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SUMMARY

1. Title

A study on policy for promoting and diffusing innovative use of spectrum
2. Objective and Importance of Research

It is necessary to decide how to use radio spectrum efficiently since the
spectrum has been played an important role in radio communications.
Therefore, many other countries have been focusing on spectrum management,
spectrum policy and spectrum sharing technology. The U.S.A proposed the
long-term radio policy to deal with frequency allocation policy and frequency
sharing technology. The EU prepared the neutralization policy of technology
and service. The UK announced that it would take market-based policy instead
of command-control method for spectrum management in Spectrum Framework
Review. In this world-wide current trend of spectrum policy, it is required to
study the direction of spectrum policy in domestic. Futhermore, the research
on various policies to promote the efficient and innovative spectrum use
should be accomplished as soon as possible. In this context, this study focused
on systematic radio spectrum policy which include polices and technologies

from industries, government, research institutes and universities.

3. Contents and Scope of the Research

This study composes of main 3 categories such as radio spectrum policy and
related regulation, future technology of radio spectrum and diffusing of future
radio spectrum usage.

In the first part of radio spectrum policy and related regulation,
radio-related regulation was reviewed to promote radio spectrum usage and
the radio spectrum policies of other countries such as US.A., EU, UK and
Japan were investigated. Also, DTV dividend policy and spectrum policy of
military were included.

In the second part of future technology of radio spectrum, the trend of

green radio and short range devices were reviewed from the point of spectrum



regulation and technology.

In the third part of diffusing of future radio spectrum usage, the degree of

radio dependance, radio index and

introduced

education of radio human resource were

4. Research Results

A. Radio policy and related regulation

Contents

Research Results

Radio  Regulation
Issue

Required to put the promoting regulation in Radio Raw.

U.S.A.  National
Broadband Plan
of U.S.A.

The National Broadband Plan)’proposed by FCC is explained.

Radio Policy of

Wireless Access Policy for Electronics Communication Service of EU is

EU introduced.
Radio Policy of )
IT new strategy and e-Japan are explained.
Japan
Policy of 700 o - ) -
Digital Dividend of EU, U.S.A. and Asia— Parcific
MHz band

Spectrum sharing

Cognitive radio technology and TV White Space applications of

of TV white | U.S.A. and UK are introduced. Domestic regulation and technology
space standard are reviewed for TV white space
Policy for

network
neutralization

Examples of network neutralization of U.S.A and EU are reviewed.

Spectrum  policy
of military

Spectrum policy of Department of defence of U.S.A

B. Future technology of radio spectrum

Contents Research Results
| Green Projects such as EU FP7 ICT future network , EARTH project and
Green Radio ) ) _— ) '
C2POWER project are reviewed. The direction of Domestic green radio
technology

technology is introduced.

_Xi_



Technology of
Short Range
Device

Regulation and spectrum policy of Short Range Device of ITU-R and
U.S.A are introduced.

C. Diffusing of

future radio spectrum usage

Contents

Research Results

Requirement  of

radio traffic

Expectation of the radio traffic increase of EU, U.S.A., UK, Japan and
domestic

Degree of radio

The investigation result of the degree of radio dependance is analyzed

dependance
and then suggest the usage.
Radio index The evaluation criteria of radio index is described.
Education of | Education of radio human resource of foreign countries is introduced
radio human | and required activities are introduced for domestic education to
resource promote radio industry.

5. Policy Suggestions for Practical Use

o Establishment of radio

regulation to promote the usage of Radio

spectrum should be progressed.

o The policy of spectrum management and spectrum dividend should be

reviewed.

o The spectrum usage of military should be increased for domestic safety.

o The Green Radio technology should be developed.

o The radio spectrum policy to promote the usage of short range device

should be considered.

6. Expectations

The results of this study would be useful for government officials to decide

the future radio spectrum policy and technology.
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2305-2360 MHz Band Plan (not to scale)
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I 1
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A Block
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19 2-3. 23GHz band plan
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olo] gH3I AWG (#5 AWF olEFAXH)= Ad 20099 3¥€ =718 Digital
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Aok 2y = ARe 2009 A= W F3k4 A9l 698-806MHzE ©]FF
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3 9] ofehAY F7b= obF Digital dividend®] -8 WS =2 FTolAY, =95 EH

4) 2E

ol A nl9} o] Digital dividendd] A, 2t A9 = F7MEE =9 £F9
o= o o] FFTA S FEH= Aol v FIEth FrHe B dF HA/A=H
FAZE =9Ha slev, 9 JA9 S B4 By 013— AQst7] A% ZFLFo] &g
YL A7) wEel 2011 lﬂ EE F7loA olFF4Al EEE I9E Fo=E JdHn

