich®drSsysRat BRthuniRr 8£4ub-Qfriers assigned

sub- carriers allocated to comunication |inks. For

ex anplog paricudaryegenytication hinkicah chabg@ 00et/tidx 58@ditionally, even if

PCT/ U%2004/ 015204 10 . . C e .
the number of sub-carriers assigned to a particular communication link remains
the same, the identity of the sub-carriers can change over time.

[0040] Sub-carriers can be randomly, or pseudo-randomly, assigned to
communication links. Because the identity of the sub-carriers can change, the
frequency bands occupied by the communication link can change over time. The
communication system can be a frequency hopping system implementing a
predetermined frequency hopping method.

[0041] The sub-carrier assignment module 312 can implement the frequency
hopping method and can track the set of sub-carriers used and the sets of sub-

carriers allocated to communication links. For example, in a base station with



[0042]

[0043]

[0044]

[0045]

three forward link signals, the sub-carrier assignnent
nmodul e 312 may assign a first set of sub-carriers to

wa2dinesss3comruni cati on |ink, a second set of PCT/US2004/015204

sub-carriers to a second communication |ink, and a
third set of sub-carriers to @Othird conmuni cati on
link. The nunber of sub-carriers in each set nay be

th f di ff Th b-
asgi Z%ﬁ? esggllﬁalﬁ, ?%ecqy@ qaﬁ'ée% ﬁwg%r | %qlle 312 may assign a
sub- cafgiisef 5 sablcaRrRi- €@ 4 BrsCOMHMEAdnahL! b 8dnd Qé{ off ?@o-carriers

nunber of sub-carriers that are idle and capable o
assi grores¢cond cammmuniiati e hnln, anid akkird & 04 2jb-darders to a third

sub-carri er . a35| | e 3 2 contr.ols _the

odul SPBEGo Iy O0p BETDH ! U - HEGdR o SFmas he the same of
nmodul [

sub-c Zﬁ’éd [ er&g%{éh{ Zﬂj (? it %%&f g,&%ﬁg& su dg%r%ﬁz {racks the number of
assi gnoenirriendilloeatdd & @omhutibaionimks ehud thepiuﬁ)bef oB@-carriers

such that d romthe nodul ator 310 i s prow ded to
the Mgt @xepla‘t@»@@ﬂ PRbief assigpmeatde semmynictign links gned

312 cont r of " Fheri AfefibaAaN: Sl AaRoRE RodTRt %0 o

carri ereidsthe @Bﬁﬁbdteﬂc@ilﬂg rahd @rwdaratlcﬁ PEGuivied slippofting thK assigned
The sub-carrier assignnent npdule 312 also tracks the
i dent SERrcyTicstab- Additioaally, theubzpariar gsserarent medulecy cgatrols the

al I oc @‘ﬁﬁﬁ’%’?%?’%@ gg@b&&tta\ Rgm t*l@ %1‘0 {11(39)% %}1 0 I eprrg%ﬂﬁtggot the

of th 0 an

Four i efultipleedrshainel édrFéEP'dndi@w & a3Si8nedSsubadadtidr € Thii) $he sub-
322 having a width equal to or g@eater than the total

nunbecagighassignpeat modelgFil 2 sontrds Prgridentisy obandmwmbler ofsub-

t he 0 he | FET. . [,0044] A.

Four SR ErEERRA B ah ol iy PRGN K i sty Pl Ssigomen
domai mddald 318 aldo eaus %Md&@wbﬂsubﬂwers At hf@\i&lé $8d that can be
Fourier transform perforns mappi ng from

frequ@H@%ﬂtQﬁdmlmHﬂ@lmmlonlhﬂﬂé domai n. The IFFT modul e

330 trans m%th t ed b-carri nt o time.
domai n si Eﬁ%? 'fktocgrtbee’ilm#]rpz 6? SﬁPB%lSﬁli fq B V%rﬁgﬁ?sé Fotrier
that trigsforl @ T) R6dulé I5R! & pafaBeEMRRLY h&ﬁﬁg QqyiafN deqaaﬁo or
orthogonal to one another. [pOO45 The parall out put

f r om gteater BT thothidl @auB®er sub-aaoiges eciples the parallel output from the
demul t i xer Si t paral |l el bus 332. The
demul P}‘E‘il 3%80&85&8@ g Fﬁéopar al | el nodul at ed

data streamouRbOirahskih frfodhl 8 gﬁggilﬁg%&y Eli?:%né’ﬁcgn%ﬂ %o, the

denul ti pl exer 340 may t’hen be d to a guar

gener deguency domamh Gkmy, sridvearkelfourer tramifoyint pdrfdrms Anﬁpq)glg from

noer #ie BEAYEHTATEI 1 e Cpte g i B OB epstors the

2004/ 1QaRRRaRGB . HREPOM DL 828 Uomain signal. Fourier transform properties

ensure that the sub-carrier signals are evenly spaced and are orthogonal to one
another.

The parallel output from the IFFT module 330 is coupled to a
demultiplexer 340 using another parallel bus 332. The demultiplexer 340
converts the parallel modulated data stream into a serial stream. The output of
the demultiplexer 340 may then be coupled to a guard band generator (not
shown) and then to a Digital to Analog Converter (DAC) (not shown). The

guard band generator inserts a period of time between successive OFDM



[0046]

[0047]

[0048]

[0049]

[0050]

11 synbols to mnimze effects of inter-synbol
interference due to nultipath in the communication

wo 2ovk/1045B@ out put of the DAC may then be coupl BAT/US20841015204

RF transmtter (not shown) that upconverts the OFDM
signal to a desired transmt {requency band. [0046]
Fi gures 4A-4B are functi onal %) ock di agrans of OFDM

recei ver. 40 enbodi nent s... The OF recei ver. 400 can . .
e | T ERIR BT R A Eh s O LUSDAR) IR U (yfdipath in the
such gsmmuiRRiatibetiAle Thé'ddipyut Urehdb A h8F Bl 85 cdfledlo an RE
Figure 4A inplenents a noise estimator prinarily in

t he dirghsnzittei@motshoywnhthat epedneert:OEDIAFRMesignet todOdesréd transmit
Fi gurgr4B ingle nts a noise estimator primarily in

the dfAFDGY ddMain. [0047] The OFDM receiver 400 of

Fi gure AARGLERIANESB afe BRctMbESINE& di9¢rals of OFN rSceléalioo
are transmtted by a conplenentary ODM transnitter .,

The osampodimeants. tThe CGliPMmaceivi2 @00 sarcbeijthdmentedin the base station
receiver 410 that can filter, amplify, and . .
downc Bt Ermah S fmels thwaa by e @RMsteggivgr 400 of Figure

