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1. Spectrum Sensing2| 27 A&

IEEE 802.22 E&¢He A48 918 715 27+%
A{(FRD: Functional Requirement Document)oll &= 12}
A& A B Fake HA” TV(ATSC), obd2 1 TV
(NTSC), 74 wpo] AR E Fof A5l 3 HE ¢
A Zt3 DFS(Dynamic Frequency Selection) Ebo]d &
FARES CE DF E DA BEFT g

- Channel Availability Check Time

' TV A'dS WRAN AHEA7} ARE-3L7] ©f
Aol A AbRo] 7hEErtE HAlste ATl
T, TV Aol A s7h2 13} AHRE A 59
F7E A s AkolH, o] A7t Fde
WRAN FA1e] Ago] ojFoiArE ¢ drh.
- Non-Occupancy Period
12h AbERE Aot AEd Ao dEiME
WRAN ARE2ES] A5E 844 Pofop st Al
olW, TG o] A& AMESHA] Holok gk

- Channel Detection Time
WRAN ARS-AF7E TV A S AbE-sheE F9 14
AR S A8 e ok ste A
AZEO2 QK &) 10 % ol3fol A 13} AME
A A3 AEEC 90 % o4 HojoF g}
Channel Setup Time
WRAN©] 52371 $13 WRAN @23 71A=
7+l AAE= A]ZHO R channel opening trans-
mission AlZHE EFFst lth
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- Channel Closing Transmission Time
Channel Movest= A< Alo] ARE A4
s At

- In-Service Monitoring
WRAN©] F&8HE 59

- Channel Opening Transmission Time
Channel Setupdt= AIZFESt Alo] HEE HS
sle AlZkolth

- Channel Move Time

WRAN©] £33} Sof 12} A} A7) A& H o TV ot 12} AL &4 &

A gy A3 AEE FHete A3 TE ASH2E FAsE Aot
Al 7S 2 channel closing transmission A1 7HS X - Incumbent Detection
a7 9o, 12 AR 2B QAR ol A3 E QIAE

<E 1> DFS Etol™ melu|g

DFS Parameter

Value for Part 74 Devices

Value for TV Broadcasting

Channel Availability Check Time

30 sec(recommended)

30 sec{recommended)

Non-Occupancy Period(minimum)

10 minutes(recommended)

10 minutes(recommended)

Channel Detection Time

<=2 sec to >=90 %
Probability of detection with
a false alarm rate of <=10 %

<=2 sec to >=90 %
Probability of detection with
a false alarm rate of <= 10 %

Channel Setup Time

2 sec(maximum, NTE)

2 sec(maximum, NTE)

Channel Opening Transmission Time

100 msec(maximum, NTE)

100 msec(maximum, NTE)

(Aggregate transmission time)

Channel Move Time

. o 2 sec(maximum, NTE)
(In-service monitoring)

2 sec(maximum, NTE)

Channel Closing Transmission Time

o 100 msec(maximum, NTE)
(Aggregate transmission time)

100 msec(maximum, NTE)

~107 dBm(200 kHz BW) -116 dBm(6 MHz BW) for DTV

Incumbent Detection Threshold

CE 2> 14 AHEAe) d2s A8 dA#

Sensing thresholds DTV NTSC Part74 Beacon

hReference sensing thresholds(dBm) -116 94 -107 -120
Channel bandwidth(MHz) 6 6 0.2 0.01

Reference sensing antenna gain(dBi) 0 0 0 0
Omni antenna aperture(mz) 0.02 0.02 0.02 0.02
Reference power-ﬂux-density(dB(W/mz)) -128.7 -106.7 -119.7 -132.7
Reference field strength(dB(uV/m)) 17.1 39.1 26.1 13.1
Maximum field strength for service protection(dB(uV/m)) 41.0 64.0 -30.0 13.1
Proposed reference field strength for sensing(dB(uV/m)) 17.1 39.1 26.1 13.1
Margin for the sensing threshold(dB) 24.0 25.0 —56.1 0.0
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ATSC dloje] I=e &g PN(Pseudo random Noise)
£9e¢ TFs=), ©] ATSC g+ 3139 A9
EZ A9tk o] AIWE F 6}47} diole] &
F7lold, PN $£E858 ¥y Atk o] =&

