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In this study, we have analyzed ITU-R Recommendations P.1546, P.530, P.452, and
Korean BCAST which are used in SMI system to compare the predicted and the
measured data. Also, in order to improve the SMI system, we had measured the
field strengths of broadcasting services in COEX area, Seoul as a dense urban,
Jonbuk Provincial Office area, Jonju as a urban, Moaksan-Byunsan area, as a rural,
estimated differences between the measured and the predicted data. As a result,
P.1546 model provides the valid predicted data similar to measured data in above
three environments, but BCAST model has some problems of large deviation and
higher prediction to measured data. Therefore, some future studies for improving
SMI system has been proposed to solve urgent problems in utilizing and developing

the system.
#2 | AuHARAN e ITUR A2k, AAZESA
A Qo T SMI system, ITU-R Recommendation, Field strength
measurement




SUMMARY

The prediction of field strength in a various terrestrial environment is a
complex task when obstruction by terrain and/or scattering from
buildings or mountains objects are improved. RRA has developed and
utilized SMI system from several years ago, but some requirements of
improvements in this system have been raised. Therefore, in this study,
we draw the problems from SMI system, and propose some future
studies for improving the system to solve the problems by analyzing the
ITU-R Recommendations P.1546, P.530, P.452 and Korean BCAST which
are used In the system to compare the measured and the predicted data.
Also we have measured field strength in three environments, e.g. COEX
area, Jonbuk provincial office area, Moaksan-Byunsan propagation route,
and analysed the differences between the measured and the predicted
data using SMI system.

In Chapter 2, ITU-R Recommends ITU-R Recommendations P.1546,
P.530, P.452 and Korean BCAST has been analysed to understand the
prediction methods, that 1s, a method for point-to—area radio propagation
predictions for terrestrial services in frequency 30MHz to 3000MHz such
as P.1546, prediction methods for propagation effects that should be
taken into account in the design of digital fixed line-of-sight links, both
in clear—air and rainfall conditions such as P.530, a prediction method for
the evaluation of interference between stations on the surface of the
Earth at frequencies above 0.1GHz, and a Korean method for evaluating
and measuring the field strength in broadcasting services.

In Chapter 3, the field strength data of broadcasting services measured
along the Moaksan-Byunsan path has been analysed using SMI system.
From the results, BCAST prediction values are nearly identical to the
measured values in LOS, but has large differences between them in

NLOS environment, while P.1546 prediction values are similar to the



measured them. Lower frequency ATV services has wider deviation, and
there 1s no difference between prediction data with and without buildings
in BCAST model. However, P.1546 model shows the considerable
differences between prediction data with and without buildings in
666MHz and 653MHz.

In Chapter 4, the second measurements of field strength have been
carried out in three environments to fill the shortage of data numbers in
first measurements, and to analyse various propagation profiles. These
data have been analysed and compared to the predicted data by P.1546
and BCAST models using SMI system. As a result, P.1546 model provides
the valid predicted data similar to measured data in above three environments, but
BCAST model has some problems of large deviation and higher prediction to
measured data.

In Chapter 5, we propose some future studies for improving SMI
system, which are the needs of another version to open source codes for
university and research institutes, the rapid upgrade of GIS data to fit
real world, the consideration of fading effects due to trees and ducting

effects over the sea surface, etc.
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o Annex 1 Introduction : Annex 2, 3, 49| 5% AId = Ao gk dwt3
A, Ho AA A, AFH 718k E(table)st, step-by-step oS5, <t
Hlv B3, 54 ey o], datd S Sl Ae® S4 EHY =],
A ZF W ol A (variability), B84 =2 W, A ol otHly o], TAC(terrain
clearance angle) E7A, $1x] WolAd, 7 7|2 HE &4, ARI(atmospheric

refractive index) ®o]A, Okumura-Hata ¥ o] S3kAdo] s A

_I_4

_4

o Annex 2 Frequency range 30~300MHz :
- 100MHz T30l A Aglel tigt AAZE=E e,
- o] EW2 30~300MHz W9 e Futgola Abg&d & AAT, AddE %
=5 27 #18) Annex 5, §6° Folx1 HA7F AE-Hofof 3L
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s A7) A8 Annex 5, §60 FoAX A7t AFEEojof
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o Annex b5 Additional information and methods for implementing the
prediction method
- §2el A §74e AT, b, % Azl s oA WAREF daon B

d AR FREEAE AW
A

-8R e oA AAGEI B K- AzlA T HEAE 4Y
- 9N §134e F7h AEEE AF AARE d36 F74E 5 A= 44
2 vehy

- §144e A §1742 Bz ARE AT

o Annex 6 Procedure for the application of this Recommendation :

- F9]7 step-by-step A 2}+= Radiocommunication BureauolA 7}&3F A€
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Step 9 Fupao g Bk
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Step 11 | £3 A= st 44

Step 12 TCA(terrain clearance angle)oll 3t 2 A
Step 13 | Tropospheric scatteringol] th 3+ A A=

ARk

14 -
Step F2/0)% etelvel tlg B
Step 16
Step 17 | 0 AAGE da AR
Step 18 | AABES NP ASEAE WE

o Annex 7 Adjustment for different climatic regions :
- Annex 2, 3, 49 Fo7 FAELS A 7|3 A2 SH 7|4k
- 44 ARG(atmospheric refractivity gradient)7} "¢ ©t & AA ] ol A ¢
AAD == dubdlom Jg3s] o 5o 5715
- Foixl RS AAL oA A M AFE TS st S Annex 2, 3, 49 =4

|
BHA37] 93] Rec. ITU-R P453°0.2HE < ARG ARE HLs=4

o Annex 8 Comparison with the Okumura-Hata method : ¥ di<te] Ax}+=
hy=H,=15m,R=1524 W, 10km7}#¢] A4 Okumura-Hata =232 Z
H7F AR

o
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— 1 200m
—40
600 m
" 300 m
=l E
— [50m
— T5im
= i
— 375m
. — Iim
=71
E— [0 m
—&{
| 10 100 1 000

Distance (km}

30% of locations

; £ : 1546-19
f14; represeniative clitter height

1% 2-5 2000MHz, 57374 =, 1% A&
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Freld strengih (dB(u Y m)) Lor 1 KW eLp.

120

114

100 R

90 ~—

80 [P

e Maximum
0 [y

21

U \

20

10

=

=10

=2

-4

-} f .
3k The single solid

curve represents
-0 all values of

h. from

10m e 1 200 m

1 10 | G 1 00

Thstance (km)

50% of locations

) 154624
f,=10m

¥ 2-6 2000MHz, =3l (warm sea) 4%, 1% A&
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w
ol
(>
>
o o
2
A\
k)
ol

ITU #3 P1546-4 29 & o] &3t #2259 M7 =34 v 24 &
272 AY U AAAE REZHFH #HES FLE57] HE VEHoR AETH=
Ay yguEEe Hix FAEE ¥gsa 3t} Step-by-step FHAL oS
2},
%22 Qe ek 2 AR g
Parameter | Units Definition Limits
f MHz | && F3F 30-3000MHz
d km 727 0] 1-1000km
P % Annex 1, §8°] A¥ % A {HAIZHE 1-50%
T 7lEo] He F$41/71A4 <HAY = | 54 ke gl A
hy m ], Annex 5, §32 2 (4)~(7)ell Aeld. 2 | g 3000m
A S §4.10) A old &l 1-3000m
N AL =
S=A17] ¢HelY A A o], Annex 5, 27 2o o
hq m §3.1.1o A", 1 A|ee Annex 5, §3 ol 4
o Ael% -
02d¢} d km=Z Had Ay 71A <F| gls, 28 o] 3}
hy, m Hu =o], 7|4 di 15kmeoldtolar A | M E = d<15km<l
AR = 758 S 2 48
b FA/olE <HY A4 =o]. Annex 1| 5% 1-3000m
m
: SRR 3] 3-3000m
Clutter height
surrounding m qx A FHEH =ol(F4l7] W) ErR=y
transmitter
R m A SFHE =ol(FAl7] 1) =
0,ea degrees | TCA(terrain clearance angle) 0.55-40
Ocpr Ocppr Ocppol degrees | $417]/712 A& TCA. Annexb, §9 &Fol Aolofof 3+

Step 1 : A7 22 E}Y<S land, cold sea, warm sea@®A 24, w+d 74 =
7 Z(mixed-path)2td Al 1 2 A 2 AadFF=E 55+ F 7HA E

Atype)S ZAASH. vHd 1 HA=7F @ EYgoz gddrd o
A1 Agep oz k75| Step 119 Tl £F4=2 WS 233
=] ek,
Step 2 : Fo A7FE(1% ~ 50% time)oll s the-o] F 7}A] ¥ (nominal)

AZbES 2AA

- Yele= AIFFEo] 1 o]dela 10 wtolH A 9 FA HAE(%)E
Zyzy 13 10°] o

- H3k= AlZFEo] 10 o]dola 50 mFtelH, A sk9 ¥ HAME(%) =
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77} 103} 500t

Step 3 93t F35(30~3000MHz) ol thall F 7FA] 23 Fu94E oy 2
=
- Fu¢ gidoe]l 600MHz vwrY AS-, A Y FH FuFEe 47
100MHz<} 600MHz”7} #t}.
- Fu¢ gidoe]l 600MHz oY AS, A ¢ FH FuFE:e 474
600MHzF 2000MHz7} # t}.
Wl dst= F347F 100MHz =+ 600MHz =+ 2000MHzel 22
o, o] #2 39 FH FTITZ HFHo] Step 99 WAk(interpolation)/
9] 4t (extrapolation) @ g o] A gt}
Step 4 : 3% 2-30EFE s+ 743"‘” 7V ke 3 skl v A-”E 2A
stoh, v sk ARE i 2-39 gy A ™ o= g9 3 A
A2 7+ Step 8159 ATl "o gl
¥ 2-3 AAGE F AHEd Ay Fh(km)
1 14 55 140 375 700
2 15 60 150 400 725
3 16 65 160 425 750
4 17 70 170 450 775
5 18 75 180 475 800
6 19 80 190 500 825
7 20 85 200 525 850
8 25 90 225 550 875
9 30 95 250 575 900
10 35 100 275 600 925
11 40 110 300 625 950
12 45 120 325 650 975
13 50 130 350 675 1000
Step 5 : A 1 Ayeldol thall Step 6 ~ 112 F3F 3o}
Step 6 : 3191 &3 A ZF&ol| W8] Step 7 ~ 10 S-S
Step 7 3t9l 3 T35 tis] Step 8 ~ 95 T Y
Step 8 : A% W FdY =ol, rRAlA FAl/olF <HHY, dste= A- 2 F41/
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714 ekElLh welol A SA91A 9] 50% ol el AP AAYEE T

Step 81 : 10m ©o]’Fe] &21/71A <Fdly Eo] pol s oh59 Step 811 ~
81.6< 33t}
EA/A % QEY o], p, S AR EFgla Aol o] FHoo o o}
olgl ol ¥ =] AAHT
AR p= BT LT obH|L folo]T)

SR ZAA FA/71A tEYe Agizel, = FA/olE StHY W
o] F21/717 QtHYZFE 3~15km A2 A Hat age] EolE Ao

h , for d < 3k

, (hepp— h)(d—3)/12 m, for 3km < d < 15km

o714, h, A StEIL Eololt)
o 15km ool §4ARAN ABARE o §F F = ASE by
2g o) gty

A7 A, b 02d~d kme A& HHEolE X3sl:= ¢ Eo]olt},
gt 15km ©]ge] S 2ol e v 2ot
hy = hesy m (2-3)
Step 81.1 1 % 39 A n, S AASC 7Y 0] FA 10, 20, 37.5, 75,

150, 300, 600, 1200m T«] stutel AdAZTH, o= n 9 sk F #

Step 81.2 1 n, 391 FA 7ol al Step 8.1.3 ~ 8152 F8 3t}
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Step 8.1.3 1 A2l9 39 &3 gkel

