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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
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DETAI LED DESCR| PTI ON [0915¥ A nmethod for detecti nlg.the
H0d8bncdigired tsr enfsHialyHAT & RjASHSS isirating dieegnversion 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.
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[0018] A computer-program product for detecting the presence of a transmission
signal in a wireless spectrum channel is also described. The computer-program product
includes a computer readable medium having instructions thercon. 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
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licensed transmission. The IEEE 802.22 WRAN includes a sensing condition that
causes a signal from an ATSC transmission (hereafter, “ATSC signal”) to be detected at
-116 dBm which corresponds to approximately -21 decibels (dB) SNR. Therefore, the
ATSC signal is 21 dB weaker than the noise level.

[0022] The ATSC signal includes several features which a cognitive radio may use
to detect weak ATSC signals. One of these features includes a sinusoidal pilot signal.
This pilot signal is 11.3 dB weaker than the data portion of the ATSC signal. Previous
systems and methods have suggested filtering the frequency of the pilot signal with a 10
kilohertz (KHz) filter and then using the power of the resulting signal to detect the
presence of an ATSC signal, however, such an approach does not meet the sensing

condition of the IEEE 802.22 provided above. The present systems and methods
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utilized by each base station providing service in the overlap area. Each of the user
devices may also sense whether a channel is occupied by a licensed transmission. For
example, 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 onec 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
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[0027] The LO frequency f, may be the difference between the RF frequency and
the IF frequency. For an ATSC signal, the LO frequency f;, may be less than 700 MHz.

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

LO,  =(£7000) Hz Equation 2

ervor
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frequency error may be given by the follow ng:

LOGerror = (8)(fo) Hz Equation 1 [0027] The LO
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(and subsequently at base band) ranges bet ween t he

fO||OMA 309440. 5 7008+10

938l 3. ?90 are oy E&Iﬁq%ﬁnfé un)f%%’% atLff obanpryyHimytely:
accurate LOw th an accuracy of 2 ppm (6 = 2), the

pilot frequency, fp, ranges between the follow ng:
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there is a pilot frequency uncertainty at |F of
approximately: O = 22.223 KHz Equation 5

[0031] The frequency of the pilot signal inserted into an ATSC signal should be a
frequency that includes a bandwidth that is larger than the pilot frequency uncertainty
provided by Equation 5.

[0032] A signal filter 204 may be used to filter out any out-of-band signals from the
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
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fr | d .
T L B RIS 9,300 OB 1y o
AR Tesénglrkﬁ'l somﬁré)@on?@g\éﬁtg%%dyd? n%ﬂu'l sﬁd&%%ond%to the means-

sl gna be conve 2 using a local oscillator
ph@)futmmdnajiodkﬁ itthsteated ThEigmirgRAl I/u t)tlner whoedss ddaenld 302A through

freunc e fi d 304. | le, .t
LGSR ek WSS P S S SRS bR A trouen
Iﬁ?ﬂﬁgtgg{@&qubr%{}retjwe second frequency nay be converted

to a co ex baseband signal. The conpl ex baseband
{sﬂ(lgﬁhl rﬁgural4ss> obhectaniftlepfa process 490ellestatipg the @nversion of a first

PSR BT oS Al Ll corml o6 GRS, BLAnal, Ll a2
FRE Yo MR O i gh Bk ORI 6X d QAR AHIchr 108N @hchi &% anPRB @nixer). The first
cal cul at ed based on the averaged peri odogram The

fiequeage digret i460d ogrprherayxddewith a sinusoidal signal provided by a local
oscillator 408. The sinusoidal signal may be cos(2nfr,?), where the frequency, f0;, of
the local oscillator 408 is the difference between the first frequency and the second
frequency (i.c., 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



conpared 310 to a threshold. The results of the

conpari son 310 determ ne whether the channel is
W@ewapswd4 or unoccupi ed by a |icensed transm SREDOS2007/084369

[0034] The nethod of Figure 3 described above nmay be

performed by various hardware and/or software

conponent (s) and/or nodul e(s)9corresponding to the

nmeans- plus-function blocks illustrated in Figure 3A

In other words, blocks 302A through 310A il lustrated

B R A ARARL AL TN 06 B my be

fh@utf;e,0% i s one exanple of a process 400 |IIustrat|ng

the conversion of a first freq uency i gnal 402 tg a .