511-bit PN 4~G(PNSIF 63-bit PN +H(PN63)S



BEERKBEH B20% HBIK 2009%F 57

3Ttk 63-bit PN 7€ F st o diolH
BEo) A Polaritys N Z&HA Bk o]23 PN
FEL ATSC 4138 HEE W] o= A14d
T Atk o] ATSC 54 HZ 7y 4871E %
sl lem, % 9] PN63 $EH PN 89 =
oz ¢ 27 AFE €L F4E N1ANG A
39 M2 TS st Fh shhe] ATSC HiolH
U 37 4SS AW 2899 dARE v
"} 371 ATSC HiolH 2= F7)= 242 ms
olth [I¥ 315} (1% 4] ZZ ATSC DTV A&
Hlole] MIHES FE 7] AIHES FZojth

o] DTV 4Al& = 8-VSB(8-Vestigial Sideband)Z
ZE 7 8709 el A 23 (Binary)oll 47718 A E
(Symbol) Ho|E] AIHE %£7])= 7} dio|g AW
E A4 AdEol Aok eAs AIHEE ®)
ol MIHE F71¢ 47} HE7} 828702 ©l ol
ABEZ & B3I FAE0 Yo

3-2-2 ATSC FFT-based Pilot 414 7|

ATSC % A5e 4 EXA] o] &5 54l
(Pilot) AZE 7FA Y e, UAE o] g5 H
T F ARy SdE F347(309440.6/ 328843.6 Hz)
7b EAEHA Aok #d8 F35Y §E QA

data data
egment| data + FEC agmant|
SYNC SYNC

828 symbol
S0P vtes

1data
832 symhols

[T8 3] ATSC DTV A3 dole HIHE

PHSH

Dat. 12:
Segm 511 symhols [ S W<
Syn
I
T

VS8 modes
R.uwoa{ .

PH63 I PH63 ' PHG3

Data
Segment
yn Sync

t
52 symbots 1

[3J3 4] ATSC DTV A& HE E7] AI9E

+10 [Hz]o]™, TV Ad oA & Fatg Zof] 9
A3 o] F 7he A Fupe e e 194
[kHz]olth o] 712 el Fap 2AHY AY &
HEY YZ(PSD: Power Spectral Density)E ©]&3}
= F 3td8 Fah Aol F Fo4t DCE
313 WaEr ASE g9 A9 53 e 93l
AEt ZHY A EL 7 Yy Ateld] Fgt
91 19.4 [kHz] o]/dololok 3t 4=4171¢] LO(Local
Oscillator) 3+ FHEE 123t TE Y&
25 [kHz]2 AA EHoof gt

Ag A¥EY Y= DFT(Discrete Fourier Trans-
form)& 7|¥FO.Z 3+ periodogram S A}E-3le] 27
5] 3L FFT(Fast Fourier Transform)E AME-3to] 287
o2 799 + I

2

_L Mol ~ jom
Plw) = 7, mZ:}oy(m)e )

SNR(Signal-to-Noise Ratio)- periodogram2] A1#
2F HdS FAstd FAANE F QA Foh o
Fog A3ty ZEL Rayleigh Foldo] k3t
of AWGN Agutt Hojd A doA v oksjrt,
3 o] Y Hd3RE o] &3 wgH A P&
3 398 91 A&2E & 5 Anl

3-2-3 High Order Statistics O} &35t ATSC Pilot M4

7|

N
X

o

2z

r [¢]

g};l__

tlo

oft

=,

i

N

T

'z,

{o

fu

o

4

28

oX ofit
X,

b
a2 me iy

fStH‘Zi e o8 ¥t 7 AZE FFTE A}
L3l Fa4 Tlo 2 WEsA "k 2,0487)
9] FFT7F S 75T £§ o]22 OFDMe) Mz 9 &
Zo) o] $ 8Tk 12T F345F A5 459 ¥

41



E4---Spectrum Sensing 7|& S&

AR o9 A A
o, T el 248 e F5
NE) AFRS HPY RES Aol
o go] 93 o] 7Yl B
B HAEE 23 FAY g /WeR sy
v 437t A3 BAAES Ada 97 o 7]
o ATSC 398 A&7 A g0 Bee 8
E}[ll].[ll]'

