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Spectrum “gray space”

(shown in red/orange/yellow)

| Spectrum “white space”
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Various
Connected
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* 2000s

+ Connected Networks
* 2.5G/3G/3.5G
* WCDMA and CDMA
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Many/Integrated
Cognitive Networks

* XG/XG+

* 2006~2015

« 4G

« Adaptive Waveforms

* Selectable & Adaptive
Networks

« Intelligence

Increasing

* Performance
« Adaptation

« Abstraction
* Services

Dynamic Spectrum Access seizes
“white space” opportunities

Time —»

(328 3) CR &&|9] Dynamic Spectrum Access S




N
rE

2 gafo] 222 Aofick
7% ) cognitive A7 3] $I5F Afol
Urebdt}. CR =)= 71402 o 875
(observe)sttl. oj7]ol|4 A& ARE HAs}
A1 71578 wdtth ol S0 FHiE o
B2} A5 Ho 2 Eo7hA & SAlske A5
H2p7| oFalizle 749 dxe AHE AR P%
231 (o S WLAN)E 3HE.
3o %*J's = WS Zstolof gtk 0131 ot
£ 3}= A7} orient stageo|t} A|7FEo R 713
512 92 AR o= Al (plan) BAIE A
2] 2F4S etsta(decide) B4 3§gttHact). o]
2gh Alo] S EUE S H HEL FH e} 7|Eo|
712]1 9)= AHE g2 learning algorithmg &
stol T3 a4 59 ofe] stet|elE rjole
Sk b CR Bopoli Anpkge] el

A, A 9 X% Az 2EER A4 3 in-

of g Hug olg
CO,

—~

_9. re it
_IINA tlo

—l-‘

—Q

ru° IM

cumbent user 7<%, rendezvous algorithm, %%
AHE g A1, e Aof, T2)3 olefat Bjaz
2 9JgHMAC Z2E 2 So| F9 QRofolc.
(" 4)o]|A] olZ3t learning algorithm-2 A1)
22 5)9] REM 7S 9Jato] ole] mizjule]
£ Ag|o]E 3t} Radio resourcesE A 95}k, o]
£ GAo|i} neural network 59 ¢1g2|58 AL

Infer from Context
Orient. Infer from Radio Model

m;h Priority ~_
Normal
Pre-process \ Select Alternate

Parse Stimuli Urgent Plan Goals

Immediate

Observe

Generate “Best”

User Dnven Waveform

(Buttons)

Outsi Act 4/
Worl((lie / Allpgate Resources
o (@]

Initiate Processes
° Negotiate Protocols

Autonomous

(32 4) Cognition Cycle

ZEZ= / Cognitive Radio 71& S8

sof #7140 ujo|= gheh. REMS A28 7
Ao] wke} local REM3} global REM e &2 JLE =}
A2 A AE0] £2H5= AL master operation
3= A|2Elo] ZEH o 29le kst local
REME zp4|5 o2 HHE dHo|E 517] 93t =
o zul AFeEch

CR 7140]L} UWB 7]40] EQE)e Auje
olge] sficielo] el Hek. F2je] 21
o] go] =AA o] (exclusive rights) ZEA] (1

% 6)3} o] Z}4- oelo] Tt UWBs} o] 4

o HUER 7|2 Au|zo] S 2] ¥T 2
HEHS JG3}= easement user, 18|37 12} H

SUA} AFgSh o FuAae AHgss

=2
secondary user, 121 Hs|E ¥ W]z} 5

Network
Support
for
Cognitive
Radio

CR User
é:i-b Equipment

(28 5) Radio Environment Map

Licensee

_—\

Secon— Secon- /J Not-to-Interfere Basis )
dary dary \

User User
~ —_— -

— —
A AR - ~
. N
Easement User Below the Acceptable
—> \ “Interference Temperature”
A ~

——”

(a2l 6) AWEZ 0|2




TXESASSFEA X218 M4S 2006 82

g

o FuSAUS FHT 4 Yk T 23} o] g
=z
=

12} e Azl Al 7Hd & 2] Hotok ge41,[5].

