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Experimental Analysis of Radio Propagation Delay
Characteristics in Urban Microcells

Si Woo Park*, Woo Young Kwak™, Jinwoo Park™ Regular Members
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ABSTRACT

This paper describes about the spread spectrum radio measurement system and the experimental analyses of 2
GHz radio wave propagation characteristics in urban microcells. The experiments are carried out with respect to
the mean excess delay, the RMS delay spread, and the received maximum peak power in the two kinds of geo-
graphical areas, LOS area and N-LOS area, especially whose variations are observed while varying the transmission

distance and tilting the transmitting antenna. The typical results obtained in particular urban sites in Seoul are
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300-600 nsec of mean excess delay and about 75 nsec of averaged RMS delay spread for LOS area, and 270-780

nsec of mean excess delay and about 100 nsec for N-LOS area. With the transmitting antenna tilted, observed in

the experiments are increase in RMS delay spread as expected, but increase of the received power at N-LOS areas

in particular.

I.M B

BAEAN MU A0 HHAS $45E PCSE 4
2t dstol Hla R 2 7P BEE /HAA =G,
7 W g Eol7l A% 7t 4 el vt
o]z 2 AM(micro cell)e} %§leoltt. 2} A4 A vt
ANEAZ o] &3t Ha M2 A& AT
eiM e 71AF teluhel Eeolzt wetAw, whatA
Aol Aw AL volaz e RS AA g
Z AuAse) dejd dzd s YA A4
A e R A4 A9 245 oF M2 87
o] o] wg AF 3N o} R wet de] 4
ARt meks EEHQ PCS Aul 25 Hs|A A4
2 AAAYe FA A9EA, & Aaad 544
gk AgE ola7t AU da] 4 se g
L}, Azlel] oM FHH Ao AsAF
& v AlEHe s T3 o F3L] ofEl e EAR F
o e, ‘

B dpdae FU PCS Muj2E AYsz e
HAA oA $2 vk zdA 28 1FE 88
& 288 2Axdeir e FMad MasRE &
Aol Bk Ao 4R WARC-92014 A
A¢ 2 GHz ¥4 A ko) At A% & &4 371 95t
e gaAg 7|wte g g ZHAIAYE A T
# 8}4 22 LOS(Line-Of-Sight) 2 N-LOS(Non Line-Of-
Sight) Autgtg o2 Bt ¥rha A5 A4 &
A 24349 MU ¥ A7 48 ¥4
faes & AgAF vAdFRe 718U A9
24 Az dusd i vAg d59 4
5971 o7 9] Hat 22 A(mean excess delay)
RMS %] < 84HRMS delay spread)& A & s ol

B =R ARE3 EAsd S A AHE PN &
ro} 28 3471 40 MHzEN 57 82 Bl
7.5 mol™, &3 7Hedt Hol X1AA7 1535 km?)
Zelo)qd Aba(sliding correlation) 7] -& o] &3 o

At F4A Aoz PRAsEYG. FAAAdY &
A& 2 GHzol A} LOSSH N-LOS 879 AaE4 S
GHL 7187 mE Ad wisa s wsle A
A% A7le Pl S 24387 95t PCS &
oM e FANLERN S FAAT

B Az 2443 199493 19953 &3 7}
ol AA Mz & 27) A9 dAg@AseA
AP oF 1,500 7R 9] =4l AR R ¢l Lz abg] 2 RE
Ao Hast Ax2 vepf At

I.cSFE2 Adns % Fux" 53 A2

2.0 MR S EASE

2 "ol A& A7kl wheh sk B (time varying
filer) AW & £ GEAZ Ade) JUX 87 &
We 2 ek

xDE FARE, y0E F48 $Y ¢ 2837 74
Al EARZ ADL YW S h()ol oJa) =
Ao AT 7H @ FAE A yDE 4 4
& x(07h AHHD ABAAE Az A2 RAA)
geby olaAel AYRUelA £ s 48
NE7t ol 2B AH S 2YHH 7 A2
g AnsE ASE 247 AR OE 78 A2
Ado] me fae] WolGhit)E 2 L, o 59
e 0ol Aol st o] FANEE FA G

HH)= ; al®) x(t — (D) wm

A)e] £41 AzE A9} 2HAD w o) F5
olth. 7 QW AT £ Y] B4 1ol
AR ABE 2Aen A48 34E o s
229) AZRSolH, )& 547 28T F
el A wA S THA Ao pE Faold. of
A AP o galm WA SHe e Zol F
o}tk

2495



WELAGR AR %69 Vol.21 No.9

h(t) = zk: ard(t —18) 2)

714 6 Sunit) YR2$T BolH,
= xgog A=3 Yo LAt} A
NFe HA Z Tpd 7H3 2(t) = Rel plt)e>!] el
9 £AANZE NAGE Ao Ad 2HNZE o
&9 HoM B vheh el YNzt A A2

4o HAEFM(convolution) 2 & 8 4= o},

WO=|" x(s)h(t —s)ds= Re[r(t) e/ 3)
3 ANY 2359 AdgB A SHE e
A5 FAH A F 9 Bi(complex) &AL

