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A Study on a Simplified Analysis Method for
Multipath  Propagation  Environments and

Countermeasures for Propagation Impairments

Sadaaki Arikawa
Abstract

For realizing intelligent wireless communication systems, it is vital to grasp their
radio propagation characteristics quantitatively and to develop countermeasures for
propagation impairment. Therefore, this thesis presents simple and accurate
propagation-analysis techniques of the transmission characteristic deterioration for
wireless communications which are operable in a short calculation time. In addition, it
presents a simple and effective technique for improving an inferior indoor environment
for performing wireless communications such as wireless Local Area Net-work (LAN).

The first half part of this thesis is research on the former. Here, we propose three
propagation characteristic analysis techniques in  which  Multiple-Input
Multiple-Output (MIMO) transmission characteristic of wireless communications can
be evaluated in simple and perform accuracy evaluation of these techniques. Ray
tracing analysis is a rigorous method, but it is highly demanding in terms of computing
time. Therefore, as the first proposed method, we focused on the development and
implementation of a method for determining statistical properties of an environment in
the vicinity of antenna locations. Using this method, namely, “ space movement
method ”, we first performed single ray tracing computations for specific reference
points, and then applied the “plane-wave approximation technique (PWAT) ” to create
statistical estimates based on array antenna principles in order to make approximate
calculations regarding the properties around those reference points. We then performed
a quantitative evaluation of its accuracy. The results of an environment analysis of an
empty room containing no objects produced via our method were compared with a room
analyzed by ray tracing alone, from which we found our simplified method to be highly
accurate within a range of several wavelengths from the receiving reference points.
Furthermore, even if it was a case where fixtures, furnishings, or other articles were in

the room, which would result in a more complex propagation environment, it was
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proved that the method was applicable on various conditions. As a result, by using the
method, it was shown that computation time was shortened sharply and analysis of
channel capacity in the indoor whole region could be performed in a practical time range.
However, in two following cases, the error by use of the method becomes remarkable;
the wall, the floor, the ceiling, and fixtures of the room consist of two or more materials
and the difference of the electrical performance of such materials is large (casel), or in
the border zones between LOS (line-of-sight) and NLOS (non-line-of-sight) in the room
in which the partition is installed (case2). That is, the scope of the method was clarified.

On the other hand, considering the bandwidth of wireless LAN and cognitive radio, it
is necessary to assess the transmission characteristics of environments in the frequency
domain (wideband) as well as those in the spatial domain (narrowband). Therefore, as
the first proposed method, we propose a simple method of analyzing frequency-domain
MIMO propagation characteristics that is expanded in the spatial domain based on
PWAT, specifically, that is performed Fourier transformation of the impulse response
equation and considered the following two points; (1) the frequency dependence of radio
wave propagation loss based on the assumption of constant antenna gain at any
frequency in a certain range of frequencies, (2) the frequency dependence of the phase
difference on the space distance between antenna elements. The second proposed
method is named “frequency movement method”. And we estimate the accuracy of the
proposed method based on the results of full ray tracing calculation in indoor
environments on eigenvalue characteristics of the channel matrix. As a result, for the
frequency domain with a fractional bandwidth of 20%, the frequency movement method
is proved to be a good method to estimate the wideband characteristics of MIMO
systems at indoor applications simply.

Due to the above-mentioned considerations, the space movement method is an
effective means to obtain the outline of the MIMO characteristic of wireless
communications in a short time. But even in the proposed method, computational time
for getting a large number of data points when conducting statistical evaluation of
transmission characteristics to be applicable to an evaluation of BER, needs to be
further reduced. Therefore, we propose an analysis method, integrating a one-time ray
tracing and Kronecker model simulation approach, for drastically reducing the
computational time. More particularly, it is divided into two stages. In the first stage, a
multipath analysis is conducted using ray tracing between two reference points as well
as the space movement method and the second, by incorporating the spatial correlation
matrix for the transmitting-side and receiving-side array elements, simulations based

