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LOS Measurements and Propagation Analysis at 1.9GHz band
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ABSTRACT

In this paper, RF propagation measurement and regression analysis are performed to represent a line of sight
characteristics of 1.9GHz band. Radio data collection is accomplished in the environment of rural highway which
has no building or obstacle along the road side and antenna of 4m, 8m and 15m are used to analyze the effect of
antenna height.

In microcellular LOS environment, breakpoint is known to divide overall path into two sub-path with a different
power law exponent. In this paper, free space model and regression result of measured data are used on either side of
breakpoint. With regression analysis, effect of antenna height was also derived. The prediction and measured data
show good agreement with standard deviation error of below 5dB. The results of this study is expected to be applied
to a pathloss prediction in LOS roads like highway.

LME T AR mE dF Fus HoAEA &

& A77E s ojof g
PCSU AEeE olEEA AX"AM 7Yzt 71E9 dge R PCS #AT AAE A
43 Sdish Y3 FHEY JUE Ysd o} COST231-Hata R A3} sl 224 A k@7 oA 7
olAZM FAo] YFHolth vlo|AZAL A Fd EdE T W #7d F(morphology) & B
Az ge el Eol7t EAloln AT An) Bt AgstAth ol L th=A ddA
2 wd dags gaME AT FHe FgE (cell planning)el] A 9} 7o} H# 2 Q) 7] 2= w2

AE ARt EE AT UG ol A

*HTEAN SN LER B E AN A T A (jckim@reunix kotel.co.kr) & 3] 9
=EW3:97369-1014, A AF:1997'3 149 149

_ 2919
www.dbpia.co.kr



P ZA183]=8%] 98-11 Vol.23 No.ll

HAZe] AlEL T23A ¥oEE vlo]l3 2
A 2L ofyth

Ao R 7iE9 a4 2dE A=) 7t
& ololazH AN FEE dole 9 v w3
A E7} otz 4A A& B2 o2& o] UTH6].

HZo LOSHAZ Y AEF NP +2E] A5
Aol 2 283t vlo|AR A $3 9 &3 do]F
EEE2H/ARH EYS J7ss At 8
3 18 = 7 JTH4, 5, 12). Two Line 4[5, 712 LOS
AZ o= BEFAH o] Fo FHS A3 HYE
o)z} = F)dl &(Fresnel zone)® H o]l XAE
(Break Point) 7R'd & 58] MRS 743 Aot
Two Line .92 A3 249 o8 £7ho) nje} ot
EA Jetves A5 27 & B3 sE
PEo 2N A P &4 o) LS
718 & 2l etely Eolof wel WA we}u e gt
o] X% A DAY s ojof 3tu 2 F 4o uf-§ B s}
o}

£ =FoAE ale]3 24 LOS 37 0A ¢
Eolgig BEelold XUE EAL R s LOS
A2 AvEd G FEYE AASAt AgE B
dolME Bao| AXJAE AF & 71&7 & 7}
7t L ste] AN PN 2 FYEE /G F
Ak T3 hokgh g Y Fold tld A F o g
ZHE ¢EHY Folo 93 71 €75 28-S 73
of 7hekgl 4 o 2 A Fe o

SR E S H HES A% A9EHy
Zuj 9} B7A o) thdl 7)€ 3ok MF o)A = Two Line
2498 B3 nfo]7 24 LOSAZY AREAHA B
#ola ZUE s Aok VXM= A
2 &) 4E3tT A4S dolEstey vinAAE
s

I Ho&H Al2g 9 &3 #3
ZHo AL E AHEAY A 2YHE B Fubg
CW(Continuous Wave) A1 & & dAlSlE o] 54 A

1A F 3 £ A UE T FARHE HES T
UE I FFEHLE IS F471E T F

2920

AY NEHYL 2Fol ¢ GPS/DR(Global
Positioning System/Dead Reckoning)dll A Al 28 & ¢
A AR} g Ao F 2] (post-processing)oll
AHE-E (8,91

WHEEA A 9} &5 A & o] 8-3HE DR FH] 9] ALg-©
Z GPS 94438 28 T Hle ZIME FU8le
AAN=HEE AEL + Ak ohg 112 A gl A}
£9 A& A )] FAE e8] Yebd o

BLAICEL !

