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Mobile phone base station audit - results 2006
14 June 2010
A summary of the highest measurement at each site audited is shown below, For the full
measurement repart, click on the site's nama,
A glossary of terms used can be found at the end of each report.
Schools
Name of site Date of
S Name of town i Summary of result
Clachan Argyll 23/03/2006 | The highest value Total Band Exposure
Primary Quotient was 2.08787E-06. This value is
School approximately 1/478956 of the ICNIRP
maximum guideline reference level for
public exposure.
Ditton Ledge | Suffolk 25/03/2006 | The highest value Total Band Exposure
Community Quotient was 6.09865E-06. This value is
First School approximately 1/163971 of the ICNIRP
maximum guideline reference level for
public exposure.
Dr Buckinghamshire | 15/06/2006 | The highest value Total Band Exposure
Challoner's Quotient was 1.53956E-05. This value is
High School approximately 1/64954 of the ICNIRP
maximum guideline reference level for
skl Aac, 2.7

[328 2.1-5] 20060l AlHEl H&FH M =& YA SH

Z7X : https://www.ofcom.org.uk/spectrum/information/mobile-operational-enquiries/mobile-base—station-audits/2006

Menu making tammunications work . =
for everyone Cymrasg  Search

Your pages (0)

Mobile phone base station audits 2018

06 March 2019

A'summary of the highest measurement at each site audited is shown below. For the full

measurement repart, click on the site’s name.

Name of Summary of

Name of site audited Date of audit

town result
High St Cranbrook TN18 4PY (PDF,

x 16 January

127.8 KB) Cranbrook 5018 Pass
Derby Homes (PDF, 112.6 KB) Derby 23 April 2018 | Pass
Highcliffe St Mark Primary School . 4 December
(PDF, 551.7 KB) Highdliffe | 518 Pass
Sunrising East Looe
(PDF. 196.1 KB) Looe 2 August 2018 | Pass

[O8 2.1-6] 2018 7|&= 7|X|= EM S| 27

1: https://www.ofcom.org.uk/spectrum/information/mobile—operational—enquiries/mobile-base—station-audits/2018
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NIST (National Institute of Standards and Technology)
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o R&TTE X|&! 1999/5/EC
o Directive 1999/5/EC of the European Parliament and of the Council of

NFS 9 March 1999 on radio equipment and telecommunications terminal
(Directive) equipment and the mutual recognition of their conformity:
o &5 Mgt ol¥nt SA CHIFEH(Qf Fobe ZH|of 2+t 1999/3/9 EUL| 3|
E U RS
23 o COMMISSION DECISION of 29 August 2005 conceming essential
(Decision) requirements as referred to in Directive 1999/5/EC of the European
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Parliament and of the Council ensuring access of Cospas-Sarsat
locator beacons to emergency services :

78 oolet ojAslel XIE 1999/5/ECH w2t ZigEL7t Cospas-
Sarsat(QIBTE| ) PHSAL0] BIsHe Ue S5k 2005/829
A8 o3| A

COMMISSION DECISION of 25 January 2005 on the application of
Article 3(3)(e) of Directive 1999/5/EC of the European Parliament and
of the Council to radio equipment intended to participate in the
Automatic Identification System (AIS) :

g3 93] ofAla|e] X|& 1999/5[EC2| 3(3)(e)xEE 285l0 4
SAIHR(AS) HOES 3 Fu T Bk 2005/1/25
#3 2%

COMMISSION DECISION of 4 September 2003 on essential
requirements relating to marine radio communication equipment which
is intended to be used on non-SOLAS vessels and to participate in
the Global Maritime Distress and Safety System (GMDSS) :
non-SOLAS M=t& oY Futs S4 FH| 22 =8 & MAstazH
CHMA|AEI(GMDSS)of E0{5t7| 95t 2003/9/4 2 3| 2F
COMMISSION DECISION of 21 February 2001 on the application of
Article 3(3)(e) of Directive 1999/5/EC to avalanche beacons:

SALE OFMAMH|off 25 2001/2/21 RIE 23| A

COMMISSION DECISION of 22 September 2000 on the application of
Article 3(3)(e) of Directive 1999/5/EC to marine radio communication
equipment intended to be fitted to seagoing non-SOLAS vessels and
which is intended to participate in the global maritime distress and
safety system (GMDSS) and not covered by Council Directive 96/98/EC
on marine equipment :

Y T S4 |7t Y2 non-SOLAS Mol HBH=S o}
T GMDSSU| EHo{=E sinf o Fulo cie 0|AlSl X|Z 96/98/ECS}
= 27t gl= 1999/5/EC XIE9| 3(3)(e) &2 S88 2000/9/22 7T
glals 2

COMMISSION DECISION of 26 May 2000 concerning the request by
France to maintain pursuant to Article 18(3) of Directive 1999/5/EC of
the European Parliament and of the Council (the ‘R&TTE Directive’) a
requirement for telecommunications terminal equipment intended for
connection to the analogue public switched telephone network of
France Telecom :

78 93] ¥ 3|9 1999/5EC (R&TTE X&)
“E**OI OFE0 UHMatmatzol| H& Tkt
8t AUE RAAF|DAL otz ZEAQ OﬂOH o
Q3| #X

COMMISSION DECISION of 6 April 2000 establishing the initial
classification of radio equipment and telecommunications terminal
equipment and associated identifiers :
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Guide 0 Guide to the R&TTE Directive 1999/5/EC Version of 20/4/2009

<E 2.2-7> SEMT BMC XF 2 Y
TE W=
0 20044 EMCX|Zl
AES| (Directive  2004108EC OF THE EUROPEAN PARLIAVENT AND OF THE

(Directive) COUNCIL of 15 Decermber 2004 on the approximetion of the laws of the Member
States relating to electromagnetic compability and repealing Directive 8Y336/EEC)

AN
=20

(Decision)
EUS| &=

ZTSEZE | o EUQl f2E Hot 2t X|F0| 27ots Ea QTFAIY0| EEEEE R
(Harmonized HEZSP|LETSI §)0| MHYst= EE=Y
Standards)

0 Guide for the EMC Directive 2004/108/EC (8th February 2010)
Guide 0 "CENELEC Guide n°16 on the implementation of New Approach
directives and the Low Voltage Directive with respect to the EC

Declaration of Conformity"
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=5 o] &7 wWEdd AX T JAA =EF WY vk A ol tig mEvt
Holof gtk E8 5G AH|z=dA eFste 4 Egk (aF 3.1-1)3 2o
tdstn 534 FxREA ARSSte FuedE o F, HE, RB(Resource
Block), Layer, SCS(Subcarrier Spacing), Subcarrier, SSB(Synchroni
zation Signal Burst) F7] 2= FAEol Uth. watA 5G 71A=9 &
gt S35 s = olelgt aaEo] ;e Eojof gt}
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1eAd & e 1EY 7
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4 .
o) okefdl AE EAMSE ol 3 wmrhel Abg Fugd me Y7
o] 2@t 1.5 m EoldA SHNAER FH= WFer Ay =EAHS
gRlafopgth ({17l 3.1-2)). 22 Hdl =ZAHAA 1.1 m, 1.5 m, 1.7
mel A 7tz 683 AVNABES et AARS AF TAFY A=
2 3}
3R
Pﬁ P7 'ne-. 'FE P-I- PR P_- Py
*#f_h“ﬁ <50 5200 E00- 3000 3,000
qﬁm w50 Z,dfen 1 oas
(38 3.1-2] 7|X|=2e| MAMYE S-UH H4d =2
2) AAHAZAZ(R)S] el WA
ARG A AMder T ARG e AAARIA RS 7]FE 49
ZNewT 5L ;S e AFES wIh VEd e JHY A g
= AFZHAAFTE ANRPAAAE ALSIAAIRE tHUe] FAHCZRE ALk
FABAE AetEs A stHA SHAIAAF (BR)S Flete dE WA
HAH (2" 3.1-3(a))). olol we} (27 3.1-3(b)J¢t o] FA=3 =4

® YSRGS Y 61 )




N2 kel Ak 71ERT FolA WA RaTe] 2RI Fo5A o

o] 2R A7+ 2 H|lgo] 7ta FII} 9

e =

ACETIAM

(a) A

thel
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feiel ke e

A

e J1Z2
S A KRR AR
(b) 71 2 JHEE AR
(T2 3.1-3] Ak oK A 2 SHARE x| i WA
SN S ;



56 =Qo] mHE e % RAR dabu ddve) Pk Ay | 2019.11 |
3) 5G 71A|=re] MA s S 2of

B oApod e 712 AARYE ZAPET AR V12 53
7 BAASE Agste e nEddn A WAR J1E SPES e
@ Agele ZPNLAR WEY 716 ol Ay AAss YFHo
= wEAL F ook @tk 5G 7IAR Aulae (28 3.1-4(a))% el
A&7 FHIASE 2] AsiA 7IEAN S S ol &k, AbgAket HolE -S4l
< e HEW e ol&ste HATHSE ey dzEs Fuwen
(2" 3.1-4())). 28 F A SHYHS 7I£45 5 SA st dgE

HZ, RB(Resource Block), SCS(Subcarrier Spacing) & 5G 71X =

o
MH| 2~ S-S 8 g BAATE A &5t AlLtetes Wioltt. o] Wy A
27 A2 =E2H e AS 2] A% 3 AN = S A9 T F
Azt SHA AN 1.1 m, 1.5 m, 1.7 m =ol9 SH XA sl 7|4z
o AARAZEE oA dFg AH /AR 613 SH S S AT,
aga 59 3709 gholl el ofefe] A (3.1-1)3 Zo] Hul MAsit= A
A AAEsta 3709 AL T HUEe Y FATY A AR ER

AxstA Eok. o7]A, ELmeas% Aol A &9 7Sl S ke,
K;%% gt F7|4 515 (Synchronization Signal Burst, SSB) F71¢ &

O A7 3= AAEe A BAAA SR

E ,=E - K (3.1-1)

1,Meas

(a) 7I1=41% 704 = (b) 56 HIO|Ef 84 HEx

[22! 3.1-4] 56 7|X[=Ze| ME|A JHET




1 < 3. 5 Ollz THOU 5G 71 15# Alxﬂ o, AY FEE (&

o, 3 (2" 3.1-5)E 5G 71A T g

AXE AEe] e A FAG AE SA SATHAA FH st B

AR HAAM A AT S

JHEE 60m "ozl AHoA 2HAEF] FA47|9 & FEUE o] &3t A
6 a)le AIZE YA AVNFREE

HolFa lﬂr ol AxE AW EN, FHAAAA EAEE =
A

A9 Aznes
Fotn Ao =2 270 A 9o #(8N)S nde HAASE 49 Ho)
NAREE 2.7

V/m(Z1EMH] 4.5%) 1A ((F 3.1-2)). lﬂ 71 A =€
2 ZAANAS Fato] AARI} AR wEEE2 AH et
71787 =e 3.27 V/m(Z1EhHH] 5.3%) 1 ATH(E 3.1-2)).