KW833hd flheqfdiewyngi @fﬁ&udemqsle ThAMplEy gf ¥ MERsehdg determine the

2
%&%;ﬁ&}hg%g ( uc el%grn q)%@\@#r %a&%em&ﬁ'tﬁj@ﬁ% u1905§1ble ATSC

e"first frequency
pilg rfﬁquér&Zesi‘(ﬂst‘&temux deblei It dboxepisrosoirtdlto shgfrequency of a direct

provided by a |ocal .oscillator 408. The sipusai dal :
&gk (Diipional ¢ AsPSi signabjis i thiHEWCRGy, rr%qﬁﬁﬁgg?quency midway
t [ rence
%&%%ﬁ%ﬁ&“}. R R R ency
i.e., the RF and the IF). An unfiltered second
frequencg si gnal . ma e filtered by a signal filter

3080 ondofsequency signal 410. The Equation6
S|gna[ fllter:MO4 may be a 6 MHz | F bandpass filter

that filters out any out-of-band signals. [0036]
Figure 5 is one exanple of a process 500 illustrating

[008SLONVES §it ARqRIncY BE 1 BRGWTseb BIGHE TG Sdaip@) ofSth TIF Grequency

a conpl ex baseband signal "514, 516. The process 500
may bienpB&nidHi, hwssvpe@mﬂleadﬁlfmutmydm@y thal speeifigér shopreviously

and a | ter ond f
ShiTap St aRy SBlt i el icer 108 TGP SBEALED SFpe 6 MHz TV
BiHR8 . Wigale® on SthB UsQjuedly ﬁh&\ﬂ%} chic@mtcd frbmSEqh#al 6 and the IF
OSC|IIator 508A. The sinusoidal signal fromthe first

froqedncpsoi thed‘t@luemyome do| o$ailiata@PiO8A, TR8BSec epiyersion from an

equenc S sent. to a second
ﬁ%%g?ﬁ gﬁﬁgaﬁiﬁggqéPﬁﬁsglg We8Fdal signal froma
second Iocal WO 2008/ 061044 PCT/ US2007/ 084369 9
oscillator 508B. The sinusoidal signal fromthe second
| ochl,, o¢¢). H3atlof) +508B4aiyzbe  sin( 2l rfLoat) [0037] THeuation7
foll owi ng provides one exanple of a process to
determ ne the

[0039] The unfiltered mixed signal is filtered by a signal analog filter 504A, 504B
with a low pass filter with a bandwidth sufficiently wide to capture the ATSC pilot
signal. The bandwidth 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.



frequency, fLO2. In one exanple, the frequency m dway
bet ween the two possi ble ATSC pilot frequencies
W@ doBMetoat ed in Table 1 above) is converted tRCT/H82007/084369

frequency of a direct current (DC) signal. A DC

signal is at the frequency f = 0. The frequency m dway
bet ween the two ATSC pil ot fri@guencies is provided by

the follow ng: 309440.6 + 328843.6 -309440.6 =

319142.1 Hz Equation 6 2 [0038] An IF frequency offF

be AR | ) ; )
[I0PS HRE 68 o 0P GHTRLE Tl e RUEDRL oo o
hpseddnidetbquiscypignal 6UB kya cetnpler basdbaue sighllen2AT 622 pld aintrast to
is referenced fromthe | ower band edge of, the

Mz
bRarpess S8 steacrdhedt Mel ey oe ey PRFeMelP Oc i tﬁﬁtsf &y Fﬂ%%# may

' . t I e . 1.
BB, PRI g S GRRREY S i, MOSAERAct i
?Blhligli:sﬁdegl’?hlotgaoaiigimﬁ‘)(erkiaﬁ eéb anplesicged|for serising other primary
ollowing: fio2 =(flFE -3x106)+319142. 1 Equation .7 .
tigedobecrhys tippime é&r@at%%dﬂe)slisaai %Pf FusIE 19%@8@“695%5510115 (c.g.

irgpal lRdsf il ter 504A, 504B with a | ow pass
jf%l ?t@eran\;g\lﬁt%ﬁ a2 bandwi dt h suffi ci ently wide to capture

[00d1ATSC heideadnd Bequeaty sighe dd@nday bi¢ brovfidedhte al nst pass 606A to

anal.og filter my be referred_to as _"BW low. .lIn . .

bhaissdanh e SinRe b oA BT S RaHEr 0% e e dfusoidal signal
.ot ' ri

HEREES A EloeB! o BRI, pHO SRR, RO ERaP | 5 pRORY frequency

signgl 1686 mayi diso nscantal aogcdmal Wixgi 6@4B toemmixted withADDusoidal signal

512A, 512B at a sanple e of at |least .B . In

BB’ oxdl BSal D0 QempVer alle HEuI ey AN RS Afpond local
.l e ol .