SELINOE

38 1. ARFARBEIFDHH? AR

F2719 FZF 0 9 & 1840-2000MHz o] ¥
Z 49 9 = 4dBmol) A 43dBm(20Watt)7}x] = A o] 7}
F3tcHe] Z1AF<del e Ad 8m 74 o] 24
He o5& Y st 2 Ed A& (omni-
directional) QFe) WH(5dBi)- & A}£- 3} o}

FA7e ERZAFONZE W)e] A Bl F4l2tE]
&} 22 5dBig] o] 5-& 7hA = A e GEHIVE A
S Ak S Y= A F R UXE 5417
of AllEE dAH U AXAE HEE 98
GPS417] 9} DRAH 7} A& = o] Qi) Ao 4
Qe vt o} GPSHHI VS B8] 418 943 (dBm)
I ARFRX(HAE)E FA7AM s o $417]
Aol L EE HFEE Aggvh £41 el e g0l
EAHe2RE F25mdl AR HA Ut

Z3 dolg ANYASHLZRE A& HEY
ol o€l 2 A A 571 0.2 01 317 5 7] YA = 0.84
kAo 2 " olEl 7} HF 5 ojof i3] oletg £
Ao w2 H vl 404 7HH 02 SRS A3}
7] 1M = 5070 8] Al dl ol Bl 7F H 2 Ehoh A Yol
AHEE SHALHE A FE T et A5 4

www.dbpia.co.kr



= 2/19GHz tj 9ol 4 o] LOS A& Y3} AmE Ao B A7

Z3 3t o]2g 7HH & FEA D) o

HFEFL2H &7) #H o] (short term
fading)e] B 3E “F4A71 2 Aol 2 7] # o)
J(long term fading) §4-& Vel = HolEHE HE
3A "ot

2 ATFAME 7 A Ao o & wiabge) )
o] EL F3 2ol EAE EA S nors}y)
A3l FHAE QAL AFE8o] A2 AL A}
ANA FG ek 2.5 km7hR] JHA o] Ry ©
FEAdER LR AEFHAE Y749 7lEFE
AL e HE EX T A Qo] Fu AR
og AL g ML FAY F ATy A E

o}

B LLOSARSHE g A4

FAFYT 1920.1 MHz
71AF ¢telv Fol 4m, 8m, 15m
S99 8dBm
QAo B E4/0) 3dB/10m
AAFAHL o] S 5dBi
ARG AY 10dBm(10mW)
ol& 3 ¢y Fol 2.5m
F2 AHU ol 5 5dBi
= Bo 0 [
sgAehgAs) | TUN TR AL H2ske o

III. Two Line 25l

RF Aot 2 d Az M b o)8 £4& A% W
HO 2= 3] 7 ¥4 (Regression Analysis)o] o] &% o}
IARLAHE B3l U3 HE(dBmyol v}t W& 4(dB)
S 21 2548 NAF-01 527 A2 el EA)8)
I ARG AEA 79 BAE AT 2 B
22 AA M A dolEE B HMe
2 BASY 7 BESE B9 P2 A 25}
T WHEC AUHT A FALHA L Ay
of Wol AR&-EATHL,2,3). o]8) RYEL 7A o] 2
@3t HBHol 7)o A AN 2 AAG
A} (Nominal Cell Planning)oll A} o] A} &5 1 9}
[10].

9 2v LOS Mot 28 wa) 39 dojga

Aol g A ENE Ytk AeEAe A%
PAAE S SA0E A AR B E dBo}. 1
Wl ekl 9] H ML AU olEE F 744] 7]
2EYY ¥402 Ued A2 L0S WA 5

A& Je T gt 71 &9 HataR 9 -3} 7o) A
e BN REAH /7R FAS Rl AR
o] ol g H(HYolA XAE)E 7|Fo g 77}
S 8 71 €N E 2AetE 2d S v w2 e
50 100 500 1000
130 - - T
120 1t X
110 One-Line Model &
m 100 1
© STD = 6.5 dB <
£ 90 4
z 80 ) - Two-Line Model
70— STD = 3.8 dB
60
50 100 500 1000 5000
d in meter