For EIRP OlE{|Lt 0|5 OlE|L} x|8kzt x|AD

350 ~ 3.60 GHz 73 dBm (20 kW) 24 dBi 9= 47 m

(b) 5G 7[X|=

[ 3.1-5] 56 7IX|=2 E5HEE =&

(2" 3.1-6(b))E HX 49 AR =E 4T 2aE HolFa glon,
AA NS 871 WS gR1E 4 i AR FAlEE AATs 49 Wo] sidE.
o] 475 A EY, SHAHNA 7IFNEE SHstn HAATE A& Hdl A

FBYS SRS 64 I» ®



56 S0l me AR 3 $HT Axtn AsTel Yo A7

b
ot
Elﬂ
3]
X

7147 EE 2.16 V/m(Z1EUY] 3.5%) 1A eH((3E 3.1-3)). 2&a 7|A=<]
AR 2N 24§ Aol A FPEE 2.5 V/m(1Z0) 4%) 0] A ehH((E

K

3.1-3)). o] #EL 5G AMvl2=7t /A L le= FEA]E (duty cycle) 5= 118
S F b WY B G4 20E 98 Ao suEd
(F 3.1-2)9 (& 3.1-3)°A EH= ule} Zo] AMulx= did 100 Mk 7|+=2
AZE G Bz goldae LTS 4T ke 47 -5.82 2dBm
3 -8.15 dBmelth. o A @e] Aolt AF M Zgo] Azl A
Yoz =28 oz 44 gunt wow ogd 33 o e ¥ =
S Feog2 YA "ok HAAS A8 A3 T3 Az 9 7kl Hx 7]
e =2 Asur 54 Gehbl G0 ged 8 dddds] 24 %
d 7EAls %@ ToR HAAsES A&ste o st AAw 7w
z7 ko] 1 = Ben
<E 3.1-2> A7t oMol MY|HZE £ Zo
Alzbotod 100M[-Iz =| Y A E I|E=AS _ _ QA E|CY
Ex™AHe| . CHed skt o1& 7| = 24 e HYEE M7 E
=5 mo) ) PBCH/RE
(m) ( dBm/ 44H2) Z| zE (dBn) FALS (12%273RB) (Sn) =
Tt (dMm) (V/m) (V/m) (V/m)
1| 60.00 -19.80 -5.82 3.27 -41.04 0.06 57.24 . 324
2 | 60.00 -19.80 -5.82 3.27 -41.04 0.06 57.24 0.8743 ® 283 ®
- .- EEm L] L]
3 | 60.00 -19.80 -5.82 . 3.27 w -41.04 0.06 57.24 0.8619 . 279 |
<E 3.1-3> =X goojMel MY|FLE Y Zaf
- [ e 7|EN S x 2|4 2l Extrapla R Power
=574a) iHé Mo|& 7| E=AT P o4 e %J P red H LHEl ol
gl 2= PBCH/RE ( y12x273 | EIRP
(m (@) | (v/m (dBn) g= ) (sn) g= poer (cBn) s
(V/m) (V/m) (dBm) E(V/m)
1| 60.00 | -8.15 2.50 -43.27 0.04 57.24 no251 m 812 58.77 2.51
| | | |
2| 60.00 | -8.15 2.50 -43.27 0.04 57.24 0.67435 5 219 5 -8.12 58.77 2.51
3| 60.00 | -8.15 ® 2,50 W -43.27 0.04 57.24 o8t 1216 1 -s12 58.77 2.51
.'IIII. - .-E.
2) dBm : 1lmW = 0dBm, 10mW = 10dBm, 100mW = 20dBm, 1000m 1W = 30dBm

W =
=0dB(W), & ARFAQl W(tE)R=Hzto] 30dBE HetAl dBm T2t & 4 s



1 Spectrum v AMkr1 602.0 ps|

Scale/Div 10 dB Ref Level 0.00 dBm 19.88 dB
Log

100

— 142

=

TRIG LVL

. whopn ¥
(Center 3,550000000 GHz #Video BW 39 kHz Span 0 Hz
Res BW 4 MHz Sweep 10.0 ms (1001 pts)|
x =
(@ 7Izts £Y 21t
3 Zona Spacinm " Mkr1 3.546 504 GHz
ScaleiDiv 10 a8 Reof Level 0.00 dBm -19.31 dBm
Log N

T

g

A
(Conter 1.550000 Gz Video B 30 kHz Span 0 Mz
sRes B 4 Mz #Swoep 10.0 ms (1001 pis)

(b) HAIE o Xoff 2t W £F 24

(28 3.1-6] AlZFFof 2 BX FoiollMel 5F

Hadd F4=<2 5G 71A=
£ Fstr] fsted 5G 71A=
g olg 3 zE KCACA
&3t FA71* = (eNodeB) 2] #AH

_0|L
2 -
_IlN'

M 59l 66 I ®
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3.2 ¥AS AAY AHAY H7F 2 BAAE AN @<t
7y Adk ek 2d 3E 24 24

1) 7§18

O AA719 duke] Z84 WAYUSES A a3t A3, vhAl, 3)d 2 4k
o] 947t nk ol gk WAYUSES AR AlEe] dats AA4s
I AukE o587 g i R Rdo] JPEE AL 9l o 5
& 3 AW (time variant)o]gls= A 719 arglslof sl Hdup =
(propagation model)< A& %4 &7 X2 (empirical—statistical model)3}
AXE2 7|5k Yl (deterministic—geometrical model) & =LA 27X &

LA B A8 H9E AlSstal giEfA o Ahleked 2

A 2o Aol gk zpA|gE X4 glol AA HEE ALt

ufj3Z-o]t}, o] F—%]o theFgt ﬂﬁoﬂ"i J)f‘ﬂéo g SAS T 4
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[e:
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3ol A, ‘ﬂ—%f’éx—i =2 “(sem1—emp1r1ca1 model) =& Ht
2 X d(semi—deterministic model) = ™ ¥ A 39 A3} 2d F}E|
7} ARt a1 9l o, o] AEE oA A & F 7] K] 2dll 23

o K m Rl 2 &2

i M ool W rlo

o

2) A &7F A3} 2d(free space propagation model)
o] Tdlo- A7)0} =217] Alolof] ollEo] §l& ] 424l [ S | 53h= v ARgHh
SR ZHE Al dE Zk= A1) Syl oal] Al e el ( Frils) AHr &
Zr w2l o)ef A 2] (3.2—1)3} o] Froj At}

(d) = PG G\ (Al 3.2-1)
! - (471')ch2 o
o}714, Pri= A% 1 A, Pre 5 1 7

2, Gt=$217] gt o5 F17] F
|32 0= HIE ©9]9] JWOM il
& 2] (3.2-2)9} Zo] FoiH =t



P,
P(dB)=10log, (=) = 10log [
L g10 P, g10 GtG‘)\Q

O FFNE F A7 22\ == UXH <2] 32-2>%= 3K 4] <21 32-3>0
2 A9 d (km) 2 2& F3 f (MHz)9F 2o] & & 5= gt

(A 3.2-2)

P,(dB)=— G,(dB) — G,(dB)+ 32.44+ 20log,od(Km)+ 20log,,f (MHz) (A
3.2—3)

3) A4 =4 29 (empirical —statistical model)

7}) Okumura model
TA] Aol A A& oSl 71 di] AREE] = B 2 shub= Okumura®] E@o]t),
BA gPdseales 150MHz ~ 1920MHz <)o) ar, 1km ~ 100km H9)e] 712 =2}e] A
2] @ 30m ~ 1000m He1 9] 71| = QFEL 2ol A8tk Okumurat™ 578 A] T80
A Ze =4 A2 npeto g el o] o= IS ¢kt
Okumura E2o] 212 <2 3.2—4>¢2} 7t}

L50 (dB) = LF+ Amu (f7d) - G(hte)_ G<h )_ GAREA (}l! 32_4)

re

Ly A3k B = 4] Fagk (50 A wi29] 7)ol

G(h,. ) 713 = QY 0] o] 5 Al
G(h,,)E Ertd Qe o] A9l A4,
Guppa s 37 802 Q13 o] 5ot}

3} g2 TR} o] Fojy,



G(h,,) =20log,

hv'e
G(h’re ) = 1010810 (_)

G(h,,)=20log

56 =] me AR 3 2HT Axtn o

( htei
%200

h,, < 30m

3

(P

3 10m > h,, > 3m

) 1000m > h,, > 30m

(2] 3.2-5)

(2] 3.2-6)

(A 3.2-7)

A (£, d) R Gy ppa B

d (

B Qs =34 (broad range of frequency)®] 7%,
o ¥+ [a9 3.2-1]1 2 [1¥ 3.2-2]¢} o] Hr}
70 100
Urban Area
he=200m
hm=3m
60 F 80
70
100 60
50 | 80 50
m 10 ¢
= 60
Z 30
2 40 | 50
5 20
40 10
30 5
30
20 2
10 1
5
20 }
2
1
10
70 100 200 300 500 700 1000 2000 3000
Frequency { MHz)
[0 3.2-1] =ZH&st X|dHollM AFrazt (Amu (f, d))oll st SUZE 244

2l = Okumura

et al. [1968]0llA 2|

a

69 J}



35

30

25

20 1 Quasi Open Area

||!!|l|||!|l|'l|

suburhat Area

'l L A ' L

I:I L
100 200 300 5007001000 2000 3000
Frequency (IWHz)

[38 3.2-2] XI& #Eoll e G ppy @k Okumura et
al. [1968]0lA] 2k

1}) Okumura—Hata model

Okumura®)] =281 417 UPE—7] ﬁ‘ﬁﬂ Hata~ Okumura«] 401]7\1 ‘?:l-
S = A, a9 B g oA FA1719 41719 RFH|LE o], T3k 150
MHz ~ 1500 MHz, 71#]=72k2] 712]5= 1 km ~ 20 km R912] 558H4] WA 2lo] Z1510]
o] Rel @ Stol| k= Ju] AR-H W, ] Ao AR EA ALt B 34 A
(3.2—8)3} &t}

Lso (urban)(dB) = 69.55+ 26.16log,of. — 13-82log1ohy. —a(h,.) (Al 3.2-8)
+ (44.9 — 6.55l0g19hs. Nlog10d

71A,
fo= Mz 2] o] St

YL EANATAEY 70 I ®



56 =0l The YR L SHZ Ak oAne Yo A %
0mel A 200m Afole] &34l $417] el o],
mel A 10m Afo] o] §& 5417 qkel} o],
alh,,) = 20} QkEL B Aol o) 2x)
di= 41719}k 4171 Afele] Ag] (km)oleh.

r\r
»-A w

=

¥ =AY B alh,.)

re

a(h,.)= (1.1log,of, — 0.7)h,, — (1.56l0g,of, — 0.8)(dB) (A 3.2-9)
» d=Ae) AL alh,,)

a(h,,)=8.29(log,o1.54h,.)* — 1.1 (dB)forf. < 300 MHz (A 3.2-10)
a(h,,)=3.2(log,y11.75h,.)* — 4.97 (dB)forf. > 300 MHz (Al 3.2-11)
© =] 2o AL alhn,,)

Ly (sururban )(dB) = Ly, (urban)(dB) — 2[log, (f./28)* —5.4 (Al 3.2-12)
Mg A9 EXYY HL alh,,)

Ly, (openruralareas)(dB) = L50(urban)(dB)—4.78(log10f([)2 (Al 3.2-13)

+18.331l0g0f. — 40.94

t}) Cost 231—Hata model

T8 Fexge 98t 7| A7 218 COST 231 25-91913] (EURO-COST)E 433!
U} o] A %%ﬁ 1500MHz ~ 2000MHz2] =32}, 30m ~ ZOOm/] SE E207) oHEL
=

54 9 02) Hata 598 G kel ) 20k A 4 AL A (
3.2-14)9} o] FolAIt}.
Ly

o (urban)(dB) = 46.33 + 33.910g,,f. — 13.82logohs. — alh,.) + (2] 3.2—-14)
(44.9—6.55l0ghy. Nlogipd + C);

o171 a (h,, )= Okumura—Hata Z 2ol A Ao]H o]
Cy 2 T} o] o %It}

0dB for medium sizedcityand
3dB for metropolitan centres

area

urburn

Cy= {

71 )}



2}) Hata—Davidson model
TIA(Telecommunications Industry Association) £ T 5 $9]2] 8 wj7) ¥H<4= 2 A
2]E ¥38HeS Hata 2 48RS A7tk o] 222 Hata—Davidson =22 &
A4 9J.om Aol 300km A=) BAL}F ) 2500m 15E2] $A17]] et BAS A5
&P 30— 150MHz8] =3l H91E 31T o] Eele- HAAT (A 9} o] Qv 32
o]:antenna Height Above Average Terrain) "7l W5 ARE-SHC} HAAT Ak B2
L2307 7Psst) oS o] HAATE FCC) A8 dlo|e o] 291 NADSS /
WGS849}F GLOBE 1km Hlo|EfH|o] 5 ARS-8le] AlRtet =5 Itk Z12fu} o] 215 o] &
& o] Fo1 & 218 8o "HAAT = A A E HAATZF o} ae5e] <t 74 =of W

AL RS 2 HAATE A A e A2 W3] Q14 s)of s,
Hata—Davidson 2 219] &1L t}2-3} 74},

PLyp = PLy,,,+ A(hy.d,, ) — S (d, ) — Sy (hy.dy, ) — (4] 3.2—-15)
53 (fJf[Hz ) - 54 (fMHzﬂ dkm )

1714,

PLygy, = 69-55+ 26.16l0g10/ sz, — 13-82logiohy —alhy) + (4} 3.2-16)
(44.9—6.5510g0h1 )10 1odg

Euped Qe spolell tht B Al a (hy)= A (3.2-17) 3 2Tt

<1'110g10fMHz —0.7) hy — (1'5610g10f]l[Hz —0.8).
for medium small city, quasi — open, open area

8.29(log,,(1.54 « hy))* —1.1

]
alhy) for large city and f, < 300MHz (2
3.2(logyo(11.75 « hy))* — 4.97
for large city and f, > 300MHz
3.2—17)

o] 7] A4,

hy 2 71250 QFEHILE 3=0] HAAT (20—2500m),

hy= ©]& = FHY o] (1-10m),

A% AL (km) (1-300km),

A%}t s, & 300km7HA] A5 8.4,

S, 9] 3 2500mE Bgsls 7)1 X3 helube] 2=o] hlel tlek B4 Al

sy B s, B FIUFE 1500MHzE #7481 WA Algolt).

