SYSTEMS AND METHODS FOR DETECTI NG THE PRESENCE OF A TRANSM SSI ON
SIGNAL IN A WRELESS CHANNEL RELATED APPLI CATIONS [0001] This

appl i cati omobmspebat ed to and clains priority from U SpcPusuwosisassl
Pat ent Application Serial No. 60/865,348 fil ed Novenber 10, 2006, for
METHOD AND APPARATUS FOR SPECTRUM SENSI NG FOR W RELESS COMMUNI CATI ON,
with inventor Stephen J. Shell hammer, which is incorporated herein by
reference. TECHNI CAL FI ELD [0002] The present disclosure rel ates
generally to comunications and w reless comunications-rel ated
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comuni cati on networ are widely deployed to provide various types
of services such as voice, packet data, broadcast, and so on. For
exanpl e, these w reI ess networ ks include Code Division Miltiple
Access 2000RECHY R A obal System for Mobile
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utilizes a co vision multiple access (CDVA) air interface and GSM
EDGE Radi 0o heeadwy rifetonot.k ( GERAN) net wor ki ng prot ocol . [0005] The

t el econmuni cati on standards cited above are exanpl es of sonme of the
vari ous conmuni cations systens that may be inplenented to transmt

voi ce and/ OTECHNICAL FIELD

[0002] The present disclosure relates generally to communications and wireless

communications-related technologies. More specifically, the present disclosure relates
to systems and methods for detecting the presence of a transmission signal in a wireless

channel.

BACKGROUND

[0003] Wireless communication networks are widely deployed to provide various
types of services such as voice, packet data, broadcast, and so on. For example, these
wireless networks include Code Division Multiple Access 2000 (CDMA2000)
networks, Global System for Mobile Communications (GSM) networks, Wideband
Code Division Multiple Access (W-CDMA) networks and Worldwide Interoperability
for Microwave Access (WiMAX) networks.

[0004] Each wireless network utilizes a particular air interface to support over-the-
air communication and typically further implements a particular mobile networking
protocol that supports roaming and advanced services. For example, a W-CDMA
network utilizes a code division multiple access (CDMA) air interface and GSM EDGE
Radio Access Network (GERAN) networking protocol.

[0005]  The telecommunication standards cited above are examples of some of the
various communications systems that may be implemented to transmit voice and/or

data. Within these systems, multiple channels may be available to be utilized by



data Wthin these systens, nultiple channels nay be available to be
utilized by 2 nmultiple types of transm ssions. Devices within these
syst ens mayo smanciad4f r equency spectrum of these channel scwosiot/dsasegoal
of identifying unused spectrum however, certain types of

transm ssions using a frequency spectrum nmay not be detected. As
such, benefits may be realized by inpro¥ed systens and net hods for
detecting the presence of a transm ssion signal in a wireless
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shown in Figure 3; [0010lFiqure 4 is .one exanple of a process
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frequency signal; [0011]Figure 5 is one exanple of a process

illustrating the conversion of the second
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 illustrates a network configuration according to one example of the
present systems and methods;

[0007] Figure 2 is a block diagram illustrating a further example of a user device;
[0008]  Figure 3 is a flow diagram illustrating one example of a method for
determining if a channel is occupied by a licensed transmission;

10009] Figure 3A illustrates means plus function blocks corresponding to the
method shown in Figure 3;

[0010]  Figure 4 is one example of a process illustrating the conversion of a first
frequency signal to a second frequency signal;

[0011] Figure 5 is one example of a process illustrating the conversion of the second
frequency signal to a complex baseband signal;

[0012] Figure 6 is another example of a process illustrating the conversion of the
second frequency signal to a complex baseband signal;

[0013] Figure 7 is a process illustrating one example of calculating an averaged
periodogram; and

[0014] Figure 8 illustrates various components that may be utilized in a wireless

device.

DETAILED DESCRIPTION

[0015] A method for detecting the presence of a transmission signal in a wireless
spectrum channel. The frequency of a signal is converted from a first frequency to a
second frequency. The signal with the second frequency is filtered to remove signals
that are not within the band of the second frequency. An averaged periodogram of the

signal is calculated. A value of the averaged periodogram is compared to a threshold.



frequency signal to a conplex baseband signal; [0012]Figure 6 is
anot her exanple of a process illustrating the conversion of the
second fragoemsysdignal to a conpl ex baseband signal ; pOOUSIbI/gus®m 7
is a process illustrating one exanple of cal culating an averaged
peri odogram and 100141Figure 8 illustrates various conponents that
may be utilized in a wireless device. DETAI LED DESCRI PTION [0015] A
nmet hod for detecting the presence of a transm ssion signal in a

wi rel ess spectrum channel. The frequency of a signal is converted
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[0017] An apparatus that is configured to detect the presence of a transmission
signal in a wireless spectrum channel is also described. The apparatus includes means
for converting the frequency of a signal from a first frequency to a second frequency
and means for filtering the signal with the second frequency to remove signals that are
not within the band of the second frequency. The apparatus also includes mcans for
calculating an averaged periodogram of the signal. The apparatus further includes
means for comparing a value of the averaged periodogram to a threshold and means for
detecting the presence of the transmission signal, if the value of the averaged
periodogram exceeds the threshold.
[0018] A computer-program product for detecting the presence of a transmission
signal in a wireless spectrum channcl is also described. The computer-program product
includes a computer readable medium having instructions thereon. The instructions
include code for converting the frequency of a signal from a first frequency to a second
frequency and code for filtering the signal with the second frequency to remove signals
that are not within the band of the second frequency. The instructions also include code
for calculating an averaged periodogram of the signal. The instructions further include
code for comparing a value of the averaged periodogram to a threshold and code for
detecting the presence of the transmission signal, if the value of the averaged
periodogram exceeds the threshold.
[0019] A cognitive radio scans a radio frequency (RF) spectrum with the goal of

identifying unused frequency bands in the RF spectrum. The unused frequency bands



[ 00171An apparatus that is configured to detect the presence of a
transm ssion signal in a wireless spectrumchannel is also described.
The appar akeoisookbqabisdes neans for converting the frequencyusfoogossignal
froma first frequency to a second frequency and neans for filtering
the signal with the second frequency to renove signals that are not
wi thin the band of the second frequency4 The apparatus al so includes
nmeans for cal cul ati ng an averaged peri odogram of the signal. The
apparatus further includes neans for conparing a value of the
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condition of the IEEE 802.22 provided above. The present systems and methods



5 describe a nethod to determ ne which TV channels are occupied by a
| i censed transm ssion, such as an ATSC transm ssion, where the SNR is
even | oweryd haBodilbe - 21 dB SNR as conditi oned by t he | BERUSH37/684369
wor ki ng group. [0023]Figure 1 illustrates a network configuration 100
according to one exanple of the present systens and nethods. The
configuration 100 includes a plurality of base stations 110, 112,

114, 116, 118 and a plurality of user devices 108A - 108K. The user
devi ces 108A - 108K may be cognitive radi o devices, wreless devices,
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309440. 559 -'éxal_tllzlple, each user device may sense whether a TV channel is currently occupied by a

licensed ATSC transmission. Unoccupied channels may be used for unlicensed wireless
operations by the user devices 108A — 108K.

[0025] In one example, the ATSC signal occupies a 6 megahertz (MHz) TV
channel. TV channels may range from 54 MHz in the low very high frequency (VHF)
band to 698 MHz in the ultra high frequency (UHF) band. A sinusoidal pilot signal
may be inserted into the ATSC baseband signal prior to conversion of the signal to a
radio frequency (RF) signal and transmission of the signal. The frequency of the pilot
signal may be specified relative to the lower band edge of the TV channel being used.