Freq. = 1920.1 MHz, b = 4m, h.=2.5m

12! 2. One-line2 9 Two-line ¥.9 4] 7

ZAdolE e Ay 3AEAE 4 OneLline ¥
9 712717} oF 40dB/deco) ™ # 2 ¥ 2} (Standard
deviation;STD)+= 6.5dB¢l| ©] 23t} A A dglolH & &
BALE FSHJAAW 2A2AYE Jehlie A
B HolEirt HFE I BEHFAAEI R
A A g9 dolgld o &8 A ot Two-
Line (4 32 SAHHHE 2AE A%+ o
250m H=(BH ol EUENE NFZ 247} 7)87)
7} z}z} 10.2dB/dec 9F 59.1dB/dec ©] ™ One-Line 2.4
B} STD7} 338 ¢4 UTHSTD=3.8 dB).

Bdold ¥JQEE da Zeld & el Y (First
Fresnel Zone Ellipsoid)#} o] 24 A &AL 70 7).
Hyold ¥RIE oldoi M= AN A2} Zyd &
2] o] @ 2(Fresnel Zone Clearence)& ¥ X 3} A}
£ ARFNA Y o] F2 STl ZA 3
Al goh 28y o] F el 71X F o2 RE ol
met 712 =, ol FF QElUE ZH R sz
& AgoF A7t A 8 7R A Ho] FAA

2921

www.dbpia.co.kr



2L EAI 3] =F 2] 98-11 Vol.23 No.1l

o] §73] 74 gt

LOS AutA s EAo0A JelE Blo]la 2¢l
EE o)A ol R T2 A BEHE Aot 54
£71)e 42 o€ 71 €712 Yehl = R o) Two Line
Bdo|cH7). ohg A& 7|AF et o= <t
Hu Eo| 7t 2t by, ha 01 2 A 2} 8} mh7to] A9 A Ab
zgd Eo] XHe FE AFLZ Ho]d IJUE
€ Jostch

Dot = %J(Z -AY =20+ Az)(%)z + (%)“
M

A AN Z= hot bu, 4 = ho - hn 0T 253 &
< Foeagde A 4L b3 2ol ZAHE
ATHT).

4hh, @

break = A«

The9) 7Y 3,4,59 H2E U AT S ANEA
87304 M 7HA HEIL Eol(dm, 8m, 15m)2 &3
gl o) B ¢} Two Line 2 W 2 3| AR A& TA K
o 2PN xF L A2 o] ER AR ¢
£ meter 0] 7 y2 & AEUARYN N FUNEE
7+ ¢ 7 242 (path loss) 3+ dBZ LrebTh

50 100 500 1000
130
120
110
100
]
£ 9
-l
® a0
70
80
50 100 500 1000
d in meter
Freq.=1920.1MHz, dbrew = 257m
78! 3 TwoLine 2.9, o =4m
2922

50 100 500 1000
130 —
120
110
100
o
°
s %
-4
a 80
70
60
50 100 500 1000
d in meter
Freq.=1920.1MHz, dowat = 513m
2l 4. TwoLine 249, & = 8m
50 100 500 1000
130

PLindB

50 100 500 1000

Freq.=1920.1 MHz, derat = 961m

29 5. TwoLine 29, hy = 15m

9 1Y EERE Two Line 298 AnAZ &4
(Propagation Pathloss)2 -7} Zto] EE T 4 ot

L, +nlog,,d, d{dy,.u
L, +nlog,d+n,log(d/d,.,) d=24d,.,
(€)]
A 49l L, 59 REES 2HTIEY HAR
48 %) o8 8 E20 B ST
HF2 . Twoline 29l 3| AEAN A

PL ;= {

hy(m) 4 8 15

Ly(dB) 427 220 39.1
n,(dB/dec) 13.8 26.6 7.3
n,(AB/dec) 59.1 44.6 411
STD(4B) 3.88 4.81 1313
dypa(m) 257 513 961

*STD ; Standard Deviation(E 7 ¥ 2) | ME ; Mean Error(2.2H34 &)

www.dbpia.co.kr



E2/1.9GHz ) %ol X1 2] LOS W& 33 Aot & Aol B8 A7

20 Yeld Aol M Ho)a EQE o] H e
127 me el of 8 QEV ool tE oj| &
Ag 022 G&e 4 5 At o8 2AE 77
$ LOS g QoM = ey Eold Aaglel Zad
Fo| FE3| ¥R HD T XH wAlvte] o Fo] A