[ 0048} AT 1RASHD ] f i: 0 6

Coupl oA T R PASe Qi Bifor PERE T BERRR M ot Vil the
conf i QDA réaeivee A0V ef FigeregiBainthlemérets & abist Bstantedprimarily in the
between  OFDM synbols at the transmtter. The out put

of t hanaR&AMRBoval rmodule 420 is coupled to an

Anal og t | & . . t

t he anal 851% %gfgg%geggﬂ}éf%dggff %@Pghé”%lg?z%% aif Ghefida 402 RF

r epr esignlatliapare tlheminteddyta compléitenidE CFIMitfans@itepl The output
to a nultiplexer 424 that transforns the serial )

bas ebahthe antgrna 43(is sonpled ty aepeiverddO4haspen &ilteryjgaplify, and

nunbe ﬁo%éo?ﬁéﬁ zo)e/%gli)atsnlaﬁhé I%E&bec{‘{jﬁ?ﬁé S%Ealqz DM sub-

carriers. n each o aral |l el data

pat hs r eprigsieRtbdnd @ughat 6dnt theeceion®l 0issyiled fo Hfudrdfmoval
OFDM si %nal . [0049] The parallel data paths are

coupl B@duls 43A thai pygondigured tasamaveihe geard inderyalonsarted betjeen

dul e F dul.e 430 t f t h t ed
e QBT ety akthe TR er EhchBR S e E modute 420
Each pfeolipred @sladuhslol rt@m% Ec&lﬁ?érﬁpgwb@%m%@lat converts the analog
represents a nodul ated sub-carrier. [0050] The

par al basebandsignal for adigittlaemEsEntatidnl &he8otpukoftbe pI422is

a denodu or 40. t ha dul at es .t he . OFDM . .
aub- c a8 mAPls SR BT B0 Ry e ot tew nto N
to depnaundidae patlsy The HuR®et NOéprbRatstHO A nubfHeSof OFDM sub-
received by the receiver 400 'or may be configured to

denodedreiens. he sphbelbién eash plithe paradiel ddte p#bTrepraseutitke gated time
430, ggé%ig%%ggfsggtﬁeooﬁbb[ S?gmaii.he sub-carriers. The

denod

==

The parallel data paths are coupled to an input of a Fast Fourier Transform
(FFT) module 430. The FFT module 430 transforms the gated time domain
signals into frequency domain signals. Each of the outputs from the FFT module
430 represents a modulated sub-carrier.

The parallel output from the FFT module 430 is coupled to a demodulator
440 that demodulates the OFDM sub-carriers. The demodulator 440 may be
configured to demodulate only a subset of the sub-carriers received by the
receiver 400 or may be configured to demodulate all of the outputs from the FFT

module 430, corresponding to all of the sub-carriers. The demodulator 440



[0051]

[0052]

[0053]

[0054]

WO 2004/ 104530 PCT/ US2004/ 015204 12 output can be a
single synbol or can be a plurality of synbols. For

wexaapbs3o i f  the sub-carrier is quadrature nopdl/asmd4/015204

t he denodul ator 440 can output in- phase and

quadrature signal conponents ¢ the denodul at ed

synbol . [0051] The out put of the denodul ator 440 is

coupl a .detect.or 4 or S )
conf Supfiot PR R byhoton BB s A PIyGHLPof Rabals, Tr cxpmpte i
sub- ¢ @id JuBLcarridr @S EIAEH TR RSl atckd) qledﬁhﬁﬁh&ftoﬁﬁt@ caftBp ?ut in-
detect the received power by detectlng or other

det er ftheferngd qhadratuxesignad comperentsrof ﬂmﬂ@mduilztterﬂmnlml

d d d the, |ike,
other  r epPReeRbairsfe SRIGRASTA0SR EruntGtioq Becir 8 The
si gnaljefebiat 451Pfsrc§hﬁglﬁ§d W delfeck ﬁfé%éé?\% gﬂ%‘i in ERh (%' f.he suh-carrier

exanpl e, a magni tudé squared of a quadrature nmo
sign _atfreqmmb bandse {le dieteeivr B0 wrﬂntemg thehrecedvpdasosser b detecting or

the in: hase uadrat ur e nal conponents. The
det ecf d%%‘i“’ﬁﬂ’&g lf?Feexﬁme%gQPWF‘y ap pmpituse: pmagrifude
can i E@a%iﬁ a nfhghlti@, Snd il &b Or sbRRlboufle tr&frgge Hteaﬁoﬁ Bfthe
det ected val ue of désired sub-carrier signa prior

t o t hdewodulated maecafiet dignahthat catesiaied vizh e@bemeﬂ’lpebver For

[ 0052] A processqr 460 |nterfaces W t hmenory 470 that
i ncl ug’é%ﬂlﬁ? c?c‘@%%‘%?‘de F’%‘%i’ﬂeé}(ﬂ & quadiafuie poghlste ailré%ﬁi?fy

0
t4 ; at Cg?gﬁltl}gg% ﬁ&}él;ﬁ%%;iha ?}Eﬂe Pﬁ)thg%ea%gc uagr%ﬁ{re 13Ral

sub- ceomparentsoiThe detkioeds50 {:z@ﬁﬁ&hdér helusally @ﬁﬂétbcﬁbl% or can include
al | ocat ed rticular comrunication |ink

t
chang® Single deteetor SiatgBe e s dgteciad g o6 AesyreR sbcargier signals
sequenss: Bitnd (RAHEEOrMARKPdom i ALIBELON. ¢ hat

i dent I es the sub-carriers a oCa

comuni ca ipeotebson K60 trterfdees Wik &icvfiry 4@@t1ﬁaﬁ1cmd§@pﬂ@6essor
stored in_ nenory. 470. The processor 460 uses the

f r equisadapl %E}éﬁﬂ‘ﬁ@nﬁ nihe WQMOWTQﬁa@@ﬂSOHﬂCZIEdWﬁWutm’ah&@rage

f th nd t
8et ec E&:I@gﬁ) ﬂ%eeuseé?%sgo%gggggg%F Hm&d%?che ﬂ}})é%m(eanggggvalues
the frequeteayibheptrdlceerd &8 fartioilaCédi@huhic ABHNKYmay change

hoppi ng i nformation to identify which of the
sub- calreariesyantel boundags ob Sgquency hopping siquandeoy ﬂaqnmcaﬂmppmg

\QC Iaﬁ‘g n%rm vﬁglrl gl%ll? 1&:6%{1{1?% r-g'c}r}a?rg Sllﬂ%gﬁéétf’]%? communication link
sub- carthé RICEivESA) daﬁ@t&b%@ stor&d thBerfk 0' qRk g%eééof‘h?]o uses
to the receiver 400, the processor 4 can control

FFT nibedieauersy hoppite infenmation ¢mbytimize wfﬁfﬁameu vpilie FET module

S ot Rl L R RO o Al Ao0 TG g s s bt

cont rghise tHelfeeqh ngﬁﬂHﬂn@ sé«ﬁ.@n&@ of6theF Rqient ol Formation,

signal s Corres on tot
to identify Wthh of the sub-carriers are allocated to a communication link and

which of the sub-carriers are idle.

For example, where less than the total number of sub-carriers is allocated
to the communication link to the receiver 400, the processor 460 can control the
FFT module 430 to determine only those FFT output signals that correspond to
the allocated sub-carriers. In another embodiment, the processor 460 controls
the FFT module 430 to determine the output signals corresponding to the sub-

carriers allocated to the communication link to the receiver 400 plus the outputs



[0055]
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carriers allocated to the comunication link to the

recei ver 400 plus the outputs WO 2004/ 104530
WEOHWBAEAD4/ 015204 13 correspondi ng t o sub- caPCT/@8R04/015204

that are idle and not allocated to any comrunication

link. The processor 460 is abkge to relieve sone of the

| oad on the FFT nodul e 430 by decreasi ng the nunber

of FF . Si s I . et ermne...[ 0055]

The. praeuBHling et Giris BEEER b8 RLPHBCBRALER, a0

to onkymnfieiatdeh Bhke Thep@ce&s@nNAI0Ss hble tyRiliehe bdife bfthe load on

modul e 430 provides an output signal. Additionally,
t he pitlscidSsmoduled3fdy deernasing the namber I outpat signals it needs to
detect,  only those sub-carrier signals that correspond

to i dEE®TBICynal | ocated sub-carriers. Because the

det ect or #hOpeBessBi4d0 Mhy b E&ltl‘?)ﬂﬂé(‘dehﬁﬂu&%rmoh@hfﬁgs

in unallocated sub-carriers, the detector 450 can be
conf i demedulats thiesesignalstier whigh diesFIpl module @30 peovides an output