72 L



56 £Qo) e QY 9 S Axi hwe) wek a2 | 2019.11 |

AE S gojo] Holi= ol <; 3.2—-1>3 2}

< 3.2-1> Hata-Davidson modelOlM A2 mi2iHE] Zf

Distance in km(d,,, ) A(hy,dy,,) At

dpyy < 20 0 0

0.62137(d,,,, -20) »

20 < dj,, < 64.38
hm [0.5+0.1510g,410 (h,/121.92)

0.62137(d,, -20) *

64.38<d,,,, <300
hm [0.5+0.1510g,,10 (h,/121.92)

0.174(d,,, — 64.38)

A, e s, s, 5, OFET} o] Aol

Sy (hy, dy,, ) = 0.00784ll0g,,(9-98/d,,, )I(h; —300), hy > 300m (2

3.2—18)

Sy (f sz ) = fagz/ 25010814 (1500/ £ 3 47.) (2] 3.2-19)

1500 Al

Sy (f s ) = 10.11210g o ()] (d,,, — 64.38), d,,, > 64.38km (2]
fM'Hz

3.2—20)

1}) Lee model
Lee ®ale v]ana 2hekeh el X3 o) wisfel) whe EbaQ] 7115t ke 5o 9}
7 o8] $1H el A 574 g vlolEl & Ag-ataL 9l
AR £ T vt At

=
L=10nlog,yR— 20l0g,¢hy(. ) — Py — 10l0ggh,, +29 (dB) (2
3.2—21)

o] 7] A,
n g P <3 3.2-2> AAE H}Q‘r ol SAHOZRY HMAIL, by ppT
7147 FEIUS] & olo]aL, h, < ©] &= QHH[Ye] sololtt E% SAL

GOV A 5oz cht Fake] 45 13 ASE 4 gafobich




<E 3.2-2> Lee model oM ARSE n 2t P, m2imE gt

g = XY n P,
Free space 2 -45
Open area 4.35 -49
Suburban 3.84 -61.7
Urban Philadelphia 3.68 -70
Newark 4.31 -64
Tokyo 3.05 -84
New York city 4.8 -77
T8 714 =0l by olE=ol ZIA= AR = AP e 7174 £
o2 Aok & 0] hy Jhp, he R hpi= [F17 3.2-3]¢l A0 ATk

Base station antenna

iy
hy

hy
Slope of the terrain D

N

iy

[T8] 3.2-3] Lee2| 2ol 2fXel 7|X|= 2t =0l

v}l)  ECC—33 model
Okumuras= S=FA|oF T4 ded o] FA9I3E SAS A AP A0 75 mel=
2 E=79k= 3] vh=t) ECC (Electronic Communications Committee) = ECC—33
2 &4 BElS A9k, o] B Ellof| A= Okumura?] G2l S99k F7dske] 74 A
s & O AgsHA vt =5 A Ao

AR £ B9 thest o] JolHgie,

Ay

> ot

¢
i

74 L
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Py (dB)= A, + A, — G, — G, (2] 3.2-22)
71X A,:= AT FRF A 0lAL 4, 2 VR T4 AR EHolH 6= $417
QFEILE] o] 5 Aol G2 A7) QEHILFO] o] 5 Algrolw tha-3 o] A €]
A

Afs = 92.4+1og10(d)+10g10 (f) (}’\J] 32—23)
A, = 20.41+9.83log,, (d)+ 7.89410g, (/) +9.56 [log,o (/)] (4]
3.2—24)
h
G, = 1Og10(WbO)[13~98+5~8(10g10(d))2] (2] 3.2—25)
59 TAlY] A9 6,8 heat Po] el Hrh,
G, =142.57+13.Tlog (f)]llog (h,, ) — 0.585] (A 3.2—-26)

o714, GHz &919] 7, mIE] ¥gle] $417] skelte] g, ol wE] whelo] £
7] <kejite] b, ol % Lhepdch

v}) ITU—-R model

ITU (International Telecommunications Union, % CCIR)©] Radio communication Sector
= ITU-R Recommendations & 2% A3} 3} (radiowave propagation)ol] thah =]
71 F AES LR o3 A AR AR S B A AT A ARl
] e e 3 AR = 73 Bdllo] w1 9},

B AFEFe] A2 httpy/www.itwint/rec/R—REC—P ol|A] 22}Q1 0.2 A5 = Qlt}, o]
2ah A AL A5t el o ok B4 AT gl A 8 AT Ao,
ohelol Al A 0% Aol A Lok 9l

(1) ITU-R P.370 Recommendation
71 2 AR AL A AR A AR]
3 wo|t}. o] Ao Ao T A A

718 1Rk A0 A o] 22 FulE, QY o], A B AR EE0] SR
T o] ATk AnbA o 2 94 (extrapolation) ¥} 2.ZHH (interpolation)<> ©]2 8t 74
A el A F v FEe dolel g E=Edhs o AMEE L
A delA ] Al A P& v o] Folxint,

2 v = s R=1TU-R 370 Patol] &7
T AA 7 2L o 57;”;9_& 24_@1—1:_2—

¥ rlo

75}



_|EP

Al —
P, = oo A (A 3.2-27)
T
P (dB) = 20log E— 10log (1207) + 10log A4, (2] 3.2—28)
P.(dB)=2E,,, —10log(1207)+ A4, (2] 3.2-29)
o] 7] A,
E+ A A=,

&y

min s AL AR ] A A=

A = R Y =27 (dBm?),

AR B ak—gf SANA aBuv/m BN AET F e B dB W91
8 Theat o] A 5 e,

P,(dB)= P,(dB)— P,(dB) (2] 3.2—30)
P,(dB)= P,(dB)—2E,. — A, (dB)+10log (1207) (4 3.2-31)
P,(dB)=P,(dB)—2E,, ( dBMV)+24O—AG(dB)+ 10log (1207) &
3.2—-32)
o] 7] A,
E_ . =FE_ (dBuV/m)—120 (2] 3.2—-33)

(2) ITU-R P.1411 Recommendation

o] Rel2 wj=A = Al (macrocell) ofE& Aol (FHA 2] Hap) 2} ¥l glow 20m ~
5km<] Ag] e} 300MHz ~ 100GHz2] T3}l A 255 LOS(Light of Sight) % non—
LOS Al2=Hlo|| A-g-=It} o] dle- myltiple knife—edge differaction ©=2 3} 54 &S
AREEHC, o] A2 COST 231 Walfisch—Tkegami 2.29] Trslhe M o] 7] % s}, A
Aoe] Ag- ws) W gt 2ol Felgy.

hyi= 4=50m W9l 7145 QHEILY b, 2> 1-3m W9l 9] o] =7 <teL,

h,i olE=re] =], f. T35 W& 800 ~ 2000MHzo™ b, < h,

f. T W= 800 ~ 2000MHzol ™ hy > h, ©]th
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(3) ITU-R P.1546 Recommendation
ITUS] F-4 B4l F8- L ITU-R 370 thAlls7] $18l A3t ITU-R P.1546 < A|QF
vl At} o] = H 2] 30MHz ~ 3GHzoN A A2 A B 28k EQJIE-F—X]
(pomt—to—area) 01]% WHolty, AA A% (dBuV/m)T 1kW ERP
(Effective Radiated Power)ell th3l] Alx+stc),
2748+ B 7 Hinterpolation) ¥} €7 7| 735 Alakol] ARE-E= ITU-R P.1546 87 AFeke]
AE 9} =do] [211) 32—4]ell vheRlle). Auf =02 1kW -fra A= (ERP) 9
&) AAIE N0 AT F<1 21719 ERP7F TR 78-5- 3} 234dol| ofs) A/ € A 7
= gtell dBY] #lol & Hsfofsttt.
220 974 2013 W 9 Dol ]2 ® [TU-R P.1546—50]ch,

e
18 o

- 4
600 MHz, land, 50% time

120

10 |—

100 PSSt
Al SSS Sl
¢ 80 s =

] = o
2 ég T~ —hi=10m |
5 5 : o |
=40 — L =37.5m
£ =0 I SRR h=75m |
2 20 SR —h1=150m |
s 10 W —h1=300m
0 St =

S 3 —h1=600m
210 X —h1=1200m
s -20 T [
&-30 a1 Emax
= _\40 [ ]
i -50

-60 .

70 ik

-80 I

1 10 100 1000
Distance (Km)
- S— i b
[O8 3.2-4] H1 ITUR.P.15462| ME ~ul =M.

dlE 0] Google EarthollA] A& 2 1% = 25}e)-S Z=25}0] 2=0] Heff(m) 2 Hb(m)
S ARFe 4= Qluk AR 9E5-2 50 %= 7Hgskal A7 S UaLE = 10mE Sk
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AF) Walfisch—Bertoni Model
o] Rdl-e Walfisch9} Bertoniol] 23l 7ks] $lr), Z2h o] %] 29l (flat edge model)S Al
sket Belg 7= Q)= 74&7\1 34 G AHS Q8] S A E o] ke =
Ao, HE I HE o] FUs= 7 g3t

2
St o] Rl P& £de

(o3

’

PL(dB) = PL,+ PL,,,, + PL (2] 3.2—34)
o] 7] A,
PL,= 78] RellA T2 QFEILE ALol o] Aht & 3F A& E4olH tha3t 7o)

eEEL]

rooftops

AT R 9
(22

PLipy & 23014 78] 87 9 Akgh alo]n] Thoa) ko] Hejylny,

PL, = (2] 3.2—35)

P

PLdown = % \/(i)Q + (HB_hm)2 (é]] 32_36)
27 —h ) 2

PLrooftops - ‘j%‘/l Odi O] 6‘]— gE]}\ia ilxq O] ;}L?‘S}}E Z\_]'—% q’%:ﬂ]— Zi}q’
hy

—H
ALy (s (4 3.2-37)

o714, A= 1B w9le] 3, h, s vlE gle] $417] Qe e, i T
B whele] A2 %o, h, & Wkl kel kol (E), di HE Aoje] B
Apol o] Ftela, RE 7145 541719} o] 5 Alele] Az (vH)elh,

PL =0.01(

rooftops

[18 3.2-5] &Eo] &=Msk= XM 042f ZIX| ray-patholl CHSH
Wal fisch-Bertoni 2| UHF propagation geometry
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4) AR %8 2 (deterministic—geometrical model)
7}) Single Knife—Edge Diffraction Model
Single Knife—edge 2}7d°l| Tt 1704191 ¥} single sharp “dolioll thek F = &4

AR Fresnel Kirchhoff®] 338}t o325 7|xkel] 8o Ak aL ofuf F-akel sty
g v 3 E4S skt ARE T

—pfl L Ly2 Al _
v=hE (1) (4] 3.2-38)
1
v=10 12 — | (4 3.2—39)
/\(d—1+d—2)

714,

hi= o] 32 o] 2] (ol Zdeh) 9F Alad Ate] 9] Fol(LOSE RIS S 17F 471 & <
Ast= 24)olaL, o= gt ©ele] 314d e ¢, & TS e $AY

ZollE Atele] Al (M), d,v NS wet 41719 ollE Alole] ARlE

nE S92 YERA gholw, A= mlE @] spgo|t)

Knife—Edge 3|4 3}0] 4241 A7 e 2 ezl 15348k 2 d A7 (complex Fresnel

integral)ll 2]} Alxto] 7l&3)th

Eﬁz (1+j) /Ooej(Z)U-dv ();]' 32_40)

Vo

L r

G, (dB) = 20log| F(v)| (2] 3.2—41)
o] w7 Aol oigt dighdl sl [Fantadslehaa o] (141560 553t [Leelel] 23]
Al F = o, ZFAg Al Gl =it 5% 7]EE o] Stk
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1}) Bullington Method

EQUIVALENT
KNIFE-EDGE

)

L BES

T|<

I
d2 !
[32l 3.2-6] Bullingtonel ™= &l

t}) Deygout’s Approach
5 7He] elizoll Tk Deygoute] A 1212 [13 32-7]e] A% o] lom MlL 5
8 ool ¥ 31 B8 mkA] 22} 9l= A AREE™ Fresnel S E v1S
dy, dy+dy R0 o] SR AR
vy = fldyydy+dy hy) (2] 3.2-42)
M1

hl

N

wle
d1 i 42

[ 3.2-7] Deygoute| &= 2kl M1 Ol &, LEZ W

FBYSEARLT S Y 80 I ®
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56 £l T AR % 24T Axn gdde Yo