A 99 &, Byo]a XRAE o} F FQaME 7+
HlW ol u}e}l 40dB/decol] 41 60dB/decE <t L}
Eolo vf & AAEA HEE & F AUk ol AF
g ulo} o]l At 2 ol Tl £0] o] FF AH Y
7y N\AF o2 HE Yoo whel & AWl st
AT IR Qs Ag LMol F5871 fEolch
Two Line 292 3 Alo] E 9] 3] & <3 b
olEo YalME ARRIEN ] FET AT
Z3) 9 A& X 9] EFEHUAIISABOIU)E Hole
Re Aol 18yt A3 o] b UH Y E
. old] what BEola EQUEL A= EE V¥VE
71t A+E T3 WA Hol &4 & T2 A
7h S B 4 X ol e BRAdeR s
A8 Agrdo) 7o} st Y¥HIE 4A

IV. Hotgl Los duesl % @

oA AF & Two Line ZdAA = € 71X
=, 0153 el Ubol il Halo| 3 EAEIH AR H
T 5 doHE A4 ALHE B 7€)
5o AMEA B EHE F2359 AHL-EA do
A T AN E 714 F X e} 714
S gHY FolE wl ¢ 7hAAHY £ ATk BER 24
@ gty EololE F A8 RE¥Y X EF
2 2ol YA E Hola ETNEE o|EAY
@3 o e HA F Ae ARE ZedoE o
2 ot Folol ths) v o) Masjofof F&
mgth. 012§ AH8-E $18 Two LineZ @ o <te]
U Eojo @& 7187 WElel Ho|A XUEL W
38 FA ZA[OH of S BFF o2 BHY
o o]# 3 YHO R Two Linekdo} dpxgo2 @
o] ¥ HRHUME UntHQ RAE M9 H Lol 3
AE 74N A gt

www.dbpia.co.kr

¥ =2odAeE gtely ol e oteiu olo gt
AZdolHE e el Fojzt 1€ A
Fo v GEAE FA T Befold IUE
o] % 0] Ao &t AL FOEN U 2L
FASAh FHY AN F AR ELAAE FY
(¥ o)A XUE o) F, After Breakpoint)2] 2 A o] I
2ate L el oo nial gt T ol AE
&4 ko] AR FHEAEG AAE AHOR o8
Aoz AAY BHola ETAEMRQ)S YX 38R
% Ao

£ AFM 23 LAY LOS ARy 74
2 9% 718 opojr] ol = g7 2t

(D ANRAZol 7P & G ARFHELA BL S
HEGT 7MY (Lew)

@ 7NAFeM A Gzt 7] X5 Qe Y Eo)
of Q&3 §AT AuEd BAE 0|23
Ql Byola EAEC|F HolH £4o=
HE ¥ 3 (Larcos)

() el Folol e I Ao IE 71&
719} A 4egtel @ Eg AT

@ Byola FURE= HA AAFEARE ¥
B AFEN EALT H FhoM g
£ (Luw)o] THtE Ho 2 Feojd.

ol

}.

™ o
B

99 7HP o2 RE LOS Wpda Rde a3
Zeyuz AL T4 Atk

PL s =Max(Ly,,,, Ly ;05 @

Maxia, be a%} bl A 2 k& AEsHE A4rato]
o} L AR E0EN BAR T3 2ok

Ly, =~27.6+20log,, f +20log,,d )

AHAA f2 F 3¢ (MHz), dE 7| AT L2 5H 9
Agm)ol ok A FHEL ZD2 HG)ol A 9} 2ol
St U gololl F@sn) LOS AR A 71R Fel 7}
7h& 9o AHREA o TAsHA E

2923



A2 EA8S] =X '98-11 Vol.23 No.ll

Luwss B0 EAE ol %9 LOS A3 54
(After Breakpoint - Line Of Sigh) & el & 422
oo HEE P ok

Lig 105 = A +4,l0g, h, +(B, - B, log,,d
+C, log,, h, +20log,, f ©

3] 2ol A A, Az, B, B SR olE 2] 37 4
o2 RE 78 F on b} de 72 7) A F Qe
U Folgl 7R F o 2R o] FI71A 9 Hm)E
vreb o). Qe Eolol ti S o7 AFollA
Lhebet v} 7o) 2 BA S 7HAE R R & A
AHL5). o5 HALAE AFFUELS 02

© 2 7FA 7).