8%51 r%fﬁ(r)g@co oner%?ibon Jt;lﬁ'e %@%gﬁ%ﬁgfﬁéﬁﬁmﬂyé& may be

tdeened pui cahplck@angog besbamDOgnANOVRD0IBY 061184 ATSC signal centered

PCT/ US2007/ Q84369 10 [0040] Eigure 6 is5,another

S Wipl BB degroens 0 TP OET S0F AFPAASBORU UPLISA, 08B
b & ndy SAHRRENI By IR0l IBhhd: 0 a conpl ex

@fggeban S|ég§ﬂlall1 %20, 622. :yn cc())ntrasgtt to the process

500 described in Figure 5, the process 600 illustrated

in Figure 6 may _inplenent high speed ADC and digita :
filtering. ?fg:pffocess 600 may be used when JEquatlonS

[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, £, of at least 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(2nf;04f). 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(2nfz04). The frequency, fro4, of the third local
oscillator 608C and the fourth local oscillator 608D for the digitally frequency



t he high speed analog to digital conversion is

i npl emented for sensing other primary signals because
WO b@seerod ci rcui try may be used for sensing |iRPERES07/084369

transm ssions (e.g., ATSC transm ssions). [0041] The

second frequency signal 610 may be provided to a first

m xer 606A to be mxed with ld sinusoidal signal from

a first oscillator 608A. The sinusoidal signal from

the first local oscillator 608A may include
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e sent 10 a secon wth a
fédquencicdmlay bt gheh byftliofollawsecond | ocal oscil | at or
608B. The sinusoidal signal fromthe second | oca
oscill ator 608B may be sin(2irfi03t) The second

frequency;sigraly 619 converted to a conpl ex gquation 9
analgl bageband s?gna MAth the 6 MHz ATSC si gnal a

centered on DC. Hence, the frequency, fio3, of the
first second | ocal osc | at.or 8A, . 608
(00} " i g0 S e BRladaT S REGTS FBp e ppain, the

)
e T

mnmﬂmguae¢h with a Iom1pass filter and sanpled by an

612 612 .of .at st, 6
(0051 T g Rt ih et i g &5 b it 68 Phae and o
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etween the possible ATSC pilot frequencies to

slgﬁmst]ltmqm 4Betheb fiforseht aoﬁloglffétecmgead withy r@alO%DﬂSS filter

sheoongar s A hechlr g ecRa BT p i Syat ieer may
DR fersd MYSRIOIBW, STRNBIW Ha?rﬁetlﬁ'l%etehbﬁgh ﬂo%’é@’rur@ﬂfé' Atse ?ﬁlot even

608C may be cos(2lrfio4t). guadr ature nponent o
vtk tho ppotefegicgeralin@1intys pwmedtm qu@e@mﬁd ThexléBV‘é@S the digital

gl B PRI Bon e W BV B RE e G Bl e

‘[d?mpl | ogpl digagily-tiRtea s @éiﬁpnf@ybéo@exﬁlta(ihbévh%h]blerTmeA 618B

requency, fio4,” of the thirdlocal oscillator 608C
ahithtdoerfssopids thogghal esticlfbdawing 608D for the di gitally
frequency WO 2008/ 061044 PCT/ US2007/ 084369 11
translation that translates the frequency m dway
bet ween thej‘/[porsjis bJ e ATSC pil ot Equation 10

BW

[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. Outputs 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 baseband signal 724 may be provided to a serial to
parallel converter 702. In one example, a periodogram of the digital complex baseband

signal 724 is given by the following:



frequencies may be given by the followng: fLo4 = -3 X
106 + 319142.1 Hz Equation 9 [0044] Since this

