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A Study on the Prediction Method
of Propagation Model in the Cellular Band
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Supervisor : Prof. Hyung-Rae Cho

Abstract

In this doctorial dissertation, the researched topic is the partial
propagation prediction methods. The prediction methods of
propagation model in the cellular band are introduced in order to
improve the inaccuracy of the macroscopic conventional
propagation model. By use of the researched methods, a better
prediction model can be extracted from the conventional
propagation models. The main purpose of the new methods is to
solve problems of the conventional propagation models and to
improve the efficiency of the propagation model.

There are many area—-to—area prediction models in the
conventional methods. Because of the simplicity of two important
parameters in the area—-to—area propagation model which are the
1-Km path loss value and the path loss slope, the application

area has been restricted. Another propagation model i1s the

= Vil -



point—to—point propagation model. In this model, it was considered
the propagation environment such as the lay of the land, the
positions and heights of buildings, the density of crowded cars,
and the density of trees. But, the information for the propagation
environment 1s so complicated that the new partial propagation
methods are introduced.

The first researched topic is the partial propagation method by
using the conventional and theoretical propagation models. The
theoretical models are quite well formulated by the physical
theory. The averages and standard deviations for the difference
values of the field-measured values and the conventional model
values are calculated. A best model for the measured value is
chosed by the lowest calculated standard deviation.

To reduce the error between the measured value and the model
value, the distance interval between the transmitter and receiver
1s divided to small one such as 8, 4, 2, 1, 0.5, 0.25 Km. For
each 8 Km, the averages and standard deviations for the path
loss were calculated, and then the best models are chosen for the
8 Km intervals. Likewise, by reducing the interval to 0.25 Km,
the statistical information for the mean and standard deviation can
be obtained. Also, the best model for each 0.25 Km interval can
be obtained, too. After the above methods are applied, the
standard deviation is considerably reduced by the newly
suggested partial propagation models.

The second researched topic is the partial propagation method
by the conventional real-measured major—city propagation models.
The real-measured major—city models are so widely known
models that the models were used as sample models by the
partial propagation models. The application procedures are similar

to the previous one. The interval is reduced from the entire

- viii -



distance to 8 Km and finally 0.25 Km, and then the compared
averages and standard deviations are obtained. As a result, the
differences are also considerably reduced.

The researched partial propagation methods which are compared
to the theoretical and real-measured major-city models show that
the means and standard deviations are so considerably improved
that the differences between the measurement values and the new
models were decreased. The representative propagation model for
each partial distance was decided according to the path loss slope
of the conventional propagation model. This researched methods
of the partial propagation prediction model enable us to decide
the best describing propagation models for the measured area
with advantages of quitely reduced standard deviations.

For the generalized partial propagation method, the interval is
divided to each 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km, or 0.25 Km.
At each interval, the path loss parameters are extracted which
are 1-Km path loss, path loss slope, and path loss environment

constant. By wuse of the parameters, the path loss model is
D =~ d\ —
obtained as follows : L= Ly + o, log(d—)Jer. Applying the
0

partial path loss models and each three parameters to the entire
distance, the path loss models for the un—-measured area can be

easily obtained with the minimum standard deviations.
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1 A 2 iAD|2
T AN JAD
3 G,G,(5 ) 1+ e (2.13)
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Fig 2-2 Direct and reflective propagation path
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o] v, d >> (ht + hm)e] B 2%, 2AR] (1+ )2 = 1+§ O RRE,

21 2hihy dx B,

T (2.15)

7} H31, A BRAF 2% Ag 7)o} B Ao = wkAL Al = -1 2

2
14+ T =2(1— cos Ap) = 4sin2% = 4(%) =A¢p®  (2.16)

Pli+ref = g,a,(—~ ) (2.17)

o] "t A= &4 L =Pt-Pr& dAERZ TAISH,

L = —10logG, — 10logG, —20log (h,h,) +40logd (2.18)

7 H=d, o] AS AHutel x| HkAlubo] o) du mdo|zl Fhth
[1]1~[8],[381~[421,[45]~[47]. o] B2 T3t t& ZHE53 HustE
o3k 7| Bdo] =, AY Fx, 1Y 5 dF FERE, 25 UE T

FFE A F= ARl At
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=
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=

=
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Fig 2-3 Median attenuation relative to free space by Okumura [49]
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o714, 41 QbElL Eofdll i3 WA = &

