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O XM Y st (natural terrain configuration)
¢ 71 XY (open area)
¢ "R (flat terrain)
¢ 215 218 (hilly terrain)
@ Alet 219 (mountain area)
o8 X8 (human made environment)

4 AR (rural area)

¢ 22 A (quasi-suburban)
¢ A2 (suburban)

¢ =X (urban)

a0l 2dE (moving medium)
O At 28 (dispersive medium)
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XRN™HS2AS n ELS
o= E_ 82 (diffracted signal) \
(directed signal)

BHAMA S
(reflected signal)

v | HR2(direct path), BtAI Z(reflected path), 24t
d=R2(scattered path), sldH=2(diffracted path)2 34
El AT 26
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v d2&2l(path loss)
v M E=Y (shadowing)
v HIold (fading)

- Multi-path,

- Doppler effect -izuoszs

(shadowing
v M (interference)

Helol =224
(distance attenuation)

0

CIE2JIX=2(C24) 2t
(Intercell interferency

VA

Ct= & Z(multipath)

\

Ch= & 2(multipath)
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J Recorded Signal Strength in
Real Time

d2&4 ~150dBE T
Shadowing~ *20dB & &
Fading ~ 35 -40dB & &

While the mobile is standing
still waiting for green light

Relative signal amplitude
s(t), dB
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J Large-Scale propagation model
% Why Large?

23y 720 B2 AT N7IE S417|2RH9 S3HASE
Fdoh=0 AI2EMN, % O/H {2 X 0|5 7{2I0IA
AT N7 SEIE 2otEE=E N

& A9 72|0)l THE UA (path loss)
4l 2149 X X 20l ME UA (shadowing)
< "2 $£4 JE2 5A0IAM 40N BLI0IA F38t AT 9|
= it
» 702101 Fats7t 1~2GHz2l < 1m~10m J =2 72|
AlSO| HEH= XX AOILHH, AlSO| Mg Bt =
Log-normal £

@
@

o

/
0’0
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d Log-distance d= &4l 14
& A $A XEE elol T2l 228100 ez AUA
» B R 2412 R 24 AHISLE Ol 729 g2 BHH

- d) = _ q PL(d): H2l do] 2 &Al
PL(d) o [d_j PL(d)(dB) =PL(d,)+10nlog (d_}

0 0
X2 Al (2-16)

d, : 21Z=2H2/(d, <d)

n:MIAE 2 &4 H%

sS4l 2y =2d d=2 &4 A=, n
Free space 2
Urban area cellular radio 2.7 ~ 3.5
Shadowed urban cellular radio 3 ~5
In building line-of-sight 1.6 ~ 1.8
Obstructed in building 4 ~ 6
Obstructed in factories 2 ~ 3
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3.2.1 Y= AA DE0)| Ojpt Mt D

& d2&4 Al noll CHet sAEl XS

&Eﬂ -70 T T
(dBm) \\ 24l &2 =100(dBm)

i - |
1100 \\\\\\ \/V X3 S2Hn=2)
1110 N

-120 \\ e n=3

N
-130 e —
n=3.5
-140 S —
-150
0 10 20 30 40 50 A2l (km)
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d Log-normal shadowing 22
¢ &-$A7| AlOI1Q] AlA FH 2Hol T2t JZ &4 Bl
& AlA EHOIA LIFLE W S0l elol Mtz ZA
¢ 7{2| dBtE "ol FHOIN =2 LA U2 72lo) mE =2
A0l CHOH log normal 23 2E

PL(d)[dB] = PL(d)+ X_ =PL(d,)+10nlog (di} X

0

P (d)[dBm] = P[dBm]-PL(d)[dB] (PL(d):tHILI O|= L&)

v X, : E=0| 02l 7ILAICt By 0|0 B&2 52 OICt
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Free Space Model
A

