SRBEABRRIGE £ 108 ¥ 1 % 1999%F 2R 3 99-10-1-03

A ol FEAAM Y B HAEAR d7(1)
- st holB Al S o4t Arfelie] Seed AEA A -

A Study of Broadband Propagation Characteristics for

The Future Mobile Communications( 1l )
- The Improvement of Broadband Propagation Characteristics
using Polarization Diversity under Indoor Environment -
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Abstract

In this paper, to improve bandwidth amplitude fluctuation for the broadband signal in indoor
propagation environment, we measured and analyzed broadband signal using a vertically polarized,
horizontally polarized and circularly polarized antenna, conducting by frequency sweeping method
in NLOS {(Non-Line-0f-Sight) environment. And, to investigate the optimum condition for the
improvement of broadband propagation characteristics we also examined the effects of both human
motions and transmission antenna height in the NLOS environment. As a resull, in the case of NLOS
environment, it was found that the amplitude deviation characteristics in frequency bandwidth can
be improved by polarization diversily reception. Especially, we found that it is the best effective one
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to make polarization diversity reception branches, which install the circularly polarized antenna at

transmitfing end and install the polarized diversity branches received vertical or/and horizontal

polarized wave at receiving end. The affection of a human motions is not so much in LOS and NLOS

environment, but it can lead to the cause of burst error in indoor digital radio communications as

the fade of signal strength become more deeper. And also, when raise the transmitting antenna up

to the ceiling, the LOS and NLOS environment could be coexisted. In this case, it can be also inferred

that frequency bandwidth amplitude deviation must be fundamentally improved by using

polarization diversity reception technique to make the possibility of high transmission rate.
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Fig. 2. Broadband measurement system by frequ-
ency sweeping method.
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Table 1. Selection of measurement received antenna

point,
o2 REY Ael(m) | FAFTY TF(cm)
1m oy 25cm
2m o 50cm
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X[dB] = 2010g 10(R/RM) (3)
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Table 2. Correlation coefficient of branches.

Fal A
(goz2Ee A8l om) CH-CV HH-HV VV-VH

40 -0.24222 -0.31986 0.032813
90 -(.,09958 -(0.08666 0.263236
140 -0.01882 -0.36857 0.464487

7 190 -0.46117 0182339 -0.25399

2 240 0.02924 -0.06127 -0.26688

1 290 -0.02616 -0.28864 -0.2616
340 -0.14176 -0.45101 | -0.1999
380 -0.06216 -0,26686 0.200186
430 -0.23207 -0.37533 ] 0.104206
40 0.07041 -0.21572 -0.31651
90 -0.33896 0.172764 0.075211
140 0.003633 -0.30317 0.191559

2 190 ~0.01462 0.029462 0.14923

e 240 ~0.27616 (0.340311 j0.39635

9 290 -0.17018 0.07009 0.001295
340 0.444684 0.113537 0.37022
380 -0.07307 -0.08417 -0.08174
430 -0.39863 -0.00403 ~0.20721
490 -0.24972 -0.00539 0.167758
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Fig. 10. Characteristics of frequency bandwidth amplitude for polarization diversity(condition of NLOS: course 2).
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Table 3. Correlation coefficient for the A /2 special interval,

CC HH VA%
40-52 0.572691 0.595537 0.199236
45-57 0.203325 0.756376 0.13836
50-62 0.249448 0.765226 0.008207
7 55-67 0198718 0.741571 0.15394
= 60-72 -0.10811 0.337841 -0.13347
65-77 -0.20385 0.468657 -0.22081
! 70-82 -0.11695 0.636473 0.339484
75-87 0.469504 0.755075 (.755505
80-92 0.485105 0.199761 0.772158
85-97 0.760881 0.426202 0.629172
40-52 0.619519 0705794 0.537783
42-55 0.808384 0.555453 0.415764
50-62 0.258288 0.785541 0.237196
A 55-67 -0.2828 0.570257 0.26733
a 60-72 0.719676 0.597581 0.451679
65-77 0.381162 0.659676 0.494224
2 70-82 0.418454 0.583139 0.638625
75-87 0.647472 0.687678 0.440403
80-92 0.425227 0.70058 0.457879
85-97 (0.358082 0.735625 0.232593
WYY A I ; :
- % | \ 4 TN NV
4 \\J/ oy I“-’ \’*\«\WI \‘\/’%‘f
0 H B & d BRI &
CX B CR|®

o DX &

-90
1GMz 192 104 146 138 126Hz 122 124 1.26 128 1.3GH
Fatg [(MHz]

(@ LOSY A (Yo zXHH 100cmAd, AR 2)
(@) Case of Los(the point 100 cm distance from the
wall, course 2).