WhH, ol X g-& ofF A FHE] e X} Digital dividend &8-S =935l YA &

7] W&o harmonization®] 7}&A 5’-; o] iEld =9lr)e A7) AR £ 9o
AWGOA gelgt 8ol DTV-olg54el 4% /5 A% 71€4 247 Hadad 2
referenceZ W2 =7he] A A %EZ}E 3

digital dividend®] €& WS =937}
THE 93 Jed B £33 2 o] AWG Xﬂol' XF3 5o WA o];o}z%o]:

¢Fof: CEPT (European Conference of Postal and Telecommunication), CENELEC
(European  Committee  for  Electrotechnical = Standardization), ETSI  (European
Telecommunication Standard Institute)) AWG (Asia Pacific Telecommunity Wireless

Group, 5 AWF,APT Wireless Forum)
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1 -
[1] European Commission Decision 2010/267/EU

[2] CEPT Report 30 Task 1: The identification of common and minimal (least restrictive)
technical conditions for 790-862MHz for the digital dividend in the European Union

[3] 3GPP TS 36.101, "3rd Generation Partnership Project; Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User
Equipment (UE) radio transmission and reception", Release 9, 2009.12.

[4] AWF-9/0UT-13, "DRAFT NEW REPORT: HARMONISED FREQUENCY
ARRANGEMENTS FOR THE BAND 698-806 MHZ", Spectrum WG, 2010.09

[5] CG-UHF/CG-01, "Harmonized 700MHz band plan for region 3: Detailed guard band
and structural issues", Telecom NZ, Telstra Corporation Ltd, Nokia, Nokia Siemens

Networks, Alcatel-Lucent, Qualcomm, Samsung, and Ericsson, 2010.09

[6] AWE-8 Input Document 61 (Qualcomm)
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TV 2SI X|AA OJALS Fmiof CHs H|HE SE 518
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Further Notice 3o lSole] 7KI0| OAEIS CHI420 AR =5
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o
a9 Al o] e Aol FaD 5 e
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Wso] BAAAC £85E 45277t B ZUHE Rolw, 24E 2oAAe) 2sy °J7¢
ol A S8 AN RAATS] RAAIRY, 2R1E T A 71E FAANA BE
©7} 37191, BMPR7), RAdAE, HPM 5 AFEA479 2857} Zd Rolt

AR, FYHE AT Fe) SeA, 2 Fo| NEHoR TS 8EL A wIshe
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Feuckes YA BEES FHOE TS 283k AY FAAAEBO) AT AR,
ZUHE IuE 407 & AY YA L vAgy 2iw g gPs A%} 2 3o
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AY 72 ZR0N 2 g5 JAFANN AR, A4, 5E/71%, AR A4S A5 W
s oW, AEAAE FEAFAN YL B2 WEAD, A4H B AR 959
Wbk el A4 U8 FA0e ekl et Al 92 PEs FAA
27148 5o FHF] £902 NCW 14 87 slold &84 99 £§ pxzel Ws

7} oAt

o Ausg w3l

T FAAAE & AT, Multi-to-Point 54 2 34 JREAY 28 5oz 3UE A
g FAZ FAYE RAola, FANAL aHFuF T4 =] 7ak FAlo A Ste] B
= 9 A5y F£4A FUE AYPE RAoln, T4 HI FAAL AEGEA AFNA A, 94

2 Ad-hoc YIE$ 39 Multi-to-Point £4102 #HHE T, o]o wZ do]EH&e A Z/1E
o]t}

g, NCWo] A gkguistiel 24491 7& 749 Wsl 3 Fristke 359 FFAH-
of g 87t # T4 A S 9F ooz TS Aot

A X =t & : Net-centric joint operations

JI =2t & : Five decades of rapid wireless technology development
*Turbo Codes
j Wireless Comms Emerges

eleph on Broadcast

1876 19001920

A Z& :Increased need for more spectrum, harmonization, etc
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A 37 v Agol& V&
Al 1 A Green Radio 7]&

1. Green Radio 7]&

[

oA wamEEe Hasehe
Sl AR 55 om S e LSRR =7 Hdew
20209 AA 7HF7b2 ARSATT 412120004 iiﬂé}zﬂ At} Tk A 4

H EHe HXE =R A% =
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M
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~
o
[
i 3