@)=Y are 7O pt —1p) (4)
k
o2 vepfojxict. ojd 57t A (low pass eq-

uivalent channel)9] ¢J ¥ A 2% hy() &=
() =3 are 70 8(t —1p) O]
%

oz Fojrh HBO)AHM ae X
e /O AaA|Zhel o)t A7 94 sk E YERIY,
283 o kHA dFERE AEe AAAE e
Wk FrHQ 2 Wele e AR Ay A
RhAL, 3] gl abgke]l o] of7) ¥k RF 7i2jofd
o WzE Wi E Tl Az Wated, 49571
A5 24 JE2 H h(DE FASHEITH

07t A% A4S vhebdThaL st @)l 219
A3& vste] Zhzte] e e dspda A o
g AE xd Z 2 (power delay profile) & F &
A (©)3 7ol vekd 5 gl

A% AL,

7O =)ty =Rel L L ajanplt —1)plt —ri)e /W]
P
6)

Y BE j#k A Aol byl >Ter 28] X o
a0 A (6)2 4 (N3} ko] 7Hekst & F Ut

(@) 12 =3 a2 p2(t —14) @)
%

2496

ol MYAA xautde] &3 o] Tbbe A|3tel ths}
01 }7‘,“73&7} LEEe FE2o] Al HEg 4R

A & ek T y—nl <Twol 73
’r Azg Aupdag whal, 81" g Ak 5ol
§egte Noe A5 342 4es d43
= el e fl sub-path7t SR ghchaL 7 sfof
F vk wek Al A [r(v1* e B E 2 dukd
vb Aol i de A L2kl & el ok

© i

‘,O-—

2.2 MY ooy
Bt HEA A, RMS A A8t gl 23 2| ke
A ma2utdola AAE A= AIF EAL A
G o A 4o, ol 7hehel A w st

2.2.1 HF# 524 (mean excess delay)

sl g AR Ade) A7 EP‘J Ade g A4
sHD)7H RMS A A 84t g.0l] ol al] 4= grahd rpieisiel
PR E B S R EiTJP%J.Q] QA melE

(first moment)o] I v}-# ¢ 4 o ¥}
=Y ar /G, (8)
%

A7NM G, =L a

k
& gFaeAde Wate AlAA A H(time delay
jitter)s] felel MEQLFE WA dlolY]

52 oapupieL

polth ol @]9 &3l w

2.2.2 RMS Al <d &+ 4H(RMS delay spread)

RMS Atghite dexid o] oz 34
Il E(second central moment) 2] &3 o] 4
o] gt}

so=Vit—t? )

oA7iM o= Z ai th/Gyolth A (8)3 (9l M 2zt

Q zbzhol A AL =00 33 Mgl dF g
How 2R} G& o] Z2utd 9 snapshot
ol il £AE e A A &4t}

2.2.3 23] #4H(excess delay spread)



WX/EA vtelaz Aol M) B Ak S B AAA 24

Ade) ARG e -3 FYEHH, o) £ A& ol gEe ot
A e e B3 50T e FERHE EF AE of o] HHE, AAZ & dole MEH &2
% 7P¢ 7% XdB W9l dE4E a4 Hg Ad g A Ee] A7 A4 FHo] 7he3ta, EAE &
ojr}. 23 A e TDMA Al2=%-g 91g 53} At g a)2rho] FkRE ¥ 524 99 (dynamic range)
7] AA 2 CDMA Al 2%-& 18 417] A7, 28 o o FHoez Re EAEY dFE LA
34T BN Zast e ae] WE Aol Ho2d &34 Aol S, ANE e M
54 £H4 0] rhesithe Feloh
23t Et MR E5 AlAH B QoA A8 44 A= 2GHz o ol A
tER 2 L4109 &3 o+ PN(Pseudo Noise) 3 &y FANE AdYYs $HEA, 72y
9] 2}7] A #HEA L o) &3 SC(Sliding Correlator) AR 2o thgk A)7HA A, RMS A A A 9 =413
Zkydo] w9 Felsth &, £ FAM PN 22 g el 5% ¥HstaA FAHUAG 29 12 2 <
& F418ka FAFA o]E FYd PN REg A Follrd pHEE FMAd £ 54 Al=doly,
AL T ATe A ARsA dAHE 2} 40MHze} &) o5 WA E PNY-E& 2 GHzol A
7148t dEAR AYE AX AR & A4 o] NE Y (mixer)oll A EFETh $4l HEe
Al ZHo A pAlE e 2 EEY AAREEAL S VERY AHZE)o ¢ FE5 2, AHFZ 7 (power am-
a4
olefht
Z & )

3 BPSK

4 7] W ) >

&3
o& by
Nin

o

-

okeii} PN ST % o % .
NE4 7] g NG
A3
%7
AHEY 4B 21 % &) gl
Ll | AP ) [’ﬂC '

28 L e e A2 U ALY

Fig. 1 Radio Measurement System for Wireless Channel Ch-
aracteristic Measurements Based on Spread Spectrum
Method
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