Che aSieBte AadioRNE e Prodiso Datriet it Hndtiisd 4pfito detect
noi se oAR1REI QAL RYrrch SigHAL ﬁlfé& %ﬂé&é@ﬂd’\ﬂbl ilehéMhallocate

ai %1b—carriers.
experienced the sane signal processing experienced by
synboBscause theatetestos 450 aan belimitdh trsdetedting sibist iletelsdahmallocated

properties .of the sign rocessi.n xperienced b )

Phe. dSHbGRT o ASREEE 4} Fouge SRR i GHefidhe sizals pior to the
stati j ' '

Symbol o OB R b B G P a0 ph RO b0 may
i n t hbe sdiantgeousdresausy thibatoiet detagtetdhisy the dstectond 50 kgl have

denodul at ed régt'hse in.a ?ub-car,ri er whenever the .
sub- c §FRGrERcqiLhe 3gme signal PHRCASSNE SXPERFRSH P¥ SYIBPIS in) thrt sub-

The deg &gt fsta@i ' 3o CAL| -

o SELPEL M Bl gt SR bl Shpoince o
t hat theltenmidnlacid dodsedvill bbisémidirac dssaatisted] pdépetitesteRperienced by
detect ed power in a nenory location in nmenory 470

cor r edislsmodylated symbolsub- carrier. In a frequency
FoDDi . . S . d .
oub carr | RSP RYSETHe0 RS ot R olek i ine SRR dosetipe te

synmbopoweastdi Jemdddldidd ndiseingy b as: wheeved theSsub c8rrRr is not
nunber of detected power neasurenents for a first

sub- cassigned tq fcompEpEAdEnink R detactrdaowesn of thpnmassigned sub-
proce . e a edet er m, ned., nunbe
R e
pr oceFHEOprod&oL@in st Rt tedPodRt fa AéRIoAER cont il fnemory 470
noise and interference by weighting each of the

st or egorgrspeidiegitogboeib-easten fa adreguenclyyhopping QFIMishigiem, the

depen dnespart, on the age pf the detecte ower
rreg s u?déeﬁtétgtqf %nassigne@ sub-cCarriets changes over%me, ancij nﬁy%\ﬁange at each

symbol boundary.

The processor 460 can store a number of detected power measurements for
a first sub-carrier in independent memory locations. The processor 460 can then
average a predetermined number of detected power measurements.
Alternatively, the proceséor 460 can compute a weighted average of the noise
and interference by weighting each of the stored detected power measurements
by a factor that depends, in part, on the age of the detected power measurement.
In still another embodiment, the processor 460 can store the detected noise and

interference power in a corresponding location in memory 470. The processor
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In still another enbodi nent, the processor 460 can
store the detected noise and interference power in a

wa@oeomasqsendi ng | ocation in nenory 470. The pr OREFESI00IMD5204
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the noise and interference vajgle for a particular
sub-carrier by weighting the stored value by a first

2;“332%6 %&Wmﬁﬁh&@%? gqugew 3}1‘%0 %%ﬁe ?ﬁl\é\ée f% %@ﬁﬁ:ular s1.1b-carrier
| ocat P eigh@hf BRAREH P8ub By b FRstHduRRsId Weightid ebw Bbtscted

al ternative update nethod, only N storage’locations
ar e r poeentgthstsecaxieneunhand\tening thaswingn theahemomnidcation

interference, estjinates. .It e seen_ that ot he
ot hoBETSPORH e Sitrciipth e D raragie She Method, only N
I nter fstgfag@ ‘]?(?814@111 él' F]efeq"&'i ed t@stiﬂ&%&ﬁsﬁb-%ﬁﬁie?ﬁ@ise and interference

avail a 058 et ect power for an unassi ghe
sub- castimates. riemap be néen thatetlzey gretigals ©f stodng endinptiating the noise

interference for that sub-carrier band unless no
i nt er PR infgtescige valies fog th AL} ?Iﬁﬁv?li%b@%e frequency

band. Wh ' i X . .
he. sub: e RS o I ARSI IR defrosate

r epr eaeisé and ineerfeckdice forahatpabvetirrief biddenbess g0 iftbdating sources are
[ 0059£ An C]?DM_@Z%St em may_ guarant ee that no system
sour c Broadgasting Bithe feaysngy band. | When nemterdermggatnces gea

b- e _ L | .
T b e S TR e
do notetestedpeivér ofles naise fisurt | cul ar sub-carrier. That

is, where the noise estimator is perforned in a )
recei ver 4n QHRM sgstemiagy, suarantesdhat norsystrm#ouicas i bryadpasting
syste riodi cal ) Ltilng.on L.

oo B SRR A - g ph B Hlkhlol iyt Pfosflicrs and

pr edetefinthg & fertodD@ingPRHitD 6l o ChTRAREHRlesAd 10l tlahemiOGRVa
system does not cease during the period in_which the
si ngl parsigiacsbrdagiier; dharigsshen e npeseagdmaigr Is pegiorraed in a

b- ' ' to .be all t _r
commuRcEE BT et i §8s< ks P yRORBRY sisfern may priticat
i nt er f18p @RRMITIRY Bfortirhdtt pRAcleAhindad 6hb-BdrrithBediiéRcies during a
carrier frequency bands by synchronizing the
t r ans predetersinad syrplzol ipedp & aCommupications i the OFPM sgtiernfdoes not

the sub-carriers to any c nication |li.nk for .one or |
mor e SEPRARINELE prtRT IR e nele fubeeapitids vspignLbecause al
| nt er {gk} 8B-GB:S By CBAHEAR to B8 LRSI chbRAmuhlt@tion links. Thus,
sub-carrier band dufing the period of non-assignnent.

[ 0060theHevplipEnci® wiheutfiniafeienceahapboddtcmiiogt famearh of the sub-

anot her .embodi ment qf . an DM.receiver 400 in which
Che. nGruE" Srver bt PR RS pRiAies e B e PEHaigy not
devic éignﬂgeea(:ﬁSPth\é%ﬁb-%QLQieifé}btahﬁE&Mﬁféﬁﬂid’rﬁﬁn@op%e or more

signal's at "an ant enna
symbol periods. Then, the noise power with no interfering sources can be

determined for the sub-carrier band during the period of non-assignment.
Figure 4B is a functional block diagram of another embodiment of an
OFDM receiver 400 in which the noise and interference are detected using
analog devices. The receiver 400 initially receives OFDM signals at an antenna
402 and couples the output of the antenna 402 to a receiver 410. As in the
previous embodiment, the receiver 410 filters, amplifies, and downconverts to

baseband the received OFDM signal. The output of the receiver 410 is coupled
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402 and coupl es the output of the antenna 402 to a
receiver 410. As in the previous enbodi nent, the

wo eweilvesso 410 filters, anplifies, and downconvRCT/BS1004/015204

baseband the recei ved OFDM si gnal . The output of the
receiver 410 is coupled WO 20p4/ 104530
PCT/ US2004/ 015204 15 to the input of a filter 480.

coupt B¢ AL e, DPLBEEH Gl 34 iy oo

such ik,

dorod sl Boce g dien Qol oW Frs Epfydgomovel
i s a fhidduler a BPRTkndthne, agd a demothdatonf baseband filters

equal to nunber of sub-carrjers in the_ conmuni cation
system cgbodaents tﬁ? ifter 4805 ple &8 3 by of
subst ' i QS j S
pandug Bep s Aigrd Eg Bl I BARGW o> Bricled o) @Bunication system.