on the Kronecker model are performed. The third proposed method is called “Kronecker



method”. In order to evaluate the accuracy of it, we constructed a three-dimensional
outdoor model for intelligent transport systems (ITS)-inter vehicle communications
(IVC) and estimated the characteristics of 2x2 MIMO, 2x1 Multiple-Input
Single-Output (MISO) and 1x2 Single-Input Multiple-Output (SIMO). As a result, the
data for the Kronecker method showed good agreement with that using the ray tracing
method, although the space movement method was closer in value to it than the
Kronecker method, and the evaluation revealed that it is about 60-times faster in
producing channel matrix data, compared with the calculation time required for the

space movement method.

The second half part of this thesis is research on an improvement technique of the
transmission characteristic deterioration in indoor wireless communications. Here, we
constructed a test room ( size:5mx5.3m ) that could be changed the delay spread freely
and made an experiment in transmission performance of 5-GHz-band and
2.4-GHz-band wireless LAN in the room. As a result, it was proved that it suffered
severe degradation due to extremely large delay spread more than 200ns that exceeded
GI ( guard interval ). Namely, even if it is the wireless LAN equipped with OFDM
(orthogonal frequency-division multiplexing), it is subject to the influence. As solution of
this problem, we propose a method that the rock-wool ceiling panel wave absorbers
which we have developed are constructed and the propagation environment is properly
controlled by them. It is notable that the absorber is a single layer type one without a
reflective material on its rear surface. We checked those effects from measurement in
the test room. In addition, we clarified relation between delay spread and data rate
quantitatively, so that we showed clearly that they are sufficient conditions for wireless

communication when delay spread could be controlled or less to 100ns.
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WXL T, MMET T T OESfE (AOD (angle of departure) : ¢,, ¢,,). %[5
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3. 1. 1 ZEHEBENEIZONT

AIED LAk L—3 0 70O MIMO ~O BRIk LT, MIMO eI L, 228 ENIC L -
TSN 5 72O OREEE (LIT, ZEfBENE (Space Movement) EFF3° %) 122
Wik 3,

T, ROTZWFEFHIMEEO= ) T OEZEENENDO— K2 KL L LT, 1»o%E
@i)TWTimﬁ%ﬁgﬁ—if%é&ﬁmﬁéEc?ﬁb%%®ml®¢TMm&AM
NEDLLIRNEBRENDZ Y T TIE, /XA 1 OF ¥ RAATH A IFLL T O X 512l T
HTHAI,

A~avv (19)
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7 PTHY RATRSIND,

y = [e./kdz,l'ar,f efkdz,z'ar,f . ejkdr,N, i ]T (208)
ti

y = [ejkdr,l'ar,f ejkdr,Z'ar,i .. ejkdr,Nr Oy ]T (20b)
rio

Z 2T, kITEROWEH, dy « d \TIEZETOZNENORES NS BT VT FFE T
n, n,ONLENRT MV THD, T2, an @ (TN ADFEERTHEMART LT, kAT
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3 ) . . (21a
a,; = cos g, sin 0,,,.x +sin ¢,,I. sin Qz,iy +cos Gt,l.z )

a,,=cosd, sinf, x+sing, sind,  y+cosb, z (21b)

ZOEPIE, KX THRETLBNERED X 512, I EROEIREREE TR T 5
LIS D,

Step 1: EZET L—0RUELEZTD, TORAS L FHDOLA FL— 0 72479, U
RiE, Tv—=7 07 F2EMBEI S 55020 7TOIIREHLEET 5,
LA b= 7T, &TO/NAD AOD (B, ¢,) AOA (0,10 ,.) FEAERWET
DERIEN a,. BIE ¢, (F1~L)&2RD 5,

Step2: LA KL—I U7 THIASAEFERN S, K(19) OIELIRIZ LY | MIMO T~ R LAT
H% R 5,

Step 3: HEOHPHCHEETH LT Step 2 MV IKL, HetHEZE5,
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FARRY 726 & LT, 4XAMIMO T2v2 7 > 7 F OFELE & B XY FHRAN TH L HA. kit
OXIFLL T L oIcEShD (TR 3-1 5H),