3-2-4 ATSC PLL-based Pilot Al A 7|84

o] 71'§& ATSC #¥3l F3+E 2+ 2le &
E07 FAse] glor o e Fol CostasF=
&ehe] YA PLL(Phase Lock Loop)E A}ﬁﬂu}
o] #Y8 FurE FHde sy Fdyl F
ol M 919] 30 [kHz], & th& shube olei & 30 [kHz]
oy 2718 det. 7 Fo HE 34 Fo5 A
7t QA ololH ATSC T8l 57t Exf st

AOE wasiA Aok B, o] 712 F 50~75 ms

7 a7, $Y8 Faped 2 solg 54
a# o 12 dF BE HEE 7€ H
g o)W BZEE o -12~-14 dB FEoj,

3-2-5 Wireless Microphone Covariance M4 7|t

o] 7|92 Eigenvalue A4 3%
& A "ok FEES B
7] mjEoll 29re] 7ol A
A g 238tk A WA HAEAAN T=TVNLS
Bk BE ARE 3719 Foln T

Fae) ol pel 27191 ol 13k 1

=
lo n
okl

o

£ ol 20l TAT AT AE 8 o1 it
7t RIEE | o) 1o FHEAA e

E G2 HAEE 3 WA FA, JolE T,
3 1ol T3 T7h 590 ROE o] AR YFES
98 A AL ES WA HREY 42 AF 2]

)

9 ol 5
A

S-olt}. o] 7R HE AT &
10 ms©] AR S

= 3
, IZEE F -23 dB SNRo|TH,

3-2-6 Spectral Correlation A4 7|t

UHAH O 2 1A} AFEALY] HE A S g 4
S AHEY, 9 wEa AlAF ] 749 G, o
o it ’\V\Eé]-»] 7% CP(Cyclic Prefix) & o]
.}

g %—Zég Al e o
£ AL dgoHe Stationary Random Process 4372 <
72 Qlov wzd A I Had A7) Aud
F 5o BAALE FNAHE 2 HEE Cyclo-
Stationary &+ §43-& YA ok No| S7HE=
AHEY HAETt ABAA Fas AT 5
FHAEE Ao i A5 9 A7t LolshA
o T3 HF A7 17 AAdFE e AR A
HE B8 A A8y HEdE 2E F W Aol
g Ade A 9] SNRe] s B3RS Zeth
FNH 2HEY & AHEY AR Iy S
A B MzE 13 A A5 A 3 et
uEe) s Fste A4 “%l -T*er* AEE 1
E3A Aok £ "
BPSK ¢} QPSK 9] 73 %%lf& PSDE zte whddl 7
7he) 2™ EY A e 43 77
EQYY & A7) 3R E Agst
o AREY AP G

%
;&& ANe g 7L/§j /\1;94 Ago s Ao

w

o
¢
>

4m {o

i,
m I

ox rd K
M2 do &

8

o> o
N
o

.,_.
i
tlo
9

gl
o
>L}L
X
i
£
Y
L
2 =
lo
ol J_ I
T m
rir e
)
S
0% oh © op g

2

e

=

2

(N

24

ok

e

>

¢

lo

A e

2>

>

o

o
tlo ox
o e c?k;

w0 >4

gs{m
:>'J:|"

ik
=
P
ji7d
e
fol

o
Ho
o
oft
1o
i
o,
il



BEERABER H20% BIK 2009F 5A

V. WSD ZZEEIR(O] FCC 2k} H|2E Al

wsDel A5 AE 453 DIV AS 4 342
g8 FCColA 13} Bl 2E7} o]u] A=l Ed), A
3 A%S A 5EX ANAHL DIV A5 FA v
o]Z A5 F 7kA F¥olch &4 tide WSD
ZZE BFY2 2 Microsoft(Prototype A)<} Philips (Pro-
totype B)°1 2 2. ™, Prototype B9] 7% Transmit 715

o] FEH A Yol DTV FAl7]of thdk $4 7+
A HAES JEA 2R 12 HAE 23 FCC
qAE AutA o= WSDY M_‘:o] aﬂ/&o}] n] X| A
x3e AHE lsiffbu-, E3 B AES AMRH
WSD7F HIAE®] & e AAE 75l 7o
5101 AA ZFel “}"Jr Aes Hrrerld S2%