19G 192 114 116 18 126G 122 124 126 128 1.3GH
Tt [MHz]

(b) NLOSY Z9-(422HH 100cmAH, AE 2)
() Case of NLos(the point 100 cm distance from
the wall, course 2).

2113, A2 2014 97k} 3P i3 Fae g ASYE HE 54
Fig. 13. Characteristics of frequency bandwidth signal strength fluctuation accerding to a human motions on

course 2.

36



A ol FEAM FUS A5 F#(1)

& Aok AT FAY sl fade’t A AEFHAL. $4 QHUE A7HA =4S AF
wAg 71 gleng gd A4 bhust errord (27 m)elE 1%1 6 & 4 AXol LOSS
ddel @ F ASE d4F £ Atk NLOSZZe] FAld EAstA =itk 18 Ue
AE 2004 $4 dEUE WY 202 HE A

3-4 B4 oteLt =olel HE &t HTC-O%F 18R W2 A (C-O Mg F4

AZ7E watolnt, 19 14414 ¢ 25m~45mel

FoBo] EAjste NLOSZAAA st tholy Kol SNAAZEE TC-C7F C-Col Hl3) 223
AR HAZXAE 47 A8 $4 SEHY wolE S23e o 2 9u}
MRS me 27 m) el @E #lojqd AZEHAE 78 15% £4 e Eo] WA wE =n

T gl FFEHA S 1100~1120MHZ94
f——— NLOS Corditian —————se— LOS Condtion ——| 20 MHZ;Hc_cgoﬂ T’HSH /\El. ‘_ 7}1 }q_ (a) _4 7:]

£ SHY Eol7t FYE C-CY AA %@7‘]
HoAel g} MEHA B FAfod, (he F
= $4 HHUE FA EolE #HAINIYE 4
(TC-C), AR 2 AA] thzt | A=Wa &
A Asjo|tt, NLOSEANA @9 A+ gy
AEHZ EXo] ANIHoR ks BFE &
AE 4 o}, ole] wiE (Y AFAME HO
Fig. 14. Characteristics of bandwidth signal strength ERE 240 cm AAAAE A LOSEA A
fluctuation according to transmitting an- C- CY A% YL ¢ F IR 2399 &
tenna height. o &< °§5§‘3: w7l AlEslE 240cm AAE o] 3o
)
wozReg Hal [om) T Mk
(@) 54 v go] 742t 15mY H(AZ 2) (b) £Al orel} =o] 15m, #ALEY Eo} 27m
{a) Tx , Rx antennas height are 1.5 m{course 2) g A{AR 2)

(b) Tx antenna height is 1.5m, Rx antenna height

is 2.7m(course 2).

32115, AR 290 $A el Eol WA wE Fag gy AEHA} EA(NLOS B7%)
Fig. 15. Characteristics of frequency bandwidth signal amplitude deviation according to transmitting antenna
height on course 2.

87



BETHARSRIEE F 10 B 8B 1 % 199% 2R

AE gl AEA} $A 28] PR 28
B} chelub) HME B AEBHS AN
% & 982 guan,

AsH oz AofE BANLOS)AME $A1 o
Hue) Eolg WA Bad ueh NLOSH
Aol ZASER, C-V-C-Hol &% st thopy
AE) —T—*Wi el AFS3e A & 22

2 2ME AW 2& FAFAY J2GAE,
NLOS &7 M 48Hs 2 #7 . £3H

2 oj&3ld Fug Acle) 93 oy AX
e 3% MY en, By golHAE S F
golHAlY A hatqE By FHEST
gk 7kl AU QH Y Fole Walel mE
AT FobHtrt

I A3 d¥HeE Agske A% it
ARE GAst A HER 3 9 £3H
B9} Wadte oE4R HolgdE Hoh AT
2, A AFHEAEAE 3P AN F AN
o,

I3y NLOS#A e d¥HRE $441 &
HEE Al AZAZ E4o] AA 7}1**517‘] %
of 4¥UTE Ay #3 P FYULR F
g Wi dolHAIEE 3 A X]E‘—E‘*é
o] NAE & AUFS FA&AG IL o 3
H golwAEPEA 4 Hlws) B AF £ AFeA
AABL e W cholHAEWA o] B &4
& A U ¢ F AU

g A7+ FHY G st RES A,

< Ao, Hojdo] WAEE 5
A Foige ) ASAET v AEA AsH
T 90s AFIFER I Y 5 SlojA
burst errord] ¥9¢lol 8 F Aeg AT F AN
o,

m A
]

|

88

TP $A GHUE AR B WA
LOS#74 3 NLOS®#7e) 37 A8 shaeu,
ARAoR BB SANLOS)IAE £4

Ul

EolE wWARHAE Fid wat NLOSEA
ASEZ, C-V-C-Hell <3 3y toujA

£
B FAoE ey IEEAES AN £ et
-1

Ves & F AR

3% A7 A=z 1% i A5E A9 A
2 RE AF dig oy AZHF 549
AT SHAEE £ d9d JAFUF BAC
2R A9 ZZH(delay profile) ] FHo &
3 AFE YR, o] EUE AW Fdd 3
& FA 9AE AFA2d P4 #3d 97n
e wjofof gtk