2 Ao A
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ﬂsin(Aqb-Hr/ll)
- [ S(z)+0.5 }_E
A¢ =tan )\ Fey 05| T 1
. /
. s d2
E
b S S A S A A A~ v A A A A A A e
% 2-5 yo|Z-ofx] 3|4 7|5} =dll
Fig 2-5 Knife Edge diffraction geometry
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Fig 2-6 Knife Edge diffraction loss [1],[51,[13]
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Table 4-3 The partial path loss at 1-Km distance(Theoretical

model)
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A 7 Km | KM | Km | Km | Km 77 7 Km | KM | Km | Km | Km
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4 97 | 105 | 105 | 94 | 108 20 127 | 102 | 129 | 129 | 129
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A 101 | 100 | 94 | 111 | 110 > 98 | 96 | 96 | 96 | 125
" 101 | 100 | 94 | 96 | 92 o 98 | 96 | 96 | 96 | 95
booodoelddosd0B doddopoltolodBhqqe 98 | 96 | 96 | 96 | 126
L L 101 | 100 | 128 | 107 | 105 E 08 98 | 96 | 127 | 97 | 98
2 101 | 100 | 128 | 107 | 108 | | 98 | 96 | 127 | 97 | 97
:.1.3. b ol0d oo 400 o 01280 b 2T 0|0 122 4 4 o 29 98 96 127 | 127 98
101 | 100 | 128 | 127 | 125 98 | 96 | 127 | 127 | 126
101 | 126 | 102 | 102 | 101 ) 98 | 101 | 101 | 99 | 98
14 101 | 126 | 102 | 102 | 126 30 98 | 101 | 101 | 99 | 100
101 | 126 | 102 | 127 | 104 ) 98 | 101 | 101 | 103 | 103
15 101 | 126 | 102 | 127 | 126 31 98 | 101 | 101 | 103 | 133
101 | 126 | 101 | 125 | 101 ) 98 | 101 | 132 | 102 | 102
16 101 | 126 | 101 | 125 | 126 32 98 | 101 | 132 | 102
101 | 126 | 101 | 101 | 101 ] 98 | 101 | 132
17 101 | 126 | 101 | 101 | 100 33 98 | 101 | 132
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Fig 4-11 The partial path loss characteristics at 1 -Km

distance(Theoretical model)
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Al

g3 doleE Aestel E 4-30] uehIon, & 4-3& 1] 4
2% 4-1106] YERRATH
E4-4 T8 AR £ AAKelR 2
Table 4-4 The partial path loss slope(Theoretical model)
| A | 8 4 2 1 | 05 2 | A | 8 4 2 1 | 05
A | Km | KM | Km | Km | Km 4 7 Km | KM | Km | Km | Km
o, |34 | 20 | 40 | 40 | 40 g |20 [ 40 [ 20 | 40 | 40
34 | 20 | 40 | 40 | 40 20 | 40 | 20 | 40 | 20
5 |34 [ 20 [ 40 | 40 | 20 g |20 | 40 [ 20 | 34 | 20
34 | 20 | 40 | 40 | 20 20 | 40 | 20 | 34 | 40
34 | 20 | 20 | 40 | 20 20 | 40 | 20 | 20 | 40
Y 20 [ 20 [ 40 | 20 20 50 T 20 | 20 | 20 | 20
|34 [ 20 ] 20 | 40 | 20 oy |20 [ 40 [ 20 [ 20 [ 20
34 | 20 | 20 | 40 | 40 20 | 40 | 20 | 20 | 34
34 | 40 | 40 | 40 | 20 20 | 20 | 20 | 34 | 20
6 T 20 [ 20 [ 20 | 40 22 750 [ 20 | 20 | 34 | 20
3¢ | 40 | 40| 20 | 20 20 | 20 | 20 | 20 | 40
T 35 [ 40 | 20| 20 | 40 23 720 [ 20 | 20 | 20 | 20
34 | 40 | 40 | 40 | 20 20 | 20 | 20 | 20 | 20
" 8 731 [ 40 | 40 | 40 | 40 ", 24 =50 20 | 20 | 20 | 40
s o | 34 [ 40 [ 40 | 40 | 10 oy g5 |20 | 20 [ 20 [ 20 | 40
A 3¢ | 40 | 40 | 40 | 34 S 20 | 20 | 20 | 20 | 20
wp) | 10 20| s0 [ s0 [ 20 | 20 @l | 26 |20 | 40 [ d0 [ d0 | a0
40 | 40 | 40 | 20 | 20 40 | 40 | 40 | 40 | 20
dec) |10 [ a0 [ a0 [ a0 [T40 o) o |40 | 40 | 40 | 40 | 40
oo s oleeiledoddepobhoesibesediopp 40 | 40 | 40 | 40 | 20
. 40 | 40 | 20 | 40 | 40 || 40 | 40 | 20 | 40 | 40
ol 12 o 28
: 40 | 40 | 20 [ 40 [ 40 | 40 | 40 | 20 | 40 | 40
'..13...49...40...?.0...20...2(1..: 99 40 40 20 20 40
40 | 40 | 20 | 20 | 20 40 | 40 | 20 | 20 | 20
40 | 20 | 40 | 40 | 40 ) 40 | 40 | 40 | 40 | 40
14 40 | 20 | 40 | 40 | 20 30 40 | 40 | 40 | 40 | 40
40 | 20 | 40 | 20 | 40 ) 40 | 40 | 40 | 40 | 40
15 40 | 20 | 40 | 20 | 20 31 40 | 40 | 40 | 40 | 20
40 | 20 | 40 | 20 | 40 ] 40 | 40 | 20 | 40 | 40
16 40 | 20 | 40 | 20 | 20 32 40 | 40 | 20 | 40
40 | 20 | 40 | 40 | 40 [ a0 [ 40 | 20
17 40 | 20 | 40 | 40 | 40 33 40 | 40 | 20
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Fig 4-12 The partial path loss slope characteristics (The

real-measured model)