)3

FHIAE S JRe) Age FET BHoR FHEA LopiNe] Bk WERE  F7)en
glo] ARE AL BEA 08T WEFL F4L AD AV1ET He] A5 oA
2 5geAow 83T A|2H] oUA A= =9 Py} 9ok

ol wet mFUIE Y] A 2 AN, Od Buid AR AW, fE =Eakd O™
radio®) R&D HE FHOE 25 vlg) o FEAALHIAS TR Wt Sl ol
FEI A S Fetshrlm

7} v} M E S S (future network) &

WELAY AME A3l F8 34 AMFOE scalability, security, interoperability, flexibility,
reconfiguration, management, quality of service 5°] F8 olFEC|YoY SO0 2= WYL R o]
HEZAA s Zsfobd & shte] 247t Ha 3ok & E0] 2007del] TVE 23 AR
Hoko] Aamago] WA A A A7aEHF o 4%ooy 20200 8% 7HA] e Ao
g B 9l7] wjolth 53] FRFAIF AUALRFS HAAS o 10%S A7) A
star 9o wjd ok 16 ~ 20%4 F7bsta lokal dhth a9 318 2009959 YRE ARk o

BEs Yebd Zloln 19 33% ARFATY 7HdA SIRIH 58] 135 A Higte
ol FFA 7HdA Tt #4538 SUbekAl & Holal Sith

others data centers
40 GW 26 GW
network
equipment
22 GW
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Source: OVUM, Stradagy Analytics & Iinkemal Encsson

oY 33 olBEA 8 RHBA AR F7 FA

. oole A A%, o A 3 B

AR FEHIL Je olFFATAAY UA AR FEE 17 349 2t
- 713+ 70 ~80%

- core nertwork : 10 ~20%

- &) 2~10%

B
Base Station \

Mobile Core Network Access Network

Energy Consumption -

(CO,-contribution)

reduce
by 50%

@aarth

Energy Aware Radio and neTwork tecHnalogies

a9 34, BErtd e oA ARH X

2EFO] 70~80% 5 AASA YA 1Y 349 o] tiFEEo
AT 1EY FE7)9} A80] F10 ~15%PEE Yolr o9t BHH A oA

AW e Aol @Aolth metA ol§ Sus] fF o, AN wA % A& Aol
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2) 29 o] FTAIHY A%
gamEE FAas A% A AR BAH a7t AE Tl wEt o]o AES sof & o=
Btk O¥ 355 FHEFA dxete] J-sE Adsty] 915 Al FAHIE Pile Research 7
7129] 20109 % R w2 201490 <F § 120B2 < F3ta Qlth o] F o] 5FAl Foprt oF
2/3% <k § 80Bol| o] &t}
$140
$120 B Fixed ®Mobile
$100
T
S
o $60
$40
$20 1
$0 -
2009 2010 2011 2012 2013 2014
a9 35 AlAl B4 1zt 2™ AlA H§
o fHe] 29 2uid R&D @ 24
e 29 Zuld R&D. A8S FP7 ICT future network ZRZAEEZ FA o7 o] Hdmsiy
A} gkt

1) EU FP7 ICT

a1

Y 368 fH9 IuF

future network

Al P EY S 9320100 R&D ZEZAE &H3lo
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Projectacronym | Instrument Description Total cost EC funding
ACCORDANCE STREP | A converged copper-optical-radio OFDMA-based access network with high capacity and flexibility 5627493€ | 3400.148€
ARTIST4G IP Advanced Radio Interface Technologies for 4G Systems 14385224 € 8.676.703 €
BeFEMTO P Broadband Evolved FEMTO Networks 10.175.149 € 6.851.221 €
BuNGee STREP | Beyond Next Generation Mbile Broadband 4,669,537 € 2975953 €
C2POWER STREP | Cognitive radio and Cooperative sirategies for POWER saving in multi-standard wireless devices 5.150.714€| 3450888€
CARE CA Coordinating the Antenna Research in Europe 568.101 € 497.740 €
COGEU STREP | cOgnitive radio systems for efficient sharing of TV white spaces in EUropean context 5.098523€| 3383365€
EARTH P Energy Aware Radio and NeTwork TecHnologies 14.804805€ | 9.483512€
ETICS I Economics and Technologies for Inter-Carrier Services 12.758852€ | 7.998638€
FARAMIR STREP Flexible and spectrum-Aware Radio Access through Measurements and modelling In cognitive Radio sys- 5520324 € 3457377 €
tems =
FIVER STREP FuII -Converged Quintuple-Play Integrated Optical-Wireless Access Architectures 4.180.463 € 2.768.406 €
FREEDOM STREP ll-based nelwoRk Enh by intErference managEment and coorDination of infOmation for 3.445.801 € 2529989 €
GEYSERS IP G i hitEcture for dYnamic infraStructure sERvices 10.433.206 € 7.035.000 €
LOLA STREP | Achieving Low-Latency in Wireless C ion: 4.156.021 € 2,628,033 €
MAINS STREP Metro A g Sub- lengths 2.707.881 € 1.956.310 €
MONET STREP isms for Optimization of hybrid ad-hoc and satellite NETworks 3596.013€ 2434607 €
OASE IP Optical Access Evolution 7.664.241 € 4.980.257 €
QosMOoS [3 Quality of Service and MObility driven cognitive radio Systems 15.508.041€ | 06.419.680€
QUASAR STREP | Quantitative A of ¥ Spectrum Access 5049203€| 2006.000€
SACRA STREP | Spectrum and energy efficiency through multi-band Cognitive Radio 5.950.524€ | 3.770412€
SAMURAI STREP | Spectrum Aggregation and Multi-User MIMO. Reak-vord Impact 4.596.081€ | 3.004.389¢€
SAPHYRE STREP | Sharing Physical Resources - and ions for Wireless Networks 5290.200€ [ 3.850.000€
STRONGEST P Scalable Tunable and Resilient Optical Networks Guamrﬂeemg Extremely-high Speed Transport 12636.177€ | 7.386.016€
WHERE2 STREP | wireless Hybrid Enhanced Mobile Radio Estimators - Phase 2 7.445.900 € 5230289 €
171.454.464 € | 110.353933 €