CSEIIeIANE

AROFEET 7T NY AT 7 Sk d TEEORAIZES] S, DR ERIX
AAROFEET T FTOELONEIZH D LT 5L, K(20a) 1Tk L7425,

O (22a)

-3 . . 3|7
\4 i Vi, i Vi, i Vi Vi

vii = exp( jk(d/ 2)sin6,,) (22b)

[ZEHIz>VWT]

A AROZAET T FRY A RNCT o7 FRIE d TR S THT, Y EEOEO R E W
5026, Rxl, Rx2, Rx3, Rx4 &%, 4 RKOZAFT 7 F & HAELILFE— XY Fi Bich b
Lo L L, Rxl ML DORO X, Y mOEREZZNEivde, dy &7 5 &, F(20b)
FRAE 2D,

v.o= e oveia veis veia] (23a)
vr.ia=exp{jk(dx-sin@,, -cosg, , +dy-sinf,, -sing,,)} (23b)
vr.i2 = exp{jk(dx-sin6,, -cosd,, +(dy—d)-sin@,, -sing, )} (23c)
vri3 =expijk(dx-sinf, ;-cos@,  +(dy—2d)-sin0,,-sing, )} (23d)
Vr.ia = exp{jk(dx-sin@,;-cosg, +(dy—3d)-sin6,,-sing, )} (23e)

H22) & 23) AN ICHNLZ LIk, A, RdDonD, k., X0 FD g 1THAE
EDEZETL—DLA L — U THENSELN S,

o — B n -

d d
Tx ‘Q y 9 Rx Y
o* : \ d/Z
Tx’ref ----- ).-::.-j — dy
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I dx |

X 3-1 4X4 MIMO DEZET 7 F OEE
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3. 1.
ZEMBENE DR E Z7HMEi T 572D, 7 Wb— L& ER L ThRREZ 320 L 72,

-
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Kl &

(1)

(2)

ZD

2  ZERREhIEIC K D5 HEE O RS EE LA

T, bA b=V ZIEICHT D ZEMBETADORBGERERN ZEZ D &, LITD 2 [
o,

KBEIRDT VT FHETORA > b & EUES L ORI O
EZEBOBDOIZONWT, MRERDT T FHHERTORA L b EEES LD
HENE< 725 &, AOD R°AOA N—TE & H72 8D E W RENDAL L2 720 | Z2fH
BENLOBAEIIREL D,

IR ANEHROZEE)

BRI . (A & WV o RISV R ZERICE LT, LA b L— kL%
FRENE L ORMOHENBE TH 56, ZERBENEDRAZITIREL 2D, ZOX
D IR R ANEW & F OMEERIZOWTIE, BERMIZIZIKRD 2 2B8B 2 55,

(1)  BEm OBEKAIPERE O FHIE

FRMT XIS & 72 DB ORI, IR, BEORHDOTDHLH—>DEIZEH LT, £Dif
WA ELBO2FEEOMEI TR EINTWAILEEEE XD, LA ML —Y U 7IRICE
WL ZEROFEAESICBET D 5D 8AO nlal B OREORKEED - O THvo
MEFA DEFICHE T2 b D ET D, —FH, HatiIEER —E L RR2E25=U THD
DT T THRTHRA L ML TCZORRIHEY T H R AEEZD L, nlalHDK
FHZBWTHEI B DFICU T2 —AbHEVGL, Ll s, EHBIEICE
WTIIMEAICS 726D & LTERESND, LR > T, A & B O OEKAIMRE
DEBNBRKENVGS, BAENELDLZ ENBILNS,

()  XADREEDIHE

FRMTXI G & 72 DR [22) Th %A, MetiEER —E L Re¥ 2= U 7NIC
BT, ZEMOREAESICBET A HHSAORK L, 2 E2 D, 2O THOH
DA MIBALTL ST ORI L, & LT L, & L 2T 5L, 3.
I THARZALEN S, HiH D AOD R AOA FTED SNV EIETE S, Ll #REIC
fHERE DL SV TR A ORBED ML L2 BRBE Tl L & L & TREED 22— F
ERRRD 7 —APEZVGD (& <IT. ZEH D WITEE M OEHITAT 475 23
BENHE). JHUCK LT, ERBENAIIFE EZ DX S [FHE LW SRR
FHIE | \ZXHE T DHREZ Bl L72V, Z0720 BENBFICRND fREER S 5.