% 4-39] oskd, 3 744 8 Kmel 7

oretical and

Apol el Azl

Iz L= %%ﬂﬁl
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T 4-5 TR A% 87 F5()E wH)

Table 4-5 The partial path loss environment constant(Theoretical

model)
T3k A 8 4 2 1 0.5 T3k A 8 4 2 1 0.5
A 7 Km | KM | Km | Km | Km 4 = Km | KM | Km | Km | Km
9 HO FS EG EG EG 18 FS EG FS EG EG
HO FS EG EG EG FS EG FS EG FS
3 HO FS EG EG FS 19 FS EG FS HS FS
HO FS EG EG FS FS EG FS HS EG
HO FS FS EG FS FS EG FS FS EG
4 HO FS FS EG FS 20 FS EG FS FS FS
5 HO FS FS PE FS 91 FS EG FS FS FS
HO FS FS PE PE FS EG FS FS HS
6 HO EG EG EG FS 99 FS FS FS HS FS
HO EG EG EG EG FS FS FS HS FS
7 HO EG EG ES FS 93 FS FS FS FS EG
HO EG EG FS PE FS FS FS FS FS
HO EG PE PE FS FS FS FS FS FS
8 HO EG PE PE PE & FS FS FS FS EG
Az 9 HO EG PE EG EG At 95 FS FS FS FS EG
%7 HO EG PE EG HS %7 FS FS FS FS FS
EG EG EG FS FS EG EG EG EG EG
A4 10 T 26
EG EG EG FS FS EG EG EG EG FS
1 EG EG EG EG EG o7 EG EG EG EG EG
:oooo-ﬂ}ooEGoqoEGoo-EG'ooEG--: EG EG EG EG FS
° 12 EG EG FS EG EG i 08 EG EG FS EG EG
. EG EG FS EG EG : EG EG FS EG EG
.. L] 1‘%. ® E‘;O L .EG. » .E‘g LI FS. L .ES L] : 29 EG EG FS FS EG
EG EG FS FS FS EG EG FS FS FS
14 EG FS EG EG EG 30 EG EG EG EG EG
EG FS EG EG FS EG EG EG EG EG
15 EG FS EG FS EG 31 EG EG EG EG EG
EG FS EG FS FS EG EG EG EG FS
EG FS EG FS EG i EG EG FS EG EG
16 EG FS EG FS FS 32 EG EG FS EG
17 EG FS EG EG EG 33 EG EG FS
EG FS EG EG EG EG EG FS

(FS @ A+ &3 249, PE @ AW vkxpgp 2dl EG @ ol &8 29, HU : steF =4,
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Fig 4-13 The partial characteristics for path loss environment

constant (Theoretical Model)
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(10 ~ 14 Km @ S4% 12 Km)elA 100 dB, Al 4 %14 ~ 18
Km : 4% 16 Km)olA 126 dB, Al 5 7#7H18 ~ 22 Km : S
20 Km)oll4l 102 dB7} ¥t}

Al 6 TZH22 ~ 26 Km @ TAF 24 Km)olMdE 127 dB, Al 7 3¢
(26 ~ 30 Km @ S48k 28 Km)ellAl 96 dB, Al 8 +7H30 ~ 34 Km :
FAEE 32 Km)ellAl 101 dB7F H=dl, ol 8 /19 HXiE (4,105),
(8,91), (12,100), (16,126), (20,102), (24,127), (28,96), (32,10D)=
19 4-1140 EASESIT

# 4-6 54 AA12 Km)ellA o] 7318 B = &4 4] getn|E (o] &

=)
Table 4-6 The partial path loss parameters at the distance of 12

Km(Theoretical model)

T3 34 8 Km | 4 Km 2 Km 1 Km 0.5 Km
73F Km 10-18 | 10~14 | 12.0~14.0 | 12.0~13.0 | 12.0~12.5
}ézm A B2 01 | 100 128 107 105
Arsd A 40 40 20 40 40
v 37 g ozl | d=d | AFazt o =2 o =2

R 7R 2 4.4, 1804 3 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km,
0.25 Km Z7Z}9] 7+ x sl ol mdel Ax &4 HAL (dB /
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dec ), o °l B3 tlolElE % 4-40] AYsP o, ¥ 4-45 w7 4
A 19 4-120] YeERAA T
T3 4414904 73 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km, 0.25
Km Ztzte] 4748 tigshe o2& mdo] k HA 7o ddk A= &
A 87 A5, Qo tiE dHoleE Aelste] & 4-50] uvEhlen,
X 4-5% E7] gA 2% 4-130] YER AT
A 7¥A 9] ®F 4-3, 4-4, 4-59F Al 7FA] ¥ 4-11, 4-12, 4-13%
d 4-14@9 54 3k dE 9 12 Km AH Aol A
o] A= £4 2dS 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km, 0.25 Km
TR AR 4 Qdrh ¥ 4-119F & 4-3 oA 1 Km A F A9
129} % 4-4 M AREH AAE, ¥ 4-139

