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- Small scale fading SHAM(CI=d=2, ==)
- ABHESAHT9L fadingC| A2t




O XA E &AH(natural terrain configuration)
® 712 XY (open area)
& Yz (flat terrain)
& A5 A (hilly terrain)
& A2l 19 (mountain area)
o2 XE(human made environment)

® DAY (rural area)

& E22 DAY (quasi-suburban)
& EAlZ212 (suburban)

® =4I X|(urban)

00l &d(moving medium)

O 241 #Hd3 (dispersive medium)




3.1 O|SEAl AHLIO] B

JIXI= CHHILY

\\ // SMAS
—zz K (scattered signal)
PSP S = ]
nETEL2 (diffracted signal)
(directed signal)
- -]
- -]
- =]
-
AN S -
(reflected signal) -
\/ -
|

v R d=2(direct path), BtAlI HR2(reflected path), 24t
d2(scattered path), sldY=2(diffracted path)& 3
£l AMS 26




v d2&2al(path loss)
v M= (shadowing)
v HOIY (fading)
- Multi-path,
- Doppler effect .yzuoezy

(shadowing
v M (interference)

Hel ol S 2
(distance attenuation)

CHEJIXRCHEL) 2+
(Intercell interferenck

WA

Ct= & Z(multipath)

\

Ct=Z 2(multipath)

v OlSE4IC) A4y 2Y T4




J Recorded Signal Strength in
Real Time

dE2&4A ~150dBAE &
Shadowing~ *20dB A&
Fading ~ 35 -40dB & &

While the mobile is standing
still waiting for green light

Relative signal amplitude
s(t), dB

0 Time




- Large-Scale propagation model

® Why Large?
S 7HEI0IA BZ Al M7= SADIZREHC S3siaS
ZHo=0 AIEEH, &Y 0IH ZF2 4d 0lH 2HeloAM

AMT M7| SEHE 20EE= A

A
=
=
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SAIEEO] 2|0 ME 24l (path loss)
A

._' Aol Ag 20l IHE LA (shadowing)
2 4l H=l2 BAOIA 40\ HI0IA St AlSO|

= T2

R U
> FH2I0 FhE7H 1~2GHZ2! L 1m~10m FEQ| 72l
* AlZO| BigH=s MMY| LUOILHH, AlBO| Bigt BEE X2
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Log-normal it




A Log-distance d= &4 34
® I $A XMEE 72el0l Ot 228490 ez UA
¢ HZ = 2412 d=2 24 AIsE 0|18 7{e|9 sz HdE

PRUR o q PL(d):H2l do B2&2A
_J PL(d)(dB) =PL(d,)+10nlog [d_j d,: 21E21el(d, <d)
0

d, :
KMIAS A YA

ﬁ(d)oc(

1%,

sS4l 2y =24 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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RV,

d Log-normal shadowing 2=
& &- 40171 AIOIS] AlA| FH 2d0] miel A2 £41 Big)
& AR SHOIA LIFLE Y'Y Soll eloll a7t LA
¢ 72| dBlE "ol XFHOIAM d= U4 W= 72l TIE =
LMN0l CHOH log normal 23X 2E

PL(d)[dB]=PL(d)+ X_ =PL(d,)+10nlog (dij+ X
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3.2.2 Out

Free Space Model
l 2
I =
T (4xd)°

where, A : wavelength of the signal

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

L, [dBl= - 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’




3.2.2 Outdoor I} A& 28 -

Lee model
L=1.14+10"1-3

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




AQ 2F2eH(Okumura) 22

¢ 1968 @22}, 7iQ:, LI Clolf A|ICt

® 1920 MHzCl Fals0ll Ciol = XYl HA = =5

¢ St Ols 4l M WUAo] MY 7|EC=Z 0|2

® A& XY : AI7IAI, 1A, 7HZ]

¢ BE XY . E XYW, D8l A, A Y, =g Xl

¢ @IFet BEIES EHER|C AI7IR] @A HEE 7IEC=2 a1
2 Q| 20l CHOHAM = 71E& SYUCERH BICE aH

¢ @R [M 1 4 PHILIC| =01, AHE Filss 0|18




u SB—"FH—EP(Okumura) oo
L50 (dB) — LF + Amu ( f , d) - G(hte) o 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

GAREA .