WO e@gloerody translation is performed in the di gPCEIS2007/084369
domai n, the analog frequency, fio4, is translated
into the digital domain by dividing fLO4 by the
sanpling rate f . [0045] The l1@analog-filtered signal is
sent to a first deci mati on 620A phase and a second
deci mati on phase 620B. The deci mati on phases 620A,

620B |ncIu a digital ignal filter 604C, 604D t ;
fil t[e(rws) 12! Q@J, %g%fl Ia{qyg ed signal with a | ow passhE‘Eluatlonll
filte 3 dt s equivalent to the BW The
bandmndth of a digital signal filter may be referred
to as DBW The BWmay be | arge enough to capture the
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20, .622. ure rocess 700
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mlzr tq hesgnéosgwartbd: @pecampe dumg)@reamn@mgtttme dildict sgnsing time with
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PRI NG: Y6 I06uPbeToAl B dbas Ao ibgine pbetow.  Since the

sensing intervals do not need to be contiguous in time, it is possible to space them out
so that the total quict 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 each 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

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



1 N1 2 Equation 11 P(w Y x(m exp(- Jj wn) N nFo

[ 0049] The argunent of the summation may be a Discrete
Wo-o98/06x044Tr ansf orm (DFT), which may be i npl eneeit/gs200%084369

a Fast Fourier Transform Conponent 704 that utilizes

a Fast Fourier Transform (FFT). An absol ute val ue

conponent 706 provides the aB3solute value of the FFT

and each output of the FFT is squared. A sunm ng

conmponent suns together sanples taken fromthe signa

| o 1 bRk Q8 period
1 op 80 bl S irRing 2RR0GRY 700 AR L A aipgriodogram
PR is paoideeishyathe felkguing:ed. For exanpl e, the baseband
signal 724 is observed for nultiple time segnents. In
each tinme segnment, N sanples are obtained. In one
exanplet_NItiqursegnenFs are used. These Mtime  Epauation 12
segnentsx@ged_n§zggggadjacent in tinme. For exanple,
these time seyhents, M may occur periodically. [0050]
In sonme exanples, network transm ssion is ceased
during the sensing tinme in order to best observe the

rum, dgg jafgn t e fz&b%h bei {18 pdiRiop RS Rfn tthE®A/-th sensi

§?§%f cease ahe?mofﬁg raﬁgﬁissionpnayoge_referred to SEmSIng
Rigerfal AYhehghlbMBeqRebPw. B MG kBE th&@ns ndGebdiciivalesy M. A
do not need to be contiguous in tinme, it is possible
thoesbpldcte whietbutveraged periodoprant dilis eerpdred imay besscaled by M.

bdi vi ded inta a,serjes shorter quiet .tinmes. Since
Rbvaafee ha et ant SrelhsSdRatmraig bhor S Brospirgs Bms and
hethegy be advantageous to mnimze the duration of
each sensing interval. This may result in a smaller

[053Lt okFrermetnotike b atrintogrank 6 coxlasmpbieg intervihghe largest value of

etwork [ s usjng a |lar fra st t ur. t the. ..
R ed P2 G R a7 T RS e i may
ngﬁkﬁ@hasﬁﬁﬁﬁn;sensing interval nmay be the |length of
a single frane and each sensing interval may be

separated by multiple franes. In one exanple, the
i npact of the quiet-tine on the network |atency is
during a Tsimgtle’@ame. [0051] A periodogram may be
cal cul ated for each sensing interval. Thus, according
to the above exanple, there are M periodograns, one

m%ggc%gﬁ%n J;og{ygl{atﬁgrle 'an %%g@%gn}ﬁt I?S e?r%t %r{ga %de channel is

BUEHAEEH by whether the test statistic from Equation 13 exceeds a predefined

Equation 13

threshold. This decision may be represented as the following:

D, Equation 14
>

T ¢
<

D,

[0055] If the test statistic, 7, 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.