L

M2 5 HA Ao Eoln, 3|4 o] Fa %ol r,Q M1 Zof &9 Avty 4=
A17] R Abole] Hul AR E medste] Axbsitt, e wsebvlg o, & d,, dy 2
hyol SR AR B Y M27F Hlel dY M1 9% gl A9=
[19) 3.2—8]0l v}¢} gl

M1

M2

h2'

h2 hl

A

d1 " d2
[I8! 3.2-8] Deygout2 FZ 24|, M mjel A X 2IF2| M2
M1 B4 8. (dominant) “Felo|n ¥l 34 42 mhA|

Fresnel Wi7) ¥ v, & d, +d,, dy D h, 2] == AXFsICE

v, =f(d1+d2,d37h1) (2] 3.2—44)

M2= @A 58 ollze] 9% U= 5+ A ollE (domain)o|™ 34 H42 ML

2] Auka} FAe o] 4,9 EQANE T Abole] dnt A2 welshd]

Akary, el ekl v d,, dy D hel B ARk

vy = f(dy, dy hy) (4] 3.2-45)

o714 Fo AL 5 Aola2 7 WA Fellee] AdE A "= Aot
A £AE F7kse] A,

+20log;ol F(vy)

Gdtotal (dB) = 2010g10|F(v1)
19913l Deygout-S Millington “5-©] A $FF nomograph= thAl|sl= ~1.2] W
102G A (g 573k 1) E Algshs kﬁﬁ—%g;im o] K.
2AA At | AA s ST %

N
1>
ok W
[\
|
>
[@))
N
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}) Causebrook Correction

EAE7F BAY BA 27} g 717ke] Sl 7 Deygout o] At A AR EEES
g7k 74 gFe] k. Causebrook®} Davis =0 Al thek tigh24Ql 745 A9t
e o] Aol M= Al A A= f1oll = 7Pk Wk arefsiiv 9] ot

16 =]

v}) Epstein—Peterson’s Method
AN2<E}RT (Epstein) ¥} &= (Peterson) & 7+ ella e Lo] 3 o) 2] (Knife—edge )14
88 £ 24 B ThE F7hE S80S T S ARKIC olefs Ha A e
Millington ] 2]} =84 0= ¢F3] SHE )0 o] Wb [ 32-9]of vy} itk

[all @)z i3l 17 7H=%]

M1

Kt

[28! 3.2-9] Epstein-Peterson2| FZ 2l M LEZ9| M2

(2
2

, 31 5212 Toll A 2R E Q) A5l tlgh Lo 3= o 2] M1 2]8) op7] =)= 1}
o| %] M2ol A AXFETE Fol= A dy, dy, dy T BlEke] 2 Ao = 7h
th gy o, 2 d,, d, 2 FE Folh, o SRR AAETH
vy = f(dy, dyy hy) (2] 3.2-47)
Knife—Edge M1-2 o] 215 A= FHFHH, 2417] RE] 574 21 8+= Knife—Edge M2=
A% 54 4e aeelel Addet A viz g, 4,2 FE woln ol &
T= ALkgich
vy = f(dy, dy, hy) (2] 3.2-48)
Kz Aol (M2)o] wRl el (M1)9] #5021 -9+ o) ¥ sdsh, [1H

o
[d

]

X
)
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3.2—10]0ll A=A QU] gt §7 ARk ol ML 9 M29] AR A7t th2th=

T I: di > d2

[2& 3.2-10] Epstein-Peterson?] A+ wHAl. M1 9%9] M2

Ao & M19] 3t o, & <] 3.2-49>0] o]&f Ao wn],
vy = f(dy, dyy hy) (2] 3.2-49)
ol M29] Fehm € v, = <A 3.2-50>0f 2|8 o= Hr},

vy = f(dys dy, hy) (2 3.2-50)
a3 g E e e g,
Gdtotal (dB) = 2010g10|F('U1 )| + 2010g10|F(")2)| (}*\Ji 32_51)

M1 2 M2 el &= Qs &4 1, 97,7} 242} oF 15dBE 23shd & 34 &
Aol WA 8 [ 5 F71soF st} 8o L= ol Ao oJ&f oIt}

(dy +dy)(dy+dy)

— A —
L. = 10log,, LU+ dy) (A 3.2-52)

o] g0 ITU-R ¥aL P.526—13 (2013 d 11 )0l A=l ir).

=
Al
o
offl
>
H
oo
e

245 HNE 83}



v}) Giovaneli's Method
Giovaneli+= Deygout2] WS 45hk= th& HHHS Aok} 5 711 AollEof tiglho]
WAL (29 3.2—-11]0f Yo} AIRE of2f7lle] BAe]l= A 7 & 5= QA =Stk

MI/\BI e
|
1
L
...... ™
1
1
1
1
|
I | H
|
|
|
|
oo |
/ |
| = =
™ d1 i d2 d3 "®
[O2l 3.2-11] Giovanelio] HZ 2l M1 LEZ9| \W2.
Mlo] Fa Zoj&olgta 7F4slaL, 241712 A RS E3él= 3= H4A RR
2 7Hg ek Miell o) A4 X rr'O] == M1S W RR o F93t
o] ZEHW & Folh
, dH
— S X _
h, =h, ) (4] 3.2—53)
7|4, et H He
(hy —hy)d
H=h, +2d—13 (2] 3.2-54)
2

g2l (Fresnel) "7l W57 o, & U 5 shubell sldsh 715°]al,

vy = f(dy, dy+dg, hy) (2] 3.2—55)
23} o= M2 fi Fol by theat o] HelHt,
dsh,

hy=ho = (4} 3.2-56)
sz w7 WM g, = O 5 sl slgels 7ol
vy =y dy; o) (4] 3.2-57)
& &de e 2
Gt (dB) = 20l0g,o| Fv; )|+ 20log| F(v, )| (4] 3.2-58)
2GS EAANA S A 84, ®
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B Aol M27F 7= Foll& M19] ol = 497 [19 3.2—12]9F £t

: R”
I
I
! 1}
91 1R
I
I
;
!
I
]
I
I
I
I
I
L
d3 R
[23 3.2-12] Giovanelill ™ &hal M 21Z2| M2,
WS by, H, by T REe] g oj
” (d1+d2) o H d3 ° (h]_hQ) , d1 . hl
= - = e = — |
= I G dyvd, ¥ dy oo = hy d, +d, -
3.2—59)
g2~ (Fresnel) 7] W= o, B 5 shuol] sidsls 715
vy = f(dy +dydg, hy) (2] 3.2—60)
a2 w7l W 0, T 5 skl sldeeE 71sola,
vy = f(dy, dy, hy) (2] 3.2-61)

2l
ek ARt g eet 8 £ (sl 9] Faed 18]0l Ak Alakd 4= v

YA BRI S Y 85 B



AP ITU-R. P. 526 Model — Propagation by Diffraction(3] el ¢l = u})
Aol A B 31 54 AR S ITU-R. P. 526 Lol £3w]o] gle). o] A
RS AL A FE o] it 81 d a9kE HUF 4 S s 7 B
S AASHE, o] BEle- Thokst ol {3 7} vhelet A= &gl A8t o] ¥
AR 317 A=l gk ZA] A Albol] AREE ], o 7]oll= A 3 B vhekel
ol FellEo] = Bt A Fo] X3 4 k.

o}) Longley Rice Model
ITM (Irregular Terrain Model : &2 *|& 24l) 28 H$ oS Rdlo|glal s =
NTIA-ITS Longley Rice 282 de] 28] ¥ E2llo|n] FCCAlA] 0= Ajeig) o
20MHz ~ 20GHz2] F3}=0l] A%t} oFelu} 3201+ 0.5 ~ 3000m, A& 200m ~
500kme|th. A3 B2 0 548 B a3k 7xp] o] & 9 S A BAS Ve R
akaz dtk. o] B Ao} AR Y F7he] 215 Wgol ue} - 4lse] 7E oS
gt} o] REle L LR34 9l SRTM Wi 3] NTIA A4 7+ A 8- A
o] 2= T AT} gsct o] BEle] &harg]S-2 Point—to—point o5 K=
2 Y o) F o] £ Kol A AREE= Hufford 213} 99 o] & oM ALg-H=
Hufford, Longley % Kissick A 2= #4938t 4= 9Jt}. Longley—Rice W7 212] ZFA$H 74
2 [Ble)FtanEd 19]of] vhet Itk 715 744 Aref= ther [T13 32—-13]) 3A1E #2]<]

A5 ol o] 715 744, Aref= 7HAAE], 314 B 4leE GHolekar s= Al 7FA] A
2] Mol el A= o Aap S ARt AlLkeitt 7RA AR S 7=
two—ray optics 322 ARE3sl] Altsh, 314 o Fol| A& 7hs B AdZFAREEH,
ol% BAlE] B Eqfleh A el digh 3] 7k oh Akek oo o Akt 7l E Fg it o]
o} Zo], Rice et al A7-go] Arggh bt ke a8 sh= o] A8-Hrh

o714 BEe] =8 w7l W= Ok, fra BAF A E, Qe o], g 1 =4
B, T8 AR, 7150, AT FrE 2HE, A T A AuEs, A s 9 A

R Folrk A3 o] 32 s o] at vl WS A ekl s kat,
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Aer (dB)

P
T

56 S0l me AR 3 $HT Axtn AsTel Yo A7

I \ I \ \ I
Line of Sight Diffraction Scatter
Free space
| | | | I | \ I
0 20 40 60 80 100 120 140 160 180

[O8 3.2-13] 7|&= &2 4

Distance in Kilometers

o r2F AHE|S| ekl EF

o] REl2 A d9] A 7E A4 A4, 5 5T o] Bl A}
L <3 3.2-3>0] 1}9} it}

<E 3.2-3> Longley-Rice model Off Al2E BE

d Distance between transmitter and receiver
hyishys Transmitter and receiver antenna heights
Wave number,k = 21T/ = ffo,/o =A47.70MHz,
K
A wavelengthin m,/in MHz
Ah Terrain Irregularity Parameter
N, Mean Surface Refractivity in N-units
v, Earth’s Effective curvature in units of reciprocal length
Z, Surface Transfer Impedance of the ground
w7 A, B B A B dAke Ash Bl aa) Sol e} gk,
7Y 2AEE e 2o




oA71M N, & SeTe] EW FAEeIIL 2 = Wit A5 919 EW L (km)
oftt, A Te] i WAL ARA 0w Folxi,

¥, =7,[1—0.04665¢ (0.005577N,)] ', ~, = 6370 Km (2] 3.2—63)
A =3 e E Ane A 22l wef thEw <3 3.2-4>0] e}
o)

AN
<E 3.2-4> CiUet X Z24of i XY 24 L2
Type of Terrain Ah in meters (m)
Water or very smoocth terrain 0-1
Smooth terrain 10-20
Slightly rolling terrain 40-60
Hilly terrain 80-15-
Rugged mountains 200-500
9 A% JulHzE gyt o] Aot

\/er Horizontal polarization

(2] 3.2—-64)

— Verical polarization

o714, ¢, &= THeT} o] ol Fl Bt A F 3 golt),

e; =, +iZo/k (2] 3.2—65)

flo
E:7
Ho
2
o
a
rlr
N,
@
N
=)
a
u
X

29 AEE, 7= 376.62 Ohms©] T},

ATEf maX(O Ael+Kld+K21n(d/dLa)) < dLs (}*\‘:l 3.2_66)
Aed+mdd dLs <d< dL
A, +m.d d, <d

YL EANATAEY 8s D ®
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4,8 Ao Qg 744 A%l
A5 3= A 74 Ageolny.
4, Ao 2 g 4] A4,

e Ao ghe v 2.