2o2d

(1]

(2]

(31

(4]

(5]

A, "FA4 LAN d-rAedss, gaad
AR Ry, FFANAG, 17825, 199%.
Alrexander, S, E., “Radio Propagation within
buildings at 900MHz", IEEE Processing, In-
ternational Conference on Anfenna and
Propagation, New York, pp.177 ~180, 1983,
S. Y. Seidel and T. S. Rappaport, “914 MHz
Path Loss Prediction Models for Indoor
Wireless Communication in  Multifloored
Buildings”, IFEE Trans, Ant. Prop, vol. 40,
no, 2, Feb. 1992,

Winters, J. H., and Yeh, Y. S, "On the per-
formance of wideband digital radio trans-
mission within building using diversity”
Proceeding of the IEEE Globecom. (New
Orleans), pp. 32.5.1~1.6, 1985.

Pahlavan, K., “Wireless data communication
techniques for indoor application”, Procee-
ding of the IEEE International Conference
of Communications. (Chicago, Apr.), pp.



31.1-7, 1985.

(6] WEiOMER). KE#=E BEXE Bk#E hAK
#E ") vF, 2R VEZEDEEKE H
NESRAM T 77" [54850K, B-49, 1992

(7] WORR. WEKE. R WAFE "/
v F o A -THAE DL KT ERERRE
77" 8K, B-112, 1993,

(8] 893, <lAE, A4S "FoFidHd ¢
3 A OFAEE HAAGEAC #F¢ 4
77,006 A mlo|aZd 2 ASdd e
g3 =83, vol 19, no. 1, pp. 239-242,
1996, 5.

[9] 893, olAE, AAL, "dHg e 9
gAY Fd g AgEA R #E A7
FFENGS - AT Fak - AEA
S 96%A FEtewnd =53, 19%. 6.

[10] Deock-Ho Ha, Jae-Ho Lee, @ “An Analysis
of Indoor Muiltipath Propagation Character-
istics Using By Frequency Sweeping Me-
thod,” Proceedings of The Znd International
Workshop on MDMC9, pp. 206-210, July
1996, Seoul Korea,

1979+ 24 dh T FHg
ARzt (Al

19844 3¥Y: UYE Kyotothd &z}
F b (F b

19873 39: Y& Kyotorhd A=
T F AN

19749 29~1976d 119: #EF
(ZZ30, #oly Aul)

19783 1149 ~19814 1€: (F)F4A $9d7a 2%

19813 49 ~1982'3 39 UE Kyoto thE S74

1987 39~1987d 8Y: Y& (F)Matsushita A7), #A
A74 974

19903 8¥9~19913 89¥: University of California, Davis,
HEATRS

199591 29 ~1995\d 39: Y¥ Takushoku ¥ ZAYTF

19873 99 ~&Al: #AUET HREANZYGH ZF

A ol FFAN FHS AR d7(1)

[11] °JAE, 93, Fd4, "4l 74 LANS
des & Ay A5 AN A7, 9%
FALYRSTENY =F3, pp. 122~125 vl
19 no. 2 1996. 11.

[12] Deock-Ho Ha, et al, "A Study of Polar-
ization Diversity in Indoor Mobile Radio
Propagation Environments”, Co-author, 3RD
ASIA-PACIFIC Conference on Communi-
cation(APCC97), Sydney, Australia, De-
cember, 7-10, 1997

[13] Deock-Ho Ha, et al., "Analysis of Wideband
Propagation Characteristics for The High
Transmission Rate in Indoor Radio Chan-
nels,” Co-author, Proceedings of IEEE VTC
98, vol. 1, pp. 298~302, May 1998, Ottawa,
Canada.

[14] 895, "AA o)FFANAMe Fhg A%
EAATH 1) -AdiolMe) Aoy Hasyd &
A-" AR =EA, vol 9, no. 2,
pp. 265~277, 1998, 4,

(15] #ELEH, "EiGaE0ERMER", T HEE
5488, pp. 268-269. 1992,

[F #4JEoF] PCS, IMT-2000 dWe) ASEAN Ty
Cellular engineering, Diversity system, HIA€ ©|§%
AlMb] - 231714, Channel coding, ¥4 LAN AA¥

o
& 9 4
19979 29 SAUSL AR
‘l'., (Z8AD
Y. . 19009 29 ¥ARSL FUENT
83HF 844
¢ 19999 39~EA: $AReE A

EATHS B AHF
[3 ByEH QRe AR54 =
3714

89