5] Step 8.1.4Z F3)3tc},

A/olE otElY, ke A 4 2
A9 A 9] 50% o] dol sldstE A

A5 sl Fgkel 92 A9, 49
AAGES FakaL, A (2-4E ol &

o

A}

(2 ofd

skol Aol gk dA
HEE H AT
log(d/d,;
E :E'in,f +(E7sup7 Emf)% dB(,uV/m) (274>

o714, d= A5l a3 A
2

) sk $2/71A e ol nol FAES A
U Step 81.3 ~ 8158 WHEEtAL, A (2-5)F o|&38te] ¢HHY ol
A% AAYEE By
B = By By g g e dBGve) (2D
AAVA, B, o BE 22 e AL a9 6,0 d@ AABEES o
WS, n Sk, e 2

. 600m Jifhy > 1200m
inf 7\ h, 2] Aol 7 4 3 gk, otherwise

b - 1200m ,ifhy > 1200m
sup |\ p,E o fra ol ol 7H A 8 3k, otherwise
hol  1200m H.t}

F AL E oA (extrapolation)S  AFg&3sle]  AA T
S5 Feta, n 9 Hugk

< 3000m= Al gk},
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Aosd AABES ¢S 42-6)3 ol AU Agsor gl

Efs dB(u V/m), for landpaths
E .= (2-6)
‘ E; +E, dB(pV/m), forseapaths

1

o=, E@et

A7IM, B, ArEdelA 1IkW erp.d AT i AAGEE
A oA e F7tE HAAEE oulstH, 77 A@2-7) 2 AQ2-8)ZFH

E;, =106.9—20log(d) dB(uV/m) (2-7)
E,, =2.38{1—exp(— d/8.94) }Hog(50/t) dB (2-8)

AZNA, d= AdkmE, = AFHH &S 2w g
Step 82 £2N/71A StEILY =o|7b 10m mwre A the WS xpRa o)
Dok =olok Aol AAZE=E A3
SAAZY AF 0<h <1om, 3T Aol AAZEE 2(2-9F o] &3}
E E/uo + Olh’l (Elo - Ezero) dB(M V/m) (2_9)

By = E10+0'5(01020+ Chlnegw) dB(H V/im)
Cloz0 = E1p = Ey dB

Chinegro © by =—10m¥ Pt AgdA 2(2-14)F o] &3] AAtE correction
Gy, [dB] o]},

Bygand By 22 by =10m 2 by =20m Y Ast= Al A A (@2-5)l o) A
A AASE [aB(uv/m)]e] .

[s)&78 =]

NGB ZANM= b2 ojst= oty I A== sl ofs) el
o= Al zHEd Z(Fresnel zone)®] 06+ zt= 7€ p,°l dasH =3 2
ot
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Dh1 = D06 (f7 hp 10) km (2_10)

A7NA, = FAFAFMI) 2§45 0, Folzl Fus 9 hHU Eol
(o3|
ol

h, 2 h,ol 4l smooth curved Earth’de A1 Z#ld £9 0.6 clearanced 97| ¢
g AEHORE v5 o] Fofxitt
_ Df . Dh _
Dy = D, 7 D, km (2-11)
q7|M, D, + FIF Y& F
= 0.0000389fh;h, km
D,  FRAYRE Bojd AL &
= 4.1(\/E+ \/E) kEm
f o F3(MHz)
hy hy @ B33 X AF(above smooth Earth) ¢ElY *Ho](m)
T d> p,ol¥, mpRTRA R FA4/71A] QFHIY o] 20mY W] s =l
st 0.6 Fresnel clearance A2 & th& Aol 9l A4rst a7 )
Dy = Dy (f, 20, 10) km (2-12)
date A” a 2 ohy #oll A AAAEE e 2ol Fo Xl
o dB(uV/m), ford < D,
Emax{EDM—F(EDQOEDM)log(d/Dhl)/log(Dzo/Dhl)dB(,uV/m), for Dy, <d< Dy, (2-13)
E'(1-Fy)+ E"Fy dB(uV/m), ford = Dy,

A7IA, B, ¢ 2628 FolX= A= Aol Hd AAG =
Epy @ A2-6)lA Ag p, ol AF E,,,

Epey = E1o(Dyy) + (Eyy (Do) — Eyy (Dy))og(h,/10)10g(20/10)
Eyy(@) @ hy=10moNA A 2o tigt AAGE
Ey(z) by =20mol A Ag o] e AAGE

E' = Ey(d)+ (Ey(d)— E,(d))log(h,;/10)/l0og(20/10)

E" 1 229 ol AskE Az aoll Ao AAGE

Fy = (d—Dy)/d
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[hy =0mQl 75
FRRAM AR FA/7IA HHY Eo A
o= ¢relYt =017k 3kmol M 15km Ale] Fwt A Farkeo] 87| wolth
et n2 T on, of A AT A Feleol o7 o JF
ksl

45 9
= o ghvh n o 5o ghel tiE Axk= folA AW by = ool wigE A

AFBEE A= Ao R th39 correction ¢, F7FeloF 3hl,
a) A8 dHolgHE o]&d = A= AF, 21/71A YUY ZFE 2 TCA(terrain

= o
clearance angle), 0,;,,< TAl/0]& QtEILS] WaFo| A o] F41/714] QFH U EF-H
15km7HA] B E Ao &Eo] ¢l AU ZH(elevation angle) &2 A AALHETE o] ke oF
o] s 7HAA =Y, ¢,& &7 sl TCA o, Al A&€t

ok
k

b) A& dHolHE o] & D= AS, 2™ 2-73 o] FHA/71A] QHH U2 A
9%km Eolz Aol n,

Aty o 7]A 3km~15km W& A

PN
T
= %o] 911;]_-7 7FA%t1 58 TCA 0@ff2%

o
o] o ?g—oﬂ
S 7| (rregular wedge) Yo = 714

i}

r
nt

lransnutting’
base antenna

3 km 9 km 15km

0,

i
Ao transmittinghase antenna height used Tor caleulation

eflective termmain clearance angle (posilive)

% 2-7 by <00l B3 A& clearance angle

7F4E correction ¢, Us 2l o] &3to] ALkt

2
2
o
H
=2
v

G, = 6.03— J(v) dB (2-14)
o171 A,
J(v) = [6.9+20l0g(v(v—0.1)? +1+v—0.1)] (2-14a)
v=K0.5p (2-14b)
0.7, = arctan(— h;/9000) (2-14c)
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1.35, for 100MHz~
K, =143.31, for 600/ Hz
6.00, for 1200A/Hz~

Step 9 @ W3t FTIH57F 39 3 FIT A A Fevhd A A T
st e Step 8& WHEE I TS WHS Algate] T oA A7
Aol A ma ol B8 nAdT

=
0
.|_4

Z 9 100MHz °] 49 #1473 =]
%*Joi 2 100MHz o]4e] a4 2o disia AAZEE g Aoz dof
=g

log(f/finf)

EF=F +(FE, ,  —FE )7
inf ( sup znf) 10g(fsup/fjnf)

dB(u V/im) (2*15)

0217]/\:'; Einf'g]— Esup}i Z_ILZ_IL fmf‘(?} fsupoﬂ EH?J__ %17:”70]_‘?‘% 94]1]61411’ ft?lfﬂ— fSUP
= e e

= - 2] = 100MHz, if f < 600MHz
X . o] 3L %] il 2= ’
Fing * shel & A Tk {600MHZ, otherwise
1 = 600MHz, if f <600MHz
CXFO] X = gl ,
Fouwp s 7@ 7 eAT AT {2000Mf[z7 otherwise

[100MHz ©]3}9] 337 2]

100MHz ©]3ste] a7 =2 thsir]+= 0.6 Al Fresnel ZoneO] 9= H ol Aol
=o] it AzEdolo LAsIY tE "ol AR HT o] e o A

ol A ARt
- ARE WY
- €8h= F3H4E 100MHz )8t
- gk A7E 600MHz AN Dy(600.h,10) 2% FIA = 06 Fresnel
clearance 3| A =2 Az Rt 2L HS$
WA 9] 270 SFE A e A9t @152 Folxl Wal/el 4ol AbgH
H, 9o =3 B o u3 Als o]l &ste] AAA =T AMtE ok

E=E,,. dB(pV/m)  for d < d; (2-16)
log(d/dy)

=Ep+ By — By 7y
df ( dgoo df) log(dﬁoo/df)

dB(uV/m) for d > d;

AZNA, By, - AB)oE Aod At AdolA e Al AAGE
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Ey t 72 a0l M e AAAE
doo - Dy (600, by, 10) 2 AlAFE 600MHzol 4] 0.6 Fresnel clearance 74 &4 9]
dy * Dyg(f.hy, 1002 AlALE %5}*‘5 F3o A 0.6 Fresnel clearance 7 &7 o]
g, - A@2-15)F ol&ste] AxtE A 4y, B Aot FagolA e AAZE
Step 10 @ 93t= A& dAs= o9 T A&l glvkd, A9 T A
Hgo disl] Step 7~95 WHESIA TRl WS o &3te T AAAE
E WAabste] B gt
B e 21
o 7| A, ¢ Dot AIZHE
ty b oFSl T ATHE
tew, - 39 FAH ATHE
Q, = @;(t/100)
Qing = @;(t;,,/100)
Quup = Qi(t,,,/100)
E.,; @ Mg ¢ 049 AAGE
E,,  NZt& ¢ o149 AASAE
A7 @ )E IR AFEEI(inverse complementary cumulative
normal distribution) &4 o33 o] AdojHt & 0.01 <z <0999 AT FE 5}
=3
o = "0y, I (2-18)
A7|A T(e) 2 ¢la) = Thard o] FalxITh
T(z) = v[—2In(z)]
[(Cy » T(@)+ C) » T(2)] + G
) = 10 1)+ Dy) « Tw) + D)) » Ta) T 1
C, = 2.515517
C, = 0.802853
D, = 1.432788
D, = 0.189269
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Dy =

0.001308

Qo] A (2-18)2FH Aoz e F 2-49 2t}
4 A AR A A BESSF )
4% 2:(g/100) g% 0:(¢/100) 4% 0i(g/100) g% 0:(¢/100)
1 2327 26 0.643 51 —0.023 76 —0.706
2 2.054 27 ne12 52 —0.050 7T -0.73%
3 1.881 28 03582 33 —0.073 78 -0.772
4 1.751 29 0333 54 —0.100 79 —0.806
5 1.645 30 0.524 55 —0.125 g0 —0.841
6 1.355 31 04485 36 —0.151 gl -0.878
7 1.476 32 0467 5T —0.176 2 —0.915
8 1.403 33 0439 38 —0.202 23 -0.954
9 1.341 34 0412 39 —0.227 4 —(.994
10 1.282 33 0385 60 —0.233 g3 -1.036
11 1.227 36 0338 61 -0.279 g6 -1.080
12 1.175 37 0.331 62 —0.303 27 -1.126
13 1.126 38 0.303 63 —0.331 g8 -1.175
14 1.080 39 0279 64 —-{.338 st -1.227
15 1.036 40 0.233 63 —0.383 1] -1.282
16 0904 41 0.227 66 —0.412 o1 -1.341
17 0954 42 0202 67 —(.439 a2 —1.403
18 0913 43 0176 68 —0.457 93 -1.476
19 0.878 44 0.151 69 —(.493 o4 -1.335
20 0.841 43 01235 70 —0.524 o5 -1.643
21 0.806 446 0100 71 —0.553 1) -1.751
22 0772 47 0.075 72 -0 582 o7 —-1.881
23 0.739 48 0.030 73 —0.612 o3 2.054
24 0.706 44 0.025 74 —0.643 oo 2327
25 0.674 50 0.000 75 -0.674
Step 11 + T4 2ebd g9 dAE dAxol wet mE S A

|y

=

il
2
<

m; rg‘L_ﬁ

t}.
VR

A7|A, 4

Abol o

A
vl

T
T

A e UEA

=3

st My RAHES
Step 6~10= Q&

W3l (cold sea) ¢ 23f(

L

E=(1—-4)-

warm sea)’}

o Fojqit
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EI and (dtoml ) + A ESF a (dtotu,l)