t he f Eatlesf #h80ltes can b corfegurdibiokhabasibsgntisiey the same Bandwidth as
tunable filters that can be tuned to any sub- carrie

band the signel bandvidihof theobspatcanin another @ﬁ@eﬂiénemth%ﬁﬁer 480 is
t ) - ;
o o bR S ing R o AL bl BRI GAABE Rl o -

recei vatiedBihd il e dvandwhicitionGlstede The hatabk filtdrs fesurtadrio the
be substantially the same as the bandwi dth of the
sub- c 8tt-faHenpfieneobrads thpharesigt plincated dpriherronmpynieation link to

the 1 FiSRGEGoRC TR ERRENER Aoy BRcf R Uk syl e

nunbegarhé aPle patidwiditostahs sdtreamiérttandi | ter 480 may be
as high as the nunber of sub-carriers in the

comuni calhoentpyistamthe it 3P0 Froupled de therdedgpr d4p. Bae output

fi d h ' h
Fi 1 oPh B olaf B ke b Sob i Bhre s lo Rl (i snmpper gfoupu
nOr e BWRIE SR @6 e 480THRy b 2yEikh deftRGuiber 68dtb-carriers in the

correspond to an output of the filter 480.
Al t er neminpglogtioosystenor nore power detectors can be

dt i d t th h of
the 11t ol botRpir ot GBsRFonai el sEiech i Pha etk cath gf the
490 i $116RURIgAEs! ThE BtebidPYS0 &fn BOUA XA nort B wer B ectors. The
494 can include a plurality of converters, each

cor r eppaaciatestare can omeespdénd tbhe odipubef the filte048t Altdrsatively, one
Al ternatively, the ADC 494 can i nclude .a sjingle ADC
t hat P%mQB‘iqﬁ’éWidﬁieF r%@ﬁ%gwgyf@aseﬁceswﬂxée@g‘%% Vet fggm each

out put,Binel P alinhtsPr ocessor 460 interfacing with a
menory 470 can tge coupled to the output of the ADC

494. The Procepstor thddetedor 490 is:cxrdpile@tioé]ml; inpst afgn ADC 494. The
? (r)og gsléf[f(g f194 %agldi%bl grlggﬁ{ré}lutg tah%%p?térg,re%gh cgmgsggl?c{%g t40729 one of

the detector 490 outputs. Alternatively, the ADC 494 can include a single ADC

that is sequentially converts each of the detector 490 outputs.

A processor 460 interfacing with a memory 470 can be coupled to the
output of the ADC 494. The processor 460 can be configured, using processor
readable instructions stored in memory 470, to control the ADC 494 to convert
only those detected power levels of interest. Additionally, the processor 460 can
track the frequency hopping sequence and update the detected noise and
interference levels as in the previous embodiment. The noise level can be

detected independent of the interference level in synchronous systems where all
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only those detected power |evels of interest.
Addi tionally, the processor 460 can track the

wo e@guerssy hoppi ng sequence and update the detBCT/@82004/015204

noi se and interference levels as in the previous
enbodi ment. The noi se |l evel cph be detected
i ndependent of the interference |evel in synchronous

t wh. I /10453 CT/ US2004/ 5204 16
Y S FAitRGss cah bp LOURHEA i Patp LS SPeE FROST I OLe o
trans P}Jdgﬂeﬁﬂléﬁ&‘ séb-cREeHRk Q?%d@%ﬁnﬁi&@ daBhibhSuch QE a 8ymbol period.

predeterm ned duration, h as a synbol peri od
[ 0066] Fi Bignes 551S|a$pectﬂmdiagwm ol agprion of armOFDM lﬁmquemby band

pr 0B OB AR POlsETER oo'@ﬁq?é?v&, "Bl dF BhbqEry b 500
or odot Btk BB EEL L oA CRER o R ictmined requency

pl ur abhid) ferfexamptasi2aatil Iﬁlnralhmbd'szzorfauumsatwnllinkm anys| y
occupy. t he OFDM'frequencﬁgQ&nd 500. The Blurallty of
c ormu Sl tanentisly epeapne draapeneydand &90-ofhe plaralify of

nunber rgInr Qu&f? 1£ks%§¥ s%Vo?ﬂ}L 28l8ed JF tl{lJ‘t%tneﬁ }ﬁlﬁfﬁ@@ n%f ysuB—ecarriers

[0067]00 I Tst -communi ca

AaIIocavﬁdm&ﬁnwmﬁg@mﬁﬁrrlers occupyi ng four frequency

bands, 502a-d. The sub-carriers and the correspondin

frequen cyF@mpmzﬁrﬁ capguEkeaiipn sk puyibeialiaeated foupsitb-carriers
cont | g?cuggl{ fg&uﬁ&{ ncL}Plf Eﬂgs 5'(_)9%\/% sﬁl;~I ge?rﬁlgg a%ﬁ rtl'ié c%tnsésponding

al | oc a par conmuni cati on

need HRqikhcHBpRIEIIa-dAntle SHRYILasPd¥itiohed Meon@\cahiiAlug frequency
sub-carriers in the OFDM system A second

comuhkechtHoweversthe seycasders allocsindele apasicudm gomatuniation link do

£ oau BT nEBG st S mBF RORSy 5he Moty SfRG AR in the
fourtip QbR 98brid RfnmiBYGEoA linR ey aMobdted & sdeBhd set of

and a fourth set, respectively, of sub-carriers. The
t hi r d setetargerssarsl thus 2 sesond satof pesprrriesirequencyt bandsi 522atd.

f f ds ;542 d the. faurth set
oar 11 SHaatys BEAGRAS G Ec TR it Rey Be alfopRA thind set
frequengy f&ﬁﬂlds%t 26p8ctfrelyl, BPG] caffigs NUAD BAirddet of sub-carriers

sub-carriers allocated t0 a particul ar comuni cation
li nk cmmgspomisytow thind sétiwf fragquenophands |6y12ac @od thienfguittio set fod sub-

| oads pl.aced on t on Thus
dat s PHEESOMRIINES SO aR sy Syelr Gpaaty berds S05o-
hi gher nuihen,Gberdt Qu‘t? B4R raﬁocﬁ&@to%mulﬁfcommumci/atlon link

sub-carriers allocated to a communication |link ma

changeagtvagaetih a;tretanﬂ niryuadazogordiiig e, the loads placddeon thed
posi ti on of  syb- rlers allocated in the CFDMHi st em
may c ﬁgrﬁgglmcgflo% ](3] eycommumcatlo may be

allocated a higher number of sub-carriers. The number of sub-carriers allocated

to a communication link may change at each symbol boundary. Thus, the
number and position of sub-carriers allocated in the OFDM system may change
at each symbol boundary.

Because the total number of allocated sub-carriers may not correspond to
the total number of sub-carriers available in the OFDM system, there may be one
or more sub-carriers that are not allocated to any communication link, and thus
are idle. For example, three sub-carrier bands, 510a-c, 530a-c, and 550a-¢, are

shown in the OFDM frequency band 500 as not allocated to any communication
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[ 0069] Because the total nunber of allocated
sub-carriers may not correspond to the total nunber
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may be one or nore sub-carriers that are not

all ocated to any communi cati 0517I ink, and thus are

idle. For exanple, three sub-carrier bands, 510a-c,

530a-c¢, . and 55Qa-e, are, shown in t DM f requency )
band 56 Ag¥Reiheppssisied qub-gargats, @Bﬂﬁ%ﬂﬁ SOTBPOPEING Sub-carrier
2004/ 304830 AGH K284 I8t t]n%céshé}}ﬂ oPAR HBEwdef Sllocated sub-
unassi gned sub-carrrers, an t?]us t he gorrespondl ng

sub- caatieest Fobexaispleysoat: orail dicheudjaagigindd sahatad@rawaby occur at
necessarily occur between_ allocated sub- carriers. For
exanploé?e%‘ﬁ?nfeth@aﬁe&‘ﬂqm%gaﬁ%e unassi gned sub-carriers

may occur : . t . A

Fovei ver Aereilat P f1f ohiAgUARGNe B e polie i

noi se ijtkifigrenderih @rstibecamizeby detactiiighthe powercin thysubedaidribagd when
the power in the sub-carrier band when the

