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Non-limiting access
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mobile telephony for everyone anyone, anything
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Experience




2G CDMA (‘96, 14.4kbps), 3G EV-Do('02, 384kbps), HSDPA('06, 14.4Mbps), 4G LTE('11,
75Mbps), LTE-A(‘'13, 150Mbps)E 7{A| LTE-A Pro('16, 500Mbps) A{H|AZ i} &

1Gbps

4G >G

3G 500Mbps

1 50MbDS LTE_ A -
=3t

75Mbps

MIA ==
LTE- A &8s

S

o=l

cccccccc



ZCH AESE
OlEA AL AESE
Futes g8y

14 olsd

HEXAH

Z|CH 7171 HA=
oz g8d
HXS IOIH Ae|

1 Gbps
10 Mbps
350 km/h

10 ms
10° /km?

0.1 Mbps/m?

20 Gbps
100~1000 Mbps
A4GLCHH] 3
500 km /h
1 ms
108 /km?
AGCHHI 100uH
10 Mbps/m?

=X : 0/2Y X2



Ol=SLl gt

2HIY ST 25 W F2Y AIE MBS B
HojgE CE B Zt=9| B st

« B E2fE 22 142 66% 57t

» ‘1318 MSA}, Nokia T Q14
204 50~738 7 MY

» 1418 el PS2RE| RER2} Q1
v "151 =70}, 7 Ri-REE Ok

=32 8ig0] 24
HIO| A &fAH
=hi o 7IXI2EH| /226 A : A 29
o A FLEIS U glofei TRt B3 2t

v ADLEE M| 394(6.9%, 15.2Q)

o VAR . oi== K7 1) (32% — 25%)
"~.EHI.=I gE“”!,-" olS &M FH| M| 69 (4.4%)

MA dlojziE2)2] :
(‘141)2,7900HH—('19%1)12{8,3500tcH

ety | 1 ’
"

» PCOIM 2HIZ F O|Z20HH|7} #i3}

‘ » BIEH|I3, 020(0nline to Offline), ZZ8A &
“x SHIR S4 AHIA ME7A 748




5G OI=5SLI2 208 AEAEIAIE JHAIZIO4,
JIEL Ol==d! A= BARC=Z LMo A& =t &8

MA OISEL! N 5G Al TY = O[SEL! R 5G A Y

Em HNoIEAY
(EE SGoIsAE 2% 31752154

278 970=1 e

1 888021y
s 6352 w2

1X1,5889&d

2023

[Xt=Z: ETRI AFYFEIOITPR]



BLELE

L

I

B,

ALL

A

\‘\\h\\. A

RN AN




5G| AIABM ESIAMHIA
d 656G e

st OHE F7I2 YUAEHO el, HEH3 Risiol THE

of 1
A2 MHIAE me 2ir)

“Non-limiting access anywhere,
anytime, anyone, anything”

“The evolution of
“The foundation of mobile broadband” &
mobile broadband” 4\
“Mobile telephony
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ICT Megatrend

3 Everything on the Cloud

Advent of new bandwidth-
consuming devices and services

Explosion of
Mobile Data Traffic

Rapid Increase
in Connected Devices

Connecting People, things, data
and even processes

Accelerating transformation of legacy
biz to cloud-based convergence services

Proliferation of Hyper-
realistic Media Services

Hyper-realistic media such as UHD+
and 3D, Hologram

Knowledge as a Services
through Big Data Analysis

New value creation through
context-aware capabilities



ITU-R Key Capability

@ Key capabilities of IMT-Advanced —— e capalilinie of previcus sy e

New capabilities
of systems beyvond

+ Peak data rate —
eh i Dashed ime indicates
+  Mobili T s o
ty Ao C ‘\ \ 133u;)\“h:‘:ald IM}- 2000
\‘ are not yet determined
\\ e -
: i — —="a
= Mobile Internet . IR e nsmetionas \¥

j ares wireles sccess )‘
et e e e |

1 10 100 1 000
Peak useful data rate (Mbit's)

€ Key capabilities of future IMT

User eak data Connection Energy pectru
Parameter | experienced o Mobility . i ot Sﬁ ESUST

[100MDbit/s —
1Gbit/s)
100 Mb - [2/3/5
N . - oo 1ms  10vKme  100UmesIMTimes -
e suburban) for 2 (radio i AYING) Advanced] 10 Mbps/m?
future IMT [ . Gbit/s] kmh . (scenario (for
f;:?;a;n with interface) needed) network) (scenario
hotspots LEELE,
1 Gbit/s?)