(2-19)

73 = WAk(interpolation) A=At} o] e Xt



&+
) ._O

i
N

L

ol
ol
3

s

—_
"o

N

ﬁo
~

ol
o
o

)

Azl (km)

St

o

A< (km)

[¢]

St

o

[}

bl ohes 2o

2~ = O S
TFEo °]&3s

9] A

)

—_
o

of
i

o AAAE Fsol

KN
=]

=, o

AAS =

i3

nl A A d,o o

Elm (dT)

A}
H

(2-20)

A= A()(Fsea)V

3} o] Fojx

FEA O

A

71 U

T
T

1y 2-89 vrER

T
T

A7A, 4,(F,,)

(2-21)

A,(F,)=1—(1— Fsea)2/3

3} o

Kol
=]

=g

H4e]l 4 &9 fraction, F,,

5

dsT

Fg(i(l =

1.0 1o+i]
T 4000

max

V=

- 49 -



4 Basic interpolation factor, Ay, for mixed propagation
n

0.8

0.6 /

0.2 /

'“ i

0.2 0.4 0.6 0.8

Fraction of path over sea, I,

a9 28 EYARE AT B YASE, 4,

o] 71 A,

S8, 7 ool the A
o

o Al M RS

a) st A/ B S/ Aol (transition) S E$H5HA|

o =% disl A== vh=3 2ol At

o] 71 A,
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Jl‘_ — —_

) k) X 2

t )AO | )

e c g T

o M) E

L

;o_u =

ot 2 %o RO
o # =
~o ofF o
N~ iy I
Y N T w
T = Tl O
o P ) B P
Tor W S~
= ! T o oM
= %o =T I z g =
K o o TR il e
e o) 5 %o Ui = P
e~ ‘_IHA_V” OH_O Ofl 17_10 HZF — —
N ~ oK . -
. H_,u_m iy X M M, M
o g P - oy
5 oy M 3 R Ro
Eo = | Orv O_ 3 = =

® g < 3 |S (G
Sy oo o KR
! kS oo b B
N Oy = M X0 v =~ e

u_
W o % T T T A
T~ W NF i oK M BN
B 7 X N = o oF
o o) i

m _— o_ui Il
;0# ) T o ﬂ_Tﬂ 5 o T z.f
T 5} =3 o = <0 ~5 o
T _,ﬁo ﬂAIL ° I,N“VI X »AO 3

3 M- L ° 111/.|_| oH o or o
SE <0 o8 o N .
e TNy I

o oor T up = BN

T " =

o) S B T

5]
il

brhul

(2-24)

9

[€)

qR7F 7hs

1

k9
.

Ft}. TCA(terrain clearance angle)

-

ko)

>

[€)

ekl A TCA®l o
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o] 0] ] o}
at(:a

of 47l

i, j° =40l
16km7k# o] 72 7ol E4

Aol Q1

=
N

T

T

o

A4 1 A(2-2002] WA
dy d;
dip -
Step 12 . =
A 71A, 6



Ao o] gl a1/l oz e ztolt),

=N
B
R
o
ki
oX
o
rlo
u)
o
lo,
1>
o
o,
ofo
ot
v

Correction = J') — J(v) dB (2-25a)

A7NA, Jw)E A(2-14a)E Fol Wt}
v = 0.036V/f (2-25b)
VT (2-25¢)

o]-&3}o] oA Atk (tropospheric scattering)oll 7] <91
A AFAHEI 7hsstthd tiwA Aol of

0, = —— +0.,+0 (2-26)
TRaG '

0, @ 2(2-140)2 FoA= h BHHE TCA
9 1 2(2-24)° A FoA = n, HUE e TCA
d A2l (km)
a AT ¥HAE, 6370km
k : 4/3, median refractivity condition®l] 42| A G-HHH
o dske F35 (MHz)

T g, 7F 0BT ZoW 002 FErh
i d Abgkel] thE A= BAL tha Aom o] Foxin

E,, = 24.4 —20log(d) — 100, — L; + 0.15N, + G, dB(uV/m) (2-27)
o] 7] A,
Ly ¢ T S92 (=5l0g(f) —2.5(log(f) —3.3)°
N, =325, median surface refractivity

G, . time-dependent enhancement (= 10.1(—1og(0.02t))"”
d : AE271do] = d3t= AY (km)
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Step 14 : t+59 WHE ol &3t FAl/olF QtHY =o] pol tig AR EE
443
B A9 land curve ¥ ## tabulationC® Fol HAAZRE FES 2/
o5 FHIU F99 A L= HA Fol7l 10mE 7MY rm)ol 71 Al
/ol QHElvtel gk Zolt} o & 5], L V& Eole =AIAYlA 20m, 23
LAl A 30m, LA HoA 10meolH, sl ZolAl R 2 10me]tt,
HA =45 FHE (clutter) =O], R (m)S T 2]& o]&3le] 3t}
, R m, for h, < 6.5d+ R -
"= {(1000dR— 15h,)/(1000d—15) m, for h; > 6.5d+ R (2-28)
TFR/0lE QFHU7E B3 o] =Y uf, AAL oo Zo] FojHh
6.03 — J(v) dB for hy < R (9-29)

Correction = {Khzlog(hg/R,) dB for hy = R’

A7|A, Jw)E A (2-14a)2 FolHt},

v= K, hdz‘foclut

hgiy = R’ — h, m
0.4, = arctan (hy;/27)
K, = 3.2+6.2log(f)
K, = 0.0108/f

f 938k 735 (MHz)

LAl (urban) 2HAEolA rR'e] 10m eolstel B¢ A(2-29)2 FoAA= FAAL
K, log(10/R") % FFAFhT},

FAl/olE ElU7E Al (rural) =& 7R

hy, = R = 10m% ST},
FA/0)E otHUrt sl SlFst] h, = 10md W, 2(2-2994 R =10m=E

st ol el Fd o, 2(2-29)¢]

.
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/olE SHelU7E ddel - h, <1omY W, 2 (2-10)°] <A 3
ofa) walntx] = Al Zdld E(Fresnel zone)9] 065 2zt

3fo] o2 Wo] AlgHY. I AYE kR =1omE FTL Y= h

6 Fresnel clearance & Zt+ AZZA Dy (f. by, 10) S 2 Al J%U‘r

O

ol Qsks Aet g, wE 2 2w 4Q200A R = mE Fu
St n, gtelA Aol ool Aok Bk
e Ashe Ak 4, nh How BEd 2o wAdAE Apa
0.0 aB ford < d,
Correction =\ &1 log(d/d, )/log(dy/d,) dB  ford, <d<dy, (2-30)
o] 7] A

Co - A@2-29NAM R =10mE FIL ALY q,°1H A= h, el g A
dyy © hy=10mE EIL Dy(f.h, 10022 AIAFE 0.6 Fresnel clearance® %t
T AR 4o

T

O

d, oA Dy (f,hy,10) &2 AGEE 0.6 Fresnel clearanced 2t 4= 2ol

Start
Land iﬂua
Urban | Non-urhan hy=10m | k< 10m
| i T et I
| R' = eq (26), ensure R' = | m] [ dis = Dys (. by, 10) using eq (3%) |
d>dy | d<dy
g

C = eq (272) ||C = eq (270) | | C=eq(27b) with B =10 m || dj; = Dy, (f, k. hy) using eq (38) |
d > dh,

R=10m | B=10m o < dh,

| : -
| Reduce Cby K, log(10/R) | [c-0eq@sa)] | €= ca.8b) |

e 1545427
Fimish

a9 2-99 FAal/ols QHElY Eolo] gk A AAHS 3 ZESAEE
Bl

Step 15 : Wt Zhesiuid thEo WS ol gste] WP EAl/ae] AR o
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g AAGE RS P

ukel 15km ©]dte] ARV} H
woo9d clutterel 7191 A
U Aow Fojxln,

(o]

g ol 94 27)e] WYSw Yol gl
= gAo] oo Aok s}

Correction = — 3.3(log(f))(1 — 0.85l0g(d))(1 — 0.46log(1+ h, — R)) (2-31)

4714, 1, : A4Sl erE ol (m)
R AEWE FIAE FA/IF e LHE
A8 AMste JEY AF 2

o] 4742 a7} 15km oW, h,—ro] 150m ofelrt #-& 7}5 3}t

FA/71A HEY) 5

‘_,\'(
ul

O

Step 16+ %A° AR FA/F StevelAe] AAFEI A Hlgo]
500 ol Zsatt e Fa AL e FolAt WHS ol g
of sk %ol §xol U@ AALEe] Aol o] FolH o} gt

Area-coverage 9= WS 54 ¥QJE H

As AlgskA At o =
A A=Y & Huld = =)

Aol wep AL ow WA =H Aol AR FrEHA FFE WAA =2

Aol o]y g FFE Al 7] HF

variation, Path variation® = ¥ t}.
F7 FAl/0lE HHY SRl g % et AAFEE e Zo] Fo

At

Lo
.
rlo
ol
o)

Multipath variation, Local ground over

)

E(q) = E(median) + Q;(¢/100)o (f) dB(pVv/m) (2-32)
o 7] A,
Q) ¢ FEITFEAN JERY AHAZEFT(inverse complementary

cumulative normal distribution)

o, - A3t Gl AFH o] Gaussian T2 EEHA

)
a1

FiX

AR ke Foast @70 9E M, 500m x 500mel AL ot o EH
Q) gre et g
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= K + 1.3log(f) dB (2-33)

o171 A,

1.0, clutter o] 2] rooftop QFE| L}
0.5, A=A A7)

;v 9ske 3 (MHz)

1.2,  clutter 9] 0] 3} o] oke v}
=

oJ" planning H4 S ¢ sF3l “location variability” 2]
o] AbgS BWew vk ¥ 2-50] Y] B Au|Z2 planningS 13 23

ghgol Folt)

:(|>L_'4

o

ol

fru

i‘-"l

)

ol

W mlo
5

H

¥ 2-5 241 AH] 2~ planning®] AF&% & variability #k

Standard deviation
(dB)
100 MHz 600 MHz 2 000 MHz
Broadcasting, analogue 8.3 9.5 -
Broadcasting, digital 5.5 35 5.

