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Global Mobile Data Traffic Growth

131% CAGR 2008-2013
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Ol FEF AU 2 Al AS 2008 8,748%) ] o], 20123 74A] AHT 6% A
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[E-34] A A7 15BN ARTE W B A%

F 2 | 2006 | 2007 | 2008 | 2009 | 201044 | 20114 | 2012 (%‘1\?3

MH (A 651,917 | 770,495 | 874,793 | 952,313 1,016,198 | 1,078,139 | 1,133,493 6.0%

217] 50,429 40,046 51,097 51,756 52,372 53,719 56,887 3.2%

:;E! THUZ|| 162389 | 189,675 186906 | 188,035 | 213631 | 245120 | 278,752 14.0%
27 | 212818 | 238721 | 238,003 | 239,791 | 266,003 | 298,839 | 335,639 11.9%

Al 864,735 | 1,009,215 | 1,112,796 | 1,192,104 | 1,282,201 | 1,376,978 | 1,469,132 7.2%

x. O — =
= Eiels gk 2

£X: Gartner(2008.12)
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13) Cisco VNI Mobile Forecast Project
14) 1 exabyte = 1 billion gigabytes
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Global Mobile Data Traffic Growth / Top-Line
Mobile data traffic will increase 39X from 2008 to 2014

108% CAGR 2009-2014

3.6 EB
per mo

1.2 EB
. permo
0.6 EB
o.2lEgT R o

0.00EB U0

per mo

Souree: Cisco

Global Mobile Data Traffic Growth / Regions

MEA has the highest growth rate (133%) from 2009-2014
WE will be nearly 1

/3 of all mobile data traffic by 2014

= Central and Eastern Europe (CEE)
Middle East and Africa (MEA)
Latin A ATAM)

®.Japan
North Am (&)

= Asia-Pacific (APAC)
Western Europe (WE)

Source: Cisco Visual Netwarking In 1) Global Mobile Data F

[719H-20] Global Mobile Date Traffic Growth
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Definition Service Technology Estimation

Environment —»  Calculate offered P Calculate carried traffic > Sum of required
Service traffic for each using radio access spectrum for each
Radio access technique service/environment technique service/environment

: : : :
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(A= 872587 )
T xe o7l o £4 2 R4 0 A 2
A EAHEY Q) Traffic ¥ &
\ J \ J
s N\ e \
8 BAF&IE AEYPES 8T A HA/B A AE A4S 3
A 9] & Zk (Session arrival rate, H 3 A| 28" & A
& J/ Traffic Volume) A& \ J/
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(1) M 8l& ¥ 3 (Service Category)
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* Super-high multimedia(30 Mbit/s to 100 Mbit/s or 1 Gbit/s)
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[3£-50] Mul= 5

Service Type Traffic class| = cational | Streaming Interactive | Background
Super high multimedia SC 1 SC 6 SC 11 SC 16
High multimedia SC 2 SC 7 SC 12 SC 17
Medium multimedia SC 3 SC 8 SC 13 SC 18
Low rate data & low multimedia SC 4 SC 9 SC 14 SC 19
Very low rate data20) SC 5 SC 10 SC 15 SC 20
* High multimedia(< 30 Mbit/s)
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* Medium multimedia(< 2 Mbit/s)
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* Very low rate data (16 kbit/s)
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* Interactive class
4 BepeAoly M dAs 5 AR AbEo]l MR FAs @ o 2Ase F
2> FTF/E round trip delay’} 8 &4 o]th

* Streaming class
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o to
N
o

)

AL T2 SA4on 2EHY HolH A RS

* Background class
E-mails, SMS, Hlo|HH|o]X 25 59 WIzles gH E
35 At XA A 2A FFS LA B EYY S0

23 AulzwFelN Bed sevEE ge

o
.
v}

- User density (users/km?2).

- Session arrival rate per user (sessions/(s X user)).
- Mean service bit rate (bit/s).

- Mean session duration (s/session).

- Mobility ratio.

(2) Al8l2 %74 (Service Enviroment)

HI 2838 FAIE Mulz: 88 g8 g Jehfle Aoz gojd Muz o) g I

0,
-
iz}
k1
Ll
AW
o,
)
rr
g
(@)
Q.
(@)
<
Lo
BN
)
O
fru
o
Lo
i
2

Hl(service usage pattern)?} I

3 329 o] 67HA AMHIA o ® ERIT
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[3£-51] A¥]2 37 (Service Environment)

Teledensity
Service Dense Urban Sub-Urban Rural
usage pattern

Home SE 1 SE 4
Office SE 2 SE 6
SE 5
Public area SE 3

(3) ¥ 337 (Radio Environment)

ot 7 A58 Macro/Micro/Pico A 5 cell 2§ AU 29 Hot spot 52
2 Aot IMT-2000 ARI=oM e Gdd A2 E o] &3t7] W&o BE} o
Aol LAt MHlE B3 ARG S T Aew AT sHAT At
At o] FTAAN AN E FLT AFEEAME AMHlE F3o wet & AH|

2 o] wrEojXa Z AHlA B4 L e FARETES AT A @
ok E=S 7 AMHlE S Adste B 84S AHls SEEE 24 749
o}
@) ¥4 £ 7]&(Radio Access Technology)
ITU-R A3 M164590 = BIA frameworkS TASE FAHE7 &Y 54

Group 1 : Pre IMT-2000, IMT-2000 and its Enhancements
Group 2 : Systems beyond IMT-2000
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(New Mobile Access / Local Area Wireless Access)
Group 3 : Existing Radio LAN and their Enhancements

Group 4 : Digital Mobile Broadcasting Systems and their Enhancements

[3£-52] +AHE7I<E vebry
RATG n
Attribute Value
Unit Macro Micro Pico Hot spot(l)
Application data rate Mbit/s 1 1 25 -
Supported mobility Stationary/ | Stationary/ | Stationary/ -
classes pedestrian, | pedestrian, | pedestrian
low, high low
Carrier  bandwidth MHz Up to 5 Up to 5 Up to 5 -
(CBW)
Guardband  between MHz 0 0 0 -
operators
Minimum deployment per MHz nx CBW | n x CBW | n x CBW -
operator per RE
(wheren=1or2)
Number of overlapping No. 5 5 5 -
network deployment
Possibility to flexible Boolean No No No -
spectrumusage(FSU)
FSU margin Multiplier 1 1 1
Typical operating MHz < 2 700 < 2 700 < 2 700 -
frequency
Support  for multicast Boolean Yes Yes Yes -
w Hot-spot  radio environment is not relevant for RATGI.
7t BARE Ve 29 22 FEHE FYstoor st i AH A
Ao mE Fu5 2545 =] A 7IEE fE T4 T
PG AANT, AWADEE, AT Ha Foe, AGATE s, FEEY 2,
Fo4 &, 14 HolH &% o && As), Waw/vlo|aw/va /=2
& A AA AEEE, AdEHE AMRlE S/, Holy dof W2, Peer-to-peer A,