Where G (he) = 20109

G (h,.) =101log

The type of environment

h 1000m > h, >10m

te
200

h
S




¢ @I22HOkumura) 2EIO| =AYt =4 0|2 XY
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EIEx) Okumura S Model
d =50Km, h_,=100m, h_=10m in suburban

EIRP =1KW at 900MHz.(Unity gain receiving antenna)

SOI) A (3x10° /900x10°)*
E =10log

L. =10lo =125.5dB
- J (4z 2 (47[)2><(5O><1O3)2 }

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

j 2010 g(lOOj —6dB
200

G(h,)= 20Iog(hj 20Iog(10j 10.46dB

& G,uen =90B

h,
G(h.)=20lo
( te) 9(200




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

Ly, (dB) = Le + A, (T,d)=G(h,) —G(h,) — Grea
~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




a 3lEf(Hata) [ml=]
¢ I[Pt BHIO| CI™HE el oz BUITGHY THES]
L, [dB]=69.55+26.160g . -13.82logh, - a(h, )+ (44.9-6.55logh) log d

¢ 2E TH
W ZAEAl  a(h)=(111log f_-0.7)h -(1.56log f, -0.8)
» CHEAI a(h) = 8.29(log1.5h, ) -1.1; f. < 200MHz
" | 3.2(log11.75h )% - 4.97; . > 200MHz

AN | [dB]=L, (=41 A %)- 2[I09£ j] -54

CIMYRA | [dB] =L, (=A% =))-4.78(log f,)" -18.33log f, -40.94




 Small-Scale propagation model
® Why Small?
OIF FI=2 AlRH (=X EHg]) == S 7el( oi&) oA

Al MBO| HEE BBHE LIEHNS MOR

¢ [ 22 fAEE=E AT Multipatholl 2|8t Hgs

¢ 0|l=S=9 A

S0 gt Fals XMool st A

o CHE WE0IN = AZO| Bh2 LIEWNY| 2ol Bte
7121 o A/20IA ZICH 30~40dBel $41 K={o] Bt}
7171 i},

& SARNTO CISH2AY2] ATHEQI CHY =2

¢ gigl2l Hol'd,

H 3T (Rayleigh fading distribution) B

@ 2lolAIgH oY 2XE(Rician fading distribution) B

entaal _ / ?' H ﬂ?! W /1// nc



& 2719 At d2E 7K Xllé—l 01I
r(t) =, cos(2r f.t) +a, cos(2x f (t-7))
a, a, - UY F HRE2HHO| AT XI=

4

AL
.
\\ // al 3.5
Al
= - 5 o+,
S41D| ]
; x
(transmi tter) EI 25l
@ 5L
alcos(27rft)
1.5F
o, cos(2xf (t—7
—=_
V@ Q-0

| | | |
0.5 1 1.5 2 2.5

f.-r

vV oo,=2 a,=19 3L f.-7 ol Ciol HoIYol 2t RI=Zo| M}

v &= AlIBo| glof ot Alsyt f.or= 0120 o ae =oRryie
stm, f.-7=051525 e mz7|IE BiCt.




d &AE izt CFE 32 MulZhdoll ool Alet S BiA}
=0l &1 AlZHO] mRli= s
¢ OISd2= SAMMTT ZE g 20t otLiet, o=
2 S6H7{LE BIAIIH Aoz e o 2y
& ZE 29} BIAI 2 AlOlo =271 B dstol s417]

ol =6k

= Al2t 0| 21




¢ CI= dEs MilE Mo 2t JR9| 72| X M8 54
S9| ztololl <jal Eéai-.‘s AlZEa XIZ0)| 2t0|7H B

¢ AUHOF FHALE=E 271 x5 SR = JF2 X0}
ZID ZISAIREE ORI EICH.