B2 Eds, a9 4

i 4-59A A 34 Aas AEste 1 4-60 YERATH X 4-6
2 ¥, 120 ~ 13.0 Km 77H1 Km 73 )l A= 1 Km A Hol
Aol ARZ &Ho] 107 dB, A= £4 ZAMF 40 dB/dec, A3t 37 A

a8 a oo, o 441404 3 8 Km, 4 Km, 2 Km, 1 Km,
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Table 4-7 The path loss parameters(Real-measured model)

T T T

oA 8 4 2 11 0.5 7+ 8 4 2 1|05 H o8 4 2 1] 0.5

ZH ¥ | Km| KM| Km| Km| Km| | 7FH Km| KM| Km| Km| Km| | %} Km| KM| Km| Km| Km

2 2 2

9 99 99 921 91 91 31| 31| 48| 48| 48 TK| TK| NW| NW| NW|

99 99 92 91 92 31| 31| 48| 48| 48 TK| TK| NW| NW| NW|

99 99 921 95| 100 31 31| 48| 43| 31 TK| TK| NW| NK| TK

? 99 99 92 95 102 31| 31| 48| 43| 30 TK| TK| NW| NK| TK

99 99 98 89 99 31 31| 30| 48| 30 TK| TK| TK| NW| TK

4 99 99 98§ 89 101 31 31| 30| 48| 31 TK| TK| TK| NW| TK

5 99 99 98 85 92 31 31| 30| 43| 33 TK| TK| TK| NK| JJ

99 99 98 85 81 31 31| 30| 43| 48 TK| TK| TK| NK| NW|

99 94/ 89 85 97 31| 37| 43| 48| 31 TK| PD | NK| NW| TK

6 99 94/ 89 85 87 31| 37| 43| 48| 48 TK| PD | NK| NW| NW|

1 7 99 94/ 89 100 101 3 31| 37| 43| 30| 30 TK| PD| NK| TK| TK

Knf 99 94/ 89 100, 83 2 31| 37| 43| 30| 48 TK| PD | NK| TK| NW|

A 99 94/ 83 82 98 -\ 31| 37| 48| 48| 31 TK| PD | NW| NW| TK

g 8 99 94/ 83 82 82 ; 31| 37| 48| 48| 48 | TK| PD | NW| NW| NW

Sl 9 99 94/ 83 85 85 ;l 31| 37| 48| 48| 48 3t TK| PD | NW| NW| NW

A 99 94/ 83 85 100 /\o} 31| 37| 48| 48] 33 3 TK| PD| NW| NW| JJ

9 10 92 91} 85 101 102 48| 48| 48| 30| 30 74| NW| NW| NW| TK| TK

%) 92 91 85 101 99 48| 48| 48| 30| 31 AH NW| NW| NW| TK| TK

= 11 92 91 85 8§ 84 (i 48| 48| 48| 48| 48 = NW| NW| NW| NW| NW
000050000009 noPioedNoEBeeIsee bozb&odcgoozlﬁoo‘@o%ucoocoNWoNWbNWoNWoNW;oooo.
E 2 12 92| 91 116, 9§ 97 d?( 48| 48| 30| 48| 48 NW| NW| TK| NW| NW| E
M 2k 92| 91 116/ 9§ 99 48| 48| 30| 48| 48 NW| NW| TK| NW| NW| .
.
'oooooooléooo%oogkololﬁoll&.1&6.....-48. 055 0 30 9 020si0 86 p o oo p Nog NW|e DKy e shblojo 0o oo

92 91| 116] 115 113 48| 48| 30| 30| 31 NW| NW| TK| TK| TK

14 92| 113 93 93 92 48| 30| 48| 48| 48 NW| TK| NW| NW| NW|

92] 113 93] 93 114 48| 30| 48| 48| 31 NW| TK| NW| NW| TK

15 92] 113 93] 114, 95 48| 30| 48| 31| 48 NW| TK| NW| TK| NW|

92] 113 93] 114 113 48| 30| 48| 31| 31 NW| TK| NW| TK| TK

92) 113 104 112} 91 48| 30| 37| 31| 48 NW| TK| SO | TK| NW|

16 92| 113 104 112 113 48| 30| 37| 31| 31 NW| TK| SO | TK| TK

17 92) 113 104 91} 91 48| 30| 37| 48| 48 NW| TK| SO | NW| NW|

92| 113 104] 91/ 90 48| 30| 37| 48| 48 NW| TK| SO | NW| NW|

(TK @ 574 22, NW : 575 =&, SO @ A& 29, PD @ depdyol 2, NK @ 37

oa B, JJ A 2d)
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Path Loss Measurement Resul
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Fig 4-14 The pareél path loss model parameters at 8, 4, 2, 1,