Step 17 : &7 =2
O FACI I ¢
AAZE=E Ak

X

|2l 509 T gke] Alzkgl tiate] o] o] Arhd, m
Apolol iste] @ HAME ol §ate] thew 2ol
o},

il

<

Bnax = Bpy By /dyyp  dB(uV/m) (2-34)
o] 71 A,
B, AR DE FolAE AFEd AATE
B, @ AQ2-8)2 FolA = sl dA R e 2 A ko)A Fot
d, + & A% A (km)
d © & 742 718 (km)

L, = 139.3 — E+20log(f) dB (2-35)
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E . 1kW erp.ol st AALE (aB(uv/m))
f o 73 (MHz)

4. ITU-R P.1546 ¥ & H

Ao o)t Wafl H Fef=Eel ok Abek Fo] xIE u A FAHeAY A

P.1546 ©E& factor & 5 1)
5 A1/7] A (transmitting/base) SHE|L}S] A& o] 2) 4241/0]F (receiving/mobile)
SelL} &H4=oll 23+ A A (correction), 3) terrain clearance angle(TCA) gF<=of 2]
P A 5= st dS5& st Atk A factorel ek P WHEC] HHE

i o
of#] ALt versions el WHE& FEste] AU
w mwol e A dadke] Al 7HA factorel wis) AESA HW, AlEA S

(rural area)oll A =21/0]& QFHU =old sk A A& 7lsAHS 2-ray =&

o] g3ale] HEAsit}y @ik flat Aol HEstozA TCA HAe Ao

ZHY. 3F9 AlFA G A8 CDMA =l (pilot) 2155 o] &3lo] Ao
el

S
7y
A Z2HAe Al 7}A] version 2 H 1Ll version 59 H A
o

4.2 ITU-R P.1546
P.370, P.529 % P.1146% %2 o] 9 ITU-R AXIEL fFASHAY 4T
ﬂ&oﬂfﬂt e d3%E ATs] gt 29 E2E P1546 EEe 4 Al kA S
HEolHA o] WHES st ol o E FoRA717] S8 e SAoh
ITU-R P.1546 249 2 3xe] i =9|(the representative height of ground
cover)9} & FAl/olF StHU mololA Faa9 d4(100MHz, 600MHz,
2000MHz), A2l(1km ~ 1000km), &4l/71#] <tHY =o](10m ~ 1200m), =}
A 7H8(50%, 10%, 1%), =2 EFQ (A cold sea & warm sea)o] =24 AA
e W R AEE AlFsta v 54 WY oug Y grelAx= dud
d=g 7hesleE 4435 WA/ A (interpolation/extrapolation) A x}7F S0 21t}
7 = /o1& QFHIU Folo] s AAFH + Jdon, oF9
A =7t TCA AARS A& e m4="E 4 gk Ar A Geoscience
Australia A7} A F3dF= 9% resolution grid(®F 250m)E 2zt DEM(digital
elevation map)S AF&3ste] Edo] F5HAT. E =wolA] HWE versionE-<

P.1546-0, P.1546-1 % P.1546-2 Edo|t},
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4.3 Transmitting/Base Antenna Height, i,

SA/71A QbHY =olol hE A= P.A546 versionsel whEl oFgHH vhE=t
2 do| A= P1546-20] A= A7t A=A AREETH. Okumura 2 P.370 24
MAH 71A kElyYe] AR =0l 5 sk, ols QtHY WIFo® 3km ~
15km Aloleo #Hit A F# W (ground level) 99 m @92 71A=(BS) e =
ol AT I 2-10 Fx).

v Tx

freg

15km

3lan
1% 2-10 /\E]:é‘- ?l'Eﬂq ll'—z_:o], heff 23‘04

4.3.1 n 9 P.1546-0 A 9

BEAo] a7F 15km oo, & FFH3] h,, olth 15km o]she] A=A ole}
W, by 02d~d km Abelo] it AP Eo] 9o FAHHY Eol[m]E Aol
FA/71A ¢t =ol= the Ao g Aikdr

(hy,—h,)d

B (2-36)

hy = h, +

A7|A, h,= FEIY A9 clutter 912 F41/71A QFEILS] notional =] o]t}
T 1E1 del Eol7t EVbEetth ¥, e A HY =], F maste] =0,
h,(mZA AoHEh n,9F p,7He] AEH WA WH15km7EA]) S FAl ek
7b AR el tirbd W SRtV ] A A A Eolvt v AA nEEE W
Holth o] HIHe AARZ P1546-19 AFgH wh PR 29 5,(<0) Fhol

3.2 1,9 P.1546-1 A9

SR EHI YRS A7t 15km o] ol
& p,,0th 15km ©]3kel A= Aolo] s
71A] SHHIY olo] thik Ao E 4

o
ol
2

nt

4.3.3 n,<0°] o P.1546-2 A A
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P.1546-2°1A n, Ao+ P.1546-1914 9} L3RR <09 tisf] 34 2 dgF
A 2baEs 25 3233 A A (correction) Hr
Aol A dFH AAZE BEAHFHES 7=

_u_lEE

4.4 F41/0]F QtH Y Fold g BA

P.1546 <& ABESL F217] FRY A E=olmE tEstE Eo] RolA Y
reference TAICHE| o] st AAIME e A3t vl Reference =]l
et de ve3 2o

B 30m for dense urban areas

B 20m for urban areas

B 10m for suburban and rural areas
F 2 reference %o+ 10mo|t}. ¥+ Al otH Y ol n,7F rY trE=ThH, A

T (ground cover)ol 7123= A Aol ya| Aok stk 1 2-119] YEld A A
=ML T CDMA 398l sMglo] Fu= f=881.52MHz, AZZ0] d= 10km,
FAFEY h =35mol Al Aol grolth 19 2-1123E FAIQHE L =o]rh oF

—

AdmY i, AH 4L rural ¥ suburban area’} T (-18.66dB), h,=1m ¥
o, suburban ®.TF ruralel gt A gto] Atk o= W rural X Gl Wi F
o Agst A ks 47 913 AP 28site JAs wekth ol figh A
= g% 2AEH7] 98 ITU-R P.370-7 2 2-ray Rdo] A& Saletd Yy AA
= &l

— Rural. B= 10m
1o} ==~ Suburban, K= [0 m
—s#— Uthan. B = 20m

—+— Diense Urban, 8= 30m

Cormection [dB]
R RN
2 H =
III \
\ \

] 15 20 25 il a5
Receiving/Mobile Ankenna Height [m]

1Y 2-11 Land categories®l] W& <=4l/0]% <Qte|L} o] HA

o]

A
4.4.1 P.370-7

ITU-R #39k 10meoll tist A&l b2 F2AQMeE Y =o](15 ~ 40m)ol o
3 o]5 AA (dB)E tS7 2ol
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h
= g . 2010g10(1—8) (2-37)

A7, k= UHF WY % rural A elA 4dBoltt. ol& &9, h,=1.mmolA &
°f -10dBZ &L Ay FAl/o]E SHHuol thih P.1546-2 478 wEu of
6.5dB A& Fholtt.

442 2-Ray 24

P1546 AdA Ao IAsE] o] HAATE Fal/olE QHHIY =9
(RAH; receiving/mobile antenna height) Ao st & ©] ¥ old|E ¢l
flat groundel] twIg 2-ray EES ARESE A o] FYPHIAT. EH FI
(881.52MHz) % 5km ©]/e] AglolA F41/0]& SHHIY =olo] st AA A
2 % 2-12(a)3 Zo] Feldoe=z A dAsta vk of7|A P.1546 A #*
o] 71 flat groundel A1 ¢] 2-ray E @A dojxl FA R 4 Ark= Aol
t}. o] FAl/o)% <teY FH o] H3E Al vegetation ¥ cluttero] 71218k A
gtEAo] F7HE 7] wEolth. 7Y AU oA 2km ©]stl A 2-ray E @
st Al AAZGEE FAHUYE @A e a9 2-12(b)¢f 2ol H3] Ak
A ka1 At} o= Al mE F2l/ols QFHIL o] HA gk sfo] A Q
st A& AlAFSaL At
_ . /f, : B ) J"/_.-_... \\\
i o ) L \\\
£ " //_--" : )
E | I R
5 w/ i‘i = |
E / 2 1
; i-
H-h“- o 15
= f."'fj:!""" - — 1-Kay Mokl
55 : ; . : ; o ","'; Spe Mo ) . . . B }Jf“ﬂr:.r Ml
R T P A o L b7 Rtk Asesatigilml
b
a9y 2-12 2 ¥H 3 584 oHHY flat ground, h, =35m, A FH1& ¢ =15,
L& o=0.005°04 F4l/0o]5 QtHY Folo WE A T4, (a) d=5km
(b) d=2km
4.5 Terrain Clearance Angle A A
372N TCA AAL F217] AlolE 24 Hol&S 18 3te] o= Jgw



oA7IA, o0&
Aol RE A
2-13 #=x)

Reference 77,

0217]/\:'7 hls‘;‘lh%’

km ¢ o]t}

(2-38)

A A gkolw, 16km7bA A g

&S clear Al7]1A| R, $AIQEE|L o] o2 7 St (1 9

I ke

a3 2-13. 92 A2 (d = 16km)

e} o] Folxith

h‘ls 7h23 ) (2_39)

0, = arctan( 1000d

Zyzy At Ve dflik(sea level) Eol(m)ol™, Ag 4=

a0 T
. — 100 MHz
i — - 600 MHz
K0f i - —- 2000 MHe H
_____ :
o
|
& K
=z 0
g k
2 i
£ -lof }
= Y
‘\
X} \"‘.'\
ey = -\-\_,_\_\___-\_ =
ot T ST
—40 1 L 1 1 _u _ -
—10 i 10 20 30 40 0

Terrain Claarance Angla [degress|

a9 2-14 FAF5R0] F TCA 44

P.1546-0 ¥ P.1546-1°14 TCA Ao sl 32 ¢,.,=—08" 20,,=40" A
]

Aojx ztoz A|3teth P.1546-2014 ¢, 3t

-
§l—o

—0.8° oA 055" 2 H7Z L]

1 A% g, <055 oA TCA Aol F7FeA] gerh(1d 2-14 X)), 18B=

_61_



P.1546-2°1 A flat rural Alvte]l el g AAZ = o F2 P.1546-0 2 P.1546-1
oMM o Z¥ FgrETE BBAHolth 1Y 2-14014 100MHze 600MHzol thak =4
2 P.370-790 93] AYLEA S, 2000MHz TCA Aol st F4& 1 A7}
dE A JA & T3 P370-794 UHFY TCA AHAL P.1b46-19A4 A H
+18dBE %33 4= §IA R, 1 AL 10~1000km B9 WolMwt 2§ 7hs s
el 10km v REe] Aol ok TCA AHAAS 93 HHoz = Zdrfito]
a3ttt g &o] FAl/olEetEY =o]7F I reference =o|ZHEH W3 o
TCASE F21/0lF <tElY o] A BF s Wtk TCA AAQo] FAl/o)F
QH FolZHY FAEI AN FAl/olE FHUTE SeH ol o Eexd
uj, F21/0]% Qg RRE waE] 23 o 2ol LOS(line-of-sight)7} &g <
3 gz TCAE reference E=O|ZFH A ojof drf= AsE 3
TCA BRI FAl/ols QtHY =o] Ao A& oA Fozgste A& e
stol TCAZF 7% rural Aol DA SAHEo|oF gt A= o A Hojof
=

A 2 4 BCAST =4

E = EovFPe (mV/m) (2-40)

1714, Pe = (Gn), D(©), Pt(kW)

E DA AAZE(mV/m)
Eo  : Pt7} 1KW wje] s+d3sk thx] Aol di3 dAAZG=
Pe : fFREAIAH
Gn ¥ HuES
D©) : FFA AFY AF
(3) A =dL(0) B FAE&()S U S 7|Fo 2 3
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15
15
15
30

5,000

=4 4(om mV/m)

!