- loT(Internet of Things) Added @
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5G Usage Scenarios Embodied into Triangular Diagram in [TU-RWP5D

Augmented User Experience
(> 20Gbp/peak & > 100Mbps/user)

Enhanced Mobile Broadband

Gigabytes in a second —‘_.

3D video, UHD screens

Work and play in the cloud

Smart HomeiBuilding

Augmented reality

: Industry automation
| Mission critical application,

- e ldd 1 Aok
e

Voice .

" T e DN R A \’ Smart City -.
Massive loT Connectivity { )| FutureMT

e.g. e-health

e o
Self Driving Car L A

Low Latency

(108 devices/1km?2) m & (1ms radio delay)
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

Robot/ Drone

Drone Navigation




5G AMAEY gStMHIA

QITu= 5G(IMT-2020)9_| QLILEES I_TE(IMT-Advanced) CHH| 20
Hi HIE X<, 100 Bi= A, 100 EE2 XA EC
2 34y

i 34 Meac | O|SX & H&
t (Gbps) ,= 25 (Mbps)

______________

AN O|O|Ef
el 8% .
(Mbps/m?) : N Fhis S8Y
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Intelligent
LIE dOoIFE=---
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AHE2t S FHRY A~

User-Centric Computing

&
U 32 A

™2 HIA
Crowded Arg g “g k' I

Omni-present

LIS S2in--

2213 AHIA
Immersive
L7t 2=

= QIE{ull 7|8k Mu| A
(A0LE ZHQ1/ LS/ A])
Internet of Things
(Smart Person/Building/City)

CHed %'Eéé 2E2|Y
Massive Contents Streami

ey ey =

A MH|A
Telepresence
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25 7|8 MH|A PRate SeCUnty/PubIlc Sa

Robot 212 °
Ante _.-._?.g. A1H|T¢eleo bration ZYLEREH ZHA|
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78 / Use Cases

AFEZ} LIX = &d Biglol o2l Zglst HEQa 4 S MHIAE S

User-centric Computing

Ciekst MAMEES Soll &= YOIoIE 7|8t &&
YRE 2NN /FESI0 MHIA S
2> 2l0|Z=3Y MU|A, EAAHOC],
AHERZHOH ARKONE S

Crowded Area Services

4G 5G
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SA wE sEho] ggle S0l B2|otn XSt 1S AMHIA A&

Self Driving Car
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Platooning of Vehicles
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7 / Use Cases: Drone & Robc

Drone

= Surveillance Network: 2HIY CCTV Het 22 Ao 718t My|A
= » Tele-operation: 2H0IN 22E AHOE
= ZHEE HAlI: 20| ozl YoM Est &, BAI 71 AHE
ALt ot HY, X S * Smart Industrialization: 2% 7|dt
= BF U3 M|~ At b= MHIA

- DA X AR LA, X S
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4 I Use Cases Public Safety

= Disaster Monitoring
> MAME E 2L 0l 2 AE TLIEHTY

= Public Safety/Private Security
> ALt 2FEOIA ZHEEREH 2R ZEOH A
OHYZIOl HEY A MHIA AHE
> CCTV, MM S S8t =8 o™ A,
sg 2y MulA S

= Emergency Services
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IT Leader Korea

LI IO O O O ©

WiBro
5MB T . Service
ome Networ — P

Telematics
RFID

Q BcN (Broadband convergence Network)

O USN (Ubiquitous Sensor Network)
O IPv6 (Internet Protocol version 6)

AERLIECO O © © © © ©

(@)

5G Mobile Communication
Digital TV

Home Network

IT SoC

Next Generation PC
Embedded SW

Digital Contents and S/W
Solution

Telematics

Ubiquitous Robotic
Companion

loT
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o Carrie
Information o
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Satellite Soclety Bluetooth
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IMT-2000
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Whipping out the plastic Wired culture Plastic surgery
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Flight attendants Business boozing Innovative cosmetics
[ CNN, 2013-12-02]
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J Analog signal

® continuous® 2|0|(0l& :analogous)
® CHCIC] IASIAIGIA M7= AlS
¢ Sd, Sd9d, 25, d8¥AREH S0Rle 3,

gl D ESH!