I— T 2
P (47zd )
where, A : wavelength of the signal

d : distance between transmitter and receiver
2t Path Loss in dB,

L, [dB]=- 32.4 - 20 log(f) - 20 log(d) [dB]

d : distance in kilometers, f : frequency in MHz
It is mostly used in satellite and deep-space
communications systems where the signals
truly travel through “free space”
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h

Lee model
L=1.14+10"13

2

d 3.84

where d : distance in kilometers, h : height of
the base station antenna in meters or

L, (dB) = -129.45 - 38.4 log(d) + 20 log(h)

= It is used in terrestrial communication
system and includes various path condition
(direct, indirect path)

- It is strongly influenced by the distance
than free space model
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3.2.2

QA 2IF2HOkumura) 2=

¢ 19684 @I}, 7iet:=, EICIol 2o et

¢ 1920 MHz2Q| Fil50fl CHoll Sd XYl A = =5

¢ St 0ls E4Al M A9 M| 7|EC=E O|&
Sz Y : AI7IA, 2R, 7HER]

¢ BRE AY : 2 XY, 1@ Ao, A XY, =gt Xl

¢ Q@IFP[p} [EHIS EHEAR|O| AI7IR] A HEE 7|E=C2 Al
2 9 AEEO HOHA = 71 SAUCERH BIUCE BN

¢ QI JM ¢ &4 CHHILIC| =01, A2 Fhls 0|2
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0 23222HOkumura) 2 &
LSO(dB) — LF + Anu (f , d) _G(hte) _G(hre) _GAREA

L- : Free space propagation Loss
An: Median attenuation relative to free space

G(h,): Base station antenna height gain factor
G(h,): Mobile station antenna height gain factor
Grea : The type of environment

.
Where g, )= 20109 e 1000m > h,, >10m
L 200
(N
G(h,.) :1OIogK 3 h. <3m

10m > h, > 3m
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¢ IFPHOkumura) 2EIO| =AY =4 0|2 XY

BASIC MEDIAN ATTENUATION WITH RESPECT TO FREE SPACE LOSS
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EIEX) Okumura S Model
d =50Km, h_,=100m, h_=10m in suburban
EIRP =1KW at 900MHz.(Unity gain receiving antenna)

Sol) 2 : 62
L. =10l0g /12 _|—1010g (3><1(2 /900><103?2
(47)°d (47)° x (50%x107)

A, (dB)(900MHz, 50Km)=43dB

& G, =90B
h 100
G(h.)=20lo ® 1=20logl — |=—-6dB
( te) g(zooj g(ZOOj

}:125.5dB

G(hre)=20Iog(héj 20Iog(1:j 10.460B
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3.2.2 Outdoor &t &l 28 ()

Okumura model sol. cont.)
The total mean Path Loss

L50(dB) — I—F + Anu(f ’d) _G(hte) _G(hre) _GAREA
—125.50B + 43dB — (—6dB) —10.46dB — 9dB

=155.04dB
The median received power is

P (d)=EIRP(dBm)-L.,(dB)+G, (dB)
= 60dBm —-155.04dB + 0dB
=-95.04dBm
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Q S6lEH(Hata) 2=
& @IFHP BEHIO| T E $oixog US| 2]

L,[dB]=69.55+26.16log f, -13.82logh -a(h,)+(44.9-6.55logh)logd

f.8E Fh+ d: 8L EE Hel L 8E &4
=

h:JIXI= CtHILF =01 h :01S= 2HHILE =0
¢ 52y TH
S ZAEAl  a(h)=(111log f,-0.7)h, - (1.56log f_-0.8)

r

< CHEA alh )= 8.29(log1.5n,)*-1.1; f. < 200MHz

| 3.2(log11.75h,)? - 4.97; f. > 200MHz
WAAH | [dB]=L, (=4 =4)-2log (2](_08)]2 -5.4
CMYRA | [dB] =L, (=A% =)-4.78(log f,)" -18.33log f, - 40.94
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d Small-Scale propagation model
4@ Why Small?
Ol = Al (=X EIY) =2 =2 7el(s olE)OolIA
4l Mol HIE BiSIE LIEH = dul2E