IH, BED (2) 12OV TIE, FICHROERSMHICRS L ZANRKE W, £2
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THERANZ, FEHEOME N —E & Ao 283 7o b ERBENE O HEH 2~ e T 5 7=
O, BiIED (1) I[CEH U2 £ Lz, BRI, BB ok 142
DETF NN —LERGB LT A,

(1) BE—AEHERL - 1] OEEIZONT

# 31 BLOK 32 TR LTe, A XDHERL 3FED [22] OFT VL —LZER L
oo WTNDET L—LIZOWThH, KHAm, R, & 4 o2 THES 100mm O =
7 U — b (LiFEFE6. 76, BEAFEOELERICOIFRE0. 44 [FIFHEK 7dB)) THERL
ENTW5, £/, JFAFEREIE Wall-2 « Wall-3 « Floor @ 3 DS L 5,

ETN— A -1 FFEFITHROEREZ, [F 183 1Z0RENA T 4 Av—A2%, Z LCH
12 1ZF NS OFOFHBED A7 4 ANV — L5 IE L TWD, £7-. KB TILENER
LANSEEZTHE L TCWA D ET WL — A 1-3 LD IKWEREOEGEITT 7 B ARA k(%
BT oT)) PEEARBEIND Fr—ANEZNEEZLND, Lo T, ABFZECIEREEN
X1 EAOBEAICHOVWTORBRT D720, FF/LL—h 1-3 DY A A& ERE Lz, 72
B. WFNOEFLIL—LDESE 3n Th b,

JEBEENE 2.45GHz (ISM N R) L L, BEZEOT L—T 7 TR IXEEE O E
FAR—=NT T T TERT T IAROM N Z W E LT, & U CUEERIEERE T, o
ZAEMIERESZ R, o & L2, BETIIA—LICEIT D T, o BEOR, o D XVZ JEFE A5 3-
117,

F3-1. [22] OFTNAN—LIBITHEZEOT L—T T FEFORLE

No. Room size Ty ver Ry, rer

X (m) Y (m) 7 (m) X (m) Y (m) 7 (m)
1-1 H3m X 4m X 4m 1.5 2.0 2.0 3.0 3.0 1.0
1-2 H3m X 10m X 10m 2.0 7.0 2.0 4.5 3.0 1.0
1-3 H3m X 20m X 20m 5.0 12.0 2.0 15.0 8.0 1.0
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Wall-3

(a) Model room 1-1 [empty—small]
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(¢c) Model room 1-3 [empty-large]
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(A) ZAZHE ORGE

BT, Ty rer & R yor PIEITLA b L= ZRMT 2 FME L, 15 D72 BRSO /R 2 EH
IZHESNT, RS B EEN 7 HLR COZAFIRED & ORI IEMIZHEE T & 20O
EIToT0, BARMICIE, BHMERE T o \CHEE L, ZERE Ry 20D X LOVY #DIE
BHHNCFENFN 20mm 'y FTHRAR 700 mm £ TREISE S, 2 LT, FNEFROHE T,
ZERIBENEIC L D ZEREHEME LA b L — U R THEERIE & 2T 5, 2P,
BEHCOPTOEENL 3 [FILINE LTS (227 U — ~D X 5 IR HRE O EL T
RSN TV D BRBEICIB W TIE, BRI D SAE 3[BT/ A DR SR 13440 IR
L7ERRRHND),