Longley—Rice 249] %7] Al

2= A 0= 34l 24 E}El?l 2 AT
0=0,,+0, +d/v, (2} 3.2—67)
071X, 9,55 ZH7He] QHElYj, t, FA17] telvke] digk r B 5217 QFEG
off ek rell Al 38 = A5 | A Abole] Zhieoltt g, o] F4

0,;, =065 « Ah(d,,;/d;—1)—2h,l/d,,; (2] 3.2-68)
ST FA71 8 = Aol & Akl o] A=

dy; =dgel—0.07y/Ah/max(h,;, H3)] (2] 3.2-69)
o] 7]ell,
H3=5 m,

Ay = Zhly, FE A7) Sal7)e] AL,
dLs = dLst + dLsr

dp=dy+dp,

0, =max (@, +0,.,—dy) BIHA 2+ A

4] |

]
=
317 7Ha]s= a2l o Folxinh
Aypp(d) = (1—w)A, +wA, + 4, (2] 3.2—-70)




1

— __ 2 3.2-71
YT 1401V (4 )
o}
b+ d, \z
Q:[1+0.045(A/\h)2(% y L)Q]‘l (2] 3.2-72)
Double Knife Attenuation 4, T3} o] o Xt}
A, =Fv,)+ Fv,) (2] 3.2—-73)
o714 F (v)& T3 2ol Al&% = Fresnel Integral©|th.
50 . L7 a2 290
F(v) =20 « logy, \/Z‘/v e du (A 3.2—74)
83
o (e .
YTt (wd—dLerLj (4 3.2-75)
v 2719 A5 tG=t)olal j= FA719] A9 r(j=r)°lt}
HAH 4 4,8 o537 2ol AlzHrt
A, =Gz,)— Fla, K,)— F(z,,K,)— C,(K,) (4]
3.2-76)

o] 7191 Vogler®] ZA15jol A A-8-8= A 714 W42 H S Alaato] 9]9] 24
o ek e A= sttt 13

Yo =0/(d—d;)andy; = 2h,;/dy; , S8 A-j =t, FA7 BS-j=r
%

a,= (/37 B8] A% = (, FA71] B9 =1
1 . .

K= S8 A5 = A A =
779

z,=AB(K,)a,0+x, +x, <171,
x;= AB(K)apydy; , 0719 A-5j=t, A8 B5i=r

AT 3ko] 151.03 Q1 ZFdo] §le %

Vogler?] &4 &34 41 2| EAlol ek 54 &4 W (2) & 43 st

Wi(z)=A,(z)+iB(z) (&) 3.2=77)

rir
o
5
jins
i
i)

Rk

1=

S
T

%

i
1]
%
off
2
2
i)
]
o
rie
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56 £qo] uhe AEEA 9 £AF dxbn ohEe) Yok de m

w,(t,) = 2" KW, (¢,) (%} 3.2-78)
Bell thgh gk
B=2""3mm{t,} (4 3.2-79)
18 Al
G(x) = 20logy, (z~ V2%e/4) (2] 3.2—80)
Fla,K) = 20logy, | (x/ (2" AB) W, (t, — (z/(2* A B))?)| (2]
3.2—81)
C, (K) = 20log,, %(w/(Ql/SAB))l/Z(QZ/SKQ — 1) W, (t,)? (4] 3.2—-82)
A dy 7} d, o] AR F2)S AFE-sle] T
X, = (ky2) 13 (4] 3.2-83)
dy = max(d,,,d, +1.3787X,,) (2] 3.2—84)
dy =dy+2.7574X,, (2] 3.2—85)
Ay = Ay (dy) (4] 3.2—86)
18al
my = (A, — A3)/(d, —dy) (4] 3.2-87)
px o 2 F 3] A= g Aol o8 FrolXith
A=Ay —mydy (2] 3.2—88)
LOS 7+ |
Al A= 3 4S ARk Arte o= gl
Ay =Ay— Kd, (2] 3.2—89)
9] FAE s Ashs b Zo3 wE ALke thea) g
dy=d;, and Ay = A,y + myd, (2] 3.2—90)
ek 4, =0 2 ThE
d, = min %dL, 1.908khethw) and d, = %do—l—idL (4] 3.2-91)
1gal

=
Al
o
offl
>
H
oo
e
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AO = AlOS (do) and Al :Alos (d]) (Z\_} 3.2_92)

(d2 _d1)(A1 - Ao)_ <d1 - do)(A2 - Ao)
(dg - do )ln (dl/do)(dl - do)ln (dg/do)

K, = max

K, = (A, — Ay — Ky n, (dy/d,))/ (dy — d,)
ek, =0, 20 K, 283 K, = K,
R ) < 0 LT K, = (4, — 4,)/1n(dy/dy)

%8R o K =my,, K, =0.

dy = 1.908kh,,h,,
dy = max(— A,4/mg d./4)

ek g =g ol K, =0, K, = (4, — A,)/(d,—d,).
Wk g >0,k =K, LAl K, =0

T OE K =my K,=0.
wpepA] Aol o3k 7= thaat o] Fojxitt
Ay (d)=0-w)A,+wA,
s 9 34 73 Adv ok 2k
Ay= A, +myd
A A4 A vt 2ol FolXith

A, =—20 « log, l1+ R.e”|

N}

2 4 7+

Lo

A%
) ho, +h,,
siny = 5
V@ + (hy, + 1,
2L if R, | = max(1/2, V/siny) 1T}

B siny — Z,
¢ sing+ 27,

exp[— ko, (s)siny)]

(21 3.2-93)

(2] 3.2-94)

(2] 3.2-95)
(2] 3.2-96)

(2 3.2-97)

(2] 3.2-98)

(2] 3.2—-99)

(A 3.2—-100)

(2] 3.2-101)
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56 =90l me AR 9 ST Hatm obawe] wok A m

R, = {R;, , _} (2] 3.2-102)
(R./IR.1)V/sin¥
w7 W= 5= thaat 2ol Aot
5= {5', if6< 77/2}
—(x/2)*/6
o714 § =2kh,.h,,/d
e 7 |
bk 743 @, R dg A= v 2ol JejETh
ds =d;+ D, (%] 3.2—103)
dg =ds+ D, (2 3.2—104)
7|4, D,;=200 km.
S A, R Ay T Eo] FojHt
A5 = A, (d5) (4] 3.2—-105)
Ag = A (dg) (4] 3.2—-106)
A AR doll 2 AR 2 Q1% 4 84 7R o)t}
A 4 9 A R d, =+ oD 4,9 m, 7t A AE A e A
__<|3_
m, = (Ag— A5)/ D, (4 3.2-107)
d, =maxld,,,d; + X, log,,(kH,),(As — A, — m.ds)/ (my— my)] (A
3.2—108)
A=A+ (mg—my)d, (4] 3.2—109)
o714, H,=47.7m
7z Al o= v ol FolXith
0=0,+~d 0 =0,,+0, +.d
r;=2k6 h,; AN A=t FAVNY A=
THOF g, < 0.2 1AL r, < 0.2 = AR ) dial] JoJEA] kA F-ghet

FTYSENRNSY 93 J}



ol

Ao (d) = 10l0g,, (kHO" )+ F(0d, N,) + H, (A 3.2-110)
A7|A Hy2 35 ARl 7]F ol
b & A B2 99 BE 84S adste] AXbET

AF) Tkegami Model
Tkegami B2 54 X -l A =o] AREA 55 AAdste]aL AlEglt) o] &
A2 w2 ol B fIX|el gk ApAE Wi-s ]‘9-5}5}. o] Fdlo-H o HE o] ¢t
A WARES areste] $41719F 417 Afol o] 3 %—irx—q:ﬁ} T BAE] AL
H& AREBte] EntdelA] 71 77k A= ellA] 3]% % APk HEAR $=412- 9l
gF gk = g W o2 TPstar, Wik 3 31 %fd | Ak T 22
A Bello] g Ht.

Ly =10log,of. + 10log,, (sing) + (2] 3.2—-111)
3
20log; (h, — h,,) — 10log;yw — 10log;, (1 + ?) —5.8

o174,

=
EEle- wHilo] o] Slell sttar 7pdstar, BElle] e = [ 119 32-14]00 4

w0} .




56 =Qo] mHE e % RAR dabu ddve) Pk Ay | 2019.11 |

Single
diffraction Reflection

Mobile Station

[O3 3.2-14] |kegami 2H!.

Z}) Flat Edge Model

E UES A, M| T2 A A 2~Elo] huilt—up ol 25 2 o), T8 Hup m =
A S4B 7N o] S 7919 v 3ot} =9 wol7t 24 97 v
o A7) 1HAS = 4 74]401] 1220510}, Flat Edge Modelol 4] B A& o] o

S o] Zrtar 7Pgshi Al A ekesle ), o] gl [T 32-15]0

7] 3
ok St
\\ /|
/
a Last Building
by -
hg\
hm
LN I NN
. dm
r
[O8 3.2-15] Flat Edge 2!
o] 714
& ANAZOIA R A AEAAA ] A2, e A|}ZT} o] F3 Afo] o] A,
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at= HE AL Ao A 7)A) 7 etEube] % ZFE (e, h,E 714w o
o] 0], ¢, ol 53} npxut A& Apole] A, b, 2 o]F5=e] o] n
= A4E 0], wi HUE Alo]e] F3tolt),
o] oA 23} A& &4 4 (3.2-112)% AFH Lt

Lo =1L, (t)Ly, (2] 3.2—112)
o714,
Ly, AT AE] 9 oA A4S AL Aola, L
sl o= o) #] 3 A Aot} 7R =ko] A 1Y I} u]—/xq Lﬂ(ﬂx 9) L “H, =
r1 > nwis L, 0] FEHE o] geroln, 71 = <A(3.2-113>¢] 2]
Foi It}

t=—ay/ " (2] 3.2-113)
314 geuE L, (¢)= 2 (3.2—114)9]] o) Folxlt}
Ln(t):iELm(t)a(—jtw— ) forn=1L,(t)=1 (A 3.2—-114)
nm*O

x\/§)+ %}-Fj{c(x\/g)-k %” (2] 3.2-115)

ctw st = [* o= [ cos; o
(t)oll et dl2Fa ] 3242 b} ).,
L, (t) =20log, A, (t) = (¢, + c,loggn)logy (—t) — (¢5 +eogyn) (dB) (2 3.2—117)
A7 ¢, = 3.29, ¢, = 9.90, ¢; = 0.77, ¢,= 30.260°|t}. o] TS AFE3HA
1< n <100 2223l —1 < ¢ <0l thsiA] A FEHE=r) £ 1.5dB Kk .

SR oA REL: 352 o] QHeupel] thal] o5 =415 ARS-RITE o] BElle] A A=
A

= ST
2218 Tkegami RS A}E31e] 2 A4 AE 9] vALE w18 5le] £3HE )
o)

Ly=L,t)+Lp+ Ly (2 3.2—118)
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o171,

L,(t)

<2] 3.2—114>4

1
R

Ikegami &2} o]t}
10logf. + 10log;, (sine) + 20log,y (h, — h,,)

-
T

oW, L

(2] 3.2-119)

LE:

)—5.8

2
T

3

—10log;ow— 10log;, (1+

or
o
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1) 718
A 59 5G o] E2l AMulxrt BEAslE 3, ArtEE Hgo| g FXH<Q
Hul AFgA7} Eatel s 5 FAEA o] FHela Y. &

k=1
AL ol FEAl Fag A Agd wet 800MHz, 900MHz
o] o]FTAl AMH|~7F FiEA e, 2013%3‘:'E1%DTV gk W& 700M
Hz teel Alqt SAl/%E Au| 27 AJEA BasEa e, T3k 20199 %
B 5G °l&8Al Ar2=7F AjlEA S st ﬂv} la—*ﬂl olFFAl AL
A& M| 204 1149 Holy AH 22 HeE3 vk, g, RFID,
A HEA, 28Q1 A7AF3 AH| 4 %4 ol FE4l ol9e] AT} A
Hl*J B Eg ﬁrﬂﬂﬁ Ak, ool wet Fx 2 dge] AFERIETE
= T AgE9 XUrA o] &g+ o] &3 Wtstn

CRC =l ==

3l 5ol wg %J% A T3 +EJ 11 oo wE wligdo] x| &7
o2 WA Ut 53] VA=, FAV] T olE8AE FAFo] FARA
Aol ol utgl AW ES g AT ol EAUA W, A
Ao 2E Mg n¥UE, AEE T A o] EAEHA HATE webA Ayt
S50 7FFA AAlgd Foeid wE2HA Ges AREH S AARII|E
olgtZ #EFHA T thdsta Helgh FHEA $EAES AFE F UES dt=
Aol wHle] 4he] AE Eoled wl% F83 o7t Ha St

old] et FH= HAAAES AKXt Fad #AR R4 A A5
= T7I7F #Elste FEAEALY A VA den, FASHANS B
Fal et AoAALE Abde] apdste] datol &gt 17 8 SAYE BSE)
7] 1% Fagk Pjoltt. wmatA AREAEo] HAIE AP s A AMLstEE St
HAME Autel FFAAEL BAste £849 HAAAE 2 AAZ gsith o
£ Bl da#ele 490 549 AgSE TRt gRle] X
7198 & 7] "otk

A ZW FAT HAEES AuEd I E oln AAH] FA=
AMNAE B AAFLE SHAEE vtdste] FA5S #EE o3 Utk =
W TS ArAEE Aoy 2ASt F3AAF, A71HAEN dAHA 2 &
BAA 5 B8 #gdn lem, 30W oA nEd A F dede A
ARFE=EHE gFFoz HAAstan ot afd= EFsta Hdueo]l g A
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2 & ogloh olel@ BAE A1) AdA e A d S ol s
of B 9GS FPsn, BH ALE 158F 5 9E AWl A AA A
St AFze)M Gus] A7H T Yok

olglgt 34 el HAl FaFs AA AA AR EFE 5 U

A, FMM(Fast Multipole Method)Yy CBFM (Characteristic Basis
Function Method)® #o] RWEWH w|Rg Al&HFS Zola AA &2
FIA A = e 153 7'M (Fast Method)o]l &3] A5 Ut odE
=9, FMMeA < A4 @E A4A wHEH (Tterative Method) & AFE3HH,

HEH A P A LA 7] g EES X ste FE-wE F(Matrix Vector
Product) AlAF AIZbE Zo17] fls) FES o8 /o] a5z UM IF

o
=
wel At F8e "old 9% AF(REF el F o) FE) o5 Aol

o, Y& AF3str] A AlRte] F7t= Z a8}
(N3/2)Atel ol A Bl# gt Frhgttt. o] W& ot
M(Multi-Level Fast Multipole Method)2] A%, wlxz], A4k Az 2
2538k Alzte] 2% O(Nogn)©ll Hl#E st F7hgitt.