There may be multiple different pilot frequencies that may be used. In one example, the



328843.6 + Hz Table 1 [0026]Figure 2 is a block diagramillustrating
a further exanple of a user device 208. The user device 208 may be a
cogni ti ve w@sio®os1gds €l ess station, user equi prent (UE) pcBiu§2007084369
frequency converter 202 may convert a received RF signal to an
intermedi ate frequency (IF) signal by mxing the received RE signal
wi th a sinusoidal |ocal oscillator. Thegpilot frequency of the

recei ved signal after conversion to IF, relative to the | ower band
edge of the 6 MHz IF band, is the sane val ue used in transn ssion,
however, an
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to, then the LOfre [ rror iven.by the fol|,owi ng: =
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di fference between the[RF Trequgmey: BIW Frétfichfled r equency. For an ATSC
signal, the LO frequen¢y TU0 Ay D& h8FP5JoNAR, /00 VHZ. Thius, the worst
case LO frequency errof—Tay be the LR L0 = (/U 8) HzEquati on
2 WD 2008/ 061044PCT/ US266++084369—7 100281 As—a result—of the LO
frequency error, the pilot frequency, Téggslat | F (and subsequently at
base band) ranges between the follow ng: 309440.559 - (7008+10) < f
<328843.6 + (7008 +10) Equation 3 [0029] For a highly accurate LOw th

an accuracygbel PRButd2 s )biock Bagdirh Mlustrating a further example of a user device

208. The user device 208 may be a cognitive radio, wireless station, user equipment

(UE), etc. A frequency converter 202 may convert a received RF signal to an
intermediate frequency (IF) signal by mixing the received RF signal with a sinusoidal
local oscillator, The pilot frequency of the received signal after conversion to IF,
relative to the lower band edge of the 6 MHz IF band, is the same value used in
transmission, however, any error in a receiver local oscillator (LO) frequency may
result in an unknown shift in the pilot frequency. If the LO is accurate to within +8

parts per million (ppm) and the LO frequency is £, then the LO frequency error may be

given by the following:

0,... =(£6)(f,) Hz Equation 1

[0027] The LO frequency f, may be the difference between the RF frequency and
the IF frequency. For an ATSC signal, the LO frequency £, may be less than 700 MHz.

Thus, the worst case LO frequency error may be the following:

=(£7006) Hz Equation 2

errar



frequency, fp, ranges between the follow ng: 308030.559 < fp
<330253. 6Equati on 4 [0030] Hence, there is a pilot frequency

uncert ai ntyp afoshdioRf approxi mately: Af = 22.223 | CHzEqp@t /i@ Bosssso

[ 0031] The frequency of the pilot signal inserted into an ATSC si gnal
shoul d be a frequency that includes a bandwidth that is |arger than
the pilot frequency uncertainty provideg by Equation 5. [0032] A
signal filter 204 may be used to filter out any out-of-band signals
fromthe converted frequency signal. In one exanple, a signal
converter onvegrts S c T
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order to caﬂmum&mﬁbeuA£S$aﬁﬂmmg$bqnahyméﬂﬂmmmmﬂogran1generator 208
may be utilized to generate averaged periodogranms. A power spectral
estimator 210 nay estimate the power spectrum of the conpl ex signal
usi ng the a\z;ﬁé@@%@gpﬁf gdagy B« 3ARda8 Bt (6 L |hi ¢ conpar at or ey
conpare a value of the averaged perlodogran1to a predefined
threshold. If the value of the averaged perlodogran1exceeds the

threshold, it may be determ ned that an ATSC sig % i S p esent ?
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[ 0033] Fi gure lagrami rating one exanple of a method
300 for determining if a channel is occupied by a |licensed

transm ssion e channel is a TV channel an

| i censed transnﬂggﬁg%gﬁ’qgn %%éggpransn155|on A 8 frequencSE%gﬁ%94
signal may be converted 302 froma first frequency to a second
frequency. For exanple, an RF signal may be converted to an IF

si gnal . The[@B3gnal H¥aye, berconpdot fedudiy wsdirtaintp al Ifedkpmeximateit:or (LO)
and an RE m xer. The signal with the second frequency may be filtered
304. In one exanple, the IF signal is filtered 304 to renove

out - of - band S|gnaIsA'ﬂnggg£KEQ with the second frequency maygE&gtion 5
converted 306 to a conplex baseband signal. The conpl ex baseband
signal may also be filtered. In one exanple, an averaged peri odogram
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cal cul at ed bagescphat hRhaves dgadvigirihade tirgnthahhde ailer ﬁg]adncy uncertainty
periodogram may be conpared 310 to a threshold. The results of the
conpari son BIY1d5d bE B HEONMet her the channel is occupi ed or
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converted frequency signal. In one example, a signal converter 206 converts the IF
signal into a complex signal. The resulting complex signal may be filtered by the signal
filter 204 in order to capture the ATSC pilot signal. A periodogram generator 208 may
be utilized to generate averaged periodograms. A power spectral estimator 210 may
estimate the power spectrum of the complex signal using the averaged periodograms, A
test statistic comparator 212 may compare a value of the averaged periodogram to a
predefined threshold. If the value of the averaged periodogram exceeds the threshold, it
may be determined that an ATSC signal is present in a specific TV channel. In other
words, it may be determined that the specific TV channel is already occupied by a
licensed transmission.

[0033] Figure 3 is a flow diagram illustrating one example of a method 300 for
determining if a channel is occupied by a licensed transmission. In one example, the

channel is a TV channel and the licensed transmission is an ATSC transmission. A



har dwar e and/ or software conponent(s) and/or nodul e(s) correspondi ng

to the nmeanspl us-function blocks illustrated in Figure 3A. In other
wor ds, bl QedfSoogatust hrough 310A illustrated in Figure gérgohbessesasd
t o means-plus-function bl ocks 302 through 310 illustrated in Figure

3. [0035]Figure 4 is one exanple of a process 400 illustrating the
conversion of a first frequency signal #02 to a second frequency
signal 410. The first frequency signal 402 nay be an RE signal and is
provided to a m xer 406 (such as an RF mxer). The first frequency

si gnal 402 _egc%hn%xeg wﬂt‘g ib@'&% eqa%l/O%iﬁ%HxaL @?%Yljte?feq V\ﬁ}foaag&gﬁ‘&

osci |l I at or & &i nbsoi e cos( , ere
frequency, frequenof FEérecxhopkl a08Ei d@at oy 488 ohwericheéo di fiF etmoalc eThvetignaén

the first freq enc e .sec dfr t he RE.and the.