4=
T

mz
H
e

fi=

0.5,5%25 Km(Real-measured model)

eWQ rk 5 X #




F 4-8 54 A2 KmolA el 7#31d F= &4 24 sy (dS

ma)
Table 4-8 The partial path loss parameters at the distance of 12

Km(Real-measured model)

7%t 34 8 Km | 4 Km 2 Km 1 Km 0.5 Km
7%k Km 10-18 | 10~14 | 12.0~14.0 | 12.0~13.0 | 12.0~12.5
;:_z 1elxiel 2= 92 91 116 98 97
HR2EA AAL 48 48 30 48 48
Aut 74 A 5 i &7 & N

A A5 v A 44 5l
ooz, 71 ol wElw M% mdg el 12 /) w5
4414804 F3 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km, 0.25 Km %t}
HodlE 2EEY k WA bl oigh 1 Km A Ao A= &4
Ly, A2 &2 ZA (dB / dec ) o, B2 &4 374 244 Qo o
sk dlolH & Agste] & 4-99F ¥ 4-159 YERY AT
4-99} 19 4-155 o]&stH, o|d3 & 7kl 12 Km A A

A
a1 | =3
Ao e b o RES A 5 vk 29 4-15%
=

2 i 4-9=
FE, 1 Km ARAS AR £4, A2EA 44 Ast 87 35E
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®4-9 AR &4 deprE el B A5 BY)
Table 4-9 The path  loss parameters(Theoretical and
real-measured model)
T T T
2 Al 8] 4| 2 1|05/ 2 8| 4| 2| 1|05 | 8 4| 2| 1|05
ZH ¥ | Km| KM| Km| Km| Km| | %} Km| KM| Km| Km| Km| | %} Ko KM| Km| Km| Km
7 7 7
, | 99 105 97 91 o1 31| 20| 48] 48] 48 TK FS | NW| NW| NW
99| 105 92 91 92 31| 20| 48] 48] 48 TK FS | NW| NW| NW
99| 105 92 95 106 31| 20| 48] 43] 20 TK FS | NW| NK| FS
3 9o 105 92 95 108 31| 20| 48] 43| 20 TK FS | NW| NK| FS
99 105 105 89 105 31| 20| 20| 48] 20 TK FS | FS | NW| FS
4 o9 105 105 89 108 31| 20| 20| 48] 20 TK FS | FS | NW| FS
- |99 105 105 85/ 101 31| 20| 20| 43] 20 TK FS | FS | NK| FS
99| 105 105 85 81 31| 20| 20| 43] 48 TK FS | FS | NK| NW
99| 91 89 85 106 31| 40| 43| 48] 20 TK EG| NK| NW| FS
oo o1 89 83 87 31| 40| 43| 48] 48 TK EG | NK| NW| NW
Ll [ 99 o1 89 109 110 | 4["31] 0] 43] 20| 20 TK EG| NK| FS | FS
Kn| 99] 91] 89 109 83| [ 31| 40] 48] 20] 48 TK EG| NK| FS | NW
) 9o 91 83 s2 108 | | 31| 40] 48] 48] 20 TK EG | NW| NW| FS
Al B[ oo o1 s3 sz 82 “o 81 40| 48] 48] 48] | A| TK EG| NW| NW| NW
oA o[ 99 o1 83 83 85 L 31] 40| 48] 48] 48] | | TK| EG| NW| NW| NW
A 99 91 83 85 90 :’} 31| 40| 48| 48] 43| | #| TK EG| NW| NW| NK
o 1 92 91 ss 111/ 113 48] 48| 48| 20| 20| | A NW NW| NW| FS | FS
7 920 91| 85 111] 110/ | | 48| 48] 48] 20| 20| | 4 NW NW| NW| Fs | FS
2| | 92 o1 8 88 a4 (‘;L 48] 48| 48| 48| 48|| 2| NW NW| NW| NW| NW
0. b 0500000090 0 Oilo o358 0 880 030 ..(1&..48..43..4.8..43..4.8......qu.Nw.Nw. AP¥eNWp oo
s | A, 92 91128 o8 o7 | s 48] 20] 48] 48 NW NW| FS | NW| NW .
Y 92/ 91 128 98 99 48| 48| 20| 48| 48 NW NW| Fs | Nw| NW .
% elooolseseoe e o9l ol2Se 427 o128 elo o ole Sl 0bSe|s 20 b %0 e 20 ks o o p Nl Nolo| oliSe fo BS § diSels o 0 0 0
92/ 91| 128 127 125 48] 48| 20| 20| 20 NW NW| FS | FS | Fs
14| 92 1260 93 93 o2 48] 20| 48| 48| 48 NW FS | NW| NW| Nw
92/ 126/ 93 93 126 48| 20| 48] 48] 20 NW FS | NW| Nw| Fs
15| 92 126] 93 127 95 48| 20| 48| 20/ 48 NW FS | NW| FS | NW
92 126 93 127 126 48| 20| 48| 20| 20 NW FS | NW| FS | Fs
92 126/ 97 112] 91 48] 20| 43| 31| 48 NW FS | NK| TK| NW
60y 126 o7 112 126 48] 20| 43| 31| 20 NW FS | NK| TK| FS
L, 92 1260 97 91 91 48| 20| 43| 48| 48 NW FS | NK| NW| NW
92 126 97 91 90 48] 20| 43| 48] 48 NW FS | NK| NW| NW
(FS DA 3z 2E) PE AW wkAbgE BEl EG : ool=8] EdE, HU ¢ St B4,
SlE} H24l, HO @ 3let & 29 TK : 574 2% NW @ 78 Lj.%l, SO = A
% wel, PD : FeEllol mEl NK @ frold el JJ 1 A wE)
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Table 4-10 The partial path loss parameters at the distance of 12