A Digital signal
# discrete9 o0|(0{& digit)
& |HC}t o120l (artificiaD= 71
22X, d+4d M5, Compact Disk

® kY . bit, byte, etc....
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O RI=F(amplitude)
® ATol A7
@ OtE(maximum amplitude) : Big6H= SRV 713 =2 X
® Z(minimum amplitude) : HislsH= YYRI7E 71 Q=2 R
& RI= S (R7181F) : volts(HH), amperes(YF), watts(XdH)

O =F7|(period)et Fiats=(frequency)
® F7| : M7 B AIOIEE 2H-96h=0 Hel=s Al
& Tt : second(s), millisecond( ms =103s ),
microsecond( S =10"s ), nanosecond( ns=107s
picosecond(  ps=10"s )
® FOol . 1xX S0l RIESst =
Ctel : hertz( HZ ), kilo-hertz( KHz=10’Hz ),
mega-hertz( MHz=10°Hz ), giga-hertz( GHz =10°Hz
tera-hertz ( TH7 =10%Hz )
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1.2.1 Of2 AMSO| B
d A2t (Phase)

@ Al2F =0| 0™OIAN Also] Yx|7 ol ReIR| Ed
® Bt : &= (degrees) =& giCICH(radians)

& Z (amplitude)
A

&l = (amplitude)
A

/\ vl
/
/
\/ N ) N2 (D)

(a) 0°

Radi =" 5 degrees
adalians 180

(b) 90°

&l Z (amplitude)
A

& = (amplitude)
A

/ \ / \

/ \ / \
/ - \ -
[N AI2K(t) N Al ZH(t)
Y =
¥4

N
7

(d) 270°



 a}&(wavelength)
¢ OIS0 OIENXIS 7{2lLt, S0 S7HRIS] 72|
® XMES 5 (propagation speed)@t AlSO| F7|2 56

- IR = MEAEX F

<&
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)

& Fnte7t =05 nldo| FokX| 1, Fal+7t YLotd4

5 untdol HOolZICE.

¢ Fite=E 89 e A - 50| ==+5 2Falo|Ct,
& =2 Z9 N7I(27)et 23 - S2aeldse5 DRS00t



Aotz AT @ F7|(period), Fhal(frequency)E HH
ALCIRIEY Al : HIE F272Hbit interval), HIE&(bit rate) 2
0ol
@ HIE It : 6iHLIC HIEE 2LH7| ol Elgst Al
¢ HEE : XG 2LHOX|= HIEY A}
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Distance 1 Distance 2 Distance 3 Distance 4 Distance 5
Original Some signal Degraded Signal is badly  Amplification to
pulse signal distortion signal degraded regenerate pulse
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| | | | |
1 2 3 4 5
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QCIRE AlSO| RY

¢ CIRE 2127t 2O O ARlg 5 A0 AEGHH SHES
Ol2 Fei6h=0 AN EO0ISICE.

® JammingOll dgt &S AL ULCH .
% jamming : EAI0 YLOIAM EICIO|I AF=ZRICG] AlSO]
oS|l=xor S0L7LI AFERE ATl 2ol
o= s E 40l = AN

¢ CIXE OIOIEHC] X2l 8 &0l <lCt.




OLCIRE AISO| CHY

® CIXE0| otd22HrC} 71&d S& =71 S ACt.

¢ CIRE MSE Helshy| HolME=E B71X-el A7 8
ex) A/D Conversion, Sampling, etc.

® STt YHE 71X E= AT UM otdZ D AlS T}
AIX|6H= CHY=ECH CIRE A7 XAX|SH= CHY=0] o
3rCt.