peri odogram 712 may be the summati on of each of the
i ndi vi dual periodograns from each sensing interval,
walrosstie4by t he nunber of sensing intervals. TPEI/US2007/084369
sunmat i on may WO 2008/ 061044 PCT/ US2007/ 084369 13 be
executed by the sunmm ng conponent 708. An exanpl e of
the averaged periodogram 7124 s provided by the
following: _ 1 MEquation 12 P(w =-Y f (w) Mnel
[0052] In Equation 12,P m(w) may be the peri odogram
r om:t he S [ val at
]1f{nr %@ﬁ%%c?dv\%érﬁﬁ)%ﬁ% fth@ q? Te f%{l%[’hg’r% ?? Per%ﬁgéeﬂeg{r%sg oL P virde second
thyeshbldAmay e eingluttd thawdl e Hutdhienanfedagedf pler kst egtistim does not
712 is conpared pay be scaled by M, Elimpating the . .
Aicords fhsricegndvihegshelid; # idedsipp anayohfomads %%/too‘fvﬂ?tf\%r {BF dsepipn using
Y FEIRIAL] v Teh96S fall QRR3kiopf ter computing a
perio ograﬁf¥or each sensing Interval, the | argest
@67 ofin dnecawpiqghd Npenivod ofrthmavdagahyctielogedne ctl@dmay be
as a test statistic. The test st tif ic may be
labelgdl avd verdor DI Wharg ?ntfle%amovgia% OEf&ti on 13 CO
[0054] A decision as to whether an ATSC signal is
present in a TV channel is determ ned by whether the
test statistic fmom guath@n 13 exceeds a predefi neBquation 15
t hf &l §@ahi s| deci 578 Bry be represented as the
follow ng: DL Equation 14~ T cl Do [0055] If the test
statistic, T, exceeds the threshold, cl, the decision
D1 may be selected which signifies that an ATSC
HI0§8hi  iIs guderderselecha tspeonthvheebgiddhat ip fdependenthen thet ¢asg, one or

hand he test statistic .does not exceed t :
WF%Q%%’F?Y Veliilgs H]élgibgi zgﬁoel%ou n&arbttéle %‘re%[uglgsy c!}e[he 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

ﬂm:{

P(n) otherwise

[0060] In other words, 2k+1 values of the periodogram, centered 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:

¢, = X max [13(11)] a>1 Equation 18



sel ected which signifies that an ATSC signal is not

present in the TV channel. [0056] In another exanpl e,
wa@2dosmedo4£heck may be nmade to ensure that the PEBUS2007/084369

statistic does not exceed the threshold due to

interference fromanother wireless system WO

2008/ 061044 PCT/ US2007/ 0843695 14 In addition to

conparing the test statistic, T, to a predefined

threshold, cl, a second threshold may be conputed
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cl, was due to a false detection. I n one
@mhglrié a deresion (haf ardToC sigenldy ewa@%dn aeW sragehagepispwhen the
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fﬂr(l) ]shol égtﬁ’ﬁ [8091§1§‘Jr !3@ v IS ogaﬁpoﬁﬁrhtg 3ﬁatarn§3¢ $ORfilized in a wireless

epen ata, ‘one or nore
&dvidehs02N Tad \Uﬁ'slemi}evhfe S0eripen €@aihpln @fn dehee ftiree quegrisyconfigured
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HEGET Ahap ke T B ESeTG Nl s VAR B may b &
BReIRRo Y0, DM 14T G, 1(1@%% ugr@fyde@ %%Fﬁ 1 iRt est

atistic suc T Equation 16

[0063P] ITheconirckxanplies A wey ufchi%leneaprocdmon R0k xwhiph controls

b ;
g&){r@t&% éfgtrhgggqu(iesfs %V]@g %Vg%q\éf tlg[r;‘cefs;or %%d%la%(elg? Q))é rtepe?red to as a

oL el g‘c%sinq)é) Q¢ é@r‘l’e{g} Vmel{éle%fﬁ %062 hichV ﬁ{ayeﬁlcﬁlfdet mh read only

peri o ogr am~ cent re tthe ‘maxi mum val ue of
pemood RIDRMand rhiotoat ectessamempeyr GAM)Uproviflke 1I$H'uct[(dls and data to

t@g;ﬁ%{}%& @Q?‘gaﬁt B(%r?lpg g?ﬁg}t}?nt Ok :}gayg:ll tscérJl ng?l}éie honvolatile random