Yo g RE o|FF ¢t Foldl IE HASL
2 Ci logiohn & 0155+ QHE) Uth, 0] 1-10m H e A =
102 logn(ha/2.5)9}F 7o) ZHt3h 2] o 2 ZLAFE TH12]
LOS A #&H volH e JALHE F3 Byola
EAECF AfEd TS 78 Ade e
Edg= 3

Lyp105 = —125.9+9510g, b, +(84.7-41.9log,, h,)log,, d
+10.210g,,(h, /2.5)+2010g,,(f /1920)
@)

2] (7) 9] o] ¢ty Fol BA A 259
19208 A g w0 B} 5ol ALS-H o] F 3 TElY =
ol(m)st £4 FIFMHz)olth E¥ de 7| AF 3}
o227 AR M 0m3km ZESE FEYAZ ¥
ot qtelu Eolol thd 71E /1§ A EE 40-60
dB/deco. B BH o] ERE o] FolA FZ & 7
£ vepd

19 6,7, 804 EAdolEl o} MAd L 4,
5), NS FL3a] TAFFLH E32 2 el
zolo] gisf At el vetre g S d oH 9
v 2 A A& R

Aot Ry RE FE Hyold IUEE o|EF
AFANET 7IAFZEOE O] 7t7hE A A
UebES ¢ F At olE o533 IAFZ é
A2 THE A FE i AF 9 yhatR o] A

PLindB

PLindB

PLindB

130 e e

120

2924 www.dbpia.co.kr

50 100 50 1000 “s000
d in meter

Freq.=1920.1MHz, d,,,,, = 317m

21 6. o}o] LOS ¥ 9 (AB-LOS), kv =4m

50 100 500 1000 5000
din meter

Freq.=1920.1MHz, 4,,,,, = 400m

2l 7. mle] LOS X d(AB-LOS), & = 8m

100 500 1000

s0 100 500 1000 5000
din meter

Freq.=1920.1MHz, d,,., = 661m

a2t g, mjo] LOS B 9 (AB-LOS), b= 15m



= 2/19GHz o) 4] LOS W& 33 W&ol B¢ A7

E 3. AT LOS A £(AB-LOS) 317 A3}

hy(m) 4 8 15
LydB) 38 3 8
n,(dB/dec) 20 20 20
n,(dB/dec) 594 46.8 353
STD(dB) 3.84 5.01 3.64
() 317 400 861

$3te ASHE Y] WEoltth & AER A%
o olg WAL AR e g EE Ge golst @
o}x| 3 H o]z EJNE7} o) B} ZolxA @
tH11]. A¢rE 7 a2 Two Line 29 0] 713 & &3
A BEAHEY A TUE)E FH3] T3 HEAM &
AHYE 2L FEOR FAY F Utk £2F Y
@ e} golol thsl shie) VB HOZ S Y
F o0z T&E 2o -2 LOS T e 48
RN HLSE AL /1Y S Ak

v.d B

B E=RAME 19GHz 9 o] LOS A5/ A7
& Y8 A& deole £4 AE vebdnh
vlo] A2 A LOSH o A& YehiE Beold ¥
QEE o] &8 AARE 5/ Agd5HE 7HA
dogez gesy NAFAM 7H7E 2
DA Rd g HYo|a ZQE o9 A
Fdolg g AR LS B8l 7 dE5EA 4
AL gt ojof AL A8 AL-E dolH
o220 7 AMNFE Hiola TUE o]F 4] Ho
ETHg AREE W e A4S 3 WPt &
T AT QEU B 248 7 27)d ntEge s
M AE AFEd TdE gy B o) 7hE st

Aty 2o A5H7EE A8 A HolE e}
BEFAX) LAY FE T3 A 7EA <tehv o)
ol sl EFEHAE 5dBolWie] A7 HAFE AA
t}.