II. IEEE 802.22 &3} 5% |

[EEE 802.22 WG-& u|=, 7fuc} Batal &3
ol FE3t Al ZA|GolA FA QI A &0] 7hs
&t 3t7] $lste] VHE/UHE thg o] TV the 5 A}
BE)2] o= NS g&ste] ADSLoJut Alo| & &
A F59 AMH|AE AT 4 e 222 AR
g EH 07 2004 11€0 A=t o]=FCC
of|A] ®lst “Unlicensed operation in the TV
broadcast bands(FCC 04-186)"[6]Z Et& 2005
H 18 E 20059 9€¥7}1#] functional require-
ments £4{7} ZAEI9{cH7]. o] FRDo| mi=e A
H]A 72| 2]+ 33kmo]x, CPEQ] |t A2le 4
Q}E | 72|31 AMu|A availability F(50, 99.9)& qt
Z3IEE A E AAste s =of giok (2 7)
2 WRAN 4] 28] 7}12} 2.2 2 Au]2 Auie]
2ol chat 7 AlLte) ol

(17 82 WRAN B4 44 2HE e
ol 7124 o2 BSe CPEQ] F44 42 P-MPo|
2, 012 $f3 B3 % MAC Aze ZRETS
Pk ek

Hul FAufeile] FRtelel ol Rzl
2|4 313k 3 1.5Mbit/s, Araka 3 384kbit/s2] A
SEEE BABtofof g}, ghH WRAN ZFx|= 7]
Zo|| TV tf& o] 82KTV "k 2 wireless mi-
crophone)ol] ZHd& 2| ¥ 2Hd-& AR&stoiof
sttt webx] PHY 2 MAC Z&EZofl HiEA]
71E o] §APE P2 AHgEkE A Fo1H0
2 AT 4 9 7140 B Qlolof gk, A=

22 AI]A o= quiet period & oA AHg5}
09 ARE BE AgH S AL S 44
02 WAY 4 YES BES AUekD Ytk BSE
22 RE CPEE AA12) A4 =AM olgslol
RE APe #1402 Ml BSol BishT,
BSE ofe] CPEoIA Hujle H1g Bz AL

(O3 7) WRAN AMH|AL| J1IX 23 2 AH|A

ZAH2[X|of| et 7k AlLf2l2

A
Residential Public or
or SME UNI CPE Al-\ ; A CNI Private
User Core
Equipment Network
A Air Interface

BS: Base Station

CPE: Customer Premise Equipment
UNI: User Network Interface

CNI: Core Network Interface

RF: Repeater Function(optional)
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(& 1) Incumbent Userodi| cist MIAl 2 zHd 0|8 7|=
DFS Parameter Value for Part 74 Devices Value for TV Broadcasting
Channel Availability Check Time 30s(recommended) 30s(recommended)

Non-Occupancy Period(minimum)  10min.(recommended)

10min.(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 2s 2s
Channel Opening Trans§u§51og 100ms 100ms
Time(aggregate transmission time)
Channel Move Time
- . L 2s 2s
(inservice monitoring)
Channel Closing Transrpls;lon . 100ms 100ms
Time(aggregate transmission time)
Incumbent Detection Threshold -107dBm(200kHz BW) -116dBm(6MHz BW) for DTV

(# 2) M2t

E£& Proposal?| =2 mtztd|g

Parameters Specification

Remark

Frequency Range 54~862MHz

Service Coverage Typical range 33km

Optional fractional use of TV channel and channel bonding up to

Bandwidth » Mandatory: 6, 7, 8MHz 3 contiguous TV channels. Channel aggregation of discontiguous
channels.

Spectral Efficiency . mzﬁﬁ égi’gﬁ:ﬁ Single TV channel BW of 6MHz

Modulation QPSK, 16QAM, 64QAM

Transmit Power Default 4W EIRP

Multiple Access Adaptive OFDMA Partial bandwidth allocation

FFT Mode 2k mandatory 1k/4k optional, 2k/4k/6k for channel bonding

Cyclic Prefix Mode ~ 1/4, 1/8, 1/16, 1/32

Duplex TDD mandatory FDD supported

Network Point-to—Multipoint network

OFDMA accessE 7|Hto & s}a7, TV channel
= A}85}E "R Alofli= fractional bandwidth
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CDMA  Code Division Multiple Access
CPE Customer Premise Equipment
CR Cognitive Radio
FCC Federal Communication Commission
FDD Frequency Division Duplex
FFT Fast Fourier Transform
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GA Genetic Algorithm

IT Interference Temperature

MAC Medium Access Control

OFDMA  Orthogonal Frequency Division Multiple
Access

P-MP Point-to Multipoint

PHY Physical

REM Radio Environment Map

SDR Software Defined Radio

UHF Ultra High Frequency

UWB Ultra WideBand

VHF Very High Frequency

WG Working Group

WRAN  Wireless Regional Area Network
XG neXt Generation
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