BECLOUIRAT. P A PatnACheRAgy <08 OB e, ot o
arithnmeticaperhfgns)Jasad on fAroEgmatnsouctioBs stored within the memory 806. The
instructions in the memory 806 may be executable to implement the methods described
herein.
[0064] The wireless device 802 may also include a housing 808 that may include a
transmitter 810 and a receiver 812 to allow transmission and reception of data between
the wireless device 802 and a remote location. The transmitter 810 and receiver 812
may be combined into a transceiver 814. An antenna 816 may be attached to the
housing 808 and electrically coupled to the transceiver 814. The wireless device 802
may also include (not shown) multiple transmitters, multiple receivers, multiple
transceivers and/or multiple antenna.
[0065] The wireless 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.
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exanple, the value of a is chosen in order to neke
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probability of detection. Inplenenting these two
threshol ds, a decision that an ATSC signal is present
in a TV channel occurs when tiltee test statistic
exceeds the maxi num of the two thresholds, cl and c2 .
[0062] Figure 8 illustrates various conponents that
be N ' [
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t may include a transmtter 810 and a receiver 812
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b t
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ant ﬂg: eg}cf)agf]%p TH§§ V@wélgfglrlggl%%l \éé‘]%selpg(gpzuﬂ)ega élnda citcuits described in

connection with the present disclosure may be implemented or performed with a general

purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hardware components or any
combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller or state machine. A
processor may also be implemented as a combination of computing devices, ¢.g., 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.

[0070] The steps of a method or algorithm described in connection with the present
disclosure 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 any form of

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



used to detect and quantify the |level of signals

recei ved by the transceiver 814. The signal detector
W@1®smen44et ect such signals as total energy, PUCT/U82007/084369

energy per pseudonoi se (PN) chips, power spectral

density, and other signals. The wirel ess device 802

may al so include a digital silgnal processor (DSP) 820

for use in processing signals. W 2008/ 061044

PCT/ US2007/ 084369 16 [0066] The various conponents of
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espatifié stdenof aregds bhectidniskie sp§ddGB]thd nfder med/bonscanfispecific steps

signal s may be represented using a f a varjety of
mc?@réweﬁles RE ﬁ?] et 5@@%&%@%@%92@&%@}%

gﬂtﬂ‘{ ' nllfﬂer WGTckiBRS » dSHBFRNESy b NI IERLAEN, inS h@lafe, software,
nd the li ke that may be reférenced throughout the

fihowere, desey cahbinatiomthehof.r éhmegemtmdd by sofol aragihs functions may

currents, el ectromgneti c waves, magnetic field r .

BRMPIGI B SNC B P01 FHGI08S OB CHEIPRICET GigublE mdyim. A storage media
1,Qn; . ' | St |

P B A b b T Dl oy BF example,

gahnedt liomtatiort, h sudhe compstenireadiablel osdree oamy craprisc RAM, ROM,

E%@@ﬁghﬁqggéﬁ &%{ ! ggggw‘%l tcg_?kg é@ga%g; %%a@g%ijcr agﬁestorage or other
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d programrmabl e gate array signal (FPGA) or other
proggama naxchinghe foogi of Igkewictens aidetrsetuetugestaad ghat can be accessed by a

tccr)rfallr)]gtieg tIglrsk lag idlcs’c, adsiussg({ Eérgint]fanrcfluv(\{%g ce:or%fo)a@ e ?éﬁ),qerlse?[%c, 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 wireless 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



conbi nation thereof designed to performthe functions
descri bed herein. A general purpose processor may be
W@ 200806104 ocessor, but in the alternative, thePCT/US2007/084369

processor may be any commercially avail abl e
processor, controller, mcrocontroller or state
machi ne. A processor may al si§ be i npl enented as a
conbi nati on of conputing devices, e.g., a conbination
of a DSP and a microprocessor, a plurality of

- S
CRHGRL RAE YR hRde BRe BrranRh YRERRPAEASERIR dithe mothods and
gpafangdedtrited.aboy @@ bdut Teparahe fismothe acapetoti teb daims.
al gorithm described in connection with the present
di scl osure may be enbodied directly in hardware, in a
§ﬁ1 wapeapflul e executed by a processor or in a