By, A un Py bf Berneatoa Fridit el S TaRENCRGAE & RF b Erad By ged Wi
signal filtgg é&ﬂqu@én@p gbtelmte&a@@mdzﬁ 6%@&1?},@ fiegRlgndllid filtdide 304
signal filter 404 may | F bandpass filter that filters out

any out - of - semghogé @}ﬁ?ﬂfiband %@@%]ﬁleqwf@ ‘Blﬂl thegpeond eapinsy grey be sppcsisd
[
500 illustragd ng, n%;lﬁgpl gnav%ﬁg?@%&ﬂ{% ﬁ%&%%%é%%&ﬂ%@&&&@' a@%ﬂ%e AdPed O

a conpl ex base rocess 500 may 1 nplenent |ow
speech anal bgotea:xaingict &l a@mgv@pai@ng(aﬁiﬁ)thammaab@gbmdIst@ah imgalcithted

second fre cy sjgnal 510 e sent to

i wod i ¢ 305, T, Sl a2 Sy pF B PRt sneSrty ELR oMl bt s
The sinusoi gigh cab@ned bdseon tltavbiabsd pdrid@edra@s aht hodrgfed Posloddgram may be
cos(aftwt). The second fre uena¥¥5|gnal 510 may .al so be sent to

second ni xefoBEEBE 31 tha thicy q]reaﬂ@qﬁl}ge(ﬁoa@prigqngﬂ&de?e%lﬁﬁ & h§@€‘b‘ilfﬂ
Local O 2008n00d QAR pHARRIAH ORI AsRIGhim LG S08B. The

si nusoi dal Si'gnal ocal osm ator 508B nay be
si n(2Thh020 [0([3@p37]I'ﬁ|aenétbd>d OWleanod!esdtdsedoad:@vexmypb@ pgrlforaleprlm BYHOUE 0
determ ne the frequ

ot oon ¢ he R RO e Moo P e A et TR Ry

1 above) is Wﬂlb@q}ldcﬁb iinRirhte@ Gy eNgYe OA. alndd)th@kazoﬁU,rlﬁledEHs 3(0@@) through
si gnal . D(Q: is at the frequency f The frequency

bet ween t he 3&% llmsse:reénn Fiewe dueresresdite npﬁa&wlaéréﬂﬁgwrt H@C%%%W%@h
309440. 6+ 3%?@@5@51@% ¢§ -319142.1 HzEquation 6 2 [0038] An IF

frequency o & 'specified. One exanpl e of the IF frequency may
be 5.38 Mz [Omweveﬂlgurammstdmrcxhrﬁplbroéqmmcgﬁ 4faylhistratyetos Nne‘drSlOAsbfa first

|y stated ab the ATSC pil ot f
o adge ofteAtEcy SRRy 0 e arvear Tomudin SR HE RS Sl g B gy 8

cal cul at ed f9MBeEQURE ki bgﬂdlﬁmanﬂplbhﬂedl fo 4 heepie06 Ysuch ks ah RE ﬁlfx@ﬁ]uﬁrhe)ﬁrﬂf
the | ocal osci IIator 508A, 508B for conversion from an lFfedf; . to a

conpl ex basdisavencyisignal 403 mpavebs apireslilg: 2 sinusoidal signal provi local
oscillator 408. The sinusoidal signal may be cos(2xfro:t), where the frequency, fro:, of

the local oscillator 408 is the difference between the first frequency and the second
frequency (i.e., the RF and the IF). An unfiltered second frequency signal may be
filtered by a signal filter 404 to produce the second frequency signal 410. The signal
filter 404 may be a 6 MHz IF bandpass filter that filters out any out-of-band signals.

[0036] Figure 5 is one example of a process 500 illustrating the conversion of the
second frequency signal 510 to a complex baseband signal 514, 516. The process 500
may implement low speech analog to digital conversion (ADC) and analog filtering.
The second frequency signal 510 may be sent to a first mixer 506A to be mixed with a
sinusoidal signal from a first local oscillator 508A. The sinusoidal signal from the first
local oscillator may be cos(2nfz02f). The second frequency signal 510 may also be sent

to a second mixer 506B to be mixed with a sinusoidal signal from a second local



Lo2 =(f; -3x106)+319142.1 HzEquation 7 [0039] The unfiltered m xed
signal is filtered by a signal analog filter 504A, 504B with a | ow
pass filt o Wokhsigusbandwi dth sufficiently w de to captpegutherddies
pil ot signal. The bandwi dth of the | ow pass analog filter may be
referred to as "BW below. In one exanple, the actual BWis sel ected
to be wider than the pilot frequency ungertainty described above in
Equation 5. The filtered conplex signal may be sanpled with an anal og
to digital converter (ADC) 512A, 512B at a sanple rate of at |east BW
Hz. In sone e I the sanpl.e rate.i I t Inf-
conponent o?sc)iﬁ‘g;%cs@ﬁ% ex sty aifi%ﬂ% agnﬁja%athgﬁg%%%tl%gocor%dgnrsggtﬁ Ig%ﬁtﬁﬁe
conpl ex si gaal2npiM). may be the output of the process 500. 10

[ 0040] Figure 6 _is another exanple of a process f600 iIIustrgti%g tﬁg
conver si on B03The déeoRHoOYEqOIERKSS G XaID Lo aPLRETHI Bx FELERANG®
si gnal 620, SR ARIPLAREET thOEEL pdtsibleAUTSC
5, the procggﬁgﬁﬁjﬁ%ﬁgrg?flﬁag{ﬁ’E&gfégalggg?a %a%ﬁ | ement hfljgh speed
ADC and di gpilatifrefiidncres i(illystrafadein fhablselsaboge0is ranreped tostbel figfsncy pla Airesh
speed anal og to, dig{t.al ,co | 4 S, | 1 for i :
primary si ghafedt g%@%h‘%al‘t Hdg\bggﬁ%%gi&r %h#htgﬁ%/e%{]rr%%gg Esgél%%br%lhés}%xg%‘IESIEY
| i censed tr pagoisht RS ATECHilot fRdpendigsdnproviisd bndik.foll@ddd:1The second
frequency signal 610 nay be provided to a first m xer 606A to be

m xed with a sinusoidal signal froma first oscillator 608A. The

si nusoi dal signal f e3fdqu8ls | ocal oscillator 608A may i Jaden 6
cos(270,03030%.®é§|§1ﬁ%§%mﬁ%%ﬂ Hg10 may al so be sen?Eﬁzo a
second m xer 606B to be ni"'xed with a sinusoidal signal froma second
| ocal oscillator 608B. The sinusoidal signal fromthe second | ocal

illator 608B be sin(271A030. The second f i gpal_ 610
may e convERBY G CBIBNEY Araitity BRSBORN SPBAGIGH et Rdr g R

ATSC si gnal F%gafqeeff.%j DGweliengsothd-Ne fdRensnayy bé kxEliedof Ad brvidusist

and second osci | I'at or _608_A, 608B nmay bé the IF frequenc as
provi ded by stated abotd, 6wi ABSC pilads referpmed ior b (@verdoadpdesel foeiHz TV

unfiltered sjgnal be sent. to Sl It 4A, o]
be filtered® %1 aﬁ%‘iﬂ/ %12%0 hlcﬁeg?y yﬁga@aﬁ%@gtg%yéd% %B%Q%lgﬁnggﬁgéﬁ
at a sanpl i m@qliets, /i the Gleqadncl @dgic 16calvbiillafdres 08 AnHOEK fos icgmertsiGil #om G 6
may be digitally frequency translated to _bring the frequency m dway
bet ween t he IB&igaslfp &c @‘B@SFQﬁngfg'rgéﬁld%H’@if YiB&'DC. [0043] An i n- phase
conponent of the conplex signal 614 is sent to a first mxer 606C to
be m xed with a sinusoidal signal froma third |local oscillator 608C.
The si nusoi dal 3} gAL -Brbof) ¢ AEOIAIlHE | ocal oscillator 608C majdéion”
cos(27cfi.04). A quadrature conponent of the conplex signal 616 is
sent to a second m xer 606D to be mxed with a sinusoidal signal from

a fourth lo SCirhl. T I j ' t hgsA hHoug
| ocal oscil ﬁgiésc? 60 %ye%g%gﬁ%g%%%ﬂgwbr @??%ﬂ?ﬁé{#gﬁe gfﬁthe

third | ocal vatc ldwatpess HEBGvitna behdvitbusifficitnyatidegeickptarcothe 6UEIS paot
the digital ls}/gnglr. %%gngidth of the low pass analog filter may be referred to as “BW” below.

In one example, the actual BW is selected to be wider than the pilot frequency
uncertainty described above in Equation 5. The filtered complex signal may be sampled
with an analog to digital converter (ADC) 512A, 512B at a sample rate of at least BW
Hz. In some examples, the sample rate is larger than BW. An in-phase component of
the complex signal 514 and a quadrature component of the complex signal 516 may be

the output of the process 500.