® CIXEY S89 AT Helole =712 (synchronization)
-0l 5 EQGIC}.

o S71st ¢ EQMAIAHOCN U0 IOIHS AIREE R Y
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&l = (amplitude) = (amplitude)
A
5 5
0. Az o Eni4
1= (frequency)
(@) =Uf== 0 HzC! &l
&l = (amplitude) &l = (amplitude)
3 Fot —8Hz $
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(b) =1t 8 HzQl &S
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d Filye AHEZ (spectrum)

& Fils 9 (domain)OlM M E Fd6H= Fale d=2
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d ESMAAEHS =il AY

¢ AM Radio & ; 530 - 1700 KHz

¢ FM radio & ; 88 - 108MHz

¢ M= OlsE4Al ; 824 - 894 MHz
<% 7|1ZX1=:869-894 MHz |/ 0|==:824-849 MHz

@ PCS Ol=Z24l ; 1850 - 1990 MHz (LTE ALZ)
< 71ZX1=:1850-1910 MHz / Ol==:1930-1990 MHz

4 IMT-2000 ; 1885~2025 MHz, 2110~2200 MHz

e 2 HE 3 HE 4 MHE 5 MHE 6

P

6MHz
54MHz ~ 60MHz 88MHz
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1
s P ABO GILRI(BE)

& CH=~0ll Hlalshk= AlEICl J2 dtes 53
ex) &IAl 10000u4i 7H&l Ag|
— HYUFOoRZE 400 AR Ael2 g4
d dBAIES 013
& JHEIsE AHAl(DHsElsee d3 0lE)
& AAEIS 5o niet g0[|(+, -2 5HH)
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1.2.5 AlZO| 2= (dB)

d Ao ATHECl 37|
8T p O CHgt &P

% dB = 10 log -
P

2 dB(for volts) = 20 Iog\\;—l

& GIAl 1

f(t)=0.1v —>

0

o A7IE H7I

0

h(t)

— g (t) =5v

> 20 Iog% = 34 dB

® GIAl 2 f(t)=5v —»

% 20 |og

0.1
5

h(t)

— g(t) =0.1v

= -34 dB



QAo dBUUOI 5 SO S0l YL

— Y (positive) PSCE HH : 0I5

dAT9O] dBEO| &

A SEo= =ols L

> Z4(nhegati

A5 A9 Yol 22 A7|E 77X

ve) o mol : &4

-

o

il

10

G|
A

— 0 dB=Z =9



Q&8 ROl 5 ui7h =

P
4 dB =10log ZXFOJ 10log? = 3.01 dB

0

4 3dB : =20l 20l
& -3dB : XS0l 1/2(0.5)HH

2
V—12 _2 Vi_qa1a
VO V0
W1V g
V2 2V

¢ 6dB : X0l 2dH

4 -6dB : Aol 1/2(0.5)ul

@ OllAl) 3V Alofl CHoll A= 0] 1/2dH0I™ Xt 2.12V
HEO| 2001 = 4.242V



1.2.5 AIB9| 25 (dB)

OdB PSR O AlSO| Al e 2o &
& X=0| 47
Pl _ PO XlodBvaIue / 10 PO —

R

1OdB value / 10

» Hglo] Fe

V
Vl :VO XlOdB value / 20 V() — 1

1OdB value / 20

< OlAl 2) 41571 13dBE=0] =0l 1.2WS= LIEF LHKALCE.
Helel M g2 dotelzi?

< OlAl 3) 0.2W {7} sl28 S8t £ 22dB9 0|52
7IRCHH X E ™Y Q=2 doteiot?

——



1.2.5 AlS9| UE(dB)

A= AT o

¢ dBm B2 1mWOIl CHgt Al ol 37| H2d
d=e AlS iy
& dBW EtlZ2 1WOll CHgt Ao 37 &
Q& @ 1Vvoll CHgt e 2 dBV7E AlE
A AlSo| A U=
& MNTO| ANFQ U =H
® QIE (Watt) =2 2e|tE (milliwatt)oll CHgt dBE &H&

Power (b) dBW =10xlog Power
ImwW

(a) dBm=10xlog



Power in Watts Power in dBm

0.1mW -10dBm
TmW 0dBm
Twatt 30dBm
1000watts 60dBm

O dBAFES] G
¢ 1mW = 0dBm = - 30dBW, 1W = 0dBW = 30dBm
% (A dB) = (B dB) = (A = B)dB
<« (A dBm) + (B dB) = (A + B)dBm
<+ (A dBm) — (B dBm) = (A — B)dB



d olz4) M A7E 40dBm, dSB7H 2dBWLIN Al BO
CHet Al AS] =7

d oAl 5) 200mWE dBmE& LIEHLHE?