fEMTRE A [ 3-3 (1RT, FEUEAD 500mm (4~5 WR) O E TIL, REOHET
LA FL—3 U ZEHEEEHEEME E D71 3dB LR THY . LA L— v 7k L 22l
L LT L B L TWDLZ ERgnd, £z, K 3-3 b, LA FL— BT
5 ZEBENEDRRZEIL, ROV A AN/ PI WV ERIWEAN A OND, T, VPl
PPl O E 22 EE O RN S BB L <, E2ET v 7 T MEEST v 7 ) L BE L
DIEHEHTE NG N ZERBENEIC L > TEARITH L 2w LEZ NS, —J7, ZZ TR
NEREEZ XIS E LTWDED, BAREOGAIZTETETNYTA XNREL LD, T 7F
—BEHEEEAE I U CRNREICH AR TREL 25, Lo T, LiofHBRIENR S Z &
WNYREND, ZOMIET 5 BRI, %R0 7 axy b —{EOE TS T Elf
T 5,

[E¥: 3 & ZEmBEhE O &5 I B 5 REE]

WIZ, ZEEBENENS LA L — iR~ HHH & R OBREREET S,
TN —L 12 xR E LT, R—O7 75 (£ 3-1) OTF A% 160z B X
O 5.26Hz & U CRKBEDMENT 2 320 LTz, & DOIRBOMITHEREZK 3-4 (TR T, S HIT,
2.45CHz DT —Z LT 5720, Hl 2 OZAERICRIT D 2EMBENEE LA FL—I 0 71k
EDZAZTRE D (dB) Ot 2 FH U, EEUEL D D o FREEZ 5 8l Rk L7z
B (BEXoD) Ikl TFmy L7z, EORREK 3-5 127, 72720, X 3-5 (2B
T, JEEH 1GHz (2B U TR EHE S D DA RIEREA 1. 5m (B A CHIMS AL L 72 i - 5. 0)
LTS, IRLORREE RS & BB 1GHz 125V C X filh & 7 600mm O/ IMEOFF
I OERT CRAZEN AL S, E7JEBEE 5. 26Hz D& DM 2 S DRI R TREED D
RV, ZAUE, Fl—OMEBOSEIX, ®EEREO R HERICKH L THREOY A XA LD
RELBRDLOTHR ThdeblEZBE2oN5D, LNLRRG, EELND 4~5 RO
PN T, ZEZRBEEITIERICL A PL— U 3R E L —BLTWD Z Engn
Do
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(f) Model room 1-3 [empty-large] ;Y-axis

Ray tracing eeeees Proposed method (Space Movement)
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(b) Model room 1-2 [empty-middle] ;1GHz ; Y-axis
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(¢c) Model room 1-2 [empty-middle] ;5.2GHz ; X-axis
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(d) Model room 1-2 [empty—middle] ;5.2GHz ; Y-axis
Ray tracing — =ee*** Proposed method (Space Movement)
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(a) Model room 1-2 [empty-middle] ;X-axis
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(b) Model room 1-2 [empty-middle] ;Y-axis
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Cumulative Propability

Cumulative Propability

Cumulative Propability

09}

08

0.7

06|

05}

041

03

0.2

0.1F

107
Eigenvalue

(a) Model room 1-1 [empty—small]
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(b) Model room 1-2 [empty-middle]

09}

08

107 107*
Eigenvalue

(¢c) Model room 1-3 [empty-large]

Ray tracing . Proposed method (Space Movement)
3-7 EAMAMOkEE (£ v L— 24 1-1,1-2, 1-3)
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(a) Model room 1-1 [empty—small]
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(b) Model room 1-2 [empty-middle]
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(¢c) Model room 1-3 [empty-large]

—— Ray tracing e Proposed method (Space Movement)
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Ray tracing - Proposed method (Space Movement)
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Ray tracing - Proposed method (Space Movement)
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Wall-4

Wall-3
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1
1
1
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1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
'
20m

Wall-1

X

X

(b) Model room 2-2 [empty ;3 metal walls and 3 absorber walls]