7h2lo] <=, FSU(Flexible Spectrum Use)2] Alg 52 o3t} 83l AMH]A
SR/ FARETsE/FASAE EYYS Aula @38/ FA-ETsE/ A
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. A% dolg 24

ITUE AW o] 5FAAN 20 g Fa8 o237 98 44 o552
2o 3] AHoleta #A 7B F 349 AMHA FQ ZAINE QHse] BE V)
#e] wolE F3S 20059 647bA 3Tt

[3£-53] &8 % AES A AMHlE F£a ZARA

SE1 SE2 SE6
SC
2010 2015 2020 2010 2015 2020 2010 2015 2020
Ut Uaia Us,i.1
Ot Ot Os.1
SC 1 Wi,1 W21 W61
Fi1 241 Fe,1
MRy 11 MR 1 MRe 1
SCn

% UASA 2E, userskm?), Q(session EAHS, sessions/siuser), u(BT session X|Z&A|Z,
s/session), r (H AMH|A H|EZ, bits/s), MR (Mobility ratio, %)
 om(AMH|A B olElA) H(AZE QIEA), p(ME|A HFE olE)

FHE HelHE Fag 28% e dagFed HE7] s g Ause

2
248 Aosta Au|23qAT MulaFd wet 53 HE HolHY EHY &4

o

v

wAete] FuF 207 S dugEd HEF HolEHE &Stk gk o]
a9 3300 Yehde. fEyAld F& Muze F
WAlsth 1 o ZF Auj2e] vlAl &

4 AR, AuaB BB Aul2FEOel Aag Wt iAo R



1.List up 2_Specify traffic atiribute 3.Specify market atiribute
Applications/Services - values of each service values of each service

S.Calculats marigt 4.Map the services into
atiribaite sv::lsl.:;zpsr each |« service category per each SE

Y

[2%-28] A1 dolg B4 A3
. 71&4 Holy £4
PAREIE 2 B B 7 quls wmFe] Hu A

&
£ QoS(Quality of Service) &7 AlgS FARE7&€9 AE s8I vusty
%]

w}
st dgn FAAS1E W) A &
==
=

o] Hau HFE E AY mobility o wel ZHHT

A o84 FI4 & mobility AP wkRlHEY] W] Y @S FF
¢ mobility7} ALH= G0l I 7lEe Fa¢ a8l M T2 dHow ¥
9 = Sled, FAREIe A/ FAESYe e Foa e F Fu &

Sence Dense Urban Dense Urban Dense Urban Sub urban Sub urban Rural
ernironmert Home Office Public Home Public
Traffic Al| B A2 | B2 A3 | B3 Ad B4 Ab |Bb A6 B6

Radio Access
Technique

Traffic

Radio
ernironments

Traffic

Spectrum

Specirum requirements Choose Maximum Choose Maximum
foraSE b

Spectrum requirements % %

for a Teledensity

Specirum requirements of RAT#1 Spectrum requirements of RAT#2
% 1. 0122 2. 003= 3. 47

[29-29] Bl &

gﬁ
—d
r>~
i)
b
N
ity
HE
)
B
ot
o,
L
Lo
|

)

i)



43

299 o] =

L
L

o]l

T
Gy

oz e & A

QoSE

=H9Y a5 =

eh=o] 2

T

]

9] QoSE YFEA]T]

(Cm,rat,p)

o
oo

=

<

1 a7 Al

21

il

] - Crat,p

Cl, T,rat,p
CmJ rat,p
CM, T,rat,p

Q
s §
S) S
2 2 e
= T S
S J &
N———
I
g
&)
g
@)
7~
2, 2 &
E) S S
A
@) J @)
2 &
S g
S} $
2, 2 &
S JF &
N———

CVU!I,P»P‘T

125 &%)

|2~®l &%) + Crat,p,cs(Z A2 A

2 A

Crat,p,ps (SHZ A H]

1) 3 ENGY AN2H &F

o atE Adss

I
pud

Ao IP layer HIE +& ZA

o}

7 2o,

o
1=
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Z} Mul2 Wl gk Erdang-B 3412 o]&38te] 34 MulA o tig 27

A& BFS AEd F el ARl Ad oyl dig sads e ted 2

| (PHMII>V
B(V’ Pn’un) = v (3_1)
24| (R:Ni)l
AT 1, e VET WA ANz JdFE 14 A AG)E UE

B(Vn’Pn’/’Ln) < Tn (3_2)
HFAHoR I Arlx WFE g a7 Al=F" &S Fod veH 2ok

N,
CY(:s = E Vp Ty (3_3)
n=1

A71M N, B AHls B 2 udith 3 3 Jje] MRla fEFEY
A7 Ee2 o] A & she] golzAd FFHeR ol§E Aol 3
o oo we} trunking gaing ¥ F e EELE uHT F A=d old A5

E 2 Aula @Fo) 3 ok Erlang-B 218 #8310

2 HRAEHFY AN2d &F 4E

- Delay (Dn) = weighting time (delay in queue)
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+ service time (proportion to packet size)

AR A g AulzE J1EY ATEIE G2 4 AF 23 o) 4h2
BAstel g3 AFAT AR A% H4 BHS 99 A =HES Lol