¢ OIS 22 $SAEE AMS9 Multipatholl elgt He
¢ 0|5=9 X S50 gt Fuls XMOolol et LA
+ CHE WEoIM = MZo| gt2 LIENNY] MR &e
72l 2 AJ20IAM =ICH 30~40dBe] Al X=9| By}
M717|1= BiCt.
¢ LMo OIS E2EAYEC] AMTHHOl CHYS2A
4 glee| HoIdE3E (Rayleigh fading distribution) B
4 2lo|AIgt HIoIY EIE(Rician fading distribution) &
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3.3 Small Scale Propagation _r__..,

¢ 2712] Mul =& 71K 21492 ol
r(t) =, cos(2z f t)+c, cos(2x f (t-7))
a, a, : Y4 F AREHHO| AT RIS

N

Eel0|
(transmitter) 25|
o, cos(27f 1) 2
\ 15
Ve

3.5
A1+

JH 10 o = = 4>

—~
Q
=

o, cos(2rf.(t—7))

1
Q- Qo
0.5

| | | |
0 0.5 1 15 2 2.5
f.-r

v oa=2 a,=1 920 YL -7 ol Lol BOITol 2Bt RI=0| Bt
v & Mzl glof ot Alzyt foor= 0120 o ye Eol7IE
otn, fo-7=051525 Hye LMR7I= BiCt.
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.» .V"‘&‘-- A
Y O
e v
bs W

é°3.- 1 CIS 3 =0 Wﬁ_& Z| .Oj% 2} & " -—-

d SAE izt ClS 32 MalEtdoll ool Atgt S BiAL
ol &1 AlH0] mR|= S
¢ CISd2E= SAMTT ZE 9 2ot otLlet, o=
2 SASI7{LLE BAIGIe Aoz TEE o By
¢ ZE =2} UiAl = AlO|oll 217} Bdstol $=A17]
ol =&{6H= AI2t zo| 2y

Hundamentals of Mobile Communications



¢ LIS dE22 dMilEl M= 2 29| 7{e| & s §d
S92 Z0|0]l elof =ESH= Al2tal XI=0l|l x1017} 2

& QPO T HAYLE= FZ2Vt AT AEE=E JF2 ZOo}
A3 RAHAAIE HOJRIAH ELICE.

0T 0—7—

&= &=
(dB) (dB)

-10 — -10

-20 -20

-30 | | -30 | |

0 5 10 0 5 10
Al 2+ (ms) Al 2+ (ms)

VAIE AN EARIY A A Hiw
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Type of Environment Delay Spread 7, ( ,uS)
Open area <0.2
Suburban area 0.5
Urban area 3
In—building 0.1

* =& 830 & Rake Receiver 2= —>1W A 193-194% & X

Ol : SAIE MO OIS =48I0 EE &= AlI2H0| THS3 &
It 2E0 2ol AZEL=2 HH S0 Bk
=> Intersymbol Interference

Jm
0x

Delay Spread gt0| H &I L.

HOA U= BEARMIOL 2 &3 LHOl Ols At =3 A= [
& 8t delay spread g2 Higher data rate A|AEI0f] & 2t8H H
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3. 3. 1“;El§"c’§§0ﬂ 3} 2|04 gl-A} -*-

¢ OIF &g 7ol 2 (ISI; inter symbol interference)
<+ oo dE FV7|HLCH HiIE2AH F2 =7 =it AlEs
AOIL} Ol Al=0l HE
< 14 CIOIEHMSAIAEEZ Aoz It S| HE S|
< Bllo|2 $£A171(Rake receiver) OI2(AH 193-194% &iX)
Z

ﬁ
—» DY O0IH 1 j»@
) l
oz Mo
0w s mEe0E? 2 fga B2 1
CtsZ2 202l &t )

IF = . A
JI M °
CDMAXI S °

Z
L »| DEdIOIEM JB@
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Ad&XZYR|AH T201e E4
& X AlI2E A9 ZAl(maximum excess delay spread)
¢ Y X1 XA (mean excess delay)