Km(Theoretical and real-measured model)

T3 1A 8 Km 4 Km 2 Km 1 Km 0.5 Km
T3, Km 10-18 | 10~14 | 12.0~14.0 | 12.0~13.0 | 12.0~12.5
% gm_:lfq A 92 91 128 98 97
Azea A 48 48 20 48 48
S W& WS | ARIH | w8 o
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Table 4-11 Summary for the partial path loss parameters at the

distance of 12 Km(Theoretical and real-measured model)

T2 7+A 8 Km 4 Km 2 Km 1 Km 0.5 Km
T2, Km 10-18 | 10~14 | 12.0~14.0 | 12.0~13.0 | 12.0~12.5
o] & 101 100 128 107 105
1 Km
2] 7 ol A -
o A A= 92 91 116 98 97
A A
s = o] &+ A= 92 91 128 98 97
o] & 40 40 20 40 40
AEEA -
A A= 48 48 30 48 48
o] 2+ A= 48 48 20 48 48
o] ol=d | dZ | AREzH o =g o =g
A5 87 3
AN A= & & =7 & e
OlE+ S | & e AF-fa 7k TS e

4424804, 8 Km, 4 Km, 2 Km, 1 Km, 0.5 Km, 0.25 Km T73tH=

A 7HA e EE( Km-A 249 A2 &4, A2 4 24, A 8
7

A S 3 4-3004 F 4-10914 Ttk EA A A(12 Km)Y
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Table 4-12 Standard deviation by the partial propagation prediction

model
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A 3 AL 025 KmE 9 A8 sto] 78 S 9o 2}
o] kel gt B+ HAVE 5.2 dB7F Hof, AA FItelA F-e
Zboll wlste] A4 1.5 dB YolHeS & 5 4l

i 4-122%F, 3 4L 8 KmolA 4 Km, 2 Km, 1 Km, 0.5
Km, 0.25 KmZ Zo|HA 3 A9 7t i mde] xjo]o
3k F+= AAES B, o] 0.25 KmE 7P ZS o 55 #HA}

=

z A

2 ED A o, AR £4 33 45 Qo U HRE ® 4-3 ~
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clear;

load RUSSIApl.mat

figure(1);

Xb=Xa; Yb=-Ya;

plot (Xb,¥Yb, ".")

title ('Path Loss Measurement Results for Tx Ant. Height = 50m, Rx. Ant. Height = 3m
and Isotropic Antenna ', 'FontSize',16);

xlabel ('Distance, Km', 'FontSize',14); ylabel ('Path Loss, dB', 'FontSize',14); hold on

grid on
00000000000000000000000000000000000000000000000000000000000000000000000000
555555555555 %%%5%5%5%5%5%55%5%%50000005%5%5%5%5%5556000000095%5%5%5%55%5%%00000009%%5%5%5%5%5%5%%
°

sCosnstant

fc = 850e6; ¢ = 3e8; lamda = c/fc; f=fc;

f MHz=fc/le6; % MHz

%d_Km = 1:0.5:36; % distance in Km
d_Km = Xb;
d =d Km*1000; % distance in m

%Input Parametrs

Gt = 1; % unit : times

Gr = 1; % unit : times

ht = 50; Ght = 10 * 1ogl0(ht/30);% unit : m

hr = 3; Ghr = 10 * 1ogl0 (hr/3);% unit : m

Pt = 40; %40 dBm, Tx Power

L GtGr = -10*1ogl0(Gt) - 10*1ogl0 (Gr); % Antenna Gain
Ladd = Pt + L GtGr - Ght - Ghr;

%Calculation : Free Space L FS

L =20 * 1loglO(f MHz) + 20 * 1loglO(d Km) + 32.44; %$ £ : MHz, d : Km
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L FS = L + L _GtGr;

%Calculation : Plane Earth L PE

L = -20 * 1ogl0 (ht*hr) + 40 * loglO(d); % d:m, ht,hr : m

L PE =L + L GtGr;

%Calculation : Egli Method L EGLI

L =139.1 - 20*1ogl0(ht) + 40 *1ogl0(d Km);  d: Km, ht :m

L EGLI = L + L GtGr;