Future Internet Technologies
AUTOI
@
o - MOBITHIN n.oue L
AWARD L] EEI.ESAN.SE - ®  MOBILEWEB2.0
. e SMOOTHIT o)
TRILOGY SIRP
(o] EURONE —
— EIFFEL ETICS
SENSE| SNCRAVE [ . eMobility, QEES
[ ] 'ﬂ'.HA_
®cenpora  COGEU
MONET FREEQOM ®  |WHEREZ FVER o esion
@ 3 ) BeFEMTO  aracorn & OMEGA ® o
SAMURAI R —3 - — e [ OASE DICONET
ARTISTG NEWCOM++ MULTI.BASE = S e
T wwacic  pone®  ELMB HORRIGANE Aconmcs B
® . =1 -
® | — SFERA
DAVINCI EU.MESH .:OC“ET coow uceLLS PeAe|  FuTon STRONGEST ©
CARME —
cms . oMMAX  gosMOS C.casy MAINS = S
o« [ s
(1:'owen Bum;.gf QuAsAR ot - * SARDANA
F‘l::;: N Converged and
EARTH Radio Access and e — Optical Networks
Spectrum

29 36 Ao AREA WU EYI R&D T4 E(20104)

R EA RS Ve A v JIEU V1, 69 2 Y, T S 2 AFEY Eof

2 EFsa o FEEQ0103 call 4 ZEAE)E 28771 o o]F Ayl Hofe] TAE
2 o 20702 o 2345009 AFHIE AFste] 8 S & & Ak vsH FEE U
& FAFope] ZRAEZA A9 ukel 14787} AAFH(CR : Cognitive Radio) 713} #HH
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2) EARTH(Drivung the Energy Efficiency of Wireless Infrastructure to its Limits)

P4 Qzete] uA DS AN ol ¥l RATE Aol ¥ ZeAES] 2otk
AEePe] ouA BES AU 2ot PUS AR okl FAH A2y FEAA 1
F& FA 24e RFATHE Aolth o SW, AP Hly

UNY.}
it
ﬂr‘
R

L
2
2

ro,
N
N
olf
03:

AS2 ¥ 39 0289 A o8 A8 TABS BaSa A 18 353 s
M

e g A 7]394 31‘5_5}‘)1] w3 ATE st lon HEH 7]301] g ASH S #
7Fehe FEiE o] FofA it

Holistic Approach ;;o Er{emy Efficient Cellular Networks

« EARTH considers energy efficiency at a com-
prehensive system level

# EARTH will focus on research topics with high
reduction pountiatl

e.g., high potential is identified in the uneven traffic
distributien: EARTH aims to make energy
consumption proportional to traffic load at different
time scales

+ EARTH will provide an integrated solution of all
results, that will be disseminated in publications,
workshops and standardization work

75 WPS Proof of concepts and Operator Test Plant

| Reference scenarics, imits and targets | | » Network topologies and energy aware management new + Concept val real system conditions
# Specification of energy efficiency related metrics * Network architecture following energy efficiency objectives. + Enhancements of radio transmission technigues + Evaluation of gains in an operator test bed

149 3-7. EARTH project 73 %

71E W Al g F FAR) T1e NS st olFg, 2ol 3 JY VASS 29
sted oA a8l AN dets ved &8 Ale aste] sk Sl

- Energy aware network reconfiguration and resource management

- Transceivers or base station equipment with high adaptability to the traffic situation

- Advanced radio transmission techniques for energy efficiency instead of purely for

spectral efficiency improvements.