L

>

a
i
k)

i

12
)
>
o
xe
i)
k1

T
5]
2‘—'4
8
£
o
v
e
o,

2 7H"d% "3‘5% Ze WSDE W s @ 2
HAEZE HastA HAX, Ad 2008 10€ FCC
OET(Office of Engineering and Technology)ll 4 WSD
224 H| 2E7F A=A HUh 24 Bl AEE Hst
o Microsoft, I2R, Adaptrum, Motorola, Philips 5 57}
o] 7B N WSD TZEEIS AZag
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4-1-4 Motorola WSD Prototype

Motorola ZZEEFIZ 21~513dolA DTV A&
9] geo-location ¥ A& S 3t oFEZ TV & nfo]
AZE NS AEHA Feth ALE 74L& Cog-
nitive Radio @(Rack)#} o] 1S E 3 Laptop PC host
9 dZAde Jdok &3 CR H UHF $42719%
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o] ZREENIE FAf A wdshed o
geo-location DBE A A2 F3st1 3o, geo-
loacation FRE= AHEAE AGE AH 4 Hol
Rom, B Y glojME FCCY TV HlolH
H o) AE T2 ESA Ho Atk [1¥ 8] Moto-
rola®] ZEE B AE Apdloltt

4-1-5 Philips WSD Prototype

Philips®] Z2E ERJE o}22 tAE TV A
2 7N ol AR E AT E 2 ~51AEAA FE
gic} o] WSD ZHE & 443 TV 7t ADC
Z2 AL Y8 DSP RE 138X HAE AHE
A4 2 GUIE 37] A% PCE T4 Utk
3 Philipsell A= UHF th9d9) 21 ~5181dell A
ATSC(DTV)$+ NTSC(Analog TV), 2122 T4 vlo]

& o ok
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[Z18 8] Motorola WSD prototype & A}3

A2 X 3} -114 dBm(6 MHz TV W9 Z)E 1%
& 4 g Aolatx At} [1¥ 9] PhilipsAte
WSD ZRE A8 ANE HAFT Ytk

4-2 DTV Scanning/Spectrum Sensing Capability Tests
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4-241 Clean DTV M S E 0|88l

Clean DTV 413 & é% A=A F2 DTV A2
£ o]43lo] A2 WSD ZEEEYY HE 452
H7atz] g ZiOIE}. ol Y& NS ZE Rhode &
Sciwarz DTV Test Broadcast System(SFU)& ©]£3}

FE AolES T8 WSD ZRE ER)o Helv

S N A s e T

[Z18 9] Philips WSD prototype A& A}
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AZAYE [I9 10)3 2ol 74T F 2A A
HAES} g3 28 A2 AFIAHY,

@ (3" 101 Zo] +43t= WSD DUT7} ohd
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o] 20 dB7} HEF 34 RMS HE7]9 ¥
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7 74718 1 dB W3ol U4 NG AY
S #AAY i HAEE Jgdt

Tkok 30 9] A& A LA 100 %9 AFZES
A Z3d 7pd 72441718 1 dB o 98 A
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Adaptrum Pratotype WSD Detection Sensitivity to Clean DTV Signal

% of Successful Detections aver 30 Trials

G Channel 21
(=] Channel 37
g—— Channel51

w © 9 2 o o = ) @ © ~ © w -
I ~ & & & & 1 2 2 = = 2 <

Input DTV Power (dBm)

[12 11] Adaptrum WSD9] clean I3 #E 23

12R Prototype WSD Detection Sensitivity to Clean DTV Signal
{Laboratory Test Mode)

e over 30 Trige

G Chaninel 21
[5—1 Channel 38
¢——= Channel §1

a0

I © 0 - @ N = 9 @
& & & S8 & N & 8

1
-118
117
-116
15
114

-
1

mput DTV Power {dBm)