Z alka Z P(z)7,

T =%

Y& PG

¢ rms XA ZAl(delay spread)

¢ 2 AZ AH(mean square delay)
Zakrk > P(z)z

Zk:ak kzk:P(rk)

T
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@ Z|§ =1 XA (maximum excess delay)Q| 4zt A
B. =1/ T,
¢ i a0l 0.9 0|4, coherence bandwidth
1

c ~
500,
+ U0l HS AFNO| 0.521 FL,
1

B. ~ —
Ny Sle
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« CIS4=20l CHst 219 &
rit) = As(t)+ As(t—7)
R(f)= AS(f)+ AS(f)e 12

R(f)=AS(f)[L+e *™]=AS(f)H(f)
H(f)=1+e 1" =27 1272 cos(f 1)

|H (f)|=2cos(2A4 (z/2))

¢ IS4z g1 Fuls MEH molde MEeEs

!

Y| |

scl0l1E 34F H=X

\Q,) / S(t-T)
AN
[
As(t) J "'

Fundamentals of JMobile Communications



0.5

LINEAR SCALE

0 1 1 1 1 I 1 1 1 X OR_V_[
0 V8 14 38 12 58 34 78 1 11/4 11712 13/4 2 X

(A) Power a sin® (2w V/t T).

0r

NN VN

(B) Power in dB scale (standing wave pattern).

dB SCALE

Vi
—= X/\ OR-A

dB SCALE

vt
x/M\ OR ~

(C) Fading pattern with N reflected waves.
Figure E1.1. Fading illustrations with different scales.
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©3.3.1 CHS Y20l OJpt R At

& 7IMOHSIHY SENRE B14)

Flat fading Frequency Selective
fading
s(t) > h. (0 r) > )| h () rt) .
H() H(f)| S3IER
S(f)
S(f) e o
B B f B. B, f
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3.3.1 CISZ =0l o)pt g1 24t

Olizl) otzfofl =0 CiEd=2 T=2ul CHoHA =2 XURA,
rmsZ|H, rmsA A Zal, XOIX0( 0 dB)E AlLtsIE!.

Bt 2-e) 50%<2| DSIOBIA CHHFE F=Yolal.

Ol M S317171 A0I= AMPS(30KHz)LI GSM(200KHZz) AIAE]
Aol LEk=271?

P.(T)

X
0dB | N
-10dB |- A A
-20dB f-
-300B |-

> S
0 1 2 5 Tus)
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g ¢ ?.- -. v -.\ "-"\
. "
bs W

3.3.1 CISZ=0l ot gl 2pat 7\

& X|O§ =1 A (maximum excess delay)

- (D(5)+(0.1)(1) + (0.1)(2) + (0.01)(0)
[0.01+0.1+0.1+1]

¢ YA Z2nl 22t 2HE

=4.38 S

% _ (O6)° +0.9(1)° +(0.1)(2)* +(0.09(0)
1.21
¢ rms X|HZAL

o, =+/21.07—(4.38)? =1.37 us
¢ TS|0BEA Y=
11
50, 5(1.37 us)
¢ 30kHzRELCI 27| mHE0ll AMPSE S317| 10| s&jgt &= QU
Ct. J2iLt GSM2 200kHzC| CHY=0| IE|IBE S317(|71
IS

= 21.07 us?

= 146kHz
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O =2 &O0|(Doppler shift): OISH S0 et ot}
HS1oH= 4t
O =22 &AW Doppler spread): Fils ZO|C] B3f

Z 2{ & (Doppler spread)
A / A
- ————— - ——— - >

v OISAI7t 2ZI0IMA F= 0|2 XIolof QI $A1 AlBO| 9JaF W
7t M7I0 Ol HER Fiit4 HIQIE OFIAIZIA EIC}. ORIt &
4 HQIE EEa) X0l 23 it

i
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O =2 & (Doppler Effect)