=4, 12 714 FFE ol &t MR AEFH AN £25 = F 39
ol

t 12 714 g4 7I'H (Higher Order Basis Function Method)e] =Hl
EWY, 3t 829 4853 glow . Azt g9 fARHdE 1Ak HY
2] &7 (Higher Order Taylor Expansion)< ©]&3% 13} 7|Ho] o] &%
Atk 53], Ao HAY FH2 o] &3 HEAA AR 99 FEAEHEY
a2t 7S AR OE F1A 52 3573 AA SdAeE 448 § gl
£33 Agrt Zedt. HIde A2 YHoE Yee Cell thalol mxte
freb 84 Celle A&3st= Al 99 3k 249 (Finite Element Time D
omain)°] &&¢3d] AF=H1 Ut

AR, A 25 FAA717] A8l BHWEY, 3 9, AR 99 73
AHEH T 22 oAy A A VHES AR EREsHAY, FA A 719
7 nFv 7IEE E3ste U (Hybrid Method) = %ol A4 o, &
2 8l 7IHES EFste WHdlE FEM/MoM, MoM/FDTD, FEM/FDT
D &°] a1, 3 3

A 7IH nFs VHE EstE HHAE MoM/PO,
MoM/UTD, FDTD/GTD &< WHe] stt. o] FdA MoM¥ POE &%
st Wb e A g Azta Al E# B FEKOAA AF&5 1 itk A, aiA
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stmA st FE7F Sl vlalA wlg 2 AS, Fold FEE oA 29
A%e

3t 99 & 7|H(Domain Decomposition Method) = EWEW,
84 9 AR 9 FeAHEEe A8H 3 U

OAA, o8] ZEAME o] &sto] Ats E4tste] Fddozs ALt

_I

2

= A7 HE 71 (parallelization)eo] o8] 43X sfA 7]He| &5
of sl A vk oy WHE vEe AMST AL w8 BRE W
AN FEe vUs 5 Utk BE A A|=®ldA 77 ZrANE AA &
Aol & FE A, A TREZFS T ARZ M JEE mFe
oo BE A 7MY Hob o dd 88 Hee a9 F&4d (efficiency)
ojty, ofel FAEA 71 FolA AIZE G AR He daugsEe SN
il o] o]%3t= HolHE

ot (29 3.2-1)ole A MAARCE 71w
2 <4873 IBM BlueGene/L. Supercomputerd +%¢F Azl o]
uhek slem | H 65,53671¢] ZEAA S 32 TByted] ¥R E AHEE 4 Ht
npzgo 22 GPU(Graphic Processor Unit)E ©|&3le] st=9o] S=2&5
GGAA At B I E st=dlo]l 714 71W (Hardware Accelerati
AFEI Ut olHd WY A& AT AlZHolHA R 2 &5,
CST Microwave Studio? A% 2008HAF-EHE GPUS 2L 3t=9go 7}
£718 ol &g 21E A o] rtesta 7SV weEl 3 7T~1249 £=
Fgol 7hestth. ol & Fal Alg#elde] Erbssitta A4Yd A FULL
PCB, 3D SIP, Al=#l #¥e] SI, PI, EMI/C, ESD si4¢] 7}&3slxlth.

=

(¢}
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<E 3.2-5> &3 TAtmt AlE20lE H|

Software Vendor Kernel Method

HFSS FEM

Ansoftdesigner Ansoft Corp. MoM

Microwave studio | CST GmbH FIT(Finitelntegra- tionTechnique)

Micro-stripes

FlometricsElec- tromagnetics Division

TLM(Transmission Line Method)

IE3D ZelandSoftware Inc. MoM
Fidelity FDTD
XFDTD Remcom Inc. FDTD
Microwave office Applied Wave Research(AWR) Inc.

MoM
Sonnet suites SonnetSoftware Inc. MoM
GNEC Nittany-Scientific Inc. MoM
FEKO EM Software & Systems MoM & hybrid methods
Empire IMST GmbH FDTD
Quick Wave-3D QWED ConformalFDTD
GEMS 2COMU ConformalFDTD
ICE Telecom ATDI MoM

Cabinet

Systent

Ot calrnets, 64532532

32 node card, 8x8x16

Node eard
(32 clups. dxehl)
Irwmupulc: cnrds
(g 100 2 10 cands)

Compriter system 5
(2 clups !\_\Ii i
Clup (2 processors) .

‘\ G0/180 GF/s
‘ 6 GE DDR
5000012 GEFS
0.51.0GE DDR

1307360 TF's
1632 TR DDR

188 TFs
256312 GB DDR

Target clock speed: 700 MHz

[& 3.2-1] IBM BlueGene/L Supercomputer2]
TERF AR
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) worst caseZ 183 HZ o] Ay} A4k WY

2
>
i)
5
Ay
:<|>L_t‘
1%
>,
2
X
2

2t A
o Aldkel a3 detvEe dEHY o5, AT, dHY =], MEE
Zb, Fuk, A, FALHY g0l Tl Atk o] At ARG S el Ab
FAZE fle A5l 7o dAste 29E de 5 v A= HlwA 3t
weta, A 72 F e ARl AR Al EA Al eaprl RS F
AL, A HEY Bl s ey sjdo] AtolEmH s HE Ao
2t A

£ worst-case® 7Fg sl FHoj
UL S 74t ek, Alo|E2H AN E worst-caseS 7F sl HujAlel=
A2 oA Ate v '] Aloj=mH g

2 Y AR TR = g o]
Aeg ofwl AlE <t uR AR & FHE7] "ol worst-case E T%

103}
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y

=z
z2ago= AN SEE

CHE S =3

30
g

BTMs Hel 2 A2 e

@e vz YHoR

#HOME > SEFE > FApAM|Z| A &517|

ek =oix U= X|Holl it MALTA 7| E AMGCRE RS 5

EOVE FHaZ A & w, HE| Lol 5 dBi
O LTE O w-cbMA O Pcs O Cellular O TRS
= b8 00
o LB R w uﬂ‘ﬁsq
it =
KR 5 _A> 2 m
eleLiotel 7zl Helxg [v] -~ i Ed
2 ‘$ E 1 Bl
Aeksp| R ~_ s
v AL V/m =iy
SN Y 7HelE YatAl L Altlebr| HES S2UsHAIR HEATE AAER =013 4 UHLICEH

B agL arE 2o A2 (BADZESHI|F-=Ey d el P nAl X2014-27)

4.0, 11 9| 25600, ZI2LH T2t ZHo| K| BUkALE L ERSIA] e FPE 1.0

TRt A4k AfOIE

(A 3.2.1)

A28 (W)
A42F 97€E 2 377 (ohm)
SHEl L} o] 5 (dBi)
S50 Alole] A
StelLte] % oel
Y5 EATIEY 104>
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-

t}. ICS Telecom EV & o] &3t AAg} X314 dAap +H

Hol o Foid AFol e BuYA wda Aol mE ool i o Zo]
Hsees FA/1don A7t Basth & Ryd W@ A7 Basn
a3 o) B wgete] ANT & g T SWe Y Fe AE AEE &
zEgole] $gol Bag Agolth AAW odd T HAol by A
A gre WA 56 =6l e 2] A Aglo] e A #d
oA giol & FeA AZESC BL ol galN AR B}

TDI AtellA 73 ICS Telecom AXZEY]

ATDI 274

- 1991A0f MEBIFE ZEA F|A}

- BN HESQZ A FYhoM SW E£FM M3

- 32 HME : ICS TelecomUWEHZ MA E), ICS Map Server(GIS M4 I H3lE), ICS

Manager(AHEH 2| £FM)

1) 4 71a

%

(spacen)= &3t DTM % 3D AERXAE) 9 dHolHE AlF ol ICS M
ap ServerolA AlZ#old Eo H8&7Fsd A= Layers +4

TAA AHEEE AERES I AR HY & X we ot ARt vt
EoAA HH, 53] MIGEAol Atg3ste Ao A5, A

PAERE (Clutter)E°] A zste] AF&-3hct,

teo BHRUS FE4

b
()
o
=
=
A



Sk Aol M gof dusisize] 37 (dabda wd, 23 nd, A Rd) o H.

oAl 24& FIL AddH A FIES A= WA ZHWG AF

=2
W AX(J%, AE)e AFsn 1 AFES FHo2 WA lkm old 9
£ PANAT YRE olged BAS sadT. BAsRe o|sEAAER
wRste] 13 BAE WA sPAT(AFEETGIL golah). B4 AT} e
A RS SAAR EdoA Algste S vluste] dREE =
=3
SEXZ|IEER &

f| BrEsnsd

: 1CS Map Server

E---t- X|EO::‘£10|E‘| = Geocoding » DEM =& > Geoconversion | Clutter 2 -8 —‘

LS
A 2ol

£
O% I!‘%E%) (ICS Telecom)
™
___________________ o FHIKR RS :
i (371l Ol S-S LA :
g SR || TREEREAS |
EH=EYESSAUELEIS ) (KCA)

FBEE OFR AR S FAANR 2AFE Pk A 2
omA mdel Aguely £ Fe| Ko @E¥olq ARAony ey
ol Bo B I EEse] FANN B FEE Eoltd 45T £ 9
t F83% Pust @ Aol




Algiﬂol"i‘ SEH0H
P somae - o Teomee e =

2) A% dlolE A
ICS Telecom EV 9§ Ay <= 7 TE oA & 7k ek AP @t ol
diole], A gel tigt diiTe] FF FH oz s3Ik £ ICS H A
AREAE7E e HlolH S A wiA A Do whet #lolo] S o] &3kl A2

M
e

=3
522 Geocodinge Tt A (LA 3110101011 N RWTJr o
2 dAL] ol e ARdS dAXIE A=
oding ¥ o|v|A= Ed® B xHo|] &o|sH %
GAZE mhRElEH ICS

A 71E HlolEﬁﬂO] zoflA X, Y, Z HEE FEI] 9
z TAHAA L) S AFEETE A YA

Liﬂ % Mgt Ager FEHAY A

o—F‘
o>“




gt A, 78 2 T 7

[ZF2At& : DEM, DSM, DTM &]

- DEM : Digital Elevation Model
- DSM : Digital Surface Model
- DTM : Digital Terrain Model

[&! 3.2-5] DEM, DSM, STM E&5=
mA o 2 AsFitel 9
7tate] AFA o2 AxdolE

#olu 71E 245 Ui FeEHE F

Bids g

ox,

=
==
&

w o

olajx|

DTM/DEM

22H

g Iy
(Roads, Borders,
Administrative contours, ...)