(Poisson) E-X 2 7383, MulA 38 A7He g7l Z7)d HlEeEs Aoz 7+

Fidey

- IP H2E Edg m¥yst & Agole W (Priority)e] M2 ©E T 571

- A2 AFo]l wAde] w2 2ol i FEEHA F=ve= 7Y sl M/G/1

19 S e 2

M
)
H
8
N
frt
£
)
Lo
>
[
o
op
o
o
[
e
Pl
.
e
rok
o

- Zt Au]2=9] IP packet size distribution : mean(S,), variance(o?), 23 EHE

Different

priority ) 3! T==HE = basic traffic volume (T) / 2 & packet size
Service type 1

Service type EIIII
/.Radlo resource

Service type / IIII M2 AIZF 2E = packet size 2E2F S

C

(packet A2l AlZHZ packet sizetl BBt

Core network

= JHED

[19-30] W2 A% =
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ojwf P 3|7 TAEI} HA A7 TAEL =3 2o
T,

n,rat,p

TP A TR A, =

(packets/s)

AzE gl AW TR AAAZEe] FolAL AW GaFe] FobAw R A
A Alzre] Bojth. olsh 2L T AAN AxY SHHe] BAS ehhe
He thew 2ok

n n—1
C_ Z)\ns/ C_ Z)\ns/

n=1 n=1

D,(0)= 2( )( ’ )+ = (3-4)

2(3-4)E ©]83te AMul2 HWF po 275+ mean delayE THESlE Al2H &

HAMH 20 Al &F &3 (C,) AES Al D, Ae wAl BEEE s 2ol

gtk olmf a, b, ¢, doll el 54 D, AAFS ALt HZAMA

aCl+bCl+cC,+e=0 (3-5)
4714 a, b, ¢, di HE6~H(-9E ol83t] TR

a=2D, (3-6)

n

n n—1
i=1 i=1

n—

n 1 n n—1 N,;s
€= Q(Dn(z)‘isi)( )\7:57:)+ %(Z&&% Z)\ﬁ,))_ Z)‘isv(IQ) (3-8)
i=1 i=1 i=1

i=1 i=1

n n—1
e=— 25,1( Z)\,s,)( D )\,s,) (3-9)
i=1 i=1
HEHom A(310)% 2ol o Aulx WFE Jhed Hol Axd 83 A
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12 9+3)

=

=

(3-10)
HE71so A 33

5 Am e A

m
=

]

o} olw] muld WEANEES AS X8R

Crat,p.ps = max(Cy, Gy, ...

SR IR IES

ol
=

ol

~X

T}

3|

TR/ T
1A

3
F3e HEA)F gl o

)

e
_ZE
rd
w
o] of
DU\
~ &

N )

(3-11)
(3-12)

(3-13)
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Cm, rat,p
nm, rat, p 'Am., rat,p

Crat, p, cs + Crat., P, ps

E fm., rat
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(1) 5 Teledensityol U+ A]H]

2 Aol e H2 " WY
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fm., rat,p
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28t Fost 99T GAEe 2E Aolel o8 Aular) AgHre )

= MinSpec, ., [ Fro,,/MinSpec,,, , | (3-14)

rat,p

7 Aulz g7 WAz, violag, W=, sage] A 842 FA6 43

52 7 BH @34 2a¥E Fie 2032 oA 8k 29y = A
Sag Age FUHOR BA EANA gomy T g Fo 2 g AU
= a9

Frat = Frat, macro + Frat, micro + max (Fr'at, pico Frat, hotsyot) (3_15)

@ AQR Fol e FAs 203

S

radE FALE o QY AGATL Yol AH2E AT A5 Ao
g Hol WS Bk AR £F NS SHE AR g &8

2
m]I.

Frat = Frat/NO (3_16)
F,,, = MinSpec,,- [ F,,;/MinSpec,,, |

F. . =F./N,
G) A ol BE RIS g FHF 20 F
2] AdATE NulzE B HB ARIATY Radds) BAsE A5t e

B2 o] FrFHoz dysteiof itk
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(3-17)

Fo 2w EYY 540 me AtEE gE 5 A wEkA AR
0 Folg A9 S nugo e AU

B

ol
ol
£
=
>
;—]
L
X
=
BN
{0
Jo
re
ro
>~
>
oo
=
1)
o
=2
1)
[9p)
o
®
(@)
o
c
B
UJ
&
aQ
&
%)
N
N
ol
il
o,

CFSUE AEEA e AT Al BE Aoz A
Fror =max () (3-18)

- FSUE A &3 A% : FSUY non-FSU & A7l W& Hujzk A9

Froy = FSU, D F

mar J rat

ratE{FSU RATs}

(3-19)

(7) A Hl2 ¥ 9] (Teledensity) 73 0] TEEHA S-S 18

e ALgSE Fsvh FREA B3 Aol HFesh g
o @ Adach o E£8 FSUS) AL§ of ¥l whet

- FSUE A &3tA ¢+ -5 teledensity 7h-tl] Hojgk A€
F

rat

:max(F

J d, 7'(Lt> (3_20)

- FSUE A 43t 7% FSUS non-FSU9| rat, teledensity2] gk A€

Fr'(Lt,m)nFSU :maX(EZ, r(Lt.,rl,()n,FSU)’ a1/1(:1}7‘15‘5[/ :maX(EZ, FSU) 3 21
d d ( - )

@) AF R AFe] & RS 1Y



- FSUE H&3HA 8= 2B+

F

rat

= max(F,,) (3-22)

Fr'at,nonFSU = maX(FT'at,nonFSU>l and FFSU = maX(FFSU> (3_23)
AEHom 7} RATS 34 2038 BT 5] AEAY Fie 2038
AESHA =W, ojmj ol = FSUS| A& 7ol whe} Fukg AQ ko] gebd & Ut

9 HF FH5 28F IS
- FSUE H&3tA 8= 2B+

F=)F,, (3-24)

rat

\g

F= FFSU + Fr'at,nonFSU (3_25)

rat€{nonFSU RATs}
2.4G T 287 A4E

ITU-R Rec. M.1768° d& o2 Al&= = [IMT.MARKET] dlo]E&= 200610 vt
TE AR o)F vIE FuF AQF AEd FHE&sHrde F7F Atk Eg ITU
o] EdfT dF2 A AAY o]sFa FAE RISt A 7o FARTE A x5
o o]& A= Alo] AL s Ue AT ETY] FFE BT 1H Y
71l =W A= ztol7h ok & Ho o] E %4l
Abe] 107€ WA Ao EYYs d Edg 4533 o835t [IMT.MARKET]

dolE 3tk w159 dold EdT F/43E Unwiredrhe] o33
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Cisco®] |2g Hash A 492 A4skn 20de] Edy ZrhFe 15409 =