Q ozl 6) QO Y=o| =={0| 7 dBWOIH O HEUE?

dOlA 7) Al Q0| 8.2V & dBVE LIEHHAIL.



dB Et¢ : F Mo My, MEU9 HIE HIEH Lt=

¢ 10dB : 10di =71 3dB : 24 =71
-10dB : 1/10uf LA -3dB : 1/2di A
<+ ex1) 13dB(10+3)4 Ol
10dB(104H) <t 3dB(2dH), = 20uie] ™HHIE LIEFALCE.
< ex2) 36dB(10+10+10+3+3)9 O|=
10, 10, 10, 2, 2&8 & 40004i<] &E |
<+ ex3) 7dB(10-3)9 0I5
10 1t (1/2)9 S = bHlie| ™MZH|E LIEMMHLE.



1.2.5 A59| L= (dB)

Q&Sfel 3%
¢ 20dB : 104l =71 6dB : 24l =71
-20dB : 1/100i A -6dB : 1/200 LA
< 46dB(20+20+6)
— O|5 104, 10dHH, 2HHZ 200HHS| |
<+ 34dB(20+20-6)2] &g OIS
— 104, 10dH, (1/2)Hi= 502 Xl OIS= LIERALCE,




Ady . 8ZAld (uncertainty)el 7014
Q3dEZF ;. ot AHO| oY 5+~ U= =E9 9+
¢ 2( x, )7F 2dg =50 p(X;)=p; & my
7|22
I (X;)=log,(1/p;)=—log, p, bits

® HI2ZA71d 22 (Average self-information)

N N
H (X) = E[I (Xj)] = Z P; |ng(l/ pj) :_Z P; Iogz P;
j=1 j=1
& QI ER1|(Entropy) : d29 A=Y

N N
H=> p,log,1/p;) =—Z; p; log, p,
iz

=1



H =—(plog, p+qlog, q)
& 2622 DAL= ool ol ERh|=?

261 1 .
H=-) —log,(—) =4.7bits/character
§__ o6 92(26)

Ol AARMB0IAN LIio] XE IABIKIOL 25
22 ZEgg WHER S daiaolc XkX|SH= H|=0l|
CI=2Cta St a, e, o, t= 0.19 &E=2 LIELILD, h,
i, n, r,s=007,c,d, f, I, mp, u y= 0.02, b,
g, i, k, av, w, x, z= 0.019 Z&== LIEIICI D
SiCH, O] YL dupl=E st 27 M\OAF S [ SOR|E=

OIE=2nl= dotLt &E=717



® 8bit Gray scale 349 ™XR| Q4o dHZ!
% OHEl) 512 x 512 x 8bit = 2 x 108 = 2Mbits

® color AR Haio] Ag
% OHEl) 512 x 512 x 8bit x 3 =6 x 108 = 6Mbits

¢ HD TvY g2
< OHEH) 1408 x 960 x 8 x 3 x 30 = 973,209,600bits

@ ol =71 200dpi2l A4EXI9 RS
< OHED 8.5inch x 200 x 11inch x 200 = 3,740,000bits

¢ gi=at giRo 2 OI|R0IR AR (40819 YRS
<+ OiEl) 2byte x 400,000 = 800Kbyte



s HSEHOE

Or=2 1 Hl0IE M

&
fol
ol
FIF

& XIS LHEHY OI0IH

(41

|_I_I-§j

>

&3]

CIXIE CIoIE | |_| |_| |_ _j\f\_/\/\J\/\J\ olgE I AS
Ol&l M BA Bt &1
(binary voltage pulses) > — > (carrier frequency)

24

o
£
2]

I

Ao =ME LIEHH OIOIE

I |_|\

» | 7X

SE

CIXE A=z

(codec)

asae | U UL
=

CIXE &

g3

U UL e

SO0




O =& OiAl
& SU Moot SelHel 2E el 7|2 JE
¢ ALEE = iAol el dEE, thig= S99 §d0| 3y
® X7| OhAl AX| H|E0| ol ELCL.