(28 3.2-6] BA2 2Ish XEH[0lE 27
~ 200m °]&e] 4= DTM= 7H

= m
& w3 % Wl Aol 7} Frel g
AN Toll AFgsta AME My 2d e Ax e Edo] My md Hr}
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56 =Qo] mHE e % RAR dabu ddve) Pk Ay m

- 2AHRAIDN 3XpRAS| O E ABER 7
. LS &tz ol X = §0o|H

‘E‘_-‘.‘_- o )
3R = S

[28 3.2-7] si&t=E X|= Hlold 27/

)
H

= telH= 307E FH=9 DTM= zta 1:250,000 A=
W FEEHE 30vH A=E 1T, A5 Hee 4
2lx] 5o Atte] 7hed FEola AR A=A A7

=

Mol A
S 3 AF 29 (Deterministic, LoS)¥ #A3 Ao gt Ay =4
dio]Eof] 2A AAe Y {FYS 53 A< 2d (Empirical) 5°] At

& 7}5 sttt
TAAE A= dutx oz MO] °F Om FHE7A] AEET} I Ao
A AA A A= Fol dEeZ AlFHo ok st dEY Eo] FAE A FH
ojo} gt} 2m|H o]ste] %‘]"E Z9H A2 At odF Hee= &AM

g AW A AL @ EA o] Jhesta, AEI AE AloldA e Ase] §/
ztoll 9%t 2l +A % 7MestH, Diffusion effecttt Multi-path effect, P
ower delay spread ol Wigt #40o] 7l53sitt. AHE da Rdle A% wd
(Deterministic, LoS %), Diffusion effect, 3D Ray tracing 5% %83}
o ¥4 F Ut

o] Foll A A E W&E TS (F 3.2-3)F o] Hm AHA
T A= Ao mat e A= HolH (A E)E A &5t d

ot 2%
2 wHAE AE dHolEHE o] &ste] TR =9
A

4% 5

U

2 A e NRHe d
Az Frd FAA S Fote] SAste Algdolds Fdste] A 54
2 ¢k vl A B AES FPskn




<E 3.2-6> X H0[Hf of&zol wE

T Kol & G|O[E =t siatz H0[E T A= HlolH
DTM at 30m DTM at 2m
DTM at 200m Clutter  file 9ving | o = fie at 2m

Typical content
Aeronautical chart

different urban heights
as aggregates

Clutter file at 2m

Topographic map

True-orthophoto

The

modellization

Empiricalmodels
(with appropriate tuning)

Deterministic models

Applicable of the catography
propagation is less accurate
model than the model Deterministic models
itself (with appropriate margins) | 3D ray tracing if needed
Detailed coverage
- Canyon effect with
Rough coverage constructive/destructive OFDM
Standard coverage signals
Predictable Very large scale - Diffusion effect
effects network County/District based - Multi-path effect
. - population analysis - Power delay spread
dimensioning

Building/address based opulation
analysis
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Digkal Terrain Model

Suburban
elutter
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Open area
Suburban
Urban

Dense urban
Wegetation
Industrial area

Major road axis
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T Margin for indeor reception in urban envirennment

Margin Tfor outdoor reception in urbvn environnment
e user us an offset, or calculated by 105 Telecom
by ol

i eiTect. in Bx over el mmodde )
1‘ Security margin for planning
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ICS Telecom EVOlA AtgEHE 2de (2d 3.2-11)cA4¢ Zo] takst
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- Models - = 1 Diffraction geomely—
" Fresnel method+ " Bulington method

" Okumra Cost231 % Deygout 94 method

el & sl c0BERT] " ITU-R 526, round mask
o © abc191017

2 € uban 2347 € ITU-R 525, cylinders

£ Woina method " ITU-R 526, deygout

" Vienna method...[*) £ Visiilty / Indoor

€ ITUR 370..7) £ Noifraction loss

& |TU-R 525 [~ ITU-R 452.9 = (D=rand)
€ ITUR 525/526 Tims (01050%) [50.,000°
€ Medumfiequency™ | o renuations——
" ITU-R 452 Ducting " Standard (1)

" Usemod.dl [old format) | | & Coarse integration (2)
[{"‘ Other method (dT) u " Fine integration (3)

Flat earth profile T | " Areald)
.  ITU-R 526
~ Troposcattering————— >
F €
[~ TropoITU-R 617 ree elipsoid (5)
" equatorial 50% c No subpath lass (B]

€ sublropical 807 FZ hraction |1.!Il

€ cubliopical sea B0

© deset 50% [T Spherical wave (ald...
€ termperate 50%

" temperate sea 905
(% continertal S0%

[3&l 3.2-11] ICS Telecom EV Mz} 2 &7
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Clukter code Name Attenuation (dB} Clutter height E.cﬁemnihi;{ﬂ_i Erlangfkm2  Surface factor Diffraction Factor
! 0 rural 0.0 00 0 0.300 10000 1.000 100
1 subaurban 0o 00 10 0.300 1,0000 1.000 100
I 2 whan&m 00 00 15 0.300 1,0000 1.000 1.00
3] wban 15m 0.0 00 15 0.300 1.0000 1.000 1.00
3 whan®m 0.0 00 15 0.300 L0000 1.000 1.00
5 forest 0.0 0.0 15 0.300 1.0000 1.000 0.60
5 hydro 00 00 0 0.300 10000 1.000 100
7 wbansOm 0.0 00 20 0.300 10000 1.000 100
B . wood 0.0 00 15 0.300 1,0000 1.000 To.a0
5 Raiway 0.0 00 0.300 10000 1.000 T 100
10 uger 1 0.0 0.0 a 0.300 10000 1.000 L0
pr— S

[Z8 3.2-12] ICS Telecom Ev Mu} REIo| S| 2H =7

(298 3.2-13)o AA ICS Telecom EVIA A&st= Ay ryo o=

BT

1

g 24

- ITU-R P525 : AIRaZt

- Deygout-94 : 3|H =

- Standard : £ Z(subpath) 2
£ U7t 77)

=

o mojEo 37|of ozt Ztafst

Deygout-94 : 3|H2d

- SAZ0F A AL[0f CHRQ| knife-edge ¥ ZOHS0| ZAfsl= 2P M
- 2o =0|9f mY BHHO HIE J|ZoE F oIS} 2X HEE BF, FHS AM
- MAX|HOoZ &3 AZ27} Cieol Mot HofZ0| ZXY
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]

-
Propagation modeis oo T " r "_"
Models Diffraction geometry Climate
[ “ Fresnel method+ () Bullington method Earth radius km Jand) 8500
() Wojnar method @ Deygout 94 method Earth radius km (sea) "
3 8500
) Wien methed. .. () ITU-R 526, round mask
T ITUR 370... ) ITUR 526, cylinders RMSwave height (m)  _1g.00 ()
:?'; %2 2255,:526 ) ITU-R 526, deygout [l mmu-R 1820 gaz
Sinie oo () ITUR 1225 [CImuremgar MURS40fog [T
= () visibiity / Indoor 2
I ITUR 1546... =
i ) No dffractonloss Vapour 17.50) | Waler o,z | ahe3
| o e - hPa | 1013 T |15.00 e
e e [¥ILateral diffraction
- [} Pawer comection (angle) Rain att. ITU-R 838/530 »
) 36PPATE (rural) [FImmuR 452/1812 Sin at. Crane ghobal 1
| (O SGPPATE (wban) Time (00 50%) (50,000 gin rate (nmb) 5103 [R837
'__'rsllcﬂosﬂ‘!ﬂzm O=random - e (0.001to 1) % 0.01000 |
& -Cost 231
- therm fm
i 7) Cost 231 open... Subpath attenuations o 0% 3.00
nwal c0,5.6,8,»3 | ) Standard (1) Shivie model coeHicen
sub c:1,2 (@ Coarse integration {2) : ta(ﬂ}
wban ©:3,4.7 ) mﬂl!l{:}m!m: &2 Afactor 10 0.0
() SUTmethed.... () ITUR 526 Attenuation (dBfm) g_gooo
User model () () (") Free elipsoid (3) 1 )
B Mo th loss 6) Diffraction correct. (dB) g_go
Composite output® () Hybrid integration (std)
3 , ) Hybrid integration (fine)  Refections
¥ ¢ 5 ® UtEl Rho (if no dutter) o son
\| [C]Trope TTUR 617 . - —
equatorial 50% [other subpath methods... |  [|3Dcoverageonly | cotions... |
subtropical 90% £2 Fracti 1.00 Reflection dist. kmit (m) 20000
| subtropical sea 50% =
. desert 50% ["] spherical wave Elevaton fiter > (m) o
temperate %%0 . Anomalous propagation [~ Ground reflections (minimajmaxima)
_ temperate sea 50% . || Ground reflections {mn/mx flat earth)
9 continental 50% [Cloucting L] || Ground reflections (reflection pont)

| +Rx: 50 or 75 ohms, dBd - (%) If checked, internal diffraction/subpath model will be added to the external DLL model)

Options
Offset (d8) o
Field strength=E-offset

F Use Tx/Rx
effective heights
1Fiat earth profile

—sent to DLL

Close ]

s ] [

load
e .
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<¥ 3.2-8> 2M OjA x[d HE
T2 x|y T 4= A=
=y
F | HFHRHAL Y CHMARY CHEZIA| M7 EAKS 930 127.3849219 | 36.35867351
XA
=y
T | BA ROEAT Y MEIX|Y) | RAYYA SRt 25 1468 | 129.1285227 | 35.17200863
XA
I rC
;lof FHA| EAlsSER| 2l ZHA| EZEHZ 48 | 127.7386495 | 37.84541716
3 5 = iAol SHLT MAMA| CHMS ThE2|
ey CHARSH T CHARIHPAIICER| B33 126.3885076 | 36.98868753
AZH | SNHE HYFE HISH U3k)S | SYHE A7 A= SR
=% | ool g 126.7388794 | 36.47607307
AZH | BELT HIYF HISHEAH £ | S¥dT YR HgH SEE2
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AzEIN
56 =0l mhe AEE @ pHE Aah obdde] uher A

A
=7 S HlolBl= dRbAFH General), H& (Patterns), $13I(site), 7} e}
Bl 44 (eNB) 52 745 0] o, & AlEdelds flsto] A4d 8 WE
=3 2

. Tx/Rx parameters: 3 orphan x

rlo
T

General patterns Channels Site  eNB

Type Signal Status Frequency plan
| TR neutral {0) ~ ;LTEFDD {s0) | unknown (o) ~| o[ =23 | actvated
TxfRx Coverage Info

Nemnalpover (%) 30| i—
Generi =
Dynamic (d8) [ L Callsign Parenting g
Delete info

Tx ant gain (dBi) | 13,50

Recant gain (¢Bi) [0.00 oon owpar) o]
Losees (62 fox o0 [ Variable power
T et losses (@) oo pomer

Inf2 Link
EIRAMW) [ E7LE63 [EEEEEREIEETD ‘ ‘

. Fixed fri
Frequency (MHz) = 8_:;: H;ﬂ;::;v Fa_mmm | ’Glup ‘

———

Address

Date
MEZEA M2 =8 yyyymmdd

InfL Type ID
[SKTLSEENELET| [c |

Tx bandwidth (Hz) [20000.00 i ;:ZD::EUZ:D" iJSE’ |.-w_‘|‘l;ﬂ" ke | m;
Ry bandwidth (kHz) [20000,00
Comment:
5QLrecord 0
=0 FHE
(28 3.2-14] et ml2fmE 22 of
. Tx/Rx parameters: 3 orphan X

General Patterns Channels  Site eNB

|:a: antenna H+V (1 polarization) |

| |/ zoom |

Horizontal pattern 50 Vertical pattern +50

Azmuth (0-355%)
Tit (90 +30%)

Txpol @y OH Oc OM
rRxpol ®v OH Oc Om

X polar, disc. (d5) D

(® Standard antenna

() su-MIMO SD
Tx ant gain (d&i) |1 () SU-MIMG SM
(CIMUM-MIMO
Rx ant gain (dBi) Cisivo
O ans
) No.araysTR |1 | /(1 |2
(At e My 1 0.00.0d8
Diameter or size (m} (.| Aperture (3 [o,
~ L. S Beamforming 0 (Sl
Crossover distance between near and far fields (m) [0.34 BeamsizpV |0 @
Two-ine element set - Satelite catalog number [g BeamstepH 0 ©
| Save TRX | losd TRX | Doeaton. | Modfy coversge® | Z[=




. Tx/Rx parameters: 3 orphan

General Patterns Channels  Site eNB

Reference coordinates:

Address
HEZEA M= S5 1836 am Ext, radius
Info (1) Radius (km)
SKTLSEMASL S E LR
Info (2) ) Step (Km)
oziaBelLil HAAOI(SECTOR)
Network T0/BSC/RNC Pely-izad
| Rad->Paly
Mobllity mamt entity Detatna
Sector
Sys. architect. evol, gateway Limit dist. km)