0T 0—7—
& =
(dB) (dB)
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-30 | | -30 | |
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VAIE Gt /XY XA ZAL HIR




(i z3Ea ofsr i

Type of Environment Delay Spread 7 (,US)
Open area <0.2
Suburban area 0.5
Urban area 3
In—building 0.1
&L

* (1S3 2 &F0 & Rake Receiver 2ol > 193-194%
SRS A R RS T
Mt 2E0 oA AlZ2ZEE S
=> Intersymbol Interference

I Ols =410l =E X = A0l UESE =
ZIHMESH22=EX

S TN U BHAKIDN RS 82 L0l OIS XIOH 50 US )

Delay Spread 2t0| H&IC}.
& St delay spread gt 2 Higher data rate A| A8 & 28t HES ))&




@ 1™ AlE 2ol MM (ISI; inter symbol interference)

v SUEjo| Al Z7|HCH WiEH S

2o|Lt HOl MEol I

< 14 HIOIHX

SN BT ME=2

IEAAB2 R GHAO R Ol |S] e STt

< dlol3a £=A171(Rake receiver) Ol (A 193-194% &EIX)

r(t)—
Chsd 202 &
IF €=
JI NS
CDMAAI &

DEA0IE 1

DEA0IH 2

[

m(t)




Q&XER|AH T201e E4
@ Xt AI7E A ZAH(maximum excess delay spread)
® Y X1 AH(mean excess delay)

Z alfz-k Z P(z )7,

r=-%

Zalf ) ZP(Tk)
® rms X|H ZHAH(delay spread)

o =\’ —(F)

¢ I AHEF AH(mean square delay)
Zakz-k ZP(Tk)TkZ

‘*1

Zak ZP(Tk)




& X[ =31} RAAH(maximum excess delay)el &zt 2t
B. =1/ T,
& a5 &0l 0.9 Olat, coherence bandwidth
1
: 500,
& B0l HL a0l 0.5 <,
1

50,

B.

Be




(3. 3. Ci= ‘gzon ot 2 Al

& CISd=0l CHgt 21d &4

r(t) = As(t)+ As(t—17)
R(f)=AS(f)+ AS(f)e 1?7

R(f)= AS(f)[1+e 127 1= AS(f)H (f)
H(f)=1+e %" =2 272 cos(#fr)
IH (f)|=2cos( 2xf (z/2))

¢ OISd2 d23 Fols MYF mHolde Mees

A

HO’

/ As(t-1) =c}0|E 34% &EX

Ll

4>~V

2 =1t

N
N|ew




LINEAR SCALE
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(A) Power a sin® (2w Vit T).

YA

Vi
x/\ OR Y

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

Vi
x/ OR =

(C) Fading pattern with N reflected waves.
Figure E1.1. Fading illustrations with different scales.




©3.3.1 CIS Y20l ot At 2

A}

® 7|AMONY921d SEHRE 8i5)
Flat fading

fading

s(t)

h(t)

r(t)

IH()

S()

N

L

s(t)

Frequency Selective

IH()|

h. ()




OoliZl) ool FOIRI CI=YE =20l LA Ha XR|A,
rmsX|¢, rmsRIA AL, XCH=XIH( 0 dB)=2 AlASIEL.

St 20| 50%2| DSIOBIA CHY=ES A slal.

Ol I S317171 YF0I= AMPS(30KHz)LI GSM(200KHZz) AIAE

Aol 2USE=271?
P(T)
0dB |- A

-10dB |- A A

-20dB

-

-30dB |~

> T (us)




¢ X|C§ X3 XH(maximum excess delay)
- _ ()(5) +0.1)(@)+ (0.1)(2) +(0.01)(0)

=4.38 S
[0.01+0.1+0.1+1]

& MEZR|AH Z2higl 221 BUHE

2 (1)(5)* + (0.1)(1)* + (0.1)(2)* + (0.01)(0)
1.21
® rms X|HZAL

o, =/21.07 - (4.38)? =1.37 us
¢ TS|0BA Y=
1 1

= 21.07 us’

=146kHz

5o, 5(1.37 us)

¢ 30kHzELCl 37| M{20 AMPSE S317| Q0] s&let 4+~ U
Ct. 2L} GSM2 200kHzC] CHY=0| B S317|7t
EIRSICE.