(22 12] PR WSD9 clean A3 #AZ 23

Microsoft Prototype WSD Detection Sensitivity to Clean BTV Signal
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[22 13] Microsoft WSD2] clean 2% A& AH
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Motorola Prototype WSD Detection Sensitivity to Clean DTV Signal
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% of Successful Detections over 30 Trials

) w o o o — N
= B o 15
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116
-115
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tnput DTV Power (dBm)

[32 14] Motorola WSD2] clean A% A& 23

Philips Prototype WSD Detection Sensitivity to Clean DTV Signal
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F——= Channel 51

% of Successful Detections over 30 Trials
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10-dB 10-d l-dB
Steps Steps teps

Xformer

[Z1& 16] Recorded DTV A% && Au] FAL

WaveTech
RF

Player

=
f‘y}
o
-3

Bl

17]~[2% 22]% Recorded DTV A EE 7
AHE AdEE JER T led, Adaptrum®
T 2 ZA Pilot tone 7FA= DTV 2132
S Azl A& ol7t Yo SW WAE §
AL A Th Motorolas A1 E B+E 3713 H)
E A34E Ho FA,

o[ 22t HIZE FolA 474 7| HANA A&
WSD] Field H|2E M8 413 242 ZAIHE MSTV
AN Hug W&ol <E 5ol veht e,

423 9F M2 7 5

ro ox e
> —1{}1 Nom

%
),
>

S AF g AR A7ld wE A ey

7t AGEHA A2 dARS 42 A UA 01%3
AEN£)H F ARNL) 9H A& Frtste] A
g3l om, oI Mde] A% AFL 747 -28 dBm
(High), ~53 dBm(Moderate), —68 dBm(Low)S 917}

B

Adaptrum Prototype WSD Detection Sesitivity to RF Captures
{Modified Design}

[

&0

Qe WAS_13_27
Foenendf WAS_86_48
oo WAS_B3_26
Wunncnndyp WAS_317_36
Pty WAS_ 31135
S WAS_ 211748
Bl WAS_47_33
s \WAS_G1_35
Mot WAS_32 48
ey WAS_ 4939
el VWAS_49” 34
O WAS_ B34

By

60

% of Successful Detections over 30 trials

input DTV Paower {dBm)

Q1 Adel thE DTV AN E 7} LA S AL A (328 17] Adaptrum WSD$] recorded A% A% A3
<H 4> RF recorded 413 K
Lower Upper | Close-in | Multiple | Deep . Band .
Waveform Type 9f Adjacent | Adjacent | Echo | Echo | Notch Wide Flét Edge Pilo
Capture Notches | Fading |~ ~ | Notch
Channel | Channel (es) (es) (es) Distortion
WAS_06_34 | Outdoor - 30’ | None ATSC - - - - - -
WAS 03 27 | Outdoor - 30’ | NTSC None - Y Y - - - Y
WAS_311-35 | Outdoor - 30’ | ATSC ATSC - Y Y - -
WAS-311-36 | Outdoor - 30’ | ATSC None - Y Y Y - - -
WAS 311 48 | Outdoor - 30" | None None - Y Y Y - - -
WAS 32 48 In-home None None - Y Y Y - - -
WAS 47 48 In-home None None - Y - Y - -
WAS 49 34 In-home None ATSC - Y Y - Y Y -
WAS 49 39 In-home None None - Y Y - - - -
WAS 51 35 | Outdoor - 30" { ATSC ATSC - - - Y - -
WAS_68 36 | Outdoor - 30’ | ATSC None - - - - Y - -
WAS_86_48 | Outdoor - 30’ | None None - - - - - -
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I12R Prototype WSD Detection Sensitivity to RF Captures

100

=
3

$—p WAS_49_30
. WAS 32748
—— WAS 311 36

2

s WAS 6836
e WAS_06_34

Percent of Successful Detections over 30 Trials

Input DTV Power (dBm)

[22 18] 'R WSDY recorded A& AZ Azt

Microsoft Prototype WSD Detection Sensitivity to RF Captures

S s WAS_68_36
4t} WAS_49_34
oty WAS_49_30
e WAS_311_36
Yooy WAS_311735
Ar———h NAS_311_48
) WAS 47_28
$—— VAS 0327