WO 2008/ 061044PCT/ U82007/ 084369 11 translation that translates the
frequency m dway between the possible ATSC pilot frequencies may be

gi ven by t"{;@?é{}?)gh yng: .fiod =-3 x 106 + 319142.1 mg}gﬁ@g%?gﬂog%éﬁlg

[ 0044] Si nce requency translation is performed in I gl

dormai n, the anal og frequency, fLO4, is translated into the digital
domai n by dividing fiat by the sanplinggratej. [0045] The
analog-filtered signal is sent to a first decimati on 620A phase and a
second deci mati on phase 620B. The deci nati on phases 620A, 620B

include a djgital signal .filter 604 04D that. filters the .

el 0011 ¢ IS B ol sipd of e VRoLS R chonvyrsion of
equi val ent {@ sbdad u&l@g\?\%ﬁﬂm% B cofnpRx Ghbhdl sigla0620, 602 Letontray e
referred to as DBW The may be | arge enough to capture the ATSC

pi | o';] even thietogsse 5P (described guEime Gnderrrasast YOO ilbwiraed i Figye st Meh
5. The DBW i Gi - i .604 i
e lérﬂ&n %@n%p@cgd m%[do%g%z]%%%ngg .q;he ?P)é%b {E}B?e lgehﬁeg\&lhen

di vi ded by the sanmp ratej gita red signal
may be sent thechigh sjmath asdop ke digbdl8nv&dioB B inmploherdaivfor semsplgestherhpimary

signal at the follow rate. uation 1 0047] 1 n sone exanpl es
e aanpl | ngerdy peciedtyat i itd B af forsriate el Tap B e
appr oxi mat elayseqraikigissidhgr efore, the down sanpling rate, Al, is

appr oxi natelélqé‘a factor of 240. As previously state t he | ow pass

filtering W@l difesetond iffegeancpoigal G0amy %mroviﬁgd BoWASS BHFAT oG Ade
Ty e e
conpl ex basé@banthe Sirginlatal GRE|1at62B08A may include cos(2nfrosf). The second frequency
signal 610 may also be sent to a second mixer 606B to be mixed with a sinusoidal signal
from a second local oscillator 608B. The sinusoidal signal from the second local
oscillator 608B may be sin(2mfrpsf). The second frequency signal 610 may be
converted to a complex analog baseband signal, with the 6 MHz ATSC signal centered
on DC. Hence, the frequency, f1os, of the first and second local oscillator 608A, 608B

may be the IF frequency, as provided by the following:
Jios =t Equation 8

[0042] The mixed, unfiltered signal may be sent to a signal analog filter 604A,
604B to be filtered with a low pass filter and sampled by an ADC 612A, 612B, at a
sampling rate, f;, of at lcast 6 MHz. The complex signal 614, 616 may be digitally
frequency translated to bring the frequency midway between the possible ATSC pilot
frequencies to DC.

[0043] An in-phase component of the complex signal 614 is sent to a first mixer
606C to be mixed with a sinusoidal signal from a third local oscillator 608C. The
sinusoidal signal from the third local oscillator 608C may be cos(2nfio4). A quadrature
component of the complex signal 616 is sent to a second mixer 606D to be mixed with a
sinusoidal signal from a fourth local oscillator 608D. The sinusoidal signal from the
third local oscillator 608C may be sin(2znfro). The frequency, fro4, of the third local
oscillator 608C and the fourth local oscillator 608D for the digitally frequency



[0048] Figure 7 is a process 700 illustrating one exanpl e of

cal cul ating an averaged periodogram 712. A digital conplex baseband
signal 724ydBysBGefd Ovided to a serial to parallel conyeft@g fddase! N
one exanple, a periodogram of the digital conplex baseband signal 72
is given by the follow ng: 12 [ 0049] The argunent of the summation
may be a Discrete Fourier Transform (DfT), which may be inpl enented
by a Fast Fourier Transform Conponent 704 that utilizes a Fast
Fourier Transform (FFT). An absol ute val ue conponent 706 provides the
absol ute val ue the FFT, ch outp

sumi ng corﬁﬁ%‘ﬁ]éﬁ 44 tre}nS%%? he¥ %ﬂseﬁuenl%srgltdwge eeﬁ E;ﬁep% 31 gn?r:ﬁg%iﬁ 1
iteration corpeRsaimAli: Hlindyike adldwingonal sarrpl es fromthe signal
724 until a predefined nunber of sanples are acquired. For exanple,

t he baseband signal 724 is observed for nultiple time segnents. In
each tinme seg Pé =N saipl esy135 € igbt ai ned. | n one exanpl e, ng'ua@ong
segnents are use These Mtine segments need not be adjacent In
time. For exanple, these tinme segnents, may occur periodically.
[0050] I n so xa , t 1SSl eas

sensing ti r‘r@%“ﬁ opg n%gtt%lggé&&&gs{g%%%ﬁgé g)gg%ﬁcgmﬁdﬁ?l%%ﬁtl @n{sagﬁstlh%g
time. The senkighfcducney, \ﬂd,,hlscmsleabdrieto\/\the kiigitahnismimsbhyodivadiyg e by the
referred to as_a qw et tine" beI ow. Since the sensing intervals do

not need toSH¥IARF.Guous in ti it is possible to space them out
so that thergogspl qui %halb%ﬂﬁeﬂe& sﬁgﬂbﬁlsweﬂﬁﬁb L T RciBRKbLS20A Bhey el a
qui et times. Since network transm ssion is ceased during the quiet

time, it maseched dehmeticageessciB. nh Ascrmationerhats 20 6n6 E‘%&B’HG §éh%‘?a1119
i nterval. ThuS TRk T683¢! bodrf ufhe SR GE hBEGHERE SBLNRIK d RLEPEN LT

exanpl e, s using a regu ame ‘structure, en the
sensing ti rmrhmyoabewsltlb;dleqmdﬂdntlmtm: E&Wsélﬁslblagdmmhelf\aamgtal Egczﬂ fdienmiang

interval may be the |le i ngl.e . frame a each sensi .
nterval maje peisdin SR o be BT R Rt 2o EREE ISR piigieven
i npact of t e apd llottfiddBeRy unb&anfy Wyvidetah amionss. UK DBVA o8 kirRgligital
frame. [0051] A periodogram may be cal cul ated for each sensing

interval . Thigssl ﬁéf@tscﬁ@a r@)%n%h‘ée hpBYS diwesfvehc sutias sHe/sA|
peri odogr an?ﬂﬂfl@f]e fTth rHi fﬁ{%{:@' a'l %a?r%a&ent T@% S &)léryél%ﬁrr%l @@d

met hods may use’ an aver perlo gram 712, The averaged peri odogram
712 may be hhﬂmSBWMBanMSﬁks@mehﬁdkfbmewngdHW|dual peri odograns from
each sensing interval, divided by the nunber of sensing intervals.
The sunmation may WO 2008/ 061044PCT/ US2007/ 084369

fs Equation 10
LW

[0047] In some examples, the sampling rate is 6 MHz and the digital filter 604C,
604D, DBW is approximately 25 KHz. Therefore, the down sampling rate, M, is
approximately a factor of 240. As previously stated, the low pass filtering with a digital
filter 604C, 604D, and the down sampling of the signal may be referred to as
decimation. Qutputs 620, 622 of the first and second decimation phases 620A, 620B
may be a digital complex baseband signal 620, 622.