2 A7 E SEHAY F B Eo] flI A
% 23)0] AL /A 2} 2 4l(suburban) A ¥ ol A
2] LOS A4 o) &of) A% 71 B4 & A Foct 5

P

e ol rie

e ro Jo

www.dbpia.co.kr

F g EYo] BT =E2EFWH) ANl gL
e EAXYGY B 24 ZE52Wg E2E A
EUE5E T ok A FAY 4A 9 AgR
o) g-o] HE ety AtE ek

#ung#

1. M. Hata, “Empircal formula for propagation loss
in land mobile radio services,” IEEE Trans.
Vehicular Technology, vol. VT-29, pp.317-325,
Aug. 1980.

2. Y. Okumura, E. Ohmori, T. Kawano, and K.
Fukuda, “Field strength and its variability in
VHF and UHF land mobile services,” Rev. Elec.
Commun. Lab., vol. 15, pp. 825-873, 1968.

3. European Cooperation in the Field of Scientific
and Technical Research EURO-COST 231,
“Urban Transmission Loss Models for Mobile
Radio in the 900 and 1800 MHz Bands,”
Revision 2, The Hague, September 1991.

4. Michael C. Lawton, J.P. McGeehan, “The
Application of a Deterministic Ray-Launching
Algorithm for the Prediction of Radio Channel
Characteristics in Small-cell Environments”,
IEEE Trans. Vehicular Technology, vol. 43,
No.4, Nov. 1994.

5. H. H. Xia, H. L. Bertoni et al, “Radio Propagation
Characteristics for Line-Of-Sight Microcellular
and Personal Communications,” IEEE Trans.
Antenna Propagat., vol. 41, No. 10, October
1993.

6. K. Low, "Comparison of Urban Propagation
Model with CW Measurements,” Proc. [EEE
42nd VTC, pp.936-942, 1992.

7. Theodore S. Rappaport,Wireless Communications-
Principles and Practice, IEEE Press Prentice
Hall, 1996.

8. MLJ Co.(Moffet Larson & Johnson),
PCS20A/PathSearch User’'s Guide, MLJ, 1996.

2925



A1 83w Fx] '98-11 Vol.23 No.ll

9. TrimbeNavigation Co., Placer' GPS/DR
Installation and Operation Manual, 1993.

10. 0 gAANLE AL FFEN AFALE

FAE A4, December 1996.

11. /J\[H Fesl,E I K—, “Advanced LOS path
Toss model considered with the actual urban
environment for microcellular mobile
communications,” & FHREGEEE FHH
##, AP96-60, Oct. 1996.

12. HEE {5 -
HE, N I% K, “2GHz-Band Propagatlon Loss
Prediction in Urban Areas; antenna heights
ranging from ground to building roof,” & /4
1S & (SH R, APY6-15, May 1996,

13. W.C.Y. Lee. Mobile Communications Design
Fundamentals, 2" ed., Wiley Interscience , 1993,

2l & H(Jun Chul Kim)% 3¢
19718 59 304 A
1994 24 - st s T A
& A 2E-skaNE gD
199614 29 : Ql &t ol &t o 8h ¢
v AR e IHF A AD
1996\ 29~ A : S B4l AFINLEF FAEA
A7A AYAT+Y
<A Eol AHm, TG, FAENI S

%} 2| EH(Won Taik Hwang)4 3] ¢

19713 49 74

19943 29 M A H 8t A
A& &4

1996'd 29 : A & A F ol s o)
89 AApg et £

1996\ 24~ Al - =T AP E R AYA T

<@FEol FATAHA, dALFIR ZF)E, 4
A

2926

RS EF & 2ROV

g 81 9|(Hyun Meen Jung)® 3] ¥
B4 29 FA & AAF
83 ST EAh

1986'd 29 - A M o & £ o) &
H HARFSH 4

(F3H44h

198614 29 ~ 199214 249 : $H= 5 4] AF/NEER

199613 29 AM 8w Bof shed A g st (8t
HhAL

19961 29 ~@ A BHEH THENATE PP
4AATAR
<A PRk MY A Ax Ui, GHAE A,

iR\ N1 1

Z Ab B4(Sang Myung Kim)* 3] ¢J
19801d 29 : F 5o 3wl AR
a3 EAF D
THUEy QE
AAFER EJF
_ &t Ah

1995\ 24 gl gt Wi ot M zbg e £H4(F

ShapAh)
1995 8~ A : gh 5 A FHEAATL AP
72

198813 84 -

www.dbpia.co.kr