A devEE 2l Aest] 2F F Iy LaBg A0
7} ITUY o554 EdT o3

ITUE 349 AMulE 8 TAXME T8 104d, 15, 2010l o 3= = Mu=d
EY ¢S FrE1 o] [IMT.MARKET|C.E Aelstget. g1 o] ©o]E oA
Z}zye] MulzmlFel Muj2% a2 gepvule e HAGH HAdgs Bosta 7
T2 IFEES MHl2 RFEF 22 A5 48S whgste getvEE g2
Ao & F JA Atk 283 JAFEES Ei W5 OF higher market¥}
lower market® & o] EgS At ol 3 T L0% A4S 2H
T Yerdiddoh 3 417 3% 4-2% higher market® lower marketol] -85 = AlH|
2HFE WguES Yeidt. 2] satugelA 0% e A4S 100%<= A
S JEbdth o] ke 109, ‘1549, 200 EE 2A FAIEHO o], EFH
A ST gl AeE A4E 4 oy, HAA A market data AHA 7 F718)

E

gPAFe AL ZtstE FA4E Ut

[3£-54] Higher market attribute('10'd, '15'd, 20d & ¥)

SC U (%) Q (%) R (%) B (%) MObi.“ty
Ratio
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 1
25 30 30 30 2
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25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2
25 30 30 30 2

[3-55] Lower market attribute('10'd, '15d, '201d &)

Mobility
SC U (%) Q (%) R (%) u (%) Ratio
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 1
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
5 30 30 30 2
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[3£-56] ITUS WA T Hu EY

o2
‘104 ‘154 ‘20

Higher Market 345,031 2,251,839 3,107,964 4,853,894 26,553,117 36,470,717

Lower Market 70,829 519,600 700,532 1,064,103 5,507,360 7,532,115

@%2]: Mbyte/h/km®

o] 59| market dataS Z &34 A HAY Hu EfPYL [E-56]9] e
=

A4S AANA & AW EF agZE vkl Aot T ZeA B 10d

oA 151 o] F-o EZFHe] FZHo0]

70,000,000
— 60,000,000 /
£ /
=
< 50,000,000
@
= /
= 40,000,000
=
A / Lower Market
b
£ 30,000,000 )
= / ——Higher Market
% 20,000,000
= /

10,000,000 ///

o T T ]
2010 2015 2020

[1%-31] ITUS ©AT Ho EY
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ol oA AGHE olFFAAY EYFYL A7 dR S 7+ Fitkste 2%
upxak o] Ao ARt a2lal v 29 Hule A djF Y HU@
2 Jeld AOS Z, market attributeS %

[3-57] ‘10 7€ HWA HAT A EHY 9] 570 A

AR} BA} At R
°E
E R T PR B N - PO B AN B FC I e B

e 12,181 7,887 13,803 17,073 2,353] 11,489 28,337 36,449
HE5EY 10,906 8,049 21,603 14,835 1,051 3,370 33,560 26,254
Fshi- 13,811 8,819 23,581 33,427 710 2,614 38,102 44,860
B 21,673 17,251 17,981 24,327 423 1,931  40,077| 43,509
A Y9 4,056 2,655 12,421 12,519 354 3,781 16,831 18,955
o 40,077| 44,860

©9]: Mbyte/h/km?®

2@ S olFFA € EfY

H
=
g
nﬁg
i
A
rot
i
offt
of
2
ol
[t

22 743TB/MonZ UElT o] EY
o] g% 549 109 2 % =7}st=A9 3t A B = Cisco?t Unwiredd A5 E
7|02 o3t} v Ciscow ‘099 diH] ‘149 EFL 390] F71E Ao
2 53, 979 Unwired= 17H) S7tet= AC=Z oS3t wap 2 HalA
A= olF '10d winl “15d o2 Fbetd Zbz) 24u, 16Hfolal oS EF oS
of HAug® HAaFoe=E Aotk 202 ‘151 Al4te] AFE-$ market attribute S
R FEete] Atttk agja o] Iz E 19 Aol ofgf 1yoltt
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160 /
140 /
120 /
100 2
/ / == inimum

8o

/ / == Maximum
60 / /
40 /
20

o T T T T T ]

Mean Traffic [times]

2008 2010 2012 2014 2016 2018 2020 2022

Year

[2¥-32] EY F71 vl o=
(B) U B34S vgF ITU EHY
2010 =) A5 oleEAl EdEE VT2 4% 109, ‘151, 20 9] Hu)
ITU EgT L E 459 18 439 et 931, € & ETe ¥ 467 18 44
o Atk F 4-594 ‘10d HlolEH+ '107€9 U WAY HAY EfIL =3

glolEje]al 1597} 20d-& Ef Y o] do]E o]t}

[3%-58] =W 43S wEd3 ITU o EY

2010 2015 2020
PNV ES 81,839 987,941 7,302,511
A0y o= 81,839 1,467,127 11,068,694

&2l Mbyte/h/km®

- 103 -



Max. Traffic [Mbyte/h/km?]

Mean Traffic [Thyte/Mon]

70,000,000
60,000,000
50,000,000
40,000,000
Minimum
30,000,000
Maximum
20,000,000
10,000,000 /
o] T T 1
2010 2015 2020 Year
[2%-33] =td] 43S WS ITU o E Y
20101 dlolE = '10.7¢€ A IU olsFA EdT FFolx, 11597 204
HolHE dZ=ztoltt. 4 =& UnwiredAte] EdY Z71#S w3 Ayjo)a,
Ao o) % Ciscorte] ol =< wedgt Atolt.
[3-59] =W &S W ITU 4 Eefy
2010 2015 2020
EEA = 743 11888 78015
x|} o= 743 17832 118880
©$]: Tbyte/Mon
140000
120000 /
100000 /
8oooo
/ / == Minimum
60000
// == Maximum
40000 /
20000
o] . T T T T T 1
Year
2008 2010 2012 2014 2016 2018 2020 2022
[1%-34] =d] 43S WS ITU € EY
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3. ¥y 28 F A4S
7b. sEtvl e A3

BAo| Bed 7|2 AEFolAd wEtuEE ITU-RAA AN Qs e
ARESER o groll A sttt 4 e ] AHlE HF(SCO)E 207HA =
°]&t1, SC1~SCI07HAE 3w o7 SCI1~SC0E A whdaloz A
Hl 2 g AMHl 2 842 F 67FAolH Fojx o 3t}