¢ OIS SHYEl NS MB0| Vs

=) EAI AIAEO| 7|2 2441 OlTZRl2 30| X

ZHHES CHH = 2|o|E 2k
Ol =LA 622Mbps 250Mhz 2 ~Bkm
S0 800Mbps 400Mhz 1~2km
=R 10Gbps/800Gbps 40Thz 80km




1.3.3 ABXSOHA

¢ O|= LM (twisted pair)

NS

)

CHE S OHxIol HIGH 7H2H0] ZiE
QEN U A2IC S01N D20l SA HHAE 7H B0l ALE
= JHel =M TRIVE MR 2 M2 2o ML U=

e
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elEn |

)
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i
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)




1.3.3 ABXSOHA

Noise source

2Hglo] g
Noise effect = 16 units
/ l1 6
Receiver
T1 2 Noise source

Noise effect = 12 units

The total effect is
14-14 =10

Sender



1.3.3 A2 SOHA

® 5= HOo|E2(coaxial cable)
o OtZD A0 5 7He] JEAE P
» AlEIHEo| HIME M0 AAHAME AOIO 510 S50

U o1 TMS UM FEHZE 2

)

<&

)

)

\

[%aﬁaatﬂ} [ Qe =X ] [ TER=] ]




1.3.3 ABXSOHA

» & MK (fiber optics)

+QEILt SRAEICR UHSOIY Wo| WEHR ASE Me
=
=
_—"_

+7HsD QOB B MSL We FosH= T0i9 ol U
20| [I2 QRILI ZEIAEOZ 5 SpgUoz 1A
SENEE A7I2 ANER] Qo HEHE UMY A, Qs
OIS CIAl M7 =0

£ XA H H




O FM0OHAl - 2M CHHOIM SAIS s JATVIF AHEH

VLF Very low frequency VHF Very high frequency

LF Low frequency UHF Ultra high frequency

MF Middle frequency SHF Super high frequency

HF High frequency EHF Extremely high frequency
3 KHz 300 GHz

24 S4l(Radio communication)
Radio, microwave, satellite

3KHz \30 KHz / 300 KP% 3 MHz No MHZN\300 MHz /3 GHz \30 GHz / 300 GHz
222
X E o L Hels exz:ol
[ ] [ ] [ ] [ JHAIE ] [ ]
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I SOHA

Sz A7t
‘ x| 20 1 ‘ &2 J L Hals ] ‘ AT
VLF LF MF HF VHF UHF SHF EHF
3kHz 30kHz 300kHz 3MHz 30MHz 300MHz 3GHz 30GHz
30kHz 300kHz 3MHz 30MHz 300MHz 3GHz 30GHz 300GHz
2 MEA(Radio communication)
Radio, microwave, satellite
VLF ZEEra} VHF ES=:l}
LF ZEhmt UHF =L=CHiof
MF =t SHF MIE|O|E{mt
HF i} EHF Za|o|s ot
Zatgs
(Hz) 102 108 104 10° 102 “ef 108 102 1012 "ol P02 1012 10 10"
I ELFJ SLF ‘ ULF | VLF LF | MF ] HF VHFl UHF| SHF | EHF
| | ~|< -
a4 Fo k=
irrom g A £ MAOKradio) EES Q| ZbAl
Sot =tx| 2te| 22t TV 2|0l lolx =
= oto|az= TxpE= SEchut Qe REOIAY
= - eSS Xzt HalEH7|
MEDE YA
O|=LtM R
- ZNHS
- ==+ CI=
—— T
AM Bhss FM gt X|&bof
TV s LMo Ma
: : } : : —L— H—— } : t |
f(‘f’c‘)! 106 105 104 103 102 10! 10 107" 102 102 104 105 10°®
m
[22! 1-26] FMCHYHOIAN S412 e JXP7 1N ATER



@ VLF(very low freguency)

» FE Z7ILL, oI+E Sl X7 Zpoz My

» MEAl B2 UM |SLE, oLt A7|et 42 7] E9
ZZ0l 2IUSHA BtE

< F2 &A7el elC|<2 HIHIAHIOIMOILE s ES4lol AlE

® LF(low frequency)
G g2 ZFPEWHOF FuEL
% &A7el el navigationOlLt navigator locators S0l
Al