(2-41)

130 %
120 %
100 %
90 %
70 %
sk,

Gn,

i

3

| TEMOoRRE kg "ol =
AR QolA el HAXE

o

o ¢

=

3} o,

[e)

=]

E = Em+vFPe (mV/m)

3 50KW m =F
4 10kW m) =F
A 3KkW R

—_——— — —

kW ©
1kW ©

o we} o}

10KW ©
CZEAAY P 1k

=
=

‘]

S
vl

A
L8

‘]

==
=
Em

YA
o

Lo
T

BA

Z

e

=0

)
o
o
o

=0

=]

, dH A

Eiasy

el oo}

o

)

o
ﬁo
ol

(2-42)

A =(dB)
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stol T
Eo = %JP [V/m] (2-43)

P T A4 [W]
d : FAHezFE o]AA [m]
(L) A ztel e AAZGE Eool wid Aol o3 S ddAd=

ZOlog% SR+ GOYD + G(Yo)dB (9-44)
_ T s
X - d
B

1714 h : ¢FEILE] Eol(m)
F(X) © Aatgt A g
G(Y) @ A3t ¢tHve] o5
(Bh) A zkoll A o] Aketel o3k Mgy 3dEd2 3ol ofste]
Fias g

D 27 2-103 2 AFEAY B BALP A5 NPEAS
thgat gon

N /A S .
v = hp\/)\(T1+T2) (2-45)
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(2-46)

M2 M3 M4 M5

b |atb+c| d e
¢ |d+e+f| d+f f
h2 h3 h4 h5

a9 2-16 b 2AEE dEd

A 3 4 ITU-R P.530-14
1. 18

H oAaeke Ygxg 14 LOS 3 A Al clear—air 2 rainfall Z7 A
o & Myl gk gk oS olugl HuEAS FHAgsH] ¢ %)

_65_



314 #Hold

s

- Y gopEel

- =do|

Hr

;O.#

p—

<
I

—_
fite)

2.1t 7] 7k 20l 9

gl

] o of

1

;OU

oA ALl

-
i+

3}

_cq

)

,AO

10GHz ©]

[e)
R

s
4
-
._oﬂ‘b
o
o)

]

=79
o, AR2Zdo] qg(km)olA Tt

3} go] FolAt),

S
=

(2-47)

dB

Ay = 7ad

o

o] Fold

?l‘

+ ITU-R P676 HAiL

714, 744 4,(dB/km)

2.2 34 Hold

Argony

s

knife-edge o Eol of

Path clearance®l A 3]
smooth T3 A9

o] F 7}A

!

s

AehghA

&

o

3} ol reks W,

Aol s v

o &

/\01—

15dB ©]

(2-48)

dB

A, =—20h/F, + 10

A1

S
T

FHm)elH, F

e

e Aw AHe] ol

e

=2

(2-49)

dyd,
fd

F, =173

o 7] A,

: A2 (km)

d

. T34 (GHz),

f
d17 d2

CgwERE Ag FoE7A 9 A (km)
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23 U4FTAE do|d # #dE HwIUE

A tHY HAEY, 1Y v dE 3 a7l s 22 g7
of 2]t t}3t clear-air ¥old WIZIUEFL 4 km o|F9 HIAE HA G
e Fojof g

231 & % Al 7tel] ti & Wy

Step 1 : ko W3] A dolgrt Erbssivtd, 4 F2 AAe Hd Hobd
o thg geoclimatic factors th2 o] Hrisjof st}

K =10 4'470'0027m(10+sa)70'46 (2-50)
o] 71 A,
dN, : ITU-R P453 Aol 9% 2 A5l 15°grid Alel] FolA & %
s, - 30s resolution® & 110km x 110km Ao X H1 FF=AA}Z 7§4
AANA ko] FFo]l AlAte] astutd vt 2ol Ao F
K = 10 -6 000275, (2-51)

Step 2 ¢ Y ol n, 2 op Gl IL(M)EFYH FE 727 A v

le,| = |k, —h.|/d (2-52)

Py = Kd3‘4(1 + |€[)|)7 1.03f0A8 % 1070.00076h17A/10 % (2_53)
o1 7] 4]
f oY (GHz)

hy @S QPEIYE (s bl A g

Lol dA M= A (2-5D)& ol&3sto] thaat ol ARt %E T3t

il

Py = Kd&l (1 + |€p|)7 1429.](-0.8 > 107 (].(](]()89hL7A/10 % (2754>
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-

2.3.2 BE A7 %o td ud
Step 1 : 23149 WS Algsle] TEAZ HA AR, 55 A4 JA
£ 2Q-55)E Frel A E A 2-56) 02 Attt

M
=
2
=X

po = Kd" (1+ |, |)~ 109 (05 s 107 00700 % (2-55)

po= K& (14 |e,|) 12008 =10 W00 % (2-56)
Step 2 @ AL Flold Fxet & Fold FxIEe] Ho] WA A fade
depthE o3 o] Akstr}

A, = 25 + 1.2logp, dB (2-57)
Step 3a : WY Q7%= fade depth, A7} 4,8 tF AAY 2o, 47F Hit Hof
Hol A zdste= A %, p,vo B 2t

Py = po X 107 A/10 % (2-58)

Step 3b : Y Q2 TH+= fade depth, 47} 4,5t} 2opH, 4, 7F At FH ool A
Z33t= A7F %, p, = T 2o

pr = py x 107410 % (2-59)
2.3.3 B4 8 A outage o=
OAg Gasdel A naeAd solde] 3 outage FE £, E TheI 2ol
A AL T}

P,, = p,/100 (2-60)

o714, p, (%)= 54 BERel sl@d3sl= flat #lold vl 4 = p(dB)o] H ot
oA Zek= AIRE %ol Tk

2.4 W71 93 24
A, A, ol Ee A 53 22 di7led(hydrometers)el o7 F4 H
bkl Atz a7 2D ¢ vk Aol o] vy el ik AbA
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3k AR = ITU-R P840 A 94<& 4 ot}

241 5249 ZA713 A
&34 el long-term A B7bol AR ¥ = PR V2 e 2

Step 2 : ITU-R P.838 diE ol&ste] 54 Fys, Ad 3 A& U 3
4, yp(dB/km)E ALFETH

Step 3 AA ARAo, ol AelR, & FE P NE FRLol, 4,E 7
Aoy,

1
r= (2-61)
0.477d" % RO 0125 —10.579 (1 — exp(— 0.024d))

1714, f(GHz)= F3 7, o= Step 22458 54 Za M9 Aot}

Step 4 @ A3F 0.01%°1 A Z3sh= =3l tig AL oad 2o

A = vpd,rp = Ypdr dB (2-62)
Step 5 : 0.001%°1 A 1% WA AlZE % pE Z=Het= v thad 2ol 1t
gatd & gk,
AAp _ Clp—((,72+(,}10gmp) (2*63)
0.01
o714,
¢ = (0.07%) Lo.12" 9] (2-64a)
C, = 0.855C, +0.546 (1 — () (2-64b)
Cy = 0.139C, +0.043(1— C)) (2-64c¢)
_ {0.12+0.4[1og10(f/10)°‘8} f=10GH:z (9-65)
* lo.12 f<10GHz
Step 6 : WY FHod FAE ¥YsvdA ITU-R P41 Hxo 49 54 7|4
BE ARESEA] FHobd A7F 9%, p,ol slEste= @ AIZE %, pE AlAbs
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g Faol A AR A7 ZAHEAV Jbestud, 7~50GHz T3k, T

=
H(hop) Aol B s 7|FFHAM vz FddH ol HHEAE HIbe=

Ay = A, (D) p,)! TP (2-66)
o 7] A,
_ f? _
o(f) = TR (2-67)
H(®,,8,,A,) = 1.12x 10 *(®,/®, )" (®,4,)"" (2-68)

A7IM, 4,2 4, T £ 2 £,(GHz)A A o 23 4534 o FAFgkolth

2.4.3 574 FA717F A9 polarization scaling
Fol g e HA(FZA(v) B FHm)A F717F A EA 7 Ao
Ao, Fd HIaNgoA g8 A S T oz HE R
3004, )
e
3004, )
A, = oA, dB (2-70)

3. 2L /YA e HE

AR W clear—air = d4A 49 HALH 777 ST =Yg 2 "
}Zhe] MES ofy|dlt}, o]#3 WEL V|EHow Fud =o|n oty e &
>

dRloll A Ebt

>~
%

N

4. W xH 3H(XPD) &

4.1 Clear-air g 39| ¢]3 XPD outage 9=

ed= dut 9 <rejve] wxbH s gy e AgaFS 22 AxF %ol A XPD
S Aok A solA ol g A dFS AArsH] A= o
=9 AAfol| wet Pt

Step 1 : &S AXsoh

XPD,+5 for XPD, < 35

40 for XPD, > 35 (@-71)

XPD, = {
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o17|M, xpp, = FTA QHEIY HojAlolEo A AR/ B HA XPD
ol t}.

Step 2 Y72 activity 3V EE A2Hgo)
n=1- o~ 02" (2-72)

A7IA, P, =p,/1005 A (2-53) e A(2-54)¢ H HIHAA 4=0dBE =
b A2 % po) ol AFSE GEAR WA Aol

Step 3 : USS ZA3
kxpn
Q= —10log (2-73)
P
o] 71 A,
0.7 one transmit antenna
kyp= (s, 2-74
xr 1 —0.3exp|—4X 10(’(%) } two transmit antenna ( )

02 etHYzREe F Hu ARAFed A5, FAEYE s, (m)olH, 7lel o
428 A(m)o]t}.

Step 4 : FetE cE FEI
C= XPDy+ Q (2-75)

Step 5 : Clear—air wx}A 3o o] outage && Py, 5 AAFSHh
AIXPD

Pyp=Pyx10 1O (2-76)

A7NA, Mep,(dB)E 715 BERO| W3k 57} XPD nlx o 24 th&a} o] Fo
2t}

C
c— 70 without XPIC
C——+XPIF with XPIC
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o] 714, ¢/, 71% BERe] tigk 7lglo] o 7+4dulelw, XPIF: cross polar
interference canceller(XPIC) %o w2 Al2~8 54 BER ¥ F+&3] & CNR
(Aad A o2 35dB)ol AMcross polar isolation(XPI)e] A& 7FH o= AdA =H 9
A o S IS P A=

4.2 7F5d 9% XPD outage =

421 ZF+x73%¢ XPD &7

ﬂaz e A AT %ol 4" XPDO faE vhA et A oS 4
Z=Ro] BIl53 ARNAE o thdk co-polar attenuation(CPA)S] F2 & X

25 XPDe vz 2 Fzo oigh tiefA <l Aite] bga o] 7hs sttt

XPD = U— V(f)logCPA (2-78)
7] A,

U= U,+30logf (2-79)

OR P At (2-80)
e BE ZFAolA slet 9dBE Har 16dBe] v, kel 16dB o]/l 2ol A
Aoz}

4.2.2 - gdegel 93 outage dF EAb
2(2-62) 0.2 FH Al7Ee] 0.01%° A Z2¥et= 274, 4,,(dBE 4

Step 2 - 7Y AR, 4,(dB)E AA L.

Ap _ 10(([/— C,/I+ XPIF)] V) (2—81)
Step 3 t9 FEvEE A4S
~ [23.26l0g[A4,/0.124, ;] if m <40 B
N {40 ! otherwise (2 82)
a8,
= (—12.7+ V161.23 —4m )/2 (2-83)

Step 4 : T 2ol Al outage EHES AU
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Pxpp = 10"~

(2-84)
5 HE S tx " A A=A outage 93
Outage &2 BER©¢| Tz 7|EAHT & &= Holdr).
Step 1 . H AAAE Ao
1.3
T, = 0.7(%) ns (2-85)
o714, d(km)e]tt.
Step 2 : 4149 Step 29 FoAZ YF A= activity I, & A4FE)
Step 3 : A YA outage TFHES AAFsT
B,,/2 i #
P, = 2.15p| Wy, x 10”2/ gy, <107 B0 (2-86)
| Tr, u| |T,-,m|
o 7] A,
w.