WAS_51_35

% of Successful Detections over 30 Trials

Input DTV Power (dBm)

(22 19] Microsoft WSD®] recorded A% HE A}

Motorola Prototype WSD Detection Sensitivity to RF Captures

@
&S

w
a

WAS 32 48
Py VWAS_49_19
B WAS 49_34

—— WAS_311_35
WA B8 24

o

WAS 3” 36
A——h WAS_311_48
s WAS 47 48
—— WAS_0327
e WAS_51_35

% of Successful Detections over 30 Trials

B = WAS_68_36
B WAS_05_34

Input DTV Power (dBm)

{32 20} Motorola WSD 2] recorded A1 & 23} (30-trials)

48

Motorota Prototype WSD Detection Sensitivity to RF Captures

a0

80

% of Successful Detection over 1000 Trials

£ o RS 503 |
e WA W |

Input DTV Power (dBm)

(28 21] Motorola WSD#] recorded 213 2 7H1000-trials)

Philips Prototype WSD Detection Sensitivity to RF Captures

a
S

% of Successful Detections over 30 Trials
3

Input DTV Power (dBm})

[Z18 22] Philips WSD2] recorded A2 #AE A3}

3tk HAE 37402 R&S SFU A7} OF A
9 DTV A3 E AFEROH, Clean DTV A3+ Wave-
tech player7} ©]- &= it}
HAE #E2 A% 7&% K -VJr
o AZ14 100 % é% Al A
3ty T 303&91 Al
oz Ealrly AlS ‘ja
E7} 3 E At o] ¥ )
EZ O o)A NI HAHE
gatA = Ak

HAE ZAAs (R o3 Zon, dF AdeAe
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<H 5 FCCHY TV %

NE el e MSTV B3

Device Best performance Worst performance Total errors/scans % Error rate
Motorola(Detccts DTV 1 errors/20 channels 14 errors/22 channels 195/724 269 %
channels only)

Philips 3 errors/31 channels 15 errors/31 channels 353/1302 271 %
Adaptrutg 4 errors/31 channels 14 errors/31 channels 204/682 30 %

(2 hr. scan time)

IR
4 errors/31 channels 22 errors/31 channels 3735/1000 373 %
(Some tests analog scan only)

CE 6 7 7138 AF A d2E 23

prot Detection Thresholds in the Presence of DTV-Occupied Adjacent Channels (dBm)
r\‘;,‘;%pe N+l N-1 | N+2 N-2
H M L H M L H M L H M L
Adaptrum A -108 | -120 | -100 A A -108 | -120 | -120 | -105 | 119 | -120
I'R =97 | -117 | -119 A A -117 | -118 | -118 | -118 | -118 | —118 | —117
Microsoft -67 | -110 A B B B =76 | -118 | -120 B B B
Motorola =521 =97 | -114 | 47 | 68 | -109 | -~79 | -1i5 | -114 | 76 | -115 | -114
(w/fooiféziim) -102 | -1nn | <110 | =73 | <98 | -110 | <96 | -1z | -112 | =96 | 112 | -112
Philips A A -122 A A -122 A -122 | -124 A A -123
Notes:

H = High adjacent signal level(-28 dBm);
M = Moderate adjacent signal level(—53 dBm);
L = Low adjacent signal level(—68 dBm).

A=

B = Device malfunction prevented collection of data.

2ol #98 AT U Nt BE 43
A5 A5 AF 459 Aske Bgow, g
B A Y Au2 29 el 95 A
42 A5 9FL FA 8 Relnk
V.2 B
@A B Fo ooe 282 FUHE 4
U= NEA RF Foke ABEO) AsE B4

&9 432

Rk

U}% ?jﬁo [

Insufficient receiver selectivity and/or receiver desensitization prevented collection of meaningful data.

7‘%1 5t 4144 E2lo] 7k
2HEY Ao}, o] 7]
EAABFCC)NA A

w2008 1199 A3 WSD 23} As AF At

&l FCCrt ¥
& AgY Mg S
HEARGL A5
AHE

oo we}

o

A 23E

AT
4 ds

FENAS T
U

SXEE @9 WSD

Ve FEAA

3} Geo-location DB HF2]
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