[0048] Figure 7 is a process 700 illustrating one example of calculating an averaged
periodogram 712. A digital complex bascband signal 724 may be provided o a serial to
parallel converter 702. In one example, a periodogram of the digital complex baseband

signal 724 is given by the following;:



13 be executed by the sunm ng conponent 708. An exanple of the
averag((ed peri odogram 712 I's provided by the followng: 1 Al P(co)=
E. P,o(co [0052] I n Equation 12,P", (co)
peri odogram ?(Homtﬂe Mth sensing interval at an angul ?P?@&ﬁ@ﬁ%ﬁﬁ co
If Al is fixed, there is no need to divide by M A threshold to
whi ch the averaged periodogram 712 is ggnpared may be scaled by M
Elimnating the division by Msinplifies the conplexity of the
present systens and nethods. [0053] After computing a periodogram for
each sensing interval the | ar gest ,val ue of the averaged per od9 am
712 may be sele;,‘(ig st  statjstic. The test statistic %‘é
provi ded as fol'1'é ‘x(’ PP Bhuat i on 13 [ 0054] A deci si on as to
whet her an ATSC si gna “i s present in a TV channel is determ ned by
whet her the test statistic from Equation 13 exceeds a pr edefi ned
tEgL:ts ihglnd.l 4;@'43] deﬁ“heSIa?gnumne% 0 ehé %B&?n% ur)]rtl en?aya?)e tah

(DFT), which may be implemented by a Fast Fourier Transform Component 704 that

screte %ouneq Transform

utilizes a Fast Fourier Transform (FEFT). An absolute value component 706 provides the
absolute value of the FFT and each output of the FFT is squared. A summing
component sums together samples taken from the signal 724. An iteration component
710 obtains additional samples from the signal 724 umtil a predefined number of
samples are acquired. For example, the baseband signal 724 is observed for multiple
time segments. In each time segment, N samples are obtained. In onc example, M time
segments are used. These M time segments need not be adjacent in time. For example,
these time segments, M, may occur periodically.

[0050] In some examples, network transmission is ceased during the sensing time in
order to best observe the spectrum during the sensing time. The sensing time with
ceased network transmission may be referred to as a “quiet time” below. Since the
sensing intervals do not need to be contiguous in time, it is possible to space them out
so that the total quiet time is subdivided into a series of shorter quiet times. Since
network transmission is ceased during the quiet time, it may be advantageous to
minimize the duration of each sensing interval. This may result in a smaller impact on
network latency. For example, if the network is using a regular frame structure, then
the sensing time may be subdivided into M sensing intervals. Each sensing interval may
be the length of a single frame and each sensing interval may be separated by multiple
frames. In one example, the impact of the quiet time on the network latency is during a
single frame.

[0051] A periodogram may be calculated for cach sensing interval. Thus, according
to the above example, there are M periodograms, one from each sensing interval. The
present systems and methods may use an averaged periodogram 712. The averaged
periodogram 712 may be the summation of each of the individual periodograms from

each sensing interval, divided by the number of sensing intervals, The summation may



Do [0055]If the test statistic, T, exceeds the threshold, ei, the
decision DI nmay be selected which signifies that an ATSC signal is

present i RQud ?{JYP. ghannel . 1f, on the other hand, the P@Lﬁhsﬁé%_‘ﬁgl C
e

does not excee t hreshol d, the decision Do may be sel ected which
signifies that an ATSC signal is not present in the TV channel.
[0056] I n anot her exanple, a final checkymay be nade to ensure that
the test statistic does not exceed the threshold due to interference
from another wireless system 14 In addition to conparing the test

b comput eck st Lo L Snp G obpogar a0 T EreTEE AR PRl

not exceed 71Qqs§§ﬁmaglbyn{eq§m@hdg, a decision may be nmade as to whet her
the decision using the threshold, el, was due to a fal se detection.

[0057] 1 n one exanple, the N values of the averaged periodogram 712
may be | abel ed as a vectpr, P, whose entries are provided as fQlations:
P(n) (n coo)(-n RPoh= wataon 15 [0058]In order to select a
second threshol d that i Mde pendent on the data, one or

[0052] In Equation 12,P (@w)may bc the periodogram from the M-th sensing

interval at an angular frequency . If M is fixed, there is no need to divide by M. A
threshold to which the averaged periodogram 712 is compared may be scaled by M.
Eliminating the division by 3 simplifies the complexity of the present systems and
methods.

[0053]  After computing a periodogram for each sensing interval, the largest value of
the averaged periodogram 712 may be selected as a test statistic. The test statistic may

be provided as follows:

T= mﬂex[ﬁ(m)] Equation 13

[0054] A decision as to whether an ATSC signal is present in a TV channel is
determined by whether the test statistic from Equation 13 exceeds a predefined
threshold. This decision may be represented as the following:

D, Equation 14

>
T ¢
<

D

=

[0055] If the test statistic, T, exceeds the threshold, ¢;, the decision D; may be
selected which signifies that an ATSC signal is present in the TV channel. If, on the
other hand, the test statistic does not exceed the threshold, the decision Dy may be
selected which signifies that an ATSC signal is not present in the TV channel.

[0056]  In another example, a final check may be made to ensure that the test

statistic does not exceed the threshold due to interference from another wireless system.



nore of the N values may be zeroed-out near the frequency of the
maxi mum val ue of the N values. The index of the vector P t hat

provi des thgsmxkigm val ue of the N values may be in. @Smg@@,@ay

al so be the test statistic such that: P(m = max[P(n)]= quation 1

[ 0059] I n one exanple, values of P near the index in may be zeroed
out. A new vector may be given by the fgllowing: 3{0ln - /111: k P(n)
ot herwi se Equation 17 [0060]In other vvords 2k+1 val ues of the

peri odogram centered where the maxi num vaI ue of the periodogramis

| ocat ed, ar§1 %ngcﬁtgc?ngg)gcfc}érépa{;gg %}ile r?St gat{sﬁ t?) ad ! ngtl ed%hre%%?cﬁdc?,né s&8nd

the data ma T al

per i odogr amnyghl@smihaé cBRpetef aliat zemeﬁbtm,utof debe  Setonekt tshurigtkh dbed rvRy
be provided as the follow ng 15 [0061]I.n one exanple, the val ue of

a is chosencioeigercand (RNl (FOBRBEY M5aTiech © ROCHAT U8 CAFIRPRIFIEE o
and the pr Ohﬁ%ﬂeéﬁol/d af “ggh‘g&&)laqglse haplgaenting these two threshol ds,
t

a deci sion at an signal 1s present in a TV channel occurs Wnen
the test st H0S3L i cllemeead&nplh,ethmbilm of thheversgsdt ferieddarid s/ 12cha he

c... [0062] Fi guce 8 LLLUSS (RLES VAL QUS0PSR t hat may be

= N N Equation 15
P(n)=P(na,) [.,5,,_ ] <n< e a

[0058] In order to select a second threshold that is dependent on the data, one or
more of the N values may be zeroed-out near the frequency of the maximum value of
the N values. The index of the vector P that provides the maximum value of the N

values may be m. This index may also be the test statistic such that:

P(m)=max[P(n)]=T Equation 16

[0059] In one example, values of P near the index m may be zeroed out. A new

vector may be given by the following:

~ 0 |n—m|<k Equation 17
P(n)=

P(n) otherwise

[0060] In other words, 2k+1 values of the periodogram, ccntercd where the
maximum value of the periodogram is located, are zeroed out. The second threshold
that is dependent on the data may be a scaled version of the maximum value of the
periodogram values that were not zeroed out. The second threshold may be provided as

the following:

C, = O X max []3(11)} a>1 Equation 18



device 802. The wireless device 802 is an exanple of a device that
may be configured to inplenment the various nethods described herein.
The w rel i 802 may be a base station 110, 112, 118
or a user%e\zl(ﬂ%}éélﬁﬁ8A - 108K. [00631The wirel ess device 'é‘égzeo%ls%@

i nclude a processor 804 which controls operation of the wirel ess

devi ce 802. The processor 804 may al so Ee referred to as a central
processing unit (CPU). Menory 806, which may include both read-only
menory (ROM) and random access nenory (RAM), provides instructions
and data to the processor 8

i ncl ude nont®8Hat i feorFHoMR'S 65%§g%%§§8$yg2%9%§wmwto %&2%%‘65?‘1“%8%

typicall'y pgidedmde kag aqadm Aol thé BrEdEbiGHOFeTaliON SIRASAhtAR IO erEm
instructions stored within the nenory 806. The instructions in the

menory 806 thaﬁgﬁh@é&@)@bemoabh?é anmsrﬁomgwém presfat et hY rhamst egqupseyhen the
her ei n. t&gaélstéc ?chs% hset rgaex\{mc%Q MRYR,AL3 0] ncgg?ége a housi ng 808

t hat maylnf5 arecelvér to all ow
transm ssiopgpd T 3 Rerdtd ha¥Vh |b%$§tif§!€d’h§§v§%¥e

and a renot @Gﬁfollcat ?ggﬁpé %’ﬁfe]us;&%tae%smﬁ??er \A%%OC and ar eélgl ver1 812 may >
conbi ned i nlevia &0@aﬂ§wemm@ss 8dvice K12 iann examepl8oba dﬁfyceliéatanﬁtyamﬁgmed

110U 19,508, 20, LSRR RUPLER B ARFF BT s T

transm tter gascRidtibd P02 11EAH VIE6S1 1804 latusdtldevite a0BYCeilg&.s and/ or

mul tiple antenna. g_ 0651The wirel ess devijce 802 may al Sﬁiﬁ [ ncI ude a

si gnal det el®083] 818he irelpaydayiceu8¥a may tetuder? &Fﬂ?eﬁfﬂ’é fegh 1P’F1e°°f‘té?)él
of signals & v 08 g aksodRt Rekel (818
may det ect éﬁ&ﬁ O\sﬁlégﬁg%/‘sﬁg%sgt&&qﬁ%c%r%ereghfﬁﬂ‘éccis%?%energy g|cc))er 1tE)seud(gnm ge
(PN) chi ps, cqnm\abrprcscpﬂamgr ahit dERE).t yMeaaty 80hewhich gnal sncluleedaih rrerdeerdy

devi ce 802 na de a di taI rocessar
use in procB¥ Wg&sq?l\é[ﬂﬁ randgrg o %gﬁe‘?ﬂ@’g@l}d SO ¢ o %Srtleﬁgsaggt%ﬁ%%
Wi rel ess dewieGRodEsér BBY. Agoeumpifeit hogelyses ny a?sahtiﬂu&yﬁtnemleﬁﬂe?ramﬁrbmh
may include a power bus, a control signal bus, and S’ tus fi nfall
bus in addi 8¢6# ﬂ’%ﬁfﬂa’fﬂa@\h VEAR)- e vIIPCCSEQS 8941(53’%‘8&4 B‘Ff th%a e
vari ous bus i & The
[ 0067] As. s R Eop e bR G bR e W, B Bl AR
variants thérsgoétjons & ths etbiony 806 emy bemedoytabledaimplemend thenmethpdy gpscribed
"determ nin cSnconpasses a w de variety of actions and, therefore,
"det er m ni ng ®an i ncl ude cal cul ati ng, conputing, processing,
deriving, inousa}i gatheRereldsddtiRg802Pmgealgo includolikiogsing80dthat majbinef,udaa

dat abase or another data structur eg) ascertainjng and the |i Al so,
"det er mi ni ndrensaten HO)a0d @ TEERET $l e vy “aﬂsmé%@i"‘\ﬂl FFREBr fa een

accessing (%egwwcl%ccﬁ§§:b %92 q@r&% ERoR iH@a@E@ﬁ)’ JTh8Rfnidi@er § KPandMe8ver 812
“determ ning” can include resolving, selecting, choosing,

est abl i shi ngnzanimb tdmabih¢dk ito [aowsqaxwr &l fat Aorntenes éi@wsbmt&mb@ to the

represent ed, usi.n rlet A h

t echni ques. hﬁ"&ﬁl %?((?E{%rrd elecg y cou lg? ];o &IB tra%gc%lver %FA? ﬁlﬁé QJQJFﬁ?s %ﬁjce 802

si gnal s and pidyealsd kiﬁclbﬂkﬁt(mﬁfayhdﬁﬁl)rmﬁﬁllpm’m@ﬁkrmhér@,ugimmﬁle trh@n&bsovmumpie

description may be represented by voltages, currents, electromagnetic

waves, nagndEpcerEs|ag OBW“B‘QF 40888 optical fields or particles or

any conbi nat[b(ﬂﬁ] t hefiRQfirclcss device 802 may also include a signal detector 818 that may be

used to detect and quantify the level of signals received by the transceiver 814, The

signal detector 818 may detect such signals as total energy, pilot energy per
pseudonoise (PN) chips, power spectral density, and other signals. The wireless device

802 may also include a digital signal processor (DSP) 820 for use in processing signals.



[ 0069] The various illustrative |ogical blocks, nmodules and circuits
described in connection with the present disclosure may be

i mpl ement%gd' B8 ormed with a general purpose proces§€f sﬁoﬁdsg.‘;s%al
si gnal processor P SP), an application specific integra /H Cl rcul
(AS1C), a field programmabl e gate array signal (FPGA) or other
programebl e | ogi c device, discrete gatg or transistor |ogic,

di screte hardware conponents or any conbi nation thereof designed to
performthe functions described herein. A general purpose processor
may be a rricrggroce sor, but in the_.alternative é(% $rocess N e%
any conmer ci04¢ly “alh¢ yaigus corpRanswts of ¢ ec%‘ﬁetl‘?séldf“@?e B e?ﬂupgfllegr Sr

state machine, bl SLREESD0NhiBRhaiSPudea: hoWRk 8% Al thdlSighaCREbintiiad dtoms
of conputing devices, e.g., a conbination of a DSP_and a

M cr opr ocesgpiral bas ipladdision taya gt e Y eR Saidhe sake AECIAMLY nihe yrarious busses
m cropr oces i core or any other such
configurati %ﬁ ﬁust %8%31]%1‘%%%% gghp?\sﬂutg)?y §fi'hod or algorithm described
in connecti @o6W t hAlshigediteesinthe thima CHasmisingdfant erapmpoidiledridits detdof) i n
har dware, in sof twar e ngdu% e exe ut ed DQ{ r.OCessor or in g arict
combi nat i onuBf 1} AR CXHEelbLAT $RET e tf?otﬂﬂ’f'e ertt‘ﬁ?l%f“é%l Wéorf‘ﬂasﬁf Yige ppgy

storage nmedjtypibhadndl MeleRpun: dbt@rrﬁﬁﬁl%AEin 1naﬁﬂ€cz@éimlge@m§)fut1ﬁg P AGSsing,
media that may be 17 used include M nenor flash nmenor

menory, Epmmmvsttﬁemmﬁwe g5 é@kﬂgews in &tﬁl’béf‘r @ ‘éﬁfﬂé’l@*e or o anothr
renpvabl e dj fort fd £ iYdeCRERYLse
a single i ns%%ruc (lmcgj%lr-e]5 %%rﬁﬂﬂl ?rhds?llrél}lg{tel %@9 EHEPgtagadllstrlebut ed1 2
over sever ale. ng ﬁeﬁﬁﬁzﬂ@ﬁnfOﬂMoﬁﬁgm&nﬁg (e@rmgesdmg fdeuaema gy Jeand thanbike.