. signature width(GHz), B, signature depth(dB)
7, .. signature® A=dH AFEEH 7 AAdMs) R »
Ha9d(vm) ol =5 LERHRTE

SignatureE %A A=A W3 signature I&v|EH Ho 2L FA-HL I[TU-R

= 294 (nelt H

F.1093l o Xt

6. THOlHAE 714
Fol= zlo], 4]

thall chol M AIE Zid 1AL, =
(2-87)

AZE %601 ™, p(4)=

2= 34 ool AJE branchell A 9]
= H|H 3T 7§i0ﬂ 3+ % o]t}
?_
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J= [1 _ exp(— 0.04 X So.s7f— 0'12d0'48p5 1.04)} 10(A— V)/10 (2*88)
o] 71 A,
V=|G - G (2-89)

T3 4 HRS A2 gk Ho]l= 7 o](dB)
py: A(2-55) H 2(2-56)0.2 dojA = thF A2 A (%)
s RV AR (m), 1 F37(GHz), 4@ d=2Z4o](km)
Gy, Gyt 7+ QFHI LS o] =(dBi)

6.1 37t ol H A E AL&3FE outage 95
Step 1: 4.14°] Step 20 Fo1x s E activity sHebrH, n& AAFgo

Step 2 B A9 AAAF, k0 Ass Avtdoh

Koy =1— — (2-90)

oA71A, WA, 1= flat Hol= ntA p(dB)oll dHEstE #Hlol= Zlo] A(dB)ol o
3 2 (2-83) = H-E, p,. = 21(2-59)ZHE doj A},

Step 3 A9 GA, ko A AdTH

0.8238 for r, < 0.5
B2 = 11— 0.195(1— )10 0 ) fo 05 < < 0.9628 (2-91)
1—0.3957(1—r, )"t for r, > 0.9628

Ao Qo) FRAS, v T o] FolRitt

1—0.9746(1— K2)*'™  for k2, < 0.26 (9-92)
Y 1—0.6921 (1 — k2,0 for k%, > 0.26

Step 4 : W] A¥A outage &E, p, .= ALF3

L
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Pdns = i (2793)

oA7IA, P A(2-59)Z TR = H]E S outage TEO|T}

Step 5 : A¥ A outage &, p, = A3

P, = 77(1—5%5) (2-94)
o714, P,= A(2-86)C.82 FojA = H|H3F outage HE 0|t}
Step 6 : & outage &%, p,S AL}
P, = (PO POt (2-95)

6.2 T35 Yo|HAEE AlL3}= outage =
T olu e AR AE ALSAW, Step 2014 H& & A&,

_ 80 [Af) F/0 _
I,= fd( 5 )10 (2-96)

o 7] A,
Af Fa B2(GHz). &Y Af>05GHz o], Af=055 A3

Mol F35(GHz), F: flat #o]= 71X1(dB)

6.3 ZF To|HA B & A& 3= outage o=
Step 1 : 3+ =7, pE AAbgoh

1y =2.89x10"°G,,d  degrees (2-97)

A7IA, ¢, =4 71&7]19 Hit FH(v-unit/km)e] T},

Step 2 v] Aelx z+a] mietdEl & AlLESOL
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i {0.113sin[150(5/0) +30] +0.963 for ¢>1
q forg<1

o] 7] A,
q = 2505 0.0437'%?) 5 0.593(¢/9)
18 AL,
50 7 dWETre]l 7 H4, ¢ upper ¢tHIU] 7}
Q: SHEU di"le] 102 A8 W=

Step 3. Wl A€¥H g vy, g & At

QO — T<O.9399N6 X 107 2458“5) [2-4691~879(M0) x 3.615 [(5/(2)1‘978(‘/5)] X 4.601 [(6/0)2]25(5/6)2] ]

(2-98)

(2-99)

(2-100)

Step 4 - 4149 Step 20 FoAX BFAZ activity I H, & AAksio

Step 5 : W] A YA outage FES A3

Pdns = 77@0 X 10" rlee

1 = 1-(0.0763 % 0.694" x 1023'3”)5(0.211 —0.188415 — 0.6381:2)”

Step 7 : A ¥ A outage &E, p,E A3}
p?
n(l—k)

Pds

o71A, P 2(2-80) 22 Fo A= HEE outage FE |t}
Step 6 : % outage &%, p,E A4t}
)4/3

P, = (P0‘7‘5+P0‘75

ds dns
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7. & outage 9=
ol A FoAR WHES o] &3] clear-air G&Fol 93 F outage TE2> U

o ol AxtE

P .+ P +P
: _{ ns s XxXpP (2_105)

Pyt Pyp T o] W A ] AL-8-

8. ITU-R P.530 =& 7|4

81 /&

gAadA o AFEE wlolA R olB SRS & Ad st el Sgel=

Tt Ao oF =2rhed WS =HY AR Hol jlow, o] 7|9 g

4 Sy E 2dd 45 WHY AljbEol o FAX L vk ITU SG3&

ITU-R P530 #arel] HoH wlola=mejol8 oS0y Alcketar 78] kot

o] Aaote o geoclimatic * A 251 oy =AHo| TAHE =+
e Agsta vk 19783 5F-H 149 9] 7R o] o] FojHom, o7|M = H ol

] e o] ]
= AR
Mdd WS vlasta A4 Fast s Aed

.

o,
H
il
Lo
§

EE oH

8.2 ITU-R P.530 7N 7

1978 2o ZHE & WHY Jhdel o] Fash WstE B, W 7oA
WA 137h4 B e wd 73 8 2 A 113 123k @A wloly i o]
o] Fo] 3 .

B d 7/8=5¢E WA 99 geoclimatic & ¢1Abo] &3 FQ 3k /Ao o F
oA AxpHo=r FHokd E& ALte] o]FojH ). 7|4/ (hydrometeors)ell
o3t A= AeAAe A7 EAR FAFIASH, eventd] A E7|7F R
5 Egstal vk

B Hd 925 H 100+ 4= Ay 9
B ARG BB )0l =Y HSlen, & .

B 9d 10258 A 11/1221= 2459 wet snowdml 23 33 1183k
o] Jfdke] TEE F QoM o] o] Fo]H

B B d 1202 5F 139]+& geoclimatic & S1AF 2 FHolg 58 52 33|
A 7131 WA o] o] Fo] AT,

A 1391+ F 7FA] geoclimatic & 21x+e] &3 FHot9 outage &, P, ol
A FQ FAo] o]FojH o WA 1249 FAH vuweH e g2}
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[ITU-R P.530-12]
K= 10— 3.9—0.003dAV]Saf 0.42 (2_106)

Py = Kdg,g (1 + |5p | )7 0.97 <10~ 0.032f— 0.00085h,— A/10 (2_107)

[ITU-R P.530-13]
K =10 "M (0 4 g )7 040 (2-108)
Py = Kd** (14 |, |) 10308 s 197 00070 A0 (2-109)
21(2-106)~ 21 (2-109)¢] 4L kK A8 Fo FAE wgstn dow, a9
2-17(a)oll A K-factor 747} AT Hd EE S5 I9 2-17(h)oll A9 &

o] Z7}at},

- 5 Cons o }
110 : Goc’irnmn:i.lat:br. I(lvs.dN-; [-0'\=!|an1 roughnsss, Sal P (without diversity) va. dM {Constant roughnass, 8, )
i ] i 1 1 (B0 Gt ot e i i i I I | 1 1 TURF 52012, 5 -150m
[ ! ! ! ! | |- musEsanaa s e ' ' ! 1 i TR 6
1 1 1 1 | | ) 000 — = —1= == A= == += == | - = - - o | -@-TUR FEI012 § =250 m
e e o e 1 e e L | A AT PR T e - =5 : g i
S H K k k T e mumsmsnn s e by - SRR F s, b i
a1 1 1 1 i i E] H e (TUR P 505, 5 250 m
l 1 1 1 1 1 1 1 1 — »
£ 1™ 1 1 ! | 1 | 1 1 = 1 ! [l
FE L ety i, Wy By B BB s Pt el Tty B ey o B S o el ol B o i b St il sl il
o ey 1 1 1 1 1 1 1 = 1 1 1
[ 1 1 J: ¥ ] [ | & b el 2 e AL Sl S e
" i i " | | i i i i P
& 151 e o e e R S af T O S T TR
g 1 1 1 ' 1 H 1 1 1
= - =
. S 5 e O L L
R Lok e PP £ e
el ¥ . 1
& ' 1 1 1 1 q'“‘“ru-_h,___*u_::q_ 1 2 -\::\"r\;;--"'rq_-—
1 1 1 1 1 1 [ S i 1
[o===1. __: 1 I I 1 I I ] 3 “'1-h.___!
T | 1 1 1 1 1 e, e v = ‘:‘:_
1 [ E = Y S R B | o 1I —1|:~.__._I|=___‘"
1 1 1 1 ] ] J""ﬂ:":l:':q | | 1
L L | r | A H
Yoo w0 mee @ om0 mo @m0 @0 @ @ 5 = e T
Refadtivity gradient, dN, {M-units/km) = radiant, dN,{N unit snl’ﬂ
= _ = =] 5L =
(a) dnv,o W& K—factor (b) dv, ol W& 58 &

19 2-17 P.530-129F P.530-133%¢] H] L

83 shepue ¥4 2 54
8.3.1 Geoclimatic 327 H ¢ %”5}
gebry #4294 gy
stk & 59, dV, S, |e,| b, &
UEtUl= a4 2 doj= A QIX 2l

Hele @502 outage &9 WslE AWd 4 gloy 71 izl A
E gk AR A7 stue] FEFE uE SerEHEdd s ¢
ATt o E E9], high roughnessi= Kk-factor® #AA7 Axxo=w &8 &

=4 =
ZaAeh g vl Ayt e mme] 9ol ve AR 7% E ztevhd,
ol gt A The A oA AY ke vk o] AnE JhA 2tk
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8.3.2 Radio signature® <33

HIMA Fuke A9A dold & A3 dol= E}XJ(EFM)% a7 98l flat =
o= mX(FFM)el F714<1 A3 AleE Frlste Aoz a1 olefs 4
HAG= FAFH dispersive #H o= uwpzR S AR }01 AArE Atk ITU-R
P.530-79 radio signatureo] &3t tf& HIH S =15

7= = vkel 2] radio signature®] ilefi= GOl AE] 7ol HEH A e
m, & outage BHES A3 FIATIARE, To|MAE VWS A&t &
o2 MeA FHolgdS FrAAZIth Radio signaturest™ FS Al Z2=wlof Al =] A

solge] dFe A@sh A7d fg et

8.3.3 XPD¢] 9

Zor9d outageo] XP outage &E©°] YA 22 wxHI= outage TFEO A
FEFS HRHG Al 7HA Fo sy e 2 Ho wxd o, XPDg, wxFH 9
B Q1E, XPIF 2 slgloldl 51], C/Ielth. vrd XPDg7}t 358 % 33std, XP
outage®| WIS FA Feoh o] FHE EE SHHY AxGAtel os g E
XPIF 2 C/1¢9 &l &l A5t outages T ASIH, clear—airdp gt XP outage
g5 C/1 S7k wet #FAashy XPIFO ulgl 743t ol Ayye F vt
e 7F Bhtj ] kS wA Al Hol HAujAdEe] o] XP FFS HAAE st
tradeoff”} 2 & 3}t

8.3.4 =3 F49] W

5 ®=2e] 220099 4€¥€~2010 8¢) &<t iyt FMe A S E dolHE
LAkl ITU-R P530-133% vlusls o) 1%l 2-183 o] A9 dXge H<
ok AgE ZebuE = an, = 297.96N-units/km, S, = 140.63m, |¢,| = 0.285mrad
h, = 399mo]|t}.

trol Al E el thgt =
A717F AbgE we] JRARIR

B =S4 d5342 v AR S Bk o]&4Ql d554d2 42 =
et RS AEe HoEn

B ol me} FHold FxEol| ofF & A4S BoFu, 1 g2 1~20dBeltt

B o9 outage oSl tigh olel+= 20099 °F 14dB, 20104 11dBelw, o] 4
Y= ITU-R P.530-8 A azel Abgd 239 J= SA e A3

W cholATE] i R1AL A3 F 744 —’F’dﬂe }ﬁo}b —rJJrT L
271 )
A
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o]
— line-of-sight (%574 2 % focusing

- diffraction (smooth-earth,

2. Clear—air 74
Clear—air W& A



- tropospheric scatter
- anomalous propagation (ducting % layer ¥HA}/3]4)

- height-gain variation in clutter

22 dF9 f=
221 ZE2AAY ML
Step 1 . 99 doly

IZ2A Ao HQsk 7|E Q8 golg s ¥ 2-69 Fo] R}

Parameter Preferred resolution Description
i 0.0 Freguency (GHz)
P 0.001 Bequired time percentage(s) for which the caleulated basic
transmussion loss is not exceeded
@, P [.001 Latitude of station (degrees)
WYy, W 0.001 Longitude of station (degrees)
g, firg 1 Antenna centre height above ground level (m)
Freg. Fips 1 Antenna centre height above mean sea level (m)
G, Gy 01 Antenna gain 1 the direction of the horizon along the great-circle
interference path (dBt)

NOTE 1 — For the interfering and interfered-with stations:
I: interferer
r: interfered-with station.