%Calculation : HATA Method L HATA

%$f : MHz, d : Km, ht, hr : m

A hr 1g = 3.2*(1logl0(11.75*hr))"2 = 4.97; % Urban Large
A hr ms = (1.1*1logl0(f MHz)-0.7)*hr - (1.56*1ogl0(f MHz) - 0.8); % Urban Medium Small

A _hr = A hr ms;

L= 68.55 + 26.16 * loglO(f MHz) - 13.82 * 1loglO(ht) - A hr ...
+( 44.9 - 6.55*10gl0 (ht)) *1ogl0 (d_Km) ;

L =1L+ L GtGr;

Il
=
o

L HATA U 3 Urban

L HATA S =L - 2*(log10(f_MHz/28))A2 - 5.4; % Sub-Urban

L HATA O = L - 4.78* (loglO(f MHz))"2 + 18.33%*10ogl0 (f MHz) - 40.94; % Open
$Calculation : Tokyo
Po = -84; gamma = 30.5; L = - 1*Po + gamma * loglO(d Km/1.6); %

L TK = L + Ladd;

$Calculation : NewYork

o

Po = -77; gamma = 48; L = - 1*Po + gamma * loglO(d Km/1.6);

L NW = L + Ladd;
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%Calculation : Seoul
Po = -84; gamma = 37.2; L = - 1*Po + gamma * loglO(d Km/1.6); %

L SO = L + Ladd;

$Calculation : Philadelphia
Po = -70; gamma = 36.8; L = - 1*Po + gamma * loglO(d Km/1.6); %

L PD = L + Ladd;

$Calculation : Newark
Po = -64; gamma = 43.1; L = - 1*Po + gamma * loglO(d Km/1.6); %

L NK = L + Ladd;

$Calculation : Jeonju
Po = -75; gamma = 33; L = - 1*Po + gamma * loglO(d Km/1.6); %

L JJ =L + Ladd;

$Calculation : Mean - Error Method

% Plot

plot(d Km,L FS,'x',d Km,L PE,'.',d Km,L EGLI,'+',d Km,L HATA U,'.',d Km,L HATA S,'.
',d Km,I, HATA O,'.',d Km,L TK,'x',d Km,L NW,'.',d Km,L SO,'+',d Km,I, PD,'.',d Km, 1,
NK,'.',d Km,L_JJ,"'.")

hold on grid on

legend('Free Space', 'Plane Earth','Egli','HATA Urban', 'HATA Sub-Urban', 'HATA

Open', 'Tokyo', 'NewYork', 'Seoul', 'Philadelphia', 'Newark', 'Jeonju', 'Location’, 'SouthE
ast');

title ('Path Loss Models for Tx Ant. Height = 50m, Rx. Ant. Height = 3m and Isotropic
Antenna ', 'FontSize',16);

xlabel ('Distance, Km', 'FontSize',14); ylabel ('Path Loss, dB', 'FontSize',614);

text (max (d_Km)+0.5,max(L_FS), 'Free Space', 'FontSize',12);

text (max (d _Km)+0.5,max(L_PE)-0.5,"'Plane Earth', 'FontSize',12);
text (max (d_Km)+0.5,max (L _EGLI)+0.5, 'Egli', 'FontsSize',12);

text (max (d_Km)+0.5,max (L _HATA U), 'HATA Urban', 'FontSize',12);
text (max (d_Km)+0.5,max (L _HATA S), "HATA SubUrban', 'FontSize',12);
text (max (d_Km)+0.5,max (L _HATA O), 'HATA Open', 'FontSize',12);
text (21,145, 'Measured Data', 'FontSize',14);

text (max (d_Km)+0.5,max (L_TK), 'Tokyo', 'FontSize',12);

text (max (d_Km)+0.5,max (L_NW), 'NewYork', 'Fontsize',12);
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text (max (d_Km)+0.5,max (L_SO), 'Seoul’', 'FontSize',12);
text (max (d_Km)+0.5,max(L_PD)-1.5, 'Philadelphia', 'FontSize',12);
text (max (d_Km)+0.5,max (L_NK), 'Newark', 'FontSize',12);
text (max (d_Km)+0.5,max(L_JJ), 'Jeonju', 'FontSize',12);

©00000000000000000000000000000000000000000000000000000000000000000000000909
6000000600000 0060000060060000060060000606006000060600600006060060000606006000060600600006600600°0

©000000000000000000000000000000000000000000000000000000000000000000000009009

©000000000000000000000000000000000000000000000000000000000000000000000000
6000000000000 00600000600600000600600006060060000606006000060600600006060060000606006000066006000

cooo : . : 000000000000000000000000000000000
3%%% Mean and STD Calculation : Partial 5555555555 %%%%%5%5%5%5%5%5%5%%500555%%5%%
0000000000009090000000000000900909900000000000009090999000000000000000990000000000
5555555585555 5555555555555 5555555585555 55%%5%5555%%%55%555%%%5%5%5%5%5%%%
000000000000909000000000000090090900000000000009090999000000000000000999000000000
5555555555555 5555555585555 5585555585555 55%%5%5%555%%%5%5%555%%%5%5%5%5%5%%%

min k = floor (min(Xb))+1; max_k = 32; stepK=1/4; % stepK : 1/n T3+ &3 A

for k=min_k:stepK:max_k

i = find( k < Xb & Xb < k+stepK );