ination of the two. A software nodul e may reside
|n any formof storage nmediumthat is known in the
art. Sone exanples of storage nedia that my be WO
2008/ 061044 PCT/ US2007/ 084369 17 used include RAM
menory, flash nmenory, ROM nenory, EPROM nenory,
EEPROM nenory, registers, a hard disk, a renovable
di sk, a CO-ROM and so forth. A software nodul e nmay
conprise a single instruction, or many instructions,
and may be distributed over several different code
segnents, anong di fferent prograns and across
mul ti pl e storage nedia. A storage nedi um may be
coupled to a processor such that the processor can
read information from and wite information to, the
storage nedium In the alternative, the storage
medi um may be integral to the processor. [0071] The
net hods di scl osed herein conprise one or nore steps or
actions for achieving the described nmethod. The
nmet hod steps and/or actions may be interchanged wth
one anot her w thout departing fromthe scope of the
clains. 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 nodified w thout
departing fromthe scope of the clains. [0072] The
functions described nay be inplenented in hardware,
software, firmnare, or any conbination thereof. If
i mpl emented in software, the functions may be stored
as one or nore instructions on a conputer-readabl e
medi um A storage nedia nmay be any avail abl e nedi a
that can be accessed by a conputer. By way of exanple,



and not limtation, such conputer-readabl e nedia can

conprise RAM ROM EEPROM CD-ROM or other optica
waele@R/06etoe age, magnetic di sk storage or ot her PEEYR®DT/E84369

storage devices, or any other nediumthat can be used

to carry or store desired programcode in the form of

i nstructions or data structurl®s and that can be

accessed by a conputer. Disk and disc, as used

herein, includes conpact disc (CD), |laser disc,

optical disc, digital versatile disc (DVD), fl oppy

di sk and Blu-ray(r) disc where disks usually

reproduce data magnetical |y, @WhiMMMSdi scs reproduce

data optically with [asers. [0073] Software or

instructions may al so be transmtted over a ,
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net hods an appar at us descri bed above w t hout

departing pererosten exsepds the thrpshold ai ns. What i s

clainmed is: WD 2008/ 061044 PCT/ US2007/ 084369 19

CLAIMS 1. A nethod for detecting the presence of a

2r ansFhsicthodsif ghéh 1; furthentoreprégig degrauningmbighesielye of the
conpri.sing: converting the frequency of a signal from
§W$$¥@ﬂmpggﬁﬁ@ﬂcy to a second frequency; filtering

the signal with the second frequency to renove signals

h n . . .
t3. al % ee me‘altod of claim 2, further comprising 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, further comprising converting the signal to a complex

digital signal.

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

complex digital signal using the averaged periodogram.

7. The method of claim 1, further comprising comparing the value of the averaged

periodogram to a data dependent threshold.



within the band of the second frequency; calcul ating
an averaged periodogram of the signal; conparing a
W@ 20080610f4 t he averaged peri odogramto a thresheCHUS20T084369

detecting the presence of the transm ssion signal, if
the val ue of the averaged periodogram exceeds the
threshold. 2. The nethod of oai m 1, further
conprising determ ning a highest val ue of the
aver aged periodogram 3. The nethod of claim 2,

urth i S 0 i '
ver an o B R A PRI TG AhEnl ol AE
winsaligion signahtitheivaluehod tfe agragnd perdddoiren sxagadd the shrashold and
radio frequency. 5. The nethod of claim1, further
he Hpki depensleatitiesheling the signal to a conplex digital
signal. 6. The nethod of claimb5, further conprising
estimating a power spectrumof the conplex digital . .
i gnal hgricthgd vhelagy dr whegingle Moglgs spctrom chﬁ@l@%@r higlevision
@Vcclh Iinggll, further conprising conparing the val ue of

e) averaged periodogramto a data dependent
t hreshol d. WD 2008/ 061044 PCT/ US2007/ 084369 20 8. The

thod, of claimd7, further risin ectin .
I ccehbemsiiofisb e dnthren SREnE et FRLHE dphdsyion
§i%l$dl@é’§iﬁﬁ&ﬁ§ht@@5§r pdegliam RYkeRIsct he threshol d and
t he data dependent threshold. 9. The nethod of claim

1, wherein the wireless spectrumchannel is a

i £ evirgé Adthold BYLlafHaNABtreinl@e trFREnRREN GgnAfis &4 AldPanked
wherein detecting the presence of the transm ssion

$elgwiaioniSysiemp | Gamenitted (AYSE) siggadi ti ve radi o device. 11.
The method of claim1, wherein the transm ssion signal
is an Advanced Tel evision Systens Conmittee (ATSC)
$2.gnalA. witdessAlevice dbrafesectey iteeprésencalef ecansngssidnesignal in a
presence of a tr a?srri ssion signal in a
wireless spectrum channel, comprising:
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;
calculate an averaged periodogram of the 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.
14. The wireless device of claim 12, wherein the wireless device is a base station.
15. The wireless device of claim 12, wherein the instructions are further executable

to determine a highest value of the averaged periodogram.