Step 2 : B3 1 T worst-month ¢]=9] A=
Aup o= 2do JE dEEao A7l BEXE =3t Hi d oS 9l

A 712 A%e] ofd BRgel A W A %, p7t S ZEAA 7
o

(log(pw)+log(GL)f().186w7(1.444)
p=10 0.186 + 0.078w % (2,110)
o] 7] A,
w: A7 29 fraction (<E 3> F=x)
0.7 °
o V1.1+ [cos2¢]"7 for |¢] < 45 (2-110a)

Wi - lcos2¢|"T for |¢|>45°
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Step 3 : Radio—meteorological dl°]H

A5 Z2AAE AAY THE ARNAA backgrounds] AFA T ol HAHI A%

Zz745 23387 g8l Al 7FA radio-meteorological &t n g S # g3k}

- AN(N-units/km), W7]149 HA 1kmE Fa Ht Ay F4AF ADE
(laps-rate) 24l 2= Z23td 3 34 Fojs #4115 sl AlEAA= 4
A A FukA e gt "oy A

- 3,(%), 100N-units/kmE Z¥st= =FAX 5 AgEe] ¢ v U779 Hx
100moll A dl&2 5 de AZE %EA D stE A=A gkds] JidE o]
dl A2l Aute] At AALzZFS H st AFR-FE O

— N,(N-units), 3l =4d=ZAX troposcatter A&+ W7lYF2] 1% WAsAdel =
Ao w2 WA troposcatter E 2ol A& F T}

2 SARIAA olH A dat JARA, (%)= Tha A ARES] At

—0.015]¢ |+ 1.67 < °
10 mpy Tor [6] < 70 (2-111)
4171y for [¢]>70

SA 2 ajatel HEo| thdk degreed] oEsH they go] F

shebul g g,
Sk
—d,, 0.2
[ = [101676.67 + [107 (0A496+0A354T)]5} (2-112)
171 A,
;= 1_67(4A12><1074><d12,',%1) (271123)
=3
d

' great—circle 4 =°] 7Fg 11 A% F24H(inland + coastal)F+ (km)
dy,: great-circle 429 7} X1 A< inland & (km)
d,, 2 4,2 x| A% = radio—climatic zone 3% 2-7° Aol ¥t}

(—0.935 + 0.0176] ¢ | )logu
10 My

Ky = 10(),310gu1 (2_113)
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3% 2-7 Radio—climatic zones

Zone type Code Definition

Coastal land Al Ciastal land and shore areas. 1.e. land adjacent to the sea wp to an altitude of

100 m relative to mean sea or water level, but limited to a distance of 30 km from
the nearest sea area. Where precise 100 m data are not available an approximate
value, 1.e. 300 ft, may be used

All land. other than coastal and shore areas defined as “coastal land™ above

Inland

Sea

w15

Seas, oceans and other large bodies of water (Le. covering a circle of at least
100 km in diameter)

(A& A7 WA
A2 3 median A& XA AT kS a3 2ol ARt

157
ksy = 157 — AN (2*114)

AR S 6371kmer ZhA st HE ARk E o] TEE, o= Te 3 2ol A

At

a, = 6371 ks, km (2-114a)

By% MZPE sk AR AT, o= B3 2ol Foixin

a; = 6371 « kj km (2-114b)
A7IM, ks = 3008 3,% Algrel thsl Zdete= AE AT WA AlFY H7to]

tt.

Step 4: A& ZTEaY A

3 2-8 YERW wEel zro] Aol Hegh ddel FE owd dEvEE g2

A (2-114a)ell oA o, 9 gl TAste] A= Zmade Hx T4 &8 F=

& ofof i},

3. Clear—air A3 24

3.1 LOS #

ArEdstel gk VE AEEL R trIvkRed 9% 3= vEd 2o
Ly, = 92.5 + 20logf + 20logd + 4,  dB (2-115)
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o] 714,
A F 7V F5EAAB) = (v, (o)) (2-116)

H
ol

=3

2-8 42 ZRYARFEH Fsojor & devy &

Parameter Description

d Great-circle path distance (k)

dy. dp For a transhorizon path. distance from the transmit and recetve antennas to their respective
heorizons (km). For 2 LoS path, each is set to the distance from the termunal to the profile pomnt
identified as the principal edge in the diffraction method for 50% ttme

8. 8, For a transhorizon path. transmit and receive horizon elevation angles respectively (mrad). For a
LoS path, each 15 set to the elevation angle of the other terminal

g Path angular distance (myad)

fig Fip Antenna centre height above mean sea level (m)

hie, Fire Effective heights of antennas above the terrain {m) (see Appendix 2 for definitions)

ey Agpregate length of the path sections over water (km)

@ Fraction of the total path cver water:

w=dy/d (M
where d 13 the great-circle distance (km) caleulated wsing equation (138).
For totally overland paths: o =0

Herer Distance over land from the transout and receive antennas to the coast along the great-circle
interference path (km). Set to zero for a terminal on a ship or sea platform

Yo Vo (p)s 27 dry air 2 water vapourel] 93 5A A 24 ITU-R P.676
Ay e Ao=ziy T3zl

p- water vapour density = 7.5+ 2.5w g/m° (2-116a)
w: AA |7 Z 9 fraction

pF By% AlZtelM vsd = B focusing G ol tHt AL v 2k

E,, = 2.6[1— exp(—0.1{d, +d, })]log(p/50) dB (2-117a)
E,;=2.6[1— exp(—0.1{d, +d,})]log(5,/50) dB (2-117b)

ARt %, p%E Z38HA = LOS Aol o3t 72 AFEL S a3 2o

Eb()p = Lbfsg + Esx) dB (2_118)
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AIZE %, 8, %5 ZIstA &= LOS dutel] o3k 7| & HdEEA

Eyp = Lypg + Egp dB (2-119

o
O
o
_E
U
Y

3.2 34

3| " E4Le Deygout 1A 73 A

A AR i Ak o] WS
o

AEA gd] FAPE S AFEShH,
Jw) = 6.9+ 20log(V—0.1)7 +1+v—0.1) (2-120)

33 dFd &

B el olal 50% olste] AlzE 9%, pB EAFA @ R AFEAE

&3} o] Folxir,

Ly, = 190 + L; +20logd + 0.5730 — 0.15N, + L, + A, — 10.1[—log(p/50)]°7 dB (2-121)

Lt T w2 =4 = aslogf — 2.5[log(f/2)]>  dB (2-121a)
L v AREAde WE aperture = £, = 0.051" "¢ dB - (2-121D)

3.4 Ducting/layer ®HA}
oldl4d HI(ducting % layer WHAhH)E<F WA E 7]E AEEA [ 9 oSS
o5 Aol A%,

Ly, = A;+ A,(p) + A dB (2-122)

g
o 7] A,
A QEEIVRSE 7] o] o]y Aupa 23t & g AFEA
Ay = 102.45+20logf + 20log(dy, +dy, )+ A;y+ A, + A, + A, + A4, dB (2-123)
A0 9B AT A 9ol wEy Frbske el dig A3 A4 8A

A,(f) = {45.375—137.0f+ 92.5f2 if f<0.5GHz dB (2-123a)

0 otherwise

Ay Ay 22 0 B I Aol A 8] AlolE At s EA
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_ [2010g[1+0.3616, , (fdy, ,,)"/?] +0.2466, . f'/*  for6,, >0

A , 2-124
sher 0 forf,, <0 ( )
6,,=0,,—0.1dy, mrad (2-124a)
Ay A, 27 70 2 I FAFA Y sl HE ATt
4 e 3e P 14 tanh (0.07(50 — by, )] for w = 0.75 (9-195)
e 0 otherwise

A,(p): o1#E A A wW7tYEWe A7F % 2 angular-distanceo] W& £

A4,(p) = 70 +Ap) dB (2-126)
v B A = 4, =5%x10 %/ dB/mrad (2-127)
3
¢: angular distance = 12 4910 (2-128)
N for 0, , < 0.1dy ,, B
Orr = {o.mlt,lr for 6, , > 0.1dy , (2-128a)
Alp): A % Hesd(CFAEE)
=—12+(1.243.7x 10*3d)1og(%)+12(%)F dB (2-129)
__love —(9.51— 4.8logB+ 0.198(logB)?) x 10™ 4" _
= (2.0058—10g/6’)><6 (2 1298.)
B = Bottay (2-130)
2 «
© AR geometry AA =|200 d (2-131)
o+ 7O g y 8756 ae(\/ﬂ-i-\/hire)?
a=—0.6—10Yed*'r (2-131a)
e = 3.5, o A2-112a)2 A Y
uy: A8 roughnessdp e+ A3
1 forh,, < 10m B
~ lexp[—4.610"°(h,, —10)(43+6d,)] for h, > 10m (2-132)
d; = min(d—d,, — d,, 40) (2-132a)
3.5 F714<Q E4H &4
¥ 2-9% height-gain Aol A&%+= ITU-R P.1058 Hate] Hold FEH H
TE YEhdo 22 Sy Ade o3k §UrAHQ0 &4 o5y Zol 3 E
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A, = 10.25F¢ dk(1 — tanh [ﬁ(i— 0.625

h

a

o a

Fy, = 0.25+0.375{1+ tanh [7.5(f - 0.5)] }

34 e AA EuAA ] A km) (2
27 A4 ot} E=o](m),

¥ 29 3%

FHE =o] ¥

o

A

(2-133)

(2-134a)

2]
=
h, 24 A FHA FHH =ol(m)

Nominal height, Ji, Nominal distance,

Clutter (ground-cover) category (m) Eh', (lam) a
High crop fields
Patlk land 4 01
Irregularly spaced sparse trees
Orchard (regularly spaced)
Sparse houses
Village centre 3 007
Deciduous trees (irregulatly spaced)
Deciduous trees (regularly spaced) 15 0.05
Mixed tree forest
Coniferous trees (irregularly spaced) 20 0.05
Coniferous trees (regularly spaced)
Tropical rain forest 20 0.03
Suburban 9 0.025
Dense suburban 1z 0.02
Utban 20 0.02
Dense nthan 23 0.02
High-rise urban 335 002
Industial zone 20 0.035

- -—

“Site shielding”™ obsracle

Pat lengih, o (kmj
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Marminal elutter

height,

height,

ry (m)

Nommal ground

fy (m)

Assuimed cluter
ofy - - — distance(s),
o, and oy (km})
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36 TE d=
028 Z2AAZE BE ARAA oFe A4&d 5 Qo
42 angular AgE 1este] Ul4t(interpolation) A%, & AlAkgtc)

Fy=10- 0.5(1.0+tanh [3-05(9_78)})

= (2-135)
047]/\1,
=03, ¢ =08, 0: 742 angular A 2] (mrad)
Great circle 424 o]& 1&g WAk(interpolation) A5, 75 ZAAFgHH
(dids’lli)
F=10- 0.5(1.0+tanh 3.0K— } (2-136)
o714,

d: graet circle 4 =2 o](km) (& 2-8 #<J)
dy,w 117 Il (= 20),

r 3
LOS Ayt 2 &4 sub-path 3 &0 T FHx 7|8 AEEa

;24 S E( = 05)

= T o0 v &5y LminbOp% 7:”)‘\—]-
2},
_ ot +(1- )Ldp for p < B, _
Lminmp B Lbd50+([/b07+( )Ldp Lbd5o)F1 forp = f, di3 (2-137)
o 71 A,
L, A2-118)2 FoAA = p% Algts Z2¥43HA 0S 7|52 A% 24
Loy A @2-119)2 FoIA &= p% AZbE et &+ LOS 712 dAE &4
Ly, p% ANite 23etA ge A &4
LOS®} trans-horizon A& &7 o] HHAE HA7]E AFEH, Ly, e AAgct
L L
Lyyinpey = nin [exp(#)Jr eXp( ;O’J ﬂ dB (2-138)
o] 71 A,

A1) = FoAA = p% Ate 238HA] &+ ducting/layer WHAF 7]
2 dE5E4

=25
3] -d 3 LOS H+ ducting/layer AL 7ol #dH 7|2 AEHEEA L= AL
Ela=3
_ Lbd for Lminbap > Lbd B 2_1
oo = {Lminbap + (Lyg = Linpap) Fr 108 Liingey < Lyg d ( 39)
o 71 A,
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L, p% AZHE 298tA] &= 3dd gist 7|2 d5EA
Fiop9t gpoll W AQ2-12D)2 doAE UdAS

343 LOS T+ ducting/layer WA} F7 &

S Axksie,

filo
=

L, = —5loglio "* 410 “*)4 4, + 4,  dB (2-141)

o171A,

Api e SR 7] F8Y AHE 1y B &4

4. 28 &4 AdS A T
41 A8

~HEY ¥
Efle] wieby AbE2
He T9etr] 98 A

A
-1 p 84 '—H‘—]]

A7) Y E AR2EAS o= s Anmdo)
= o]

¥

>,
>~
[>
juiit)
o
Ho
&
N
o3
ol
o
ot
Bjie
=5
of\
o
=)
W
o,
O
= >
)

m o
(0]

=
o

il

-

rx

>

[>

jaiit)

rlo

_>|:4

2
o}

lo,

o

b)

(0]

e
= b L
4

1225, Walfish—Bertoni
o AHEol For, o) F ool FATANAWS GEE A A
Hol gt} o9} &g, ITU-R P452+= AlZ=®IZE A S AAEer] 18] s
Jth 1 s AEe W Sl ARH 24 Wa] s £a5e] %

L .