3) C2Power : Cognitive radio and cooperative strategies for power saving in

multi-standard wireless devices

HENGEe AYsE BF TH A BEH AATHN FHFA &S Fe] o
A w 2AEY B82S FUska Yo wEvlel wule $9e se7] 9% Pue 24

e Ao gt o] o] vk
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1% 3-8. C2POWER project 72 =

4) SACRA : Spectrum and Efficiency through multiband CR

ZHAEGD UA] &S FHAIIY] A8t B Y CR7IES B8k 22N AF7HA
o] CR7€0] ©@A 2H9EY 48 Fshsd IHE T 3 Ags Ao|7k ok
¢ AdoR 2AEY, I3, AZHET oyl Aur|eS o] 83t IYFoRA

oo
_L
rlo
=
Rl
So,
it
Sl
5
B
pacs
)

o] 7Fsd H/W7]%9 ot
- integrated RF receiver front-end
- multi-band dual polarized multiple antennas
- an integrated RF transmitter

- DAC and power amplifier pre-distortion, and etc
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Adwanced hardware platform

Base
band RF —L,J

— Measurements
- - control

Sens'm —fp userdata

1% 3-9. SACRA project 7N E %=

5) SAMURAL : Spectrum Aggregation and Multi-User MIMO: Real-World Impact

OF AHAF MIMOMU-MIMO : multi-user multiple input multiple output)$} SA(Spectrum
aggregtion : 2HEY 9} 71&S 289 AU T4 71ES s AT TEAERA HE,
UA, 29 EY 580 ARHOR Voshe 7 g 2 535S Fi sl

°ol#3 MU-MIMO7 <& *]‘Qﬂoi/“l A& SFE a7 S7RI7I A Aeld, 33 b
3HE o] &3 2HEY 58S Aol 8 ARY/F /Y AL S b AdEvel o2 ALS
A7F AH AHEFoZA YA Be&S FHATIE 71ES sk, 412 MU-MIMO 719 A

w3} SA T2 g HolE dlel ARe 2 Ugolt
Pz |
((tl -1}} T
A

eMNBA2

UE1 and UE2 are in a highly interfered zone In
order to allow them to transmit they are scheduled
in the same frequency band through MU-MIMO,
while UES3 is scheduled in the less interfered band
S1, given its spatial position.

19 3-10. SAMURAI project /I3 %
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6) BuNGee : Beyond Next Generation Mobile Broadband

A B Zutd S A go M Ao A1 Gbps/km2S SR E st} A dxzelo] &S HA 9
108744 & Z7 A7) A thHs 22 Eolt). &, 143 44t Zutd wo] ulg, 23 EY o
yA 8&5 P71 sk Zlolth
ol& 93t
- AZE Bukd W x
- 0% W7eke] MIMO <Y V&
Hup/F oA AL % ki3 E}i}c’ NA = 7%
/RS /HARE Fard oS A 87, 54, o
ArEA Ad9ate] QoS 5 EdY aww 7ks & 2HER &8 4
olygt H WHol AFHAE AN AEd MM WA
Agsta % HE AE wgo] A4S ol F US AS 7

il
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F

&
-
HE5 = Hub Base Statl on \ LM hm
ABS - Access Base Stati on M55 Backhsul
RS = Relay 5tati on m

FBS - Femito Base Stati on
RFBS = Restricted FBS

19 3-11. BuNGee project '3 %

7) SAPHYRE : Sharing Physical Resources Mechanism and Implementations for
Wireless Networks
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Usar 3

1% 3-12. SAPHYRE project 712 %

[‘

e =4 Qs sl g A

1) =4 A3t 48] Yoy

S 7RI O R 20208 AlAl 70 =4 A=Y 4191(2009.8.15 BEAD T vb ATk
FAEOkIA Fa3 AXE AAGE olFEA MMPAE FFole HSs S dE
o] mutd e WCDMA, WiBro, A& 59 FHE thefst o] F&Estar olok A A%
=7+ o= 7IAT ] gAa wiEdd w3 A5S A Aol a7 UH5E
ALY gaulE o] 70~90% 7t Z1AT A AATE aHT wf s ol FA ZIAS
o] oA Azs T3 FA=7F BlF AF 3 Dot

e, vle T AKX FACE @ad O An Ued adds A A3t Aol
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