S J| K| =2 .
S X Phase Shift: 2af_ - At

A=t g €
C f
A¢:a)_A|:27zAI :ZﬂVAtCOSH
C A
> f, :A—¢:Xcose
2iAt A

e ->=2l0|E 368 &X




= 3.3.2 =8 #alol olgt Fitg X0

d 900MHze| HFXQI gigato] HOolI'Y T

Signal level (dB about rms)
LS
(4]

=201 -
1 M2y

-25(t

=301t

-35 r‘

—40 L | L | I | L | L |
0 50 100 150 200 250

Elapsed Time (ms)

Fundamentals of JMobile Communications



0 Ex) f. =1850MHz v:60mph — 26.82m/s

8
=L 310 4 16om

f.  1850x10°

¢ SA7IE Eolo S Ol o4~ X0l
V

f= fc+fd (= fdzz)

20.82 =1850.00016 MHz
162

=1850x10° +

})

¢ SA7|2RH YHOojd m Fnlks X0l
f =f — f, =1849.999834MHz

4 0|S=0| SAlE A0l Chol =2 S| i
0=90" cosfd=0 .. No Doppler Shiht
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3.3.2 £Z3 #lo| olgt Fil 2Ol

d Cellular : 90km/hr, 900MHZz

8
Zcellular = ‘ - 3X1O 6 20'33m AtceIIuIar — (ﬂ‘cellularlz) — 0167m - 6'67msec
fouier 900x10 1% 25m/sec
1% 25m/sec
1:D,cellular — ﬂ, — O 33 = 75HZ
cellular ' m
dPCS : 25m/sec, 1.9GHz
C 3x10° (Apes /2)  0.079m
A = — =0.16 Al = = =3.16msec
P foes  1.9x10° " nes v 25m/ sec
25m/sec
fooeg = —— = —158Hz
’ Aocs  0.16m
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3. 3. 3~__Small Scale“ Fad

UsZ=Z2AMI 222 SHS CEESd A8 AHEHA

S(7)

Vv
L >| ' fc - fd fc fc - fd
Tm Maximum excess delay i( )‘
el Het el Het
IR(af)| IR(af)]
- N —»
Af ' At
] DR
Fo= 1/T,, coherence bandwidth Fo= 1/f,, coherencetime
=gy R Reoke] A2 EH2
DEY0lE &= DEH 0l &=



Fading = )

d Small Scale Fading® &%

A2 HOlE(Small-scale fading)
(CIEZ2 X QEAOR 013 H0|D)

Flh= HIHEA HO|E Flh= A HIOIE
(flat fading) (frequency selective fading)
CHE = (BW of signal) > e T < Z(BW of channel)

1. 83 L = BW of signal) < HE TH=E = (BW of channel) 1. 83 =
2. Kl HA=tAb(delay spread) < &2 3= J|(symbol period) 2. Kl A=At delay spread) > &= Z=J|(symbol period)
A2 HOIE (Small-scale fading)
(S22 &Aoo =2 It HOlY)
btt= M 0| &l (fast fading) L&l H0lE (slow fading)

1. =22 &4t9l =DHhigh Doppler spread) 1. T2 49 24 (low Doppler spread)

2. Dolet A Al 2H(coherence time) < &1 = F=J|(symbol period) 2. Doled A Al 2k (coherence time) > &= 3= (symbol period)

3. =2 Mo 2 0lst FH= 240 2 &ER 3. T2 MO Z 018t FIh = 240 &2 8RR
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4_}

; HESEZ20 ME =4 AlS Al2F dispersion 2 &&AIS 0l flat fading,
frequency selective fading2 OFJ| Al &

i) Flat fading = Amplitude varying channels = Narrowband channels

s(t) J  hit,7) r(t) .
s(t) h(t, 7) r(t)
: L, AR
0 T (O 0 T, +7 7 <<Tg
S(f) H(f) R(f)

—I}—/EC\—f ——/ f |- —u—f\—

Flat fading channel characteristics

- 8&4lS B.W << Channel flat fading B.W (Coherent bandwidth)
£= Tg>>o0, (rmsdelay spread)