Wi rel ess spectrum channel, conprising: a processor;

menory in electronic comunication with the processor;
W@e@s/061084 r ucti ons stored in the nmenory, the PCT/US2007/084369

i nstructions being executable to: convert the

frequency of a signal froma first frequency to a

second frequency; filter thelsignal with the second

frequency to renove signals that are not wthin the

band of the second frequency; cal culate an averaged

P()er' Oﬁﬁeg&zﬁ*@egsf d an:% of ICEI%' 15 H%ﬁr ﬁ %S%!:ﬁj(ﬁl Qfe ﬁl?t‘ﬁer executable

aver aged perloébgran1 thres and  detect the

forceapacethohighbe vahand mhesa;zlemged; pgmaio,granﬁ td the thratthwdad. of

the averaged periodogram exceeds the threshold. 13.

The wirel ess device of claim 12, wherein the wirel ess

gevi cehd wirdlehamdsRtof cldm 1Th@hwicirethe seqalaic o€ thafsiglabism radio

12, wherein the wirel ess device is a base station.

&@meﬁé wirel ess device of claim12, wherein the

instructions are further executable to determne a

hi ghest val ue of the averaged peri odogram WO

008/ Emwnmlemi%/vuszﬁ Ghing23ebereimithe msirppigonyiarefusthsr exccutable

devi ce_ of the i nstructions are

?U?Pﬁ%?ag l§%1%ﬁm}g<@gh% 8% he hi ghest val ue of

the averaged perlodogran1to t he threshold 17. The

[ Fimuelea fiin i Bohbhey: P RO R Secutabl
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further executab e to convert the signal to a conpl ex

pérgidogtansi gnal . 19. The wirel ess device of claim 18,

wherein the instructions are further executable to
estimte a power spectrum of the conplex digital

230 gnalheisiimlpst deviceveiciged 2, paeicotihg tanymiagord kignal is an Advanced

f%%ﬁ%ﬁﬁﬁggéﬁﬁcg of . Cl%A?é&?m,n erein the transm ssion

21.  An apparatus that is configured to detect the presence of a transmission signal in
a wireless spectrum channel, comprising:
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 calculating an averaged periodogram of the signal;
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.

22. A computer-program product for detecting the presence of a transmission signal
in a wireless spectrum channel, the computer-program product comprising a computer

readable medium having instructions thereon, the instructions comprising:



Tel evision Systenms Comm ttee (ATSC) signal. 21. An

apparatus that is configured to detect the presence of
W@2a080619wd ssi on signal in a wrel ess spectrunPCIEHIVET/(084369

conpri sing: means for converting the frequency of a

signal froma first frequency to a second frequency;

means for filtering the signa2 with the second

frequency to renove signals that are not within the

band of the second frequency; neans for cal cul ating an

aver a&)%g f8Edn? i%@l{@ ﬁ’%ﬂauteﬁér St BO@al ﬁ%ﬁ%ﬁrsft @fquency to a second

conparing a value~of t aver aged periodogramto a

t hr eshol d; frequdncyteans for detecting the presence of

the transm ssion signal, if the vglue of the avera

per i otRsl§ famhilésrmgdhe Sigpad Wity ths gegogd fisguengy to remove 51gn%Fsdthat are
comput ef - pg atia RIAHHE b 2o dFliarkhag,t he presence of

a transm ssion signa in a Wreless spéctrum channel

t he cardeubetal iaiam gveagded perariopransofite aigoaliput er
r eadabl e nediun1havinﬁ§kgstructions thereon, t

i nst r (RICITBROTRGFBLASTAHS: OT VS DErErd §3padperam to & thfeshold; and
PCT/ i h

T eUORE 0 e FACE of M (SRR Sl Ao value of the
second frequerdypericdupearh excdeids therthmeshdlhe si gnal with
the second frequency to renove signals that are not
within the band of the second frequency; code for

cal cul ating an averaged peri odogram of the signal;

code for conparing a value of the averaged periodogram
to a threshold; and code for detecting the presence

of the transm ssion signal, if the value of the

aver aged peri odogram exceeds the threshol d.