[3-60] Al &8 ol Ao detrH

mrafolg e
MH[A RHEF H 31 &x
M~ 8 328X

ot gtg RE1: Micro, RE2: Micro, RE3: Pico, RE4: Hot spot

'104 : RATG-1=100%, RATG-2=0%
SMEAT|E 154 : RATG-1=18%, RATG-2=82%
204 : RATG-1=4%, RATG-2=96%

MRS AFdste FARES7Is @A AMHlE F<Q CDMAS WCDMAE
RATG-12.2 LTEES RATG-2Z 7}Asla, & Ao Hdvs A Edy ¢ Ed
o FHS 237 A8 =29 EdY wjEES 1099= RATG-10] A EdgS
25 HPsta, ‘1530 RATG-1S 18 % 183 RATG-2+= 58%2 EHFS A3}

3, 20del= Z47F 4% 96% 2] EfTo] ¥t JhA g

X938 7(RE)S wj =L 2 (RE1), w}o]Z & (RE2), 3 (RE3), 8t~3H(RE4)E TFH&1H,
M2 AT Ao@ e g 23S ® 4-89 YEY Yk FelA 0 B3
295 v, 12 7 23S dERdTh ‘109, ‘159, 209 A4 A2 o
2ZA AT F don, AEdoddAe Il AIdRtE @A vlelaE 4 V|FS

2 e AAse] 88w gong violaz A% Agdch
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[E-61] AUl 873 A5 879 5 =7

Senvi Radio environments supporting service environment
ervice
environments Macro cell Micro cell Pico cell Hot spot
SE1 0 1 0 0
SE2 0 1 0 0
SE3 0 1 0 0
SE4 0 1 0 0
SE5 0 1 0 0
SE6 0 1 0 0
[3£-62] Sector Area
Teledensity
Badlo With penetration loss Without penetration loss
environment
DU SuU RU DU SuU RU
Macro cell 0.1 0.15 0.22 0.65 0.65 0.65
Micro cell 0.07 0.1 0.15 0.1 0.1 0.1
Pico cell 1.60E-03 1.60E-03 1.60E-03 1.60E-03 1.60E-03 1.60E-03
Hot spot 6.50E-05 6.50E-05 6.50E-05 6.50E-05 6.50E-05 6.50E-05

(THl: km?)

WAz, vlo]az, 93, st2ste] A wAS el dEe] s FHEH
A= A9 FHsdo] glve 499 A wbgoz Yrox oy, I FES
FEiEso] Qe A fAstRRZ AlEH oA o] e AME3tA

RATG-13 RATG-29 F4 #€d gerjgH = ofefo A H= niel o] 22 Z47}
et Atk o] 4 B A AdEE S8R 29 HolHEH o]lF& R

9% gelE vhehaie,

o,
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[3-63] RATG-12] F#4 #d defr] g
Value
Attribute Unit
Macro cell Micro cell Pico cell Hot spot
Application data rate .
(2010) kbit/s 2400 7000 14000 0
Application data rate .
(2015) kbit/s 2400 14000 14000 0
Application data rate .
(2020) kbit/s 2400 14000 14000 0
Maximum supported velocity km/h 250 50 4 0
Guard band between operators MHz 0
Minimum deploymen.t per MHz 1 1 1 0
operator and radio environment
Number of overlapping network # 1
deployment
Support for multicast (yes=1, 1
no=0)
[3-64] RATG-29] 74 #d defv]y
Value
Attribute Unit
Macro cell Micro cell Pico cell Hot spot
Application data rate .
(2010) kbit/s 0 0 0 0
Application data rate kbit/s | 50000 100000 | 1000000 | 1000000
(2015)
Application data rate kbit/s 50000 100000 | 1000000 | 1000000
(2020)
Maximum supported velocity km/h 250 50 4 0
Guard band between operators MHz 0
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Minimum deployment per

. . 1
operator and radio environment MHz 1 1 0

Number of overlapping network
deployment

Support for multicast (yes=1, 1
no=0)

ITU2] Radio Aspect SWGOlA A3+ kg 7]E o
goted Aesdn. Fae 582 FAHEY

]
unicast -2 multicast serviceo] Wz} 1 Froll xFe]”7F ATt unicast A H|2~9] F3}b

T 555 UE A, multicast AR 29 Fu 8&S UEY Foa¢ 82 4
A EE&BFANE 2 ol Azt wel Wi, ®ol yEkhd Fakg ge2 H
EYE J|FoE FuF £22%FS ANEFEE HF X|(peak value)o] T}
[3£-65] Unicast Al8]2=9] 2010 3} &&
2010 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity | \acro | Micro |, Hot Macro | Micro |_. Hot
cell cell Pico cell Spot cell cell Pico cell Spot
Dense Urban 1 197 2 - 2 25 3 5
Sub Urban 1 197 2 - 2 25 3 5
Rural 1 197 2 - 2 25 3 5

(Et: bps/Hz/cell)
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[¥-66] Unicast AHl2~9] 2015 F3t5 & &

20154 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity . .
Macro Micro . Hot Macro Micro . Hot
Pico cell Pico cell
cell cell Spot cell cell Spot
Dense Urban 1.5 2 3 - 4 3 7 8.25
Sub Urban 1.5 2 3 - 4 3 7 8.25
Rural 1.5 2 3 - 4 3 7 8.25
(SFR: bps/Hz/cell)
[3£-67] Unicast AJ8]2=9] 2020 3} §&
20204 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity . .
Macro Micro . Hot Macro Micro . Hot
Pico cell Pico cell
cell cell Spot cell cell Spot
Dense Urban 2 3 4 - 45 6 7.5 9
Sub Urban 2 3 4 - 45 6 7.5 9
Rural 2 3 4 - 45 6 7.5 9
(EH2[: bps/Hz/cell)
[3-68] Multicast 4B 29 20103 F3+ &8
20104 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity
Macro Micro . Hot Macro Micro . Hot
Pico cell Pico cell
cell cell Spot cell cell Spot
Dense Urban 0.5 1 1 - 1 1.25 1.5 2.5
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Sub Urban 0.5 1 1 - 1 1.25 1.5 2.5
Rural 0.5 1 1 - 1 1.25 15 25
(Et: bps/Hz/cell)
[3-69] Multicast A1 29 20153 F3+ &8
20154 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity
Macro Micro . Hot Macro Micro . Hot
Pico cell Pico cell
cell cell Spot cell cell Spot
Dense Urban 0.75 1.5 1.5 - 2 2.625 3.25 3.75
Sub Urban 0.75 1.5 15 - 2 2.625 3.25 3.75
Rural 0.75 1.5 15 - 2 2.625 3.25 3.75
(Et: bps/Hz/cell)
[3-70] Multicast A1 2=9] 2020 F3+ &8
20204 RATG #1 RATG #2
Radio Environments Radio Environments
Teledensity
Macro Micro . Hot Macro Micro . Hot
Pico cell Pico cell
cell cell Spot cell cell Spot
Dense Urban 1 2 2 - 2.25 3 3.75 45
Sub Urban 1 2 2 - 2.25 3 3.75 45
Rural 1 2 2 - 2.25 3 3.75 45
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[E-71] & AZA A5 Teledensity™® T34 L8 &
RATG-1 RATG-2
Teledensity
2010 2015 2020 2010 2015 2020
DenseUrban 138 138 135 0 408 496
SubUrban 138 85 106 0 355 182
Rural 129 71 103 0 105 74