— Deep fade CH& : 20dB~30dB A& MEXMAS SIAIZCEMN
bit errorrate € =2 = U3.
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4_}

ii) Frequency selective fading

HSAS HE=(Bs) >> Coherence bandwidth(Bc)Q! 3 &S
AMSE === HE 0l et OHE fading E42 JHE

s(t) R h(t, 7) r(t)
s(t) h(t,7) r(t)
0 T —om t /_\—t
s T 0 Ts+7

S(f) H (L) R(f)

Frequency selective fading channel characteristics
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Frequency selective fading(Hl=)

TRANSMITTING END RECEIVING END
S a < Ts >
2T\ TN\
T /L A\
N > 5
.t " \ 't
1 P L
— «— B, L -:-b <-—BC oc 1
Ts : : o
>f —= >f
Coherence
B.W

Time dispersive channels, 6. >>T. 9l A%

Iundamentals o



d Note 1 : Frequency selective fadingE &&8t CDMA
frequency diversity

- 719 CHEYE0| O|S&td S0 CHSAEE AR /e AHAA
E|3, mI2tM Coherence B.WE ZOI&l. CDMAAIAEOIAME=
Ol =2 JAIAFOILE TDMA AIAEIELCH Coherence B.WOIl H|oH
HEAST [1H=F0| BN HRBZ XMACHYZFo| AREAISE
fadingE A #.> =4t Y =0l HESTF Fading A& 7
Al.

d Note 2 : CISd=20I 2|8t 2 delay spreadAl Rake Receiver
E &8l fading CHA7Is.
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« Combats Fading, Caused by Multipath

« Fading Acts like Notch Filter to a Wide Spectrum Signal
 May Notch only Part of Signal

" 1.23 MHz B.W
Amplitude

Frequency
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Y 2 -
 fr— 0 A

P

.3.3.2 == 2{alof o3t HOIT!

- 0|39 AHHFCI OlS4 =0l et Medlsol
Spectrum &O|(Doppler spread)7t OF7|&l. O|mH
Doppler spreading A= (CH=%)Q MEAIS [HH=1t0)
Aol 37|0ll T2t Fading &7t CHS.

- HMEAS BgtEa 2140l Al7HSHE010| 2HAI0l T2t
(How rapidly the transmitted base band signal
changes as compared to the rate of channel
changes) Fast fadingidl Slow fading channel2 &

=
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Doppler spread0ll 2|8t Fading &

i) Slow fading

B, >>B, (DopplerSpread, B.W.)

T, <<T. (Coherence Time oc Bi)

D
ii) Fast fading

B <<By , Ts>>1T,

+ Fast fading2 F& Low-data rate AISES Al 214
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s J Yo 2R L O

N § AL ‘_\(“3?‘

- Ao e e
- ——

Doppler — oIt Fast fading A S

TRANSMITTING END RECEIVING END
BS
B, B,
> f > f
f, f, fy f,
— —T, = 1 —— — T, = =
B, Bp
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\mq /—\ *Ib o ' "v“ \ { L '7 2 *-4 (?”"

E Small Scale Fadmg 25

9 Flat Slow Flat Fast
S E Fading Fading
§ ‘Q, _________________________________ (a) Transmitted Symbol
o .S Period
a E 5
o £ T T
I % Frequency Frequency
= Selective Slow Selective Fast
Fading Fading
dl
T S
C
B,
©
§ Frequency Frequency
S Selective Fast Selective Slow
©% B.|_Ffadina_________]._ Fading _________._ (b) Transmitted Baseband Signal
25 Bandwidth
ED
% Flat Fast Flat Slow
= » Fading Fading
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2 2loIAICF Al K= dominent path
scattered paths

# K=0 : Rayleigh channel (dominant path=0)
& K=528HH : AWGN channel (scattered paths=0)

1

FO SSRHOIOLE

k= HOIE A=

10™*

107

H| £ 0il 2 2 (BER)

10°

10°*