3.3.2 22 adlol olst

O =2 &Ol(Doppler shift): Ol=sAH S0 et o7t
HSI5H= it
O =22 EAKDoppler spread): Fils XO0|9] B3

/ & Z 24 & &(Doppler spread)
A A
fc — Doppler
fc + Doppler T . >
oh e,

v OISAI7E SZOIBA HE OIS XOl0f QI 441 AlZO| 92t
217t A7IH Ol HIZ Fmi4 SIS OFZIAIZIAN EICH OBt 3
o4 BIQIE E=8 Xo| Bt i},
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©3.3.2 E=2 avol ot Fils A

s ' Phase Shift: 2zf_ - At
Al
e / At =— & /’L—_
C f

Al 27A
A¢:a) _ 7Z|:27ZVA'[C

0S6
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0 900MHze| H&EXQI gideatol mHol'd ZE=HM
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3.3,2 =& ﬁm..! o|pt FEiity

d Ex) f,=1850MHz v =60mph —— 26.82m/s

8
2= 30 416om

~ f 1850x10°

& SA7IE Folod SHY M Fols X0l
f :fc+fd (—f, :%)

=1850 x10° + 26.82
0.162

=1850.00016 MHz

& SAV|I2RH YHOojd mi s &0l
f = f, — f, =1849.999834MHz

¢ 0|S=0| S4IE A0l Ol =Z|exz S m
0=90" cosfd=0 .. No Doppler Shiht




©3.3.2 ==2 avol ot Fals A

d Cellular : 90km/hr, 900MHz

8
ﬂcellular — ‘ = 3X1O 6 = 033m AtceIIuIar - (ﬂ’cellular /2) = 0167m - 6.67mseC
foouer 900x10 14 25m/sec
1% 25m/sec
fD,ceIIuIar — = = 75HZ
ﬁ“cellular 033m
d PCS : 26m/sec, 1.9GHz
8
Apes = ¢ _ 310 ~=0.16m Alpes = (ecs 12) _ 0.079m _ 3.16msec
focs  1.9%x10 1% 25m /sec

fD,PCS _ v 25m/sec 15817

Aocs  0.16m




USdZAMI 222 <

S(t) S (1))

0 ' fc - fd f. fc - fd
: ” ——
T Maximum excess delay ﬁ
Zelof) et Fclof Het

v v

R(af)] [R(af)]

0z
-
T
1

Af | At
> <~
Fo~= 1/T,, Ccoherence bandwidth Fo~= 1/f,, coherence time
= E 99 /e == R e
DEY0lE &= DEYOolE &=



O Small Scale Fading-o-l

272 HOIY (Small-scale fading)
(CI=Z2 X HEAO2 015 [ oY)
|
' |

FIh= HIEEE H0|E ==+ AE8E 10| E
(flat fading) (frequency selective fading)
1. 81S HE = (BW of signal) < XHE T = = (BW of channel) 1. 81S HE Z(BW of signal) > XHE T = = (BW of channel)
2. Kl H=tddelay spread) < &= Z=J|(symbol period) 2. Kl H = bb(delay spread) > &= Z=J|(symbol period)

A2 HO|IE(Small-scale fading)
(=2 &dtez Qs HOolIE)
|
| |
bk = 0l € (fast fading) L2l Mol (slow fading)

1. &2 &4t2] SIHhigh Doppler spread) 1. &2 &4t2 2 (low Doppler spread)

2. Doledl A Al 2H(coherence time) < &1 = Z=J|(symbol period) 2. Doled A Al Z2Hcoherence time) > &l = =] (symbol period)
3. E2d Ao Z Qe =1 FH0] 2 B R 3. T2 Aoz 01sh =1 M0 &2 82