[3E-72] H4& o =<2

O =
B T 28

Spectrum for RATG year 2010 year 2015 year 2020
RAT Group #1 138 138 135
RAT Group #2 0 408 496

Total 138 546 631
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Spectrum Requirements - RAT Group #1

T
T
R —
it
i,

140
120

100

SPECTRUM 80
VOLUME in MHz

60
40

TELEDENSITY

20 “Dense Urban

Sub Urban

Rural
year 2010

year 2015 year 2020

[17-35] HA A2 35 RATG-19 Teledensityol] w&

Zoh 203

Spectrum Requirements - RAT Group #2

500
450
400
350

SPECTRUM 300
VOLUME in MHz 250

200
150 TELEDENSITY
100 L
50 Dense Urban
0 Sub Urban

Rural
year 2010

year 2015 year 2020

[17-36] HA A2 35 RATG-29] Teledensityol] w&

Zoh 203
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Final Spectrum Requirements

500

450

400

350

300

SPECTRUM
VOLUME in MHz

250
200 -
150

100

50
DRAT Group #1
DRAT Group #2

year 2010
year 2015

year 2020

teledensitys] OFE F3bF 28 ANG ABE Ui
o 2o

o
-2k 1100 HlolH = dAskH, 11593 2009 ZH2E 600Mz2k 789Mk
Fus g Fo] o3 Aow AxEAh

[3£-73] Hd A=A A Teledensityd F345 L2 %

RATG-1 RATG-2
Teledensity
2010 2015 2020 2010 2015 2020
DenseUrban 138 138 135 0 462 654
SubUrban 138 86 106 0 387 194
Rural 129 71 103 0 105 74
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[E74] Ho) )29 A9 FAs 2o

Spectrum for RATG year 2010 year 2015 year 2020
RAT Group #1 138 138 135
RAT Group #2 0 462 654

Total 138 600 789

Spectrum Requirements - RAT Group #1

140
120

100

SPECTRUM 80
VOLUME in MHz

60
40
20

“Dense Urban
Sub Urban

Rural
year 2010

year 2015 year 2020

TELEDENSITY

[Z29-38] Hi <

Ao

Fo 20
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SPECTRUM
VOLUME in MHz

Spectrum Requirements - RAT Group #2

700
600
500
400
300
200

TELEDENSITY

100 “Dense Urban

Sub Urban

Rural
year 2010
year2015 year 2020

[27-39] Hd a3 H-F RATG-29] Teledensityol| w&

Zoh 283

SPECTRUM
VOLUME in MHz

700

600

500

400

300

200

100

Final Spectrum Requirements

DRAT Group #1
DRAT Group #2

year 2010
year 2015

year 2020

[(17-40] H] oA|Z<20 A5 Teledensityo] W& F3p4= AQ
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A1d B39y

1. 1 &

700Mp Thefoll ATt AElZ =Pl QI AEl2 he] A se At E43)
I ols #gtsly] 91F Butie] 3 o]&xds whdEsop & Aotk Ay &
A o MEER oleEAl, WIMAX, F4dvtela, ggetd, W, TRS 55 117
.

frdolA FDD W42 o FDDRE ZAsa DIV olg54l 2t Radd 1%

2 sty on, TDD W49 4% DIVSIe] BEHSS MEoz 44 syt.

470 790 791 821 831

DTV oI5 L(% FDD)
M E4H FOECHO4 (COF
0 opgeoinm sa) | 45R vBH e

[18-42] 50 1MLE

862

470

DIVEIS! (811=) . 0|5 5 21(TDD)
(704) MY(ELT| SA)/OIB(IIXIZ FAY)

[18-43] 50 7MLE

862
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20 108 170 2025 207.5 222 470 710 715 725 730 770Mtz

I = =
WIEE! At |5 | Tvolele| DTV s 15 2| &I
EE sdoo | S (CH13~52) o B Sl

[1H-44] 9 B SR

UHo] o]=EA &2 AFRT 730~770M - YEo| 93 <l
Aol iAlE & Qlovg FIEHx WS 3#HI FuSEur)

Heloh

A B < 10 E A B C c A I C
CH. CH. CH. CH. CH. CH. CH. CH. CH. CH. CH. CH. CH. CH.
32 53 34 55 36 = 58 39 &0 Gl 62 a3 64 65
o] gz 710 TIE 73 T3E 75 T 745 753 TS ToT TI0 TG i}
~
Lower 700 MHz BarD Urper 700 MHz BanD
(TV CHANNELS 52-59) (TV CHANMELS 60-69)
769 775 793 799 805
Public Safery Allocation Public Safety Allocarion
o reial s
8 g s 3 5 Commercial Allocation e g e )
CH. 62 CH. 63 CH. 64 | CH. 65 CH. 66 | CH. 67 CH. 68 CH. 69
758 764 770 776 782 788 794 800 806

[17-45] V= HEoS ez

2. Al ZH Hagyg &

X

23

o (DTVS} o]5F A7) o554 Fu2] X7} Iy FDDSQ! 4% 4Mk, & FDD
ol AL 1Mo Ratjddo] g
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470 698 702