[e] > =
UW?LE‘ ZH% EHE]*ET,

T
°c Lo

2
|

=
o,
N
i)
2
>
rlr
i o
ﬂ
oo
Ir
2
o,
o -

P452 ®»2& 5 geographical @ﬁoﬂ AR s

)

fﬂ 1(clutte é%‘ FEow AHgsta k. 4y &4 g2
T FeHGEFE FHH7EA Y A, 71A=(BS) EmolZFH A

. P452= o)y s wtetu|E e

whel A skal ATk

4520 A E E2H &4 AME A E F 9 JldY oAX7F Hol 2l
HA FA= dAe P45 ZAMeH L 3t A9 FHH JleneE og
Fst=A o] i Aol gith o2 Asl] BEUA AHRE A LA HH, ~

9

S dense urban, urban, suburban¥ & A

18 oy oX H9 o o

2 O % 2
A

m_u
I

=
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HAEY FFAT, 5 T4 AHj 2o 2 AFEYo] SdFETid Al ~"ZE 114
< AbsteEd F9H £A49 1 E AQste g olfE HA Uk F wAE
2y &48 24T v+ AT ES st A AR, EEA EE
layer 883} 2o &4dd= st Holth Al WA= P452-147F F3k4=)
2 29y &4& Adleted FarHES =Ystal AR 700MHz ©] %9
Farol A PA4b2el oldl AlLtEl ey SAo] dA s, ofEA 1 Ao]
N=A HEahA] &
o 7] = knife-edge E@ol A% ZFHE &4 AA] AlRE UHES =93
th o] HE o= Foxl FuFoAE Sy EAS AT 7 doew, F9
2D @A g 3] SHE Ao Al Thset e s AFEEE VMo Sy
H &4 dg solo By e Hy WY wol2HEH Ay HubE &y

42 A<tA SHH AL H

a9 2208 ARRA F o2 UEhE, 1% 2218 2
£ %= knife-edge 223} 7143 A3ty #AE Hol F1
Knife-edge 9o 9|3t 3] d&Ae tpSy o] AXELh 94 = oy 7
t}.

v

O

¥o, b
>,

M

1%

=

>~

>

v=h i(;+;d) (2-142)
A71A, Alm)e= Fgolth h(m), 4, 2 ¢,(m)e] Fo+= 19 2-218 FHxdg. 1
o 2(2-120)& o] &3t 3|dEA, Jw)E T olAH FYE &4 Ut
knife-edge 2 2S A &3tvA, =9 o o]l HolE AR Eo] F2E<9} oy
Uk ool FrbA o ® Fasith oleh= @] P4S2E Y EH A ALk
G QbElY FH o] FojE RIS AFEStaL Ul o7 A ©A] <tEIVY FH

-

o WYL ol gdte] 7} Atolso] EYHom FY £Mo] Aol F Y A
j
-

—> — (2-143)
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et

horizonial line at the local area

T1¥ 2-20 P.A5201 A 7HE % A vt gkA

Clutter position

| Diffraction point idcmiﬁcdl

| Antenna position|

by the terrain profile

19 2-21 Knife-edge =9

of A%, vio U= #Zo] TAMStE .
o 2L -
e (2-144)
HTy h=dsing BAE ol&ste] A (2-144)= vt 2o ddh
v = d,sinf \/%(di) = \/%da sinf (2-145)
o) HomRE v oWt o p @ g0l dEATE AL X 5 vk
gom % e e W, b 59U FelH £42 44 or 497

[e]
2-22 %) 6, D g0l ola)
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vi = v (2-146)
7] }\i’ v, = \/ %da,i‘gingi L Vj, = Xda_“jsinf)lj O]EE,
d=

2 (2-146) 0. 2 HE TS

mszn01 = V daﬁ

jsmej

(2-147)
O #AAS Lyt
d.
= i ol _ J _
fug = dogsindy S daj = cg (2-148)
A2-147)2 B3 o]l vA 288 F+ Aot
. 1 4 ) 1—cos’d,
2(2-147), 2 (2-149)2H-E o #AAE d=th
1—c0529]- B 1 )
\/7 “eosh, iy dxd, (2-150)
D3] - 1Xd —B D cosh, = XZ FoW A(2-1500e they 2l
a,i j
_ 2
1 XX =B (2-151)
o] Ao RRE x'+p°Xx-1=0, x9 > b3 2
_ 2 / 4
x= PR (2-152)

z7 0<6,<0CZ5H, x>0, 1A xt bl I
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(2-153)

Bi+4

- B*+

3} o] ojAy,

8 oo

9,° <]

T
T

123l g,

(2-154)

0; = cos 1 (X)

3 7H4 e F2H

s}
o}

o, Ay

B

ook, e, o

<)

24 wa)

A
]
N

=

o
\DIO
Gl

)
K

=
] h(we =

o
M
b=

ﬁo

4

=)
B

N
ojn

)

(2-155)

1—e

F(h,)

K

Hr

K

)

—~
fite)

M
of

il

W

o

&

1A xo] @AslE RE Z2E &40 p rrl ZAL

21(2-120) 2 A(2-142) 255 Ao Xt

T
T

(2-156)

pa = L1FM, )

1 7]

(2-157)

h,b,j = tan (9,]') X (droad ><.7+ dbldg S (.7_ 1)) + hant

buildings in a local area

I"]lt}:'.. jl!u\.

ﬁo
B

ol
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B Ao A BASET e 2eE £A7ke] BAle uF 4 o E melt
BT, AletE el ola AdE ZeE £49 pas2 ZeAAd o8 ALte
Avte} wlagc AAE Sl e %S h,, = 20m, d,, = 20m, dy, = 20me|ch.

Center frequency
=135 GHz

= £
2, £ &
hgh][r g 1n
g w
g 10 antenna height E 10 r
=5, 10, 15m
0’ 10
-20 -10 0 10 20 30 20 10 0 10 20 0 40
Clutter  loss  [dB] Clutter  loss  [dB]
(a) 1GHz, QFHIY o]t 5, 10, 15m (b)1, 3, 5GHz, QFHIY =°]: 5m

% 2-24 S E S dI 2T E

o
W

o
o
o
.
i
fru
4
A1)
iy
Xy rlo o WoHk XN o T

a9 2-24(a)= 1GHz F3polA 7Hd el S8E &4 st 248 ES
Aok el = Qe Eololth P452 WHel fef AAtE S H A4S
o= yetdn. P452= At EY =olek FEH Eo|ite] BAE AL 3l
@ol o71M = 20mE AHE RS o, o= W WHEolok i, 30m(EEH
o) AR&3tH ol Hyt M Eolht 10m %2

Y EolE P452 WA A} 3
FoE E42 100 = s
b gy, FYE EolE B
°F 107 20|t} 19 2-24(b)& At
ol el 7ol Sy o] i AT E

FHE £24& knife-edge =&

Heage -

1o,
i
-]
S
(it
wo fo
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1.1

Na
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T 1l -
point-to—area A FAHIL] HAAHFEE A= 4 U+ step-by-step

.

AALEE J7HE + de= A=
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fresh-water 42 AA o072 5

olg1dt H7lE= HA1719 F2217] Aloldl fresh-water7} €48t 2A$ HEE
Aol g HFHIME A =

THHZE HIME Y3 HZ

md A o7 18 5-13 #2o] Al Fresnel ellipsoid®t # & T2
re] Ao £A%

Fresnel®] ellipsoid 7I'd& A&3Fo=ZH o] W2 10km o|ste] vl &

A FAE A &
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ARk Han a9 5-13 2ol e 3 242 F4A HHYUYE g2 21 F
21 QbElYe] ol m] ] (image) = A <]
T8 NEE& ITU-R P.1546-2¢ M= FA7]eF #4417 1F A4 Z=29dS
ARget= Aol oty TrF BW Z 2y B =
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1Y 5-125 8 EA Fresnel zone W9 fresh-waterd %+ oS3 28
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standard deviation(STD) #E°| Fo13

£ 9] mean value error(MVE) %

# 5-1 MVE % STD %

Propagaticn Meodel MVE(dB) | STD(dB)
Ckumara-Hata -14.59 2.28
Rll-land ITU-R P.1G5456-2 -14.93 2.28
Mixed Path ITU-R P.1546-2 -8.72 2.95
Mixed path ITU-RE P.1546-2 -1.40 2.28
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L=l A 7k GAFSEA MVE = -14.93dB 2 STD = 2.28dBE o4&

o Al Ao A5

o MEZF HEHE o] &3 MVE & -140dB, STDS 226dBE Y% & U5
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b) Case II - Paranoa
0 856.039MHzol A L& 5-4°] B #}&2] Paranoa Lakeol A =H o] 34

o dEAZ WE 54 "HeolHE 19 559 H4
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AH, 53] HoHolop & TV AR ALkl A
AE 9% 7H8 29 ER S F

o Rtef o] FAI7F glvbd o dA X3 S FAY AREHA
F s A H

o TFolA = 20km7HA o] Fg-olE AEolA o] Rl -
Aak A AlFe 3o H+= 10dB 9 median A A =9
Fo14

o Channel Island 7+ 7] Hdo=542 ¥=5 10% At -8
ol A3t median AA7E=2] 10-15dB A H7F7} o] Fo 4

22 A3 &3
o 1% 5-69] Hol= AAH UdT=2 Wieringen, Lopik, Goesol 93+ TV
B & AS 422xg Agsta, 41715 vd@=9 Hoek, 92 Harwich
2 Baldockell A H
0 % 520 SAAZ U HRE e
352 ARAY B FA/EE &
Hoek v Holland Harwich Baldock
Goes S5km  17% sea| 186 km 85% sea| 282 km 56% =zea
Lopik 64 km 0% zea| 258 km 75% sea| 356 km 53% =zea
Wieringen | 121 km  45% sea| 277 km 85% sesa| 367 km 58% sea
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23 54 4%

o 72 T AREFY s|2Eado] dojxlon 56km FEe hE | 2E 1
2 a9 5-7(a)9 #Zo] lognormal X5 Hola HU} AT ot 3|
Eaye 3% 5-7(h)¢ 2ol tHW A% oWE B NF| FPOR <
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Go%ssgtl? HvH | ! ! 535 MHz Lopikgto Haéwich
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8 Lo 3 i
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Wieringen 3| 41 67 82 12 AT Wieringen 3| 47 56 83| 20 39 60|12 25 38

0 X 5-3°0Z8EH 453 FAHE doly 7t A= ® 549 &
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