3.3.3.1 CHEZ= AlZt ZI90)

S 20 M2 =4 AlS Al2F dispersion 2 M S48 S0l flat fading,
frequency selective fadingS OfJ|Al &
i) Flat fading = Amplitude varying channels = Narrowband channels

s(t) R h(t,z) r(t) R

A

s(t) h(t,7) r(t)

: B VAR

0 T 07 0 T +7 T << Ty
S(f) H(f) R(f)

—u—/Ec\—f P\ —ll—féc\—f

[

Flat fading channel characteristics

- 8&413 B.W << Channel flat fading B.W (Coherent bandwidth)
£= Ty >>0, (rms delay spread)
— Deep fade CHEH : 20dB~30dB A& SN S SIIANZCEMN

bit errorrate & & & US.




F333f

ii) Frequency selective fading
H&EAS HEZ(Bs) >> Coherence bandwidth(Bc)2!l 2 d &
MS= =04 HE 0l Wet CHE fading S42 JHE

= T,<<o, )

~

s(t) ht, ) r(t)

s(t) h(t,7) r(t)

¢ _m_t _/_\_t

0 T 0 T 0 Ts+7

S(f) H () R(f)

A e

Frequency selective fading channel characteristics




- A|AHO0ll 2lgt Fading a1t

Frequency selective fading(3Hl=)

TRANSMITTING END RECEIVING END
A A ) T,
AT TN
1), \
_ 0, 0,
a [ xt
1, S 7, :.
1 : 1
— «— B, =— ——> =5 o —
T )
>f : — E >/
Coherence
B.W

Time dispersive  channels , 6. >> T, 2l A




0 Note 1 : Frequency selective fading2 &&8t CDMA
frequency diversity

- 719 CHREEC| OlSE Y SHoAM CIEEE AIRHG /2 HIA|
£, M2t Coherence B.WE Z{OI&]. CDMAAIAEIOIAI =
Ol ZIAIAEOILE TDMA AIAEIRLCH Coherence B.WOIl HIoH
HMEAT HYZ0| &SN HRBE HMEMHHZo| AR ALE
fading2 A &.=> Zt HH=H0| HE TF Fading AMad A
&l.

d Note 2 : CI=Y=0 olgt 2 delay spreadAl Rake Receiver
E &£l fading CH&Y7Is.




« 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

Frgquency




- O|==9] AH&Ql Ol=S4 =0l Mgl MEAIS9O|
Spectrum &O|(Doppler spread)?} OF7|El. Ol
Doppler spreading A= (CHY=)Q MEAT CHY=Fo|
Aol a710l T2t Fading &7t CHS.

- JMEAT HglEat 21O AIPHHSIZNO| ZHAIofl T2}
(How rapidly the transmitted base band signal
changes as compared to the rate of channel
changes) Fast fadinglt Slow fading channel2 &

=l.




Doppler spreadOll gt Fading &

i) Slow fading

B, >> B,

T << Tg

i) Fast fading

B, << B,

+ Fast fading=

(Doppler Spread, B.W.)

(Coherence Time o i)
D

, Te >> T,

FEZ Low-data rate AISEES Al LY




3* Fast fadl

RN

;'. v - ¢ ";‘ ‘li'_‘:,’
vy v | 2

TRANSMITTING END

RECEIVING END

BS
—>
BD
> f
fl f2
1

—T. ~ —

B




R e PR T e S,

£ Small Scale Fadmg =25

9 Flat Slow Flat Fast
S E Fading Fading
3 ‘Q, _________________________________ (a) Transmitted Symbol
o £ Period
o £ T
£ § Frequency Frequency
@ Selective Slow Selective Fast
Fading Fading

B Te K

re
©
§ Frequency Frequency
s Selective Fast Selective Slow
©3 Bl _Ffading_________]_ Fading_ _ ________._ (b) Transmitted Baseband Signal
o5 Bandwidth
ES
= Flat Fast Flat Slow
= ® Fading Fading




3.4 HOIY A D

Q 2loAICF Al K= dominent path
scattered paths

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

1

FO ASRHOIOIL

ik E HOIY AH=

HEHOIZD elHolY

HI E 0ll 21 8(BER)
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