DTVEHS (6M=) 0|5 T LI(FDD)
=yrye
(4M2) TBU S (2T SHEA(IIXI=
B al) )
% 7|&N = 0|SS4l 7|XZBe| £AE22Z S4 10dB 23
[19-46] DTVS} o] 5 52(4% FDDYl 4 -9) 7 Hso 9
470 698 699
DTV (6M=) o|F S I(FDD)
E%:“ )bl-alq.loa(l;rnrjl
() | OPBUHIXIF S CBA)
% J|&H x7: 0|SEA 7|X|2e| £A0IAT S4 10dB 25}

[21”-47] DTVSE ©]552(Y FDDY 39) 2k REto

o (DTVS} WIMAXZH) DTV $41717F WIMAX 71A5 SRAlRe] F= 7Hd d3ko= 6
Mol ge] Rauiele] Ha

470 698 704
DTVLHS (6M:=) o|S S AI(TDD)

w JEE 74 WIMAX 7IXI2 SA01AS S4B S22 S4S 242 10dB 28t

[1¥-48] DTVS} TDD Hj X %=

o (1553 WIMAXZY) 2Y¥ A%(Hotspor)ol ol FFA/WIMAX whib|zh
Aoz Qs §~10M] Ratelo] Fa

470 698

DTVLHS: (6M=)
Hoo HY O

(8Mz) (8Mz)
FDD 0f% DD FDD 4%

[C1¥-49] FDD<} TDD Hj X %=

o (155N} FAulo]l=7h) o554 wEy]el FAntolaz M PTFoF 1Mk
o] Ragda oF 10me olgd A7 22
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698 806

e B e B

FOD(FIXIZ &A1) () | = \ppoy 5 | 1 FDD(EHZII| FAl) TRS

[Z#-50] FDD9} F4dvpol= wjx| =

o (DTVSY FAulo]lazl) FAvo]art DTV FAl7]e] v Hd 9T 05
Mol REgdgdoe]l e

470 698

DTVLHS (6M:Z)
HoO
(0.5Mtz)

suoto13 TDD

[Z#-51] DTV} F-4dvpo]= wix| =

o (TRS$}t °]FFAZY) ol 5FAl F32 wixl7} 9 FDDSl 4 1Mz, €1 FDD

QA% 5ibe] HEe] Bs

698 806
A |
L] TRS
FDD(Z1XI= H) fuoro|3 FDD(H&I| ) (M) | (er2td| HAl)
[1%-52] ©]5%E41(¢] FDD)9} TRS HlX| &
698 806
B2y RS
FDD(ZZI| $21) =0p013 FDD(7IXI= &) B~ s gl

# 7|&% =71 FDD(LTE) 7|x|=3e &4l 0l~3 S42 54dB 23} 7|X|= 2k 0[ZH7{2|E 100m2 7+

[1%-53] o] 5541 (YRF FDD)$k TRS Wl X%

o (TRS$} WiMAXZH) TRS ©7]9} WiMAX 7] A=/ @77t Az oz 98| 5
Mz o] Raojde] dg
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698 806

GEasl  1Rs
TDD(FIXIE G&l, BT A1) .

# 7|1EX = WIMAX 7|X|29| &4l 0tA3 EM2 50dB 23}, 7|X|= 7+ 0|Z#H2|E 100mz 7+H

[18-54] TRS$} TDD HiA| %=

o (TRSS} F-Awfol=izh) FAvtol=st TRS W

47] ezt = HPFge R
05Mze] HEtho] Ha
698 806
By
. TRS
o|IFT Al ERLEER RS (ST F2)
¥ 7|28 =AU

TRSE TETRA(25K)2 12{st 20|04, 150k FJ} 2}

[T#-55] TRSS} FAdvio]= wjA| &=

A2d o]FTANY Fexd

FDD Al2®¢] A u8d Q42% FDD A&l A Ad g=9) &3k
J3 Abele) kA @ EE Vb Fo a1 &0tk FEHX oA (Duplex

spacing) 2 AlE] 73(Center gap)> Al2Hl Feol dFS 24a=E 517] 98t <A
T ol R Zasi.

e~
FEHA

0/Z (Duplex spacing)

HIE 24(Center gap)

i
[ po]
w
I

A
M
s
o
w
L

b
Paired 22 T

[ ECEEEE IEEEEES

(Duplex spacing), A8 74 (Center gap) &9

4
=l
Y

it

[19-56] w&H 2= o4
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&Y o] A (Duplex spacing)2 Y AlLHE oM FEFPA Fapao ¢
2 Fuag 3 Fomg, 3 A|EE YelA FAY A5 FAGe R S FA ¥
2 FE3] grgojol 3t} CEPT HilAo] W= Self-desensitization 0.4/0.1

_Ic_)r
|3t §A& 93] Duplex 47} 40/36dB ©]% EHI=E FEI2 o]Z S do

AE 74(Center gap)> A FDD &5 ol 7Hd 243 A4 d2 Ad
& g3 HadY tFe g, N2 O FDD Al&® 7F 7H4do] s = &
| SEEojof gttt 2G4 WHE o E4o =W, LTE A28 F 3&5
A A=/ de] 2yl WAK-96dBm/100kE/-50dBm/ M) 7158 wHEEt7] 98]
A= UMTS 900MEz the o] Lut Duplex filter® 5 d HIZS n8d 39, 10
Mz AE 2 Aol 7bsdtth oyl o] e Ad AEFy FEYx

Insertion loss &)°l w& @2 4 At}

o

A 7](Block size)x= A'd WHYHF L Reuse Patternol] FFES wtom, 53] A
d JgEze F EZo HHE FE3l+= intermodulation 4159 Eof J3kS v
A A g R dEFS T AE g Fe] SUHEsEE mEYs 4 2
A A a7 Fa dgFo] Skt 100z A" tHgF: e A, H4 100k
@&9)e] 5537] 83, Frequency reuse pattern 3& L& 3sh= A9 A 30ME

(10MEzx3)= < Q3hth
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A7 BAAR A

A1d A4 Al 2F (property system?] = <)

Aapapdo] gk ALtd Al =" (property system)®] =2 Al7barshake] A<l
AAS A Z=9] A2 (Coase’s Theorem)2DE L& Z o] 7|13 &, Z=2+=
S4% Aol st ®ze] AakAo] yE o] dar Aoyt I Hhe] AR