< AAHEO0N 9t ut9] 571 E7iEl= 9 AILCHOl HA E7t



® MF (middle frequency)

< troposphereOiA &il, ionosphereGiAN S
< XML& 7ele troposphere(CHR : 10Km OIBHOIA BIALE
= U0l 2o BH
< S0l dutel S71 271 20 7IAMezE JdE
o FZ2 AM BICIL, OIY BICI 2 HIAE FOl4z Al
® HF (high frequency)
< felE(ionosphere : SN A0 HEDOIA Aol
< OHIt=Rol elC|<L(d elCl), 7MelEg Falshi(citizen's

band), =AI& 2t&(international broadcasting), &3},

Ml S0l ALE



® VHF (very high frequency)
< VHF 4|, FM eiCle 2 d|g7|0Ae] AM eiCile 9
x| A S0 Al

@® UHF (ultra high frequency)

< UHF ERdIX, Ol A3, OloI3Z o2 A3 S0l Al
@ SHF (super high freguency)

o 7NN =g @F Z7H9| Julz2 AIE

< FE2 Y ooz o2 9 glolct 410l Ol
® EHF (extremely high frequency)

S PF Mulol AFZEICIRIIH, SIOICH 9N 2 NSI™[AEHK £

AME Qo ALE



‘ Impairment I
‘ Attenuation I ‘ Distortion I ‘ Noise I




O LA (attenuation)

-

& MEAMST JENNAME SOl JEHEE= SO ROl AT
71 &2 H6lo oIHRIE £416H= HE 90|

& AA™HezZ OIZSLIMO|LE, EdFeS9 SFMOIAIE oled
o M&ELO0|0l mME Aol HME BESH| Yol =571
Lt E2HI7|(repeater)E AIESIH HAE BH

Original Attenuated Amplified

/AA/\/ //\/\/\,/\/\Al
VIV Y

- . Amplifier '
Point 1 Transmission medium Point 2 Point 3

O
i)




2=

(distortion)

o CIBt ZO4E DAHE NS} M2 S Sof Hs
Al T AlBO| 24240] Fhip AlS NESS OIS e &

(ay— — — 'S

EE 7R E0] 2 AIZI0| U CI27 Sof 9 Al
o| WENYI HBIH El= pial

M M

VA

W/

W

= VYT
WY

flato] &t

rlr
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d &S (noise)

¢ 2= SU AAHOIE &8 AOI0l= J6lA S= &3

O| EHOHRILE.
» BEAl NEZ MITIE Fa8t Q0
® ZH|(SNR; Signal to Noise Ratio)
— A MG 2REH ANSE F&5 A dA g Fae

=
AeHQl 2715 A% o gen ek @



1.3.4.1 M

& d &S (Thermal noise)

v BAEC EFET SR Y0l 2ol LIEH:LCE.
olgt SEfC| MRIEH|QH DHAIOI = LIEH:HCE.
A =2=0l dlz

M2 BE B9 Fiaks ASERO 2dsHH 2%

— M ZEZ (white noise)

o0

\/
0’0

\/
0’0

\/
0’0

o %ﬁ% . NO =kT
N, & 288U S(watts/Hz)
k ‘=S=0F &==1.3803x10"* J/K
T A 25EUH25)=gt42(degrees Celsius) + 273

< Fal5 Y BHzOIMS 4 &S &858 N=KkTB =N, B
» dB-wattsZ =8 N =10logk +10logT +10log B
=—-228.6dBW +10logT +10log B



e ASOIMe 9 RS ar ¢ T=17°C ot3 7H&spH
N, = KT = 1.38 x 10% x 290
= 4.0 x 10 * (W/H2)

= -204 dBW/Hz
= -174 dBm/Hz
% AFE Fuale7t 1.23MHzC! CDMAGI 8¢ = 4 &S

= -174 dBm/Hz x 1.23MHz

= -174 +10log(1.23 x 10°%)
= -113dBm/1.23 MHz

ra
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& Soh(=u

=M, crosstalk)