sub- c & Subreartier i RASTIgRRS ApashigRed FRe@Tinigar ePFIsent a sub-
can r . - ier . 1S 10 . . .
oL ARl RO R i e s
r ecei Yepositiche@OOkHer 06l&Cbr se¥tbRIofakll Snagralldenté tHeSublcaiier to a
cell may allocate the sub-carrier to a conmunication

| i nk. cpoopnjcation litlanpl e, a first receiver, such as a
receiver {n a_term nal establish a co ni.cation .
ik wit it BT AT Ry ot F repVgtl Aiprinitil e establish
sub- carchinemimidafion ik fvath a Bds€ SdBOE NsiR@ A fird ST dub-E&fiers in a first
first receiver can estimate the noise and interference

i n an figaeensy §aedi>2aedy uBRrCrsbrgaei verraan estimasip e B3gndpy

det er m ni.n t.he power in.the sub-carrier f enc ..
pand SO e i i BEESianeL g enfy Birkl on b PR determining
updat ezcfbvRe i IRLsEb-RueM BEGlYicy baldess0an ATRIRLYseB ¥arlier, the
averaging previously stored power levels with the

nmost repcoet oy mpdatel am dstipaate previously stor@d inaneraoinby ayeraging
the nost .recently determnm ne ower |evel,,

cor r oBEBH R SY PRES THEE Wb Ak o reagApasured power level
I nter %feﬁfhﬁ%l?,s’%hb RRsBrec SR, RerbaRd gﬁo@ve? ﬁglel, corresponding to the

determnation’o a wei ghted average o
pr edenerstiened noiseland indérfarewerstimatiesmay beigsednt éref deteemaeation of

;S,glt g‘%:v&?eésg,‘rg' écgzgl)v?qq%ez g?g:ptrqlq%geglgl 'gl@g]:n[bl 0 %%Sgrgg%ggfﬁégﬂs interference
unassighggd.f or all transmitters for a predeterm ned
on, ?or exanpl e one synbol duration. Thus, the

dur at i
sub- car r i Additienaityg &sa ggnebronized systar) dre cvimare of the sub-carriers

particul ar OFDM system for the synbol duration. Thep
for t H@Yﬁé{ﬂéﬁﬁmeé dor Wmﬁéﬁ?% apredefermined dygation, for example

recel YaL <l SatdiBR! $hhd) thd \AbSErddr 0¥ oG Ll cBHG a
particular OFDM system for the symbol duration. Then for the system wide
unassigned sub-carrier the receiver can estimate the noise floor by determining
the power in the sub-carrier frequency band, for example 550d, during the period
in which no transmitter is transmitting in the frequency band. The receiver may
also update the noise estimates by averaging or weighted averaging a number of
estimates. The receiver may separately store the estimate of the noise floor for
each of the sub-carrier bands. Thus, the receiver is periodically able to update

the noise floor and noise and interference levels in each of the sub-carrier bands.
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the power in the sub-carrier frequency band, for
exanpl e 550d, during the period in which no

WO e@admssd er is transmtting in the frequency bemus2004re15204
receiver may also update the noise estinmates by
averagi ng or wei ghted averagiqua nunber of
estimates. The receiver may separately store the
estimate of the nojse floor fqg

ch.of the . .
sub- car r i Eeubn s Negher afipanctaed SULP! delerpiing apd tdaging noise
abl e 1,94} ! | L agﬁ'kq s> erriflethod
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is a flowhart of a nmethod, 600 of determ ning and .
updat ieKgIRls: e reogiEr hd sFminak nd kemakywaly of R0dfeRlly, the receiver
sub-c Ler gqgﬁ; g leﬁi‘?% t.pl enment ed
in a ?é{l:g(l%vfgf I'n A%E%%%?g%% e rtfég%cle%\g?. can be,
for exanmhemetivd 600dREine bt bloclac0Xwhtreahe receiver synchronizes in
Alternatively, or additionally, the receiver can be, |
for etapwih the transmitiesy Theregelyasmayiiar ¢xemple. siackeqnjes a time

[ 007 4]ret:|épe%cg§lﬁ1tﬁ %q:m%) pef&‘&%eglﬁ ﬁlget%%ﬁ%g 9‘?1? m‘é{v‘% 1{112? peed to

recei vér Synchronizes in ansm
The 1 e¢Rihy&izéWith tHeOFanSnaea Ifer a FariRehéfBaso8s anrelabdd to noise
reference with a tine reference in the transmtter.

The r estithgt@en. oy examplet be repphvehmelinged tpjsypchreze with the
transpitter for vard ety. of ;reasons unrelated to .

not se TSt epfer R Eing sTHCH SR st Fr ORIy

t o synehmaitic8onihk diifg ohd dhdhetsy@bol peridasler to

determ ne which sub-carriers are allocated to its )
conmuni caflhe receivaknexd prasgedsrie black o P avhetathe recgiver dalermines-the

0075] The recei ver next proceeds to, block 61 ere .
Lhe v webigept Gact e SE RASS FRAR o SrRfngiity § Hinsmitter
sub- cafidy Rhé tﬂi@iﬂ%dg@ﬁ tio B FRRIveP &I A1P6verldd8 message. Thus, a

transmtter may send this information to the receiver

i n an maseageaectiveddydhereciivesindigatesrwhshod theesubroanterhgre

the receiver .indicates ich ff“ﬁhe fsuki gﬁrri ers a{e b
unassi'gastEnef 2 giva iy 8F°§e Hgpatygly-dppasiepmept of sub-

the agghERBRY HOhschtb rarddh! dnftfe fé%éﬁv&%nﬁﬁ%@%yﬁ&ﬁ&iﬁi@d a locally
and the recelver may have synchroni zed & locally

gener akrdaied pscrlo rambbonsegeencevath the tiansnidtet mcths previoas

in the previoous synchronizati.on step. In the . )
al t er PARGRIRNIEAHSP AP 1 thediemiie pobediinehia fiTheslver dgtormines the

unassi carri o ; : nalkl
gener A a0 S HE SRR RTIR, Mbilly A8 sihepe such as he
ps euddodatiydenersted pssude rardoansenéree pakhh jnterealdy gnerited frequency

frequency, hoppi ng sequence. [0076] The receiver
pr oced@BDING SEIUSBEE- 620 where the transnitted OFDM

signals gy Lelel érs)gedadg%ﬁ)@l‘c‘ 620/ G Hlera ¥4I OFDM signals

i ncl ude those assi carrirers
are received. The received symbols may include those assigned sub-carriers

allocated to the communication link with the receiver as well as sub-carriers not
allocated to the communication link with the receiver.