& A% AAYT Adulgol EASA &S AS, WH PR Juglel AP
| Ss Aol oEAE wEHY AR Yrsise] 4a NS Fy

goz P A9 ol§o] o]FoRtky FAAAL EF AAAU
F3t59] AA7} wol Aol uhel Fuigel ishe] AAAL 43

Y
o
2

Lot
ofr
L
rr
ok

o
ok
oX,
filo
ro
1>
ofr
ol
&

FoEM 1 EEHQ Bt b Aolgn AE v Yok Ak Fugel A
A9 BRPe U] A Yk FFL PR BujAES FHE WA Aok

K

Bt wetx Fo5E AT 6] Bues AN ARHEE 5
Aol oS AFHAR ALduE Woln olF fsixe Fakol #3F Aol
&3] gojxojof ghttar FA3ETE?) EnkY G (De Vany et al)S 29| o]&
olso] AgfAds AT = ds AZFES 98t FIHFE AH(Time),
A2 (Area), T3 T & (Spectrum bands) T 2 FE 3} TAS Al=HS =9
of Bujuirt 7hsES stal, F34 AuAE Agste] 27 7MES ¥9A 4
T kil F43ATES) TAS Al2=Hlo| Hate] mluUbA K(Minasian)& F3F+9] b

Bd  dgs Aost=dl AoA] HAEA(Emission  Rights), H7&H(Admission

oEL fr
iz Oll

ol
-

Rights), ©]-&¥(Use Rights), ¢=¥(Transferability Rights) < 79SS L &3t
HholS A AIEQATEY) AT H oz AAETA FA9 AAE A|AHS AP @

3] ot BFviE TN FusE dFet AREE AZANE RATOEHN

21) oJoll i3] AAIE+ &S Ronald H. Coase, supra note 62, pp. 1-40; o|A$-, “z= AHele] HAAsH
A AT, TAAAT 218 A2w), =g A shar g AEkE], 2003.6, 36 ofsh #Ex.

22) WHI/RAT, AR Fara seicele] BAT AAAY, REARALT, (137 ALD), 4
B2 zézﬂé}ﬂ 2006.3, 146-147 =z,

23) A. De Vany et al., A Property System for Market Allocation of the Electromagnetic Spectrum: A
Legal-Economic-Engineering Study, Stanford Law Review, Vol. 21, No. 6, June 1969, pp.
1499-1561.

24) Jora R. Minasian, Property Rights in Radiation: An Alternative Approach to Radio Frequency
Allocation, The Journal of Law and Economics, vol. 18, April 1975, pp. 231-272.
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AC)
o

S

NAFA

o}.25)
7000 tHejel ZHge Bkl AAH TeA FHEE neP Bast ok

A AN HE A5 Fure AAF AN 4L B FF AAHY §E
Bl 2 =R AAHoR NG FAYFE sl @ Rolth FArE Fal

o FRE 700M; NI F7b oM SEE ALl wet AFAL s
o] @ G Y PHe B R Faee S FARD AFFel

7 gl wel, IHA

A28 9 Fapg 7HX A A
1. ¥=9] 700Mz T A 7HA]
e 700 Y FIE AWE kel ARTIAE G327} 19879 Yl R

o o]t} 700Mz e A4u TVY CUV(AAAME 7 E W 75 7|Fo =
02332 o], o] 108MZ- 2.2 F4+std 7.04B R o] th

i

TH2 UHF g 475 UF gil ooz Aad 39, 7=

vl=rel Aget TV Sk CUV(@AAE7HA)E F4sts de aelFaa9t
Q72 FI5] 7HA 9 ($/Me-pop)S A3, MBI AFAA 44 2 F
st 71 E Zdstel FAFEY F, WMkE 1/ B A5, 53 Wo] A+

st I 7kA= 53N 2t "dvh @A ARS VA= 700ME th o] A/dut TV ARE-
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7FX &= $0.233/Mi-popel™, ©l2 A4yl TV 108MZ o= 32+ $7.04B FR27F
"ol olFEEAY ANV E $4.18/Mi-popolt, ©°]Z 108MkEZ oz 3HakEtd
$126.23B TFE(FAl AT G 279,610,531 71E)olH, olFE4le Aul 358 (PCS

C&F) 712, ARTIVE Faile, BEALA 742, A3k A% 22 52 5

vl=r 700ME TS Fuhas Aol A7 = vlE Agog%(gomﬁz) gl o] gzl

Faole F 19879 2

o
Juy
\O
W
v
fof
)
12

N
=
S
flo
U‘I
_12
iV
v
fru
2
2

o 1L
i
=

Tolth, FEGAgor F3E AN 242 A
o 0099TE 083UAA 6d] ANE Fa lFFu4ET FYSHAL. T &
=8 7] 918 B Hawyoss A Ag7HAel o8 A4 s 7000

gee) o 74

[3-75] ®]= 700ME S 34 A Az

ZojHs EE Z| B EF 2 ($M)
No.33 A B 545.9
23S ofod
No.38 A B 24.1
No.44 C, D 116.1
5t CH No.49 C, D 63.0
No.60 C 0.5
Zto] CH No.73 A B C D, E 19,120.4
A 19,870.0

2 #99 ERH 23

UHF i dFE WF Al olssiles A, &F7P7HA20= H4 €63bn
oA FHol €165bno] B AR HALHT FdH AGoA HA S0MLE ol TAFAA
oA Zuisior Hth FIHAE FE2E ALz 7IY(GB 120z 237, 92Mk)skal At

WE B olsTAS DD WelXe Fug EEEER FA5en, olssAl/ Y

S

ofy

26) SIHAE APz E TeE B PPHIE T,
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= RS | =
Wz 7122 80Miz= 40%(GB 12Mi oFSk 9= 46%)01th ety 12Mk+= o]
SEAY WM T 1554 WS W dd/tde T

Adges &HlA FF, 71e A3 B A, AdE A T 71249 ' F

< 2AZE 37HA 7S A3 S1(Mobile makes headway): 7]& Eutd 3o
Ao We #H Il F7F FFolA vy AREe Wede ¥olal, S2(Mobile
broadband takes off): EutY FHH HANZA, A ojvx} HF& 7Hsg A
M2~ 7)5S 738lstH, S3(Broadband is mobile): 117 Euld el A A2 A, LTE
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