M FS((k-min_k)/stepK+1l) = mean(Yb(i)-L FS(i)); STD FS((k-min k) /stepK+l)

std(Yb(i)-L_FS(i));

M PE((k-min_k)/stepK+1l) = mean(Yb(i)-L_PE(i)); STD PE((k-min_ k) /stepK+1)
std(Yb(i)-L PE(i));

M EGLI ((k-min_k)/stepK+l) = mean(Yb(i)-L_EGLI(i)); STD EGLI((k-min_k)/stepK+l) =
std(Yb(i)-L EGLI(i));

M_HATA_U((k—min_k)/stepK+1) = mean (Yb (i) -L_ HATA U(i));
STD_HATA U((k-min_k)/stepK+1l) = std(Yb(i)-L HATA U(i));

M_HATA_S((k—min_k)/stepK+1) = mean (Yb(i)-L HATA S(i));
STD _HATA S ((k-min_k)/stepK+1) = std(Yb(i)-I HATA S(i));

M_HATA_O((k—min_k)/stepK+l) = mean (Yb(i)-L HATA O(i));

STD_HATA O((k-min_k)/stepK+1)

std(Yb (i) -L_HATA 0(i));

M TK((k-min_k)/stepK+l) = mean(Yb(i)-L TK(i)); STD_TK((k-min k) /stepK+l) =
std(Yb(i)-L TK(i));

M NW ((k-min k) /stepK+l) = mean(Yb(i)-L NW(i)); STD NW((k-min k) /stepK+l) =
std(Yb(i)-L NW(i));

M SO ((k-min_k)/stepK+l) = mean(Yb(i)-L SO(i)); STD_SO((k-min_k)/stepK+l) =
std(Yb(i)-L SO(1));

M PD((k-min_k)/stepK+l) = mean(Yb(i)-L PD(i)); STD_PD((k-min k) /stepK+l) =
std(Yb(i)-L PD(i));

M NK((k-min_k)/stepK+l) = mean(Yb(i)-L NK(i)); STD NK((k-min k) /stepK+l) =
std(Yb(i)-L NK(i));

M_JJ((k-min_k)/stepK+l) = mean(Yb(i)-L _JJ(i)); STD_JJ((k-min_k)/stepK+l) =
std(Yb(i)-L JJ(1));
end

M ALL = [M FS;M PE;M EGLI;M HATA U;M HATA S;M HATA O;M TK;M NW;M SO;M PD;M NK;M JJ];
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STD ALL =

[STD FS;STD PE;STD EGLI;STD HATA U;STD HATA S;STD HATA O;STD TK;STD NW;STD SO;STD P
D; STD_NK;STD_JJ];

[STD MIN,STD I]=min(STD ALL);

[ml,nl]=size(STD ALL); M STD MIN = [];

STD _ALL = floor (STD ALL.*1000)/1000; STD MIN = floor (STD MIN.*1000)/1000;
for kkk = 1:1:nl

MIN VAL = STD MIN (kkk) ;

i = find( MIN VAL >= STD ALL(:,kkk) );

i2 = find( min(abs (M ALL(i,kkk))) == abs(M ALL(:,kkk)) );

STD I(kkk) = 1i2;

end
for kk=1:1:nl

M STD_MIN = [M_STD MIN; M ALL(STD I (kk),kk)];
end

M STD MIN = M STD MIN'; X DOM = min k:stepK:max k; KIND MODEL = STD I;

figure (3); subplot(2,1,1);

k2 = X DOM + stepK/2;

plot (k2,STD_FS, 'x-',k2,STD _PE,'.-',k2,STD EGLT, '+-',k2,STD HATA U,'.-',k2,STD HATA
S,"'.-',k2,STD_HATA O,'.-',k2,STD TK,'x-',k2,STD NW,'.-',k2,STD SO, '+-',k2,STD PD,'.
-',k2,STD NK,'.-',k2,STD_JJ,"'.-")

grid on hold on axis ([0 35 0 13]);

legend('Free Space', 'Plane Earth', 'Egli', "HATA Urban', '"HATA Sub-Urban', 'HATA

Open', 'Tokyo', 'NewYork', 'Seoul', 'Philadelphia’', 'Newark', 'Jeonju', 'Location’', 'NorthE
ast')

title('Standard Deviation of Path Loss Models', 'FontSize',16);

xlabel ('Distance, Km', 'FontSize',14); ylabel ('Standard Deviation, dB','FontSize', 14)

figure (3); subplot(2,1,2);
stairs (X_DOM, KIND MODEL, '--rs', 'LineWidth',2, 'MarkerEdgeColor','k', 'MarkerFaceColor
gt

g','MarkerSize',6);

grid on hold on
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