The receiver proceeds to block 622 where the receiver converts the
received signals to a baseband OFDM signal. The received signals are typically
wirelessly transmitted to the receiver as RF OFDM symbols using an RF link.
The receiver typically converts the received signal to a baseband signal to

facilitate signal processing.
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as well as sub-carriers not allocated to the
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recei ver proceeds to block 622 where the receiver

converts the received signalpgyto a baseband OFDM

signal. The received signals are typically wrelessly
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recei i . t o '
G g o=t Block &2 hE AR08 ISR Py pd s i receivea
19 [ O6ighjls. AAk discossod eartiemyg thddiscussion vé theIDIFIDM trdmemétter, the

baseband signal, the receiver_  proceeds to bl ock 624
wher e StHE TEAAY Fi08FPd 1 PEVIdS BHbpPath HIYHIEhe
recei ved ' | ' L er. i
0071008 e AR Ra B BRSSO b o ok g3
i nt er wakte the sighdldedichtited & a1 AVICI eA fiet digifiaing the¥iamul tie receiver
[0079] After renpval of the guard intervals, the
r ecei Procegisde Blogk 682 wheisdhe sgnal igp@wverted Fom ayezipl gignal to 2

recer R oBRIE Sty Bl oot LRG0 v o B s,

conventd tipiedllyeeqaslitd dhe aingibéd ofls@b@arriRidiBehe OFDM system.
paral l el signals. The nunber of parallel signals maybe

[0080]  as high adfter thageriad tq pasalicd cogvessiomlthe wweeiverpracasdeio tdeck 640

ser: aips Shepesftvin SRR b FE R STne Pirict bl The 5B dpppstorms
to bl gekifd@mMh OFONRENERGRIoBsARES 8ibIBarAs i the FRrquency

the parallel data. The FFT transfornms the tine domain
OFDM éémgial s i nto nodul ated sub-carriers in the

oosny | SN B ol QR 1T P kSRR SRS b mocutaea
sub- Cay-bRFisrs @ufppuﬁo%lrtﬁagt? ﬁre':d:e]}ld@l'hﬁt&% MaAub&ERY typlBily

receiver typically enodul ates the sub-carriers

al | océgemadulases the sapnamisis@docased {oi th& covnichtion limcwith ére
and al so. demodul at es .t assi gned sub-carriers.
[ 00828SCHNEr %@&&%@@H@%Eﬂ%@@ég@%&“ﬁrcm%ﬁo wher e
00s2]  the unassiigneekipihnGAbiRESto B6& G HRdE the 1! E’sr@é'd d6b-Rarri
100821 noi se and inte#feréﬁ@g estiﬁ%te. | tﬁg sub-ga# |erﬁt|’gamers
a syseeletesieddo proaskeiagest and intedereher estitraee. déthectiedarrier is:a
output represents.an estimte of the noise floor for

that SEEELYideBassiEied SUp-6HESY. the deteciedouipit TeRasents an estimate of
Pr ocelsld RhPs i QuAfibdaues the noi se plus
(0]

i nterference and nol se or estimates stored in
[0083] menory. Abhediesaivs sissh pracdeiieto, blodihe7Oraadeipdetes theyhokt phs

a pr e_det?rm' ned nunbﬁr of .nbst recently determn ned i
interference and noise floor estimates stored in mémory. As discussed earlier,

the receiver may store a predetermined number of most recently determined
noise plus interference estimates and perform an average of the estimates.
Similarly, the receiver may determine an average of a predetermined number of
recently determined noise floor estimates.

[0084] The receiver proceeds to block 680 where the noise estimate is
communicated to a transmitter. For example, if the receiver is a terminal
receiver, the terminal receiver may communicate the noise estimate to a
transmitter in a base station transceiver. The terminal receiver may first

communicate the noise estimate to an associated terminal transmitter. The



[0085]

[0086]

[0087]

[0088]

[0089]

noi se plus interference estimtes and perform an
average of the estimates. Simlarly, the receiver may

waledoenodsae an average of a predeterm ned numbePCDS2004/015204

recently determ ned noise floor estimtes. [0084] The
recei ver proceeds to bl ock 68§, where the noise
estimate is connunicated to a transmtter. For
exanple, .if the receiv is atermnal .receiver

term HaMife HaRspufter gy SHFRTE Tl ot SABEe 1o Ohe e %tatlon
t 0 a réc%ﬁr@ls Ml $ise Etﬁtl&} }%@&%15 AP lorhmARRSEE ¥ Moisd Rtimate to

term nal recelver ITst ~comuni cate the noise
est i miiethab®statioraisaanitddre d'he dase staionttransmiticr ey usdthe ndlde
2004/ 104530 PCT/ US2004/ 015204 2Q term nal transmtter
may t BEmate inadinst thapowesileyvs! EaspiEiedkby betigasmpiifseat the sub-carrier
statlggne% &ﬁ#%ﬁﬂheﬁgﬁegﬁﬁﬁnétat'on receiver, in turn
conmmuni ca € noise estinate to the base station

transm t t ke bakbetatias ecsivat may sinfiBAY Toiinmidikythe seelveé noise
noi se estimate to adjust the g_ovver | evel transmtted
by t hestimainéms termmabiranstter iy firsh transmittiag thecppisrrgiimgte, using

to th 0| Ss%atlsti!r;m% mer[ 80[§g enHl'{edl Pet%%%els tation

recei [ tonmuni ca Iecei ved noi se
esti mat e A@bl@cll' 69(mtlli@ﬂecé1’</@‘rt‘ub€6ﬁnﬁr% alyerhi ity of subsequently
transmtting the noise estimate, using the base

st at i oesctvedagnbals based imparhen t@ww&stlm@éetﬁémmepmg]the

At bl ock 690 he I.ec vg{amn etFlm nes a IH% euoahl"l
0 ouBtisiant p Srids Bt Faliih ShetBaN el R it il
noi selﬁatférei@ae%fqﬁhﬁaﬁi%ﬂ@@subsmﬁeﬂ h&t the' e $i8iBsiGheriod, the

sub-carrier For exa he recei ver estinmates the
noi serggelysr maytreseive raémméomveaﬂlqmmsprgmdslx yhasgigned, spb-carrier.

At t h t th

Yol HECRFIVERE HaaRBTe 5 slarts 4 S aliprenin b Eof Snde,
sub- C%geu% part &R ﬁlé}ﬁ&ﬁbﬁ’s@a‘ déténﬁlhsmn&pé &tibfite eSihiBH Qvl?ere the
si gnal qual |ty, such based i n par

the p mmvemdetwrdmmnmsmqustﬂaate,sﬁm neceer Siablelta IdBtprmme a
wher e i\&e cei ver de%ﬁrm nes oi se fl oor estl mat e,

the r SO& Pasuseausst HeeE A R the samgup gpricr

subsequen 21071 &

[ 0087] Be%a%ée Ezmir&llggnl‘ﬁéél\rd aﬁgﬁﬁtggﬁ?i‘%ﬁf?g‘? H%n%?g .ré E}Encally vay
sub- c aandomiy ok pqmuda rdndoxrdy, the reacisiemis ybledm pqmmhniidiy update the.

random y, the recel ver | abl e c{ﬁ e cal pd
the, CcEURAERRIIOISMININE EﬂnG%aIP ‘E?ef ‘E B 8 Sﬁ@ rearrier
f ooa%ﬁ)ﬁen%gﬁgnﬁfl HREOBURT SReh. BX redeli iéeawsyabl?%dg%néﬁte and

t he recelver Is thus ab 0 generat
and  wpda estma:te:srﬁ’tnesse @lusrintesferepbeiand Msbrﬂlam it eam]mj

noi se floor that can he communicated to transm ter
st age §OmAEIcaeA e Franguytigs siages Mpanceffort to minimize C

Electrical connections, couplings, and connections have been described

with respect to various devices or elements. The connections and couplings may
be direct or indirect. A connection between a first and second device may be a
direct connection or may be an indirect connection. An indirect connection may
include interposed elements that may process the signals from the first device to
the second device.

Those of skill in the art will understand that information and signals may
be represented using any of a variety of different technologies and techniques.