I d b d
o ocessor (00K HEFTLRBE pF i SELP TN o W/ Tt PN g e

writeinfor[[ﬁélonto the storage nedium In the alternative, the

storage nedium may be integral to the processor. [0071] The et hods

di scl osed hél§8h cdnformasionoms siEnate meays be gepreenisd t 1sies 2136 1Of g NIl 7Y
t he describ S c n
interchangeg%gxenp%hq%%gc’{ég]%% @Eri qgm&{l Q:P ﬁp%%ﬁ%@ ?%tgm&?tg;wlg%gggmg%am%e
claims. |In oiftesationy dxgnaIHMrﬂsﬁmealqu)ehatf ney dJedeepfeI@facesit tpsughoutatici amye
is specified, the order and/or e eC| e S.an /or act]

my e o £REHPIRT WOUPS HEBARIFHE FrGerE AU StosEogr TP RsrE Fay s mog e

[0072] The f yRek oPpstidles epiidedelaByr faeidids efesirsitindtion atebfar e,
software, firmnare, or any conbination thereof. |f inplenment

sof tware, t R06PLnciThsrripny ilbetrativer licalsblasks, Srodpiss end ﬁgp,u@chsglﬂrrgddﬁ
a conputer-r " i

rodi a hat S ReE i st ey o L vl e
limtation, patpohe pmmumteadngaﬁaﬂghzé mregtssar CRRP): enppplEeticRArecEONtegrated

o e P S0 08P 1 8 0 MO i Shlo B

used to car nyx@ldeditOr @scaas ighRoPiAGIseM I6geledibdiett tardwaiemcahponents or any
instructions or data structures and that can be a cesse

conput er . Dicskbipgdon theeeof gesigreddionrsiormy, the r‘ﬁ%ﬂCHB’és 3?“‘?51? sc eepyrel
l'aser disc, ! & JQM‘?%,hJ ORRYor Gh

and Bl u- ray(p%woléé: OCé\%/Fl(erqréa egdkﬁ&% Y@Je y} rbtlg,lglrngléliéjcteeQ dat atma%net |0c§ala§,§m
whi | e di scs angpomchecodaliyatvailabd pltoa¢sbqr, vhrttiollbn seereconoUR3lr St warkineor A
i nstructions may ransm tted over or,
exanpl o, 11 EHEACDANA PE BPAREHET el T D4R PREORLBELD of0

ot her renDt goaMiHatieh USSR af@AXhRtopediebser, 4 phedlitppf In(icmptbb@sort whiget @d
pair, digital subscriber Iine (DSL), or w.reless teBtEnoI 0 such as

infrared, r 00 MGABFORTSEIS WakPEIuneliEy W itha DSB R1e4r apypiher SUF BT
cable, tw stg 617026” rt e%%ys o4 lcﬁ"%?% oHem aAsddEs c§M%Bt1@l§witHEHe%fr&‘ént

radi o, and cr wave are include he definition of transm ssion
disclosure may be embodied directly in hardware, in a software module executed by a

processor or in a combination of the two. A softwarc module may reside in any form of

storage medium that is known in the art. Some examples of storage media that may be



18 variations may be nmade in the arrangenent, operation and details
of the nmethods and apparatus descri bed above w thout departing from

the scopeaf 2dobfsi6l4ai 5. What is clainmed is: 19 CLAl h@?TIﬂiS%@?IWﬁBOd
for detecting the presence of a transm ssion signal in w rel ess

spectrum channel , conprising, in conbination, the steps of.
converting, by a wireless device, the ﬁﬁequency of a signal froma
first frequency to a second frequency; filtering, by the
wirel ess device, the signal with the second frequency to renove

si gnal s that d of the q
sel ecting, tW@p"af Msm% zﬁﬁé Teear oés(gﬁllo ff%ggﬁ%%\cye%agéd
in part on BEPR@M&@&FYE Felsters a dRgk, b edriveable Hise, qo@sgi(mennmb fdrth. A

frequenci es; usi ng, by the wireless device, the selected | ocal
osci |l | ator ffEGIRRMEJULE MAYFIPFES § HRSLE IRHEICTIOR 105 THaRy BLUGHRSs 3 @9

to a conpl ey baseh g@& s%b&glat!hfferent code %@érﬁéi'}tsatahﬁﬁ% dfF¥erdn ‘ﬁrdgkarn@ ﬁﬁsacross

devi ce, an averaged peri odogram of the conpl ex baseband signal;
conparing, iyltiphestoegeinedis. desviregs, medivalinpy tyfeorpled vepraersedr such that the
periodogramto a thres

devi ce, thePPFEsEfER" a1ra L?%Em%fpgr%orﬁ]’sagfl g’vﬁr}tes ?ntéf?\rﬂ?‘mrw tﬂﬁ St%a% ﬁllgg% ™ iR

aver aged pefhcQUagatans @xcReqs ddtn htebhbkdagral t@the preeesyet hod of claim

Ser e belB B s 2 methods didtioned Rctofn Comprisd ane or ors stops of aetions B¢
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is specified, the order and/or use of specific steps
and/or actions may be modified without departing from the scope of the claims.
{0072] The functions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the functions may
be stored as one or more instructions on a computer-readable medium, A storage media
may be any available media that can be accessed by a computer. By way of example,
and not limitation, such computcr-rcadable media can comprise 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. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray® disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
[0073] Software or instructions may also be transmitted over a transmission
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 wircless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition of transmission medium.
[0074] It is to be understood that the claims are not limited to the precise

configuration and components illustrated above. Various modifications, changes and



3. The method of claim2, further conprising the step of conparing

t he hi ghest value of the averaged periodogramto the threshold. 4.
The met ho@y@hsshabdp 1, Wherein the frequency of the sigaplsiodr@fsadi O
frequency. 5. The nethod of claim1, wherein the conpl ex baseband
signal is a digital conplex baseband signal. 6. The method of claim
5, further conprising the step of estimgting a power spectrum of the
digital conpl ex baseband signal using the averaged periodogram 20
7. The nethod of claim1, further conprising the step of conparing

t he val ue of the aver

5. The met nEEGTOe iy SiedP Bl LESRRREIAGE befbE aHERGIEN ul HoAmAghA

t he pr esencqu@fanism«asdrﬂaams’mvs Smmnuts:iegxrahg frofa thémoprfad)ﬁihc dhinshe aver aged
peri odogram exceeds the threshold and the data dependent threshol d.

9. The method of claiml, wherein the wirel ess spectrumchannel is a
tel evision GAV)isehanaek: 10. The nmethod of claim 1, wherein the step
of detecting the presence of the transm ssion signal is inplenented
by a cognitive radio device. 11. The nethod of claim1, wherein the
transm ssion signal is an Advanced Tel evi sion Systens Conmittee
(ATSC) signal. 12. A wireless device for detecting the presence of a
transm ssion signal in a wrel ess spectrum channel, conprising, in
conbi nation: a processor; menory in electronic conmunication with the
processor; and instructions stored in the nmenory, the instructions
bei ng executable to: convert the frequency of a signal froma first
frequency to a second frequency;



filter the signal with the second fre?uency to renmove signal s that
are not within the band of the second Prequency; sel ect a | ocal
oscillator frequency based in part on a frequency that is m dway

bet ween two possible pilot frequencies; use the sel ected | ocal
oscillator frequency to convert the _signal with the second frequency
to a conpl ex baseband signal; cal cufFkAdMan aver aged peri odogram of

t he conpl ex baseband signal; conpare a val ue of the averaged
periodogramto a threshol d; and detect the presence of the