\/
000

XBIES = CI= AIRO) Wo| S2l= =M Ze By
“ ZE7E OF B SM IS0l QIFol UYLE, SHEILIE AS
AL Al BIAMEL A7 20| SAIEE S SOl 2y

<+ ISM CHHOIM = 53t &50] Blol &

® SUX™ ZI=Z (Impulsive noise)
e olEeE £ Y=

o Rl JdA7IA Yol =5, B, SAEd|el A
Soz ls= &S



i e o =

d oid=213 XEO0IAM =01X9 HE

& & OH Ml (transmission medium)



d CIREY HEGIM 01X 9 Hek

Data

transmiteq ©° + O 1 10 0 1 1 0 0 1 0 10

Signal

Noise Wr

signal lus w%r“e-'\ L'ANWH W

E?nnégling ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Datareceived 0 1+ O 1 1 O 1 1 1 0 O 1 0O 0 O

Originaldata 0 1 o0 1 1t 0 O0 1 1 0 0O 1 0 1 O
S~ Bits in error _—



=
0L
0z
0%

11110011111000010011 1111001010101010101010111100010

&S SSO0HA

N
c 0P

&

7/
0’0

I

= (propagation speed)
|E7I X010 XEOAHIE ENNGH= 7elg =&

m



MdSAZ2t=t1 -to=d/ ESEE

Hel=d

i€
HaY

|
111000010011 ————>

ty AIE

111000010011 ——>

A& t2




1.3.4.3 A4 &3

d A &2 (channel capacity)
® Nyquist’s formula(19204LCH)

C=2Blog, M B :Bandwidth M :binary level
» AISIH &Sdlol oo Hd
C=B log,1+S/N) S:As2dx N:&=SZd%

¢ OOl ot AH=9] 24

T
Power =S/N : 30.1d8 ( } () » e
B=1MHz y \ 4 ]
C =10 Mbps
Power = S/N : 0 dB ( 1o M O Band Width Capacity
A Y

C = 10Mbps



¢ Signal to Noise Ratio : E /N, = HE#

B _sSh s 1 _ S E =ST, szl NO:E
No N, R kT NgR R B
% MTO HH=S Bt o

5 3,8

Ne N R

/

» CIRE E4l AAES d&=2 CIRIE 29 BERUG 2

)

& SNE 7HIOR t= OIEEANINE £33 =RS PR =7 9
st BERE 107° ™=7} EI0j0} BiC}.
2 CDMA SAIANAHIGIME E /N, 7} 5~6dBIEY} EIES Al

< QE|OICIOl SAI0IME BERE & 10°° dE71 HES A



® Fil4 1€ (bandwidth efficiency)

agtEl Fakes g E dotl gEXoz2 AFESH=X|0] Tigt X|

FE

< AMTO| HY=0| B Ol CIOIEHE0l R bpsOol™
Fale &8 | 73 =R/Bbps/Hz

<« Ah=9] Y ETAE &#E
XICH Fials a8 Mg max = C/B = 10g,(1+S/N)

B
GIADLIOIZIAESH Ah=2] A& BIFSh= A2 Aol =&t
AMY CHY 2 3MHzOIA 4MHZzOll EZH610 S/N=23dB LI .
AR=9 AE AIEGHH, Y 3= daieiyt?
HEGH| Holl 2t Moe|dol Hotelr] LIOIZ7IAE
A= 010l Foll2AL.



0 GIZ) 20kbpsCl HIE MAER Mot St ol2iD B} 18 MaWAS
300Hz ~3400Hz9) MAHHZS 71RID AlS [ ZHSH|= 40dBOIC. 2
M MAHAIS 600Hz ~2800HzSl MAINHYZS 7IXID USH Al T
ZtgH|= 30dBE 7HIT YUCH Ol £ 71X MAWA| F 0l MAWAO|
O FAZOIEID & 4 UU=71? Ak=C| BA|S =0l Aol Hofet.

RPN
Bandwidth =3400-300 = 3100Hz

SNR = 40dB =10000
C =310010g(10000 +1) = 41.2Kbps

& 2B MBA

Bandwidth = 2800 - 600 = 2200Hz
SNR =30dB =1000
C =220010g(1000+1) = 21.9Kbps

& 20| AUAO| O dAHel JdEUA = o -+ QUL