For example, data, instructions, commands, information, signals, bits, symbols,



[0090]

[0091]

[0092]

[ 0088] Electrical connections, couplings, and
connections have been described wth respect to

WO 000wms3@evi ces or el enents. The connecti ons BCMUS2004/015204

couplings may be direct or indirect. A connection
between a first and second deyjce may be a direct
connection or may be an indirect connection. An

i ndi rect connection i ncl ude, i ntergosed el.ements
Lhat " a9 EPe et oy e retsnedtChHUgR HES THove degsepoiptna be
the s ' 0 i ' t

w1 ° SR8 G R ttagdNitlenh DR Arihachitic bal, Ilndiiciclds or
r epr epeanickd, opticabfieldyorgfarticles of ayyconibintitioheherodf.

technol ogi es and. techni ques. For exanple, data, . )
i nstructi gRgse @é%%l&lsﬁuﬁﬁﬁfaﬂoﬁ&weoﬁat @p gﬁmlls?,l}lwa%l,ve logical

N TR ST R e v

descr igfiboditmenbydibtoset dpreiis ey e itylemnehicd @€ Slecieattic BRtis/are,
el ectromagneti ¢ waves, magnetic fields or _ particles,
opt i c&PMPST srftveare R cpmbIationspf bol: Toplstintliugiate this

t heregf.. o1 ' ] |
e RO g R b s,
modul &$ocks,i thédiiléss cir@iitd, @ldgdpsthive bdeaRiesdides tb®dRehérally in
connection wth the enbodinments disclosed herein

may be térmps|od it wectionabitye Whethersupla fnghierality isamplemanted as
software, or conbinations of th. .Tq cl ear| .

1 e et o SRR SR ot Py i Rtibpang dooien

sof t Wabgstrayit§ indptked bh tRtdvatd Mg steANBRI&d Rersons Bla9Gblement the
modul es, circuits, and steps have been descri bed above

gener gesoyibed funcipralityin cangng ways for icediepartigulanappli¢psion, but such
such functiopality.i.s inpl nted as__hardwar.e or

of t wiBlegieRangR dteisins SRR B b i preig s ving A dapgture from
desi gihe &BPSbI Mk PrientRNBEnON the overal | system

Skilled persons may inplenment the described

f unct i onalThe yariousvibusjtiative logicsl blocksemotules rand cirbuits described in

ot beoreBpPdpdRe SEbedEr R G B S oAy e o o
scope pefrotie \lﬁ’ftﬁ‘ a %E‘ﬂerél'i)\ﬁﬁﬂ;sh BRocedsB A Higit SigH A PrO&Ssor (DSP), an

il lustrative |ogical bl'ocks, nodules, and Circuits
descr iapplicatinn speeifivaintagmtedwitduitt(ASI@nb ddldmngmmmable gate array

O PR SRRloResb L £ e L B
proce %hc‘sQl(:e éslff%?)varae&t?fn&agéﬂté, %?tah}%bngtflﬁgﬁcfﬂ thereBf KRIALE perform

circuit progranmabl e gate array

( FPGAXheofunctidierdegparibgd emeab| & gbmgalpudse pmcedbsmagbea
gate or, transistor |ogic di screte hardwar
conpoAERTOPTOCEFSOk t@&%ﬁﬁfﬁ%{?%‘% thedressson awy hreay prpeessor,

-performudig, &iépcgctohggﬁ 163k RECRE" & Hocct B BRS Ao be

pur pose processo
implemented as a combination of computing devices, for example, a

combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core, or any other such
configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A

software module may reside in RAM memory, flash memory, ROM memory,



[0093]

m croprocessor, but in the alternative, the processor
may be any processor, controller, mcrocontroller, or

wat@aossachi ne. A processor nmay al so be i npl ePenUsTHOAB15204

a conbi nati on of conputing devices, for exanple, a
conbi nation of a DSP and a nifioprocessor, a plurality
of m croprocessors, one nor e nicroprocessors in
conj u or any ot her such

confi &g’t;{lgﬁ\a&\ypng{] 3 P X mgﬁls re(gst%fs@g@g@k,oarremovable disk, a
al gor SG.
en%odrﬁgﬁ¥ggdﬁ§%$ gg%ﬁﬁggggﬁﬁﬁgﬂﬁgﬂh&ﬁgkgﬁ |recA?emmplm’y

i N hasidyee enedm[m & conpfetivatie p‘mrzbsd;c& seotethl trestelyor 8an read
processor in a conbination of the two. A softmare

nmodul & ﬁwawasfr% apf WikRAHemRALPN te, the foragaaediunmain the

me nor Xheﬁgséﬁé/s%%%efﬁlwgﬁ e%llﬁ gpo’rgl @ﬁ&e&%?%e processor

r emovaﬁd theGidikge BeditilnMesigé ireayASIter form of
storage nedium known in the art. An exenplary storage

medi um i sThewhovedescoption opthe disslosed @mbcpfhmh@tspm@@slg@ fo enable

f f.
A ST O L] RSBt s caons

medi Ufg fiese dagbddith&ds il bOrdabiy ﬁﬁdﬁ&eﬁ §Pthosel k8114 9GBS SO Mand the
and the storage nmedium may reside in an ASIC. [0093]

The aamcw@g@plq@tdpﬁnﬁddier@m@W@@phwom@mb@dmm%wnhout

provided to n ers skill.ed

ke ot EE eI RO g eniith hellfe Rvendh is no
t heseipétied B fimited td the embedidichis sABRANSRN b@ 1§ BP&Eaccorded
skilled in the art, and the generic principles

def i né wides$ |S¢pp¢a>9n$3@e@tpmh thd priociptdsend sovel déatwes disclosed
mnthoH departing fromthe spirit or scope of the

i nven ?Sﬂl Thus, the invention is not intended to be
linited to the embodi ments shown herein but is to be
accorded the w dest scope consistent with the
principles and novel features disclosed herein. e WD
2004/ 104530 PCT/ US2004/ 015204 23 CLAIMS WHAT IS
CLAIMED IS: 1. A nmethod of estinmating noise in an

Ot hogonal Frequency Division Miltiplexing (OFDV
system the nethod conpri sing:



recei ving OFDM synbol s; and detecting a received power
of a signal in an unassigned sub-carrier frequency
whaovd/ 104830 The nmet hod of Claim 1, further conprPCI/N§2004/015204
averagi ng the received power wth at |east one
previously stored received poyer neasurenent for the
unassi gned sub- carrier frequency band. 3. The net hod
of Claiml, further conprising, prior to detecting the
recei ved power, denodul ating an unassi gned sub-carrier
corresponding to the una%ﬁh%gﬁggiub-carrier frequency
band. 4. The nethod of O a ) rther conprising
determi ning the unassigned sub-carrier frequency band
based in part on a received nessage. 5. The nethod of
YRAMIS CHAIMEIRIS:conpri si ng deterni ning the unassi gned
sub-carrier frequency band based .in part on an .
i nt er Aal | yAg8ieehos: el esiapeiEme Boisg 0 Tk Oxhogenal JreqyensymDivision

. [ . € ri ses
Murll g’é@?@?@%@i%%ﬁ%ﬁ %%Qr%ﬁ%d]%gﬁs%—lss ation transmtter,
RF OFDM sypdeeiving GFDVhgmniteildiadd of C aim 1, wherein
recei ving OFDM synbol s conprises: converting | o
wi r el essl ydetedtiigy @ dergivedr-prves Rb A Sighel Blage HaREsigep\sub-carrier
synbol.s; 1 vifng a guard interval fromthe baseband
OFDM g)%%egﬁg;gaﬂéphd transform ng, using a Fast Fourier
Transbor m (hEethodi oTeC1diai R Mrthérdvmpeisighabrgiisgheteseived power
nmodul at ed sub-carriers. 8. The nethod of C aim 1, i
Whitdras leastencauevieusly steradgeesiveddposeshatcaguapentsfes the unassigned sub-
det.er pi ni ng .one of a magni tude, an anplitude, or a
g%ﬁ?@%"ﬁﬁ%’n}??@de of the signal in the unassigned
OFDM ff eqUER6 YmiBod o 12004/ HRB0cdRGHsHE2 QR 0b5384cting the
24 9. The nethod of daim1, wherein detecting the
rescivied edopevedemednhatingesn  gwassigricdi mep-earserm agfregponding to the
square ‘ﬁf 2 g{gadéqat urebsi nal conmponent with a square
YPasSignPhI o HELE TP HEY %8%ponent . 10. The net hod of
Caiml, foghé ARkNFOHPC]afhNg fufitdh RoMphking defertiifing the unassigned
unassi gned sub-carrier frequency band conprises a
sytstamemireipenydssi hased is prt onrre@ivelmesssaecy band;

SLOr1 00 LN de Gt FRRS Y SR8 g A8 AL 2RL U2 unassigned
sub-carrier frequency band based in part on an internally generated sequence.