t ransmi bsi onAsigimal for détetthe thabeseiwk of héransreissge sigparin addplesmnspectreads
t he thrgghold. 13. . The wirel ess %Fv%fe f claim 12, wherein the

wi r el es€ERR CERSING. ferfapationsde sieps Ohe i rel ess devi ce of cl ai m

12, wherein ddQerinf eles&idRY] &&ideStiRd RABEHIARLIsHIRal fdiR-a FREFWUERLESS:
device of claim 12, wherein the instructions are further executable

to det efeapielrgduengiest val ue of the averaged periodogram 16. The

W rel ess devigce. of i in.the i.astructions are further
oxecutabl ot by LR s JROSE SUOkRS sBRhE SE0RP B B Ry b0 bk am
to the difiadsthal de notlwithihhigs Wndelf isssedend ®@p@hcygl ai m 12, wherein the

frequency of the signal is a radio frequency. 18. The w rel ess
devi ce of cl¥i4H11 byviheMarisst fieeaprcakosstieiys Srrquencyrhaped g partdingi t al

whorei e TReT e S figay betdBen LRLRHL L SRE SRR o1 Tare o pover
spectrum of ushes, 8y dict wireleonelvize, thaselbaedloshlgnaillates firrgudns taveregekt
pert Odos%l% with the second frequency to a complex baseband signal;
calculating, by the wireless device, an averaged periodogram of the complex
baseband signal;
comparing, by the wireless device, a value of the averaged periodogram to a
threshold; and
detecting, by the wireless device, the presence of the transmission signal, if the value

of the averaged periodogram exceeds the threshold.

2. The method of claim 1, further comprising the step of determining a highest value of

the averaged periodogram.

-

3. The method of claim 2, further comprising the step of comparing the highest value of

the averaged periodogram to the threshold.
4, The method of claim 1, wherein the frequency of the signal is a radio frequency.

5. The method of claim 1, wherein the complex baseband signal is a digital complex

baseband signal.

6. The method of claim 5, further comprising the step of estimating a power spectrum of

the digital complex baseband signal using the averaged periodogram.



20The wirel ess device of claim12, mh?éein the transm ssion signal is
an Advanced Tel evision Systenms Comm ttee (ATSC) signal. 21.An
apparatus that is configured to detect the presence of a transm ssion

veans (b copanriag of R | dERATErsuSRTes oF P ERPSL A L.

to a sepenged pamlgfayutdmaaadé@hdémltmghdw the signal with the second
frequency to renove signals that are not within the band of the
second frequency; neans for selecting a | ocal oscillator frequency

based [§ Par ool EEANEDIYVrubalcd il GRY BT LIRR L UMPASSLEL Bt i

pi l ot frequencies; neans usin ocal "o at or

f r equeneanstmissorsigat, if ﬁhe valug mﬁthe\mvbﬂ’agtd]perﬁﬂo graeh éxceeflsehe thrésholl and the
conpl ex ba%$ba£ na means for cal cul ating an averaged
per i odoTaEPGT ?ﬁgl ‘ex baseband signal; means for conparing a
val ue of the averaged periodogramto a threshold; and 22

9. The method of claim 1, wherein the wireless spectrum channel is a television (TV)

channel.

10.  The method of claim 1, wherein the step of detecting the presence of the transmission

signal is implemented by a cognitive radio device.

11.  The method of claim 1, wherein the transmission signal is an Advanced Television

Systems Committee (ATSC) signal.

12. A wireless device for detecting the presence of a transmission signal in a wireless
spectrum channel, comprising, in combination:
a processor;
memory in electronic communication with the processor; and
instructions stored in the memory, the instructions being executable to:
convert the frequency of a signal from a first frequency to a second frequency;
filter the signal with the second frequency to remove signals that are not
within the band of the second frequency;
select a local oscillator frequency based in part on a frequency that is midway
between two possible pilot frequencies;
use the selected local oscillator frequency to convert the signal with the second
frequency to a complex baseband signal;
calculate an averaged periodogram of the complex baseband signal;
compare a value of the averaged periodogram to a threshold; and
detect the presence of the transmission signal, if the value of the averaged

periodogram exceeds the threshold.

13. The wireless device of claim 12, wherein the wireless device is a handset.



means for detecting the presence of tQF transm ssion signal, if the
val ue of the averaged periodogram excéeds the threshold. 22. A

conput er - program product for detecting the presence of a transm ssion
signal in a wireless spectrum channel, the conputer-program product
conprising a non-transitory conputer-readabl e medi um havi ng

i nst r uctd. onsI'lteheirdess,deviee of nlaim 2} whkrsinclmpiresssdpvice is a baseogkgiohor
causing a wireless device to convert the frequency of a signal froma
first frequency to a second frequency; code for causing the

wi rel esgs deviieeyirQedsidelRE of BB 1 9NBhertinlihe 1RuSRGO AL HLFRGUKBENaHIOt0
remove signals that are not wthin the band of the second frequency;

code f otetamusi ngghdse value of hesiveregédperiodogreinect a | ocal oscil | ator
frequency based in part on a frequency that is m dway between two
possi bl e pilot frequencies; code for causing the wreless

devi ce 1@ USEethigelsR] ROicedf LREAN SONBdrEihabhOmstri @ US BRYuEBereRBMRElle the
signal with the second frequency to a conpl ex baseband signal;

code f oronuyiesihadigheg waluealf dhesaveased petieslogaine i the dhugsholher aged

peri odogram of the conpl ex baseband signal; code for causing
the wirel ess device to conpare a value of the averaged periodogramto
a threstiol d; Tianglireless devized€ cfagh 10 awhérsip thdBeqdeney ebedipvblcie atradidet ect
the presence of the transm ssion signal, if the value of the averaged
per i ododRiEIexceeds the threshol d.

18.  The wireless device of claim 12, wherein the complex baseband signal is a digital

complex baseband signal.

19, The wireless device of claim 18, wherein the instructions are further executable to
estimate a power spectrum of the digital complex baseband signal using the averaged

periodogram.

20 The wireless device of claim 12, wherein the transmission signal is an Advanced

Television Systems Committee (ATSC) signal.

21.  An apparatus that is configured to detect the presence of a transmission signal in a
wireless spectrum channel, comprising, in combination:

means for converting the frequency of a signal from a first frequency to a second
frequency;

means for filtering the signal with the second frequency to remove signals that are not
within the band of the second frequency;

means for selecting a local oscillator freqﬁency based in part on a frequency that is
midway between two possible pilot frequencies;

means for using the selected local oscillator frequency to convert the signal with the
second frequency to a complex baseband signal;

means for calculating an averaged periodogram of the complex baseband signal;

means for comparing a value of the averaged periodogram to a threshold; and



22

means for detecting the presence of the transmission signal, if the value of the

averaged periodogram exceeds the threshold.

22. A computer-program product for detecting the presence of a transmission signal in a
wireless spectrum channel, the computer-program product comprising a non-transitory
computer-readable medium having instructions thereon, the instructions comprising:

code for causing a wireless device to convert the frequency of a signal from a first
frequency to a second frequency;

code for causing the wireless device to filter the signal with the second frequency to
remove signals that are not within the band of the second frequency;

code for causing the wireless device to select a local oscillator frequency based in part
on a frequency that is midway between two possible pilot frequencies;

code for causing the wireless device to use the selected local oscillator frequency to
convert the signal with the second frequency to a complex baseband signal;

code for causing the wireless device to calculate an averaged periodogram of the
complex baseband signal;

code for causing the wireless device to compare a value of the averaged periodogram
1o a threshold; and

code for causing the wireless device to detect the presence of the transmission signal,

if the value of the averaged periodogram exceeds the threshold.