Station ID/BCC/PHY_ID Sector (4degres.)

start El
4 ed [o ]
O ieondisplay @ Std display Area pusl() | Stecade | upd U |
e | O S [ S@om. | 0 £ iy,

TAC/LAC

Updatetinfo1=code <infoz=sonm | | B

£

[22 3.2-16] 7|X|2 9% HE 2/ of

B Ty/Rx parsmeters: 3 orphan

General Patterns Channels Site  eNB

Type (1) Signal (60) Modulation (0) NFD / TS-RIF
TRk neutral () | LTE FOD {60) | undefined (0) ~|
Threshold parameters Options Power channel settings

Fioor offset Rshoost [0 B
Handover D 8 % Ref, Signal

— % PDSCH
KTBF (dBm) |7 coo) Neighbour list
% PDCCH | 0,000
Launch delay (us) [o A

% PBCH

Cov, threshold (dam)
R threshold (d8im)

CflreqN=0N=1

% PSS
Max DL (kbps) | 100000.00 — %sss
SR —

Maxit boos) [soom00 | pmoon [7 | Toul% 4762 |
Tx bandwidth (kHz) - i DL/ ratio () | 1o
= Traffic (%) uld 100 |
Rx bandwidth (2] —--‘ e
+iz) [20000.00 | System overhead calaulator..,

(22 3.2-17] 7|E} m2fo|g| 2] of
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O FAI5 AWA sty 244 o4
— LTE 71A]=5ol] 3l A QS KCAANA #|-&-% HlolElE 7|28l =813, Sl
A9 FAZH(Typical value) 0.2 A3 om A8 95t oteu} mel 2
o7k A9 2o AlE ARI} gl LUEE A8stelon LTE AW elA]
A5 98] LTES] Asueld e = 220]= RSRP(Reference Signal Received
Power) ABE]#] B4 A5t}

File Mip “Coverage Microwave Multipoint  Subscriber Satelte Radsr  Localization CEW

o
o

OTM  Messure Statlstics  Spectrum  Datal

Metwork calculation o &N AGL LH b 1+ {3

.
"
Pietwork interference oy

Metwork planning »

Netiork aaabyl ¥ Compesite coversge map
Metwark regor ¥ Diversity covefage map.
Tratfi Senver COVErage map
Handovir Bast sorver map

Sener ToA

Shtig et RSCP coverage map .

Sratidn pohgsn RSRP / RS covetage map 3 RS compoite

Search sites » Nearest server map. RS probakilivy

Covetage modification » Group priority sener map RS: best server

Vectorize coverage SBS Overlapping mag RS overlappang
Station color overlapping map RS simultaneous senven
Simultaneous server mag (#) RS simultanecus senver - delts.

Simultaneous server mag (p<) Servers
Simultaneous server - deita map. F
Limited simultanecus sérver map.
Fower SUM caverage map
Cuiadvatic power Sum Coversge mag
PFD map (dBW/m2MHZ)

Margin map

Reliabity map.

Propagation loss map

AVEragE COvErage map

Nommal distribution.

2wtk differences.

2 1ite interiated server map.

Delay spread

[22 3.2-18] RSRP M4 T}

I
| I Trvehold x
Hode Options
.‘j‘:wm Uipdate station Sveshaolds From modulsbon and sgrsl
Threshold o8 fm)

Updiate ghaton Sreshokds (Balanoed path)...
Threshold (dBe)
Lpdate sinben thresholds Som GEOS (portable)
(W) Threshold from stations

[ add v degradation {T0) Lipdate staon treshoids from GEOS (fved)

[ Corerage threshoid from stazon Update coverage station thesholds from sensithity....
R Seeshold

MGG thresholdy: Lipdate Ax stabon Sresholds from sensithaly...

RERP (RS (Bm) [.p18

Aefenence: Impeciance:
WCDMA RSCP (dBm) L4185 = =
(8} 1soarope: {8 50 ohms
(01 1/2 mave dpole (75 shen
ol Rox gan {83 [ .00 > (¥ Short verbeal
Ref. Fregeercy (MH2) [579, cooooo ASOP the.: High=-75 Mediem =-50 Low =-100 Poor =-130
ASRP . High=-36 Medum =- 105 Low =- 113 Poor =-125
Beference unit  (dllu (@B RERP NEL threshald: <120 diim

- o | |t

[328 3.2-19] 7[E} i3] m2im|E
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LTE RSRP, SINR, RSRQ, RSSI H|1

=L TE &4 nj2iuE

- Reference Signal Received Power (RSRP, ©@%]:dBm Atj=Z7]) : &4 ¢4
9] cell-specific reference signalS ZL§sh= resource element?] o] 23
£ Watt @92 A% g Aoz FoHtt. & RSRP= AA tigE0A cell
specific reference signal(RS)2 B2 resource element?] =4 £Al A3 o|ct
mr2tx], RSRP+= RSE @2 A& disiAet 5742 2oy, RSRP= st4e] RS
resource element® H4 $A1 Aoy, TGS 9] RS resource element
of tisiA 542 st & o9 HdS ettt ©@Yo] E1sh= RSRP ¥ -44
~ -140 dBm o]jt}. RSRPE= 2 Mg 2HE9 ZAr2o|u; 7Hd-E8 potentially
excluding sto] 4 ME2Relo] A2 AV|E skt At B4 s

1

Flo 4

u]

gk RSRP9] ®9j= A FARONA -75dBm Azoln A GIX] BFOJM+&= -
120dBm & T o|rct.
.ihk"*\ ——____ outofcoverage |/|
A H‘“xﬁr 7-__""---,___7__7 =
Serving
g HV_\LI:I' 1 usa{ 2
site RSRP
RS e
coverage

Received Signal Strength Indicator (RSSI, ©@%]:dBm Atj=7]) : N x RSRP
/ (E-UTRA carrier RSSI)Z2 A=}t of7]4 N& E-UTRA carrier RSSI9] =
A 9= 9] resource block 4 o]t} RSRQE A9Jst= EAHRSRP)Q} E4w
(RSSI) & B = 8 resource blocko|A && & ojo} st}
Reference Signal Received Quality (RSRQ, ©2]: dB Atj=7]) :
2412 chealt o] o,

RSRQ = N x RSRP / RSSI

o]7i9] At

o]7]1A N& RSSI7}F &A= Physical Resource Block(PRB)9] 4o, dutAlo g
A Aslo] holZ it Wx|gith RSSIE AU 29, 74, A8 Eae Arjel A=

=rzrolth. ThEro] ¥ skl RSRP Wej- -3+19.5dB oft}.
SINR (Signal to Interference Noise Ratio) : ¥¥P" oz SNRES 113st=0]

2

SINRZ FA4 SAloA 41 Ale AH(S)o tiulste] M A0 A5 AH(N)
= O3t H|E gAE(dB) T2 mASt gtozA R4 FAgA T2 HEo
ol @z Po] B4EE= Y Acel)?] M AP vrFer Aol
RSRP (dBm)| RSRQ (dB) | SINR (dB)

2 |Excellent ==.80 »=.10 ==20

& Good -80t6-90 | -10t0-15 | 13t020

g Mid Cell | -50to-100 | -15t0-20 | Ote 13

& |Cell Edge <=-100 <20 <=0
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(1) 5-Aba) &+ SKT(876 MHz) LTE ¥4 Ap#)
— FARA] H%ﬂ%% AR el SKT 7145 Z 869.64MHz F3}4=0l] t)5}o]
LTE B4l 7IA=E9 7oA Axah 41 A7

35.17200863 VAR VALYYN)

869.64MHz

IERLECEER

Flle Wap Coverage Miciowave MuTipoint Subseriber Saelie Radar Localzaion CEW OTM Measre Siisic, Specoum Databaw OBject upcus Tools T
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(2) AAH 1861.25 MHz LTE £4 Ab#]

36.35867351 127.3849219

1861.25MHz

Locallzation CEW OTM M
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(3) = HA =39A 2142.65 MHz LTE 24 AMg

37.84541716

127.7386495

2142.6MHz
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(4) M4 di2ks 889 MHz LTE &4 Abe

36.35867351 127.3849219

889MHz
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ol LTE $471A59] 24 A8 Ageold dvtshe] 4= 24

=
-
B correlation %
140.0 Close
Measure (dBu) Save..,
110.0
Print
| Prediction {dBu)
1110 dan
®Bests
Delta {dB) (Cspat

* pixels around

| 1557.2 I meastre
B ediction

59.0  Freg. (MHz)[ 879,00 ‘%<sds| 34,52 | stddev, (d8)| 17.80 Av‘e(r.(dB)| -16.18 |Cone|famr| 0.01 |d\stmax:2194m

average
difference

per

Station reference £ [ Distance step {m} [1000.0 Calculation Distribution... Turing... 2961 sample(s)

CiifUsersitfvstaskerWDesktop i S 7 2 W= S THW 1909259 190930_2.cav Left click = Zoom - Right dick = Marker

® gt

[2a}

gSSAA

54 129}



(2) i A1 A9

274 oA Bue

s

A AR

A

-t g - LN

730 AlEef o] gty

B correlation

1310

Measure (dBu)

L 108.0

Prediction {dBu)
102.0

Delta (dB)

Distance (m)

0.0 Freq. (MH)| 87900 ‘%<Edﬂ| 60.30 | Stddev. (dB)[ 13.87

Av. err, (dB) | -7.16 | Correl factor | 0.26 | dist max: 32228 m

Station reference # |1 Distance step {m)

CiWsersWvstasker WDesktop i & 7 ZHE W= 5 TR 1909251190930_2.csv

Caleulation Distribution... Tuning...

average
difference
per
distance

1556.0 !

Close

Save..,

() spot
O Average™
* pixels around

measure
B ediction

3836 sample(s)

Left dick = Zoom - Right dick = Marker
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B correlation ®
o
Measure (dBu) Save...
116.0
Print
Prediction {dBu)
1110 Raw
@ Best™
Delta (dB) (C)spot
5.0 () Average™

* pixels around
Distance (m)

1555.0 ! measure
EEprediction

620 Freq. (MHz)[ &7s.00 ‘%<Edﬂ| 13.73 | Std dev, (d8) [ 15.38 | Av‘err.(dEI,\| 23.50 |Cnrrelfa:tnr| 02 | dstmax: 1963m

Station reference # |3 Distance step (m} | 1000.0 Calointon Dratribution.... Turing... 2797 sample(s)

CiffUsersiitvstasker WDesktop i 2 7 ZHE W= S THW 19092 5%190930_2.cav Left dick = Zoom - Right dick = Marker
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IEC/IEEE 62704-1

- Z2ME™: Recommended Practice for Determining
the Peak Spatial-Average Specific Absorption
Rate(SAR) in the Human Body from Wireless
Communications Devices, 30MHz-6GHz- Part 1: General
Requirements for using the Finite Difference Time
Domain(FOTD) Method for SAR Calculations
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Working Group

W6 | Addressing methods for assessment of contact cument related to human exposures to electric,
8 | magnetic and electromagnetic fields

WG | Addressing methods for assessment of Wireless Transfer (WPT) related to human exposures to
9 | electric, magnetic and electremagnetic fields

Project Team PT62209-3 | SAR Measurement using Vector Probes
Determining the Peak Spatial-Average SAR in the human body from
PT62704-1 | wireless communications Devices, 30 MHz-6 GHz-part 1 - General
Requirements for using the FOTD Method for SAR Calculations
Part 2 - Specific Requirements for using Finite Difference Time Domain(FDTD)
PT62704-2 Modeling of Exposure from Vehicle Mounted Antennas
PT62704-3 Part 3 : Specific Reguirements for using the Finite Difference Time Doma
in (FOTD) Method for SAR Calculations of Mobile Phones
Part 4 : General requirements for using the Finite-Element Method(FEM)
PT62704-4 | for SAR calculations and specific requirements for modelling vehicle-
meounted antennas and personal wireless devices
Determining procedures for the measursment of field levels generated
PT62764-1 by electronic and electrical equipment in the automotive envirocnment
with respect to human exposure.
Maintenance MT 1 Maintenance of IEC 62209-1
Team MT 2 Maintenance of IEC 61786
MT 3 Maintenance of IEC 62232
MT 62226-3-1 | Maintenance of [EC 62226-3-1
i Maintenance of IEC 62233
MT 62311 Maintenance of IEC 62311
Ad hoc Group AHG 6 Guide to the drafting of EMF Assessment Publications
Measurement precedure for the evaluations of power density related to
AHG 10 human expesure to radic frequency fields rom wireless communication

devices operating between 6GHz and 100GHz
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