6. The method of Claim 1, wherein receiving OFDM symbols comprises
wirelessly receiving; from a base station transmitter, RF OFDM symbols.
7. The method of Claim 1, wherein receiving OFDM symbols comprises:
converting wirelessly received RF OFDM symbols to baseband OFDM
symbols;
removing a guard interval from the baseband OFDM symbols; and
transforming, using a Fast Fourier Transform (FFT), time domain OFDM
baseband signals to modulated sub-carriers.
8. The method of Claim 1, wherein detecting the received power comprises
determining one of a magnitude, an amplitude, or a squared magnitude of the signal in

the unassigned OFDM frequency band.



if the sub-carrier frequency band does not conprise
the system w de unassi gned frequency band; and

wat@nilg3d he det ected received power as a noi SECT/USING/015204

estimate if the sub- carrier frequency band conprises
the system wi de unassigned fregguency band. 11. The
met hod of O aim 10, further conprising synchroni zi ng a

tinme refer ras tter trans ttln
OFDM s?ynrbm emgf@oy ?ﬁ@ ALy gdersin éﬁtgﬁtws e #&Plt & Power comprises
CRABhin$h g su:ﬁ\b%%ghﬁ‘a o HQuA &SRy §8nAQ oﬁ\é&t Byidf a écﬁaﬁé of an in-

one previously stored recelived power asurenent
phesistgabcompaenest i nat e corresponding to the

unassi gned, _ sub-ca r.freguency band; and

cormurjrgcat iR ni‘?‘i%"*@%@ém%%tﬁ‘ﬁtg? OMPrisng ansmitter. 13.

The et hod d@fengrﬁ‘ﬁénlfﬁare l\Mﬁ@& dd %Wércﬁé%@ﬁq; Bfind comprises a
noi se estinate etrans tter conpris

t r anssydtém g dé teassighabsubsdaitiatfeqheremband;er m nal

transmitter to a base transceiver station. 14.

met hod of &¥ringdhe Agfesied sweived apwey %%g@lﬁ%plw@qﬁém‘}e estimate
Di vi Si I

s iPlhe st obiridh gféhﬁ&é_ggﬁva%ﬁ%{ Eph I ELAA wide unassigned
cel | ulfeguaryuwid;eatdi on system the (]:DM symbol s

correspondi ng to a symbol perl od; determ ning an

unassi gned s®HBSdhe FlPté?te@I WW@ {PRECE §4v Pisp dlaop @stimate if the sub-
det er h er.i.od f a

oi gnaicisP SefEfBnd AiiaE bR auaRl Rlighg Bancy bana.
unassiigned mebm@a;bﬂl ef cmhmonqmﬂaefaédm@r&ing BendPENMBSing a time
of the signal in a nenory; and averagi ng the power of
refareacqiiviih awapsmisies Urresmiipedho PEBM symy hﬂgst 0 generate
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15. Aﬁgappg?ln%b?lqd\g\?é {lé’@ﬁﬁ‘a REBPYEER an O t hogonal
Frequency Biathgingthe MvbdivddipaRndr Rtk 40dad o@iﬁ%ﬁﬁhsgf Bt%red received

apparat us conprising: a wreless receiver ‘configured
to w pewesmrasurasest Wsp@lmﬂ asyorksodstimateogoreespanditigtg theounassigned

an OF erio tector configured to detect
a rec 6/8%“6%% UCREY, do?ndgl gnal s received by the
wirel ess rggRiniBicathg iHeGotsBestihiMsY FdmiRer i od; a
processor coupled to the detector and conflgured to

det er #3ne &he method of Claim 12, wherein communicating the noise estimate to

the transmitter comprises transmitting the noise estimate from a terminal transmitter to a
base transceiver station.
14. A method of estimating noise in an Orthogonal Frequency Division
Multiplexing (OFDM) system, the method comprising: '
receiving OFDM symbols in a wireless cellular communication system,
the OFDM symbols corresponding to a symbol period;
determining an unassigned sub-carrier during the symbol period;
determining a power, during the symbol period, of a signal in a frequency
band corresponding to the unassigned sub-carrier;
storing a value of the power of the signal in a memory; and
averaging the power of the signal with previously stored values to

generate a noise estimate.



unassi gned sub-carrier during the OFDM synbol period
and determ ne a noise estimate based in part on a

WO e@eilvss60 power | evel in a frequency band PCT/US2004/015204
corresponding to the unassigned sub-carrier. 16. The
apparatus of Caim 15, furthepsconprising a nenory
coupled to the processor, the processor storing the

noi se.estinmate in the nmemory. 17. The ar at of
O ai mits, P EREFOTS FFOT AT e 9 Dhfigedis! Frsdmey Division
MIOGERERE (ORDM] SRy R HpRdRkbMpRASEHgnUTber of

previ ousl’y determ ned noi Se estinmates  corresponding

t o t he unassivigelkess sedsivearconfgyred He wirelessy aeceive OFDM symbols

determinin n er oi se . estimate based in part
on t héoﬁ%ﬁpg’é‘%%?‘}/%@gﬁgﬁww pﬁ’fl‘é‘{iii ously deterni ﬁed
noi se  est LRl cdBfigulBBIARRAY FLERRl g)gv%% T@g{%ﬁof signals received

wherein the wrel ess Tecelver conpri ses:

r ecei bgthewirtlessrecavdridgring thet QFDM shdos pyrigdecei ve RF

OFDM synbol s and convert the RF, OFDM synbols to the |
OFDM syrrbolasl?mﬁesﬁ%rsf"’*pz‘?fi it th?ﬁﬁ%‘foér%d( FOIFISUFRG LR determine an

Fecel SRR BRI (e AR R PeliOf shd Seldmine a noise
nmodul asterats ubasedr ini pas; omndl racdlesib gotvat Oleveloitplaedregfency band

the FFT nodul.e and confjgured to denodul ate the
modul §PTEePPeRENg Lo the gpassigned sumeardginar at us of C ai m 18,

evel A00i " ahcappant of CHIE' &, M S6FpHEDy SHMEby coupled to the
prueassat, Use procéskad storitdy thehekeestinidieind@t ashry.det ect s

the received power |evel bf/ det erm ni ng one of a
magni téde, ThA 2BPRRIE Q6 E1aiwr [5 fadfiea cemprsigaiameraorygioupled to the

%ﬁbge%b%%?dsitﬁgglgé & ;g}ée?i?tgg%integ %lﬂMbEre&ep‘cnglE)&s(i? Idgtgl[rm%gcli inc?lge estimates

corresponding to the unassigned sub-carrier, the processor determining an average noise

estimate based in part on the noise estimate and the previously determined. noise
estimates.
18.  The apparatus of Claim 15, wherein the wireless receiver comprises:

an RF receiver portion configured to wirelessly receive RF OFDM
symbols and convert the RF OFDM symbols to the OFDM symbols;

a Fast Fourier Transform (FFT) module configured to receive the OFDM
symbols from the RF receiver portion and transform the OFDM symbols to
modulated sub-carriers; and

a demodulator coupled to the FFT module and configured to demodulate
the modulated sub-carriers.

19.  The apparatus of Claim 18, wherein the detector detects the received
power levels of an output of the demodulator.

20.  The apparatus of Claim 15, wherein the detector detects the received
power level by determining one of a magnitude, an amplitude, or a squared magnitude

of the signals received by the wireless receiver during the OFDM symbol period.