3-12 FEERIEHETTLL—A 2-1, 2-2
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Relative signal
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amplitude (dB)
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(a) Model room 2-1 [empty ;5 metal walls and 1 absorber wall];X-axis

Relative signal
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(b) Model room 2-1 [empty ;5 metal walls and 1 absorber wall];Y-axis
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(¢c) Model room 2-2 [empty ;3 metal walls and 3 absorber walls];X-axis
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Distance from Y of Rx,ref(m)
(d) Model room 2-2 [empty ;3 metal walls and 3 absorber walls];Y-axis
Ray tracing - Proposed method (Space Movement)

X 3-13 #ERZEE LZE S 2T LA OREOLEE (7 41— 24 2-1,2-2)
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(a) Model room 2-1 [empty ;5 metal walls and 1 absorber wall]
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(b) Model room 2-2 [empty ;3 metal walls and 3 absorber walls]

—— Ray tracing = Proposed method (Space Movement)

3-14 BEAEMESAAOLEE (BT /VL— A 2-1, 2-2)
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(a) Model room 2-1 [empty ;5 metal walls and 1 absorber wall]
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(b) Model room 2-2 [empty ;3 metal walls and 3 absorber walls]

—— Ray tracing e Proposed method (Space Movement)
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(a) Model room 2-3 [concrete walls with glass windows] ;X-axis
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(b) Model room 2-3 [concrete walls with glass windows] ;Y-axis
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(¢) Model room 2-4 [metal walls with glass windows] ;X-axis
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(d) Model room 2-4 [metal walls with glass windows] ;Y-axis

—— Ray tracing e Proposed method (Space Movement)

B 3-17 HFERZEE LZE R 28} LeSE ORIEOLE: (57 11— 4 2-3,2-4)
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(a) Model room 2-3 [concrete walls with glass windows]
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(b) Model room 2-4 [metal walls with glass windows]

—— Ray tracing - Proposed method (Space Movement)

3-18 FEAHMESAMOER ((B7 /v /L— A 2-3, 2-4)
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(a) Model room 2-3 [concrete walls with glass windows]
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(b) Model room 2-4 [metal walls with glass windows]

—— Ray tracing Proposed method (Space Movement)
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Wall-4

'Wall-2

(a) Model room 3-1,3-2,3-3 [2 desks]

'Wall-2

(b) Model room 3-4 [4 desks]

3-20 KEEMFEHET L L—2 3 (WLALE)
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(b) Model room 3-1 [2 metal desks] ;Y-axis
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(c) Model room 3-2 [2 wood desks] ;X-axis
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(d) Model room 3-2 [2 wood desks] ;Y-axis
—— Ray tracing = e Proposed method (Space Movement)
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o B N W »
r

X=2m

X=6m

X=10m

X=14m

“Y=18m

~ Y=14m

~ Y=10m

- Y=6m

L oy=2m
X=18m

(a) Model room 2-1 [empty ;5 metal walls and 1 absorber wall]
3-35 ETI/IL—Ah2-1, 2-2, 1-3IIBITFDHEZETY 7 OW)MIERA ED AR
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Channel Capacity(bps/Hz)

(b) Model room 2-2

lempty ;3 metal walls and 3 absorber walls]

Channel Capacity(bps/Hz)
w H U1 O N

>
|

=2m

X=6m

Y=18m

- Y=14m

- Y=10m

- Y=6m
X=10m
X=14m Y=2m

X=18m

(¢) Model room 1-3 [empty ;6 concretes]

3-35 (&)
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14 1.0

12 ¢ \/\// 0.8

Channel capacity(bps/Hz)

RMS relative signal amplitude( X 10?)

0 5 10 15 20
X-coordinate (m)

=4=—Channel capacity ==fe=RMS relative signal amplitude

3-36 ET/IL— A 2-1 IZBIT D EHEERARE Y 7O 2 ) E R
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3. 2 JFEEBEICKOWEHETIE

3. 2. 1 FAEEBEEIONT

R LAN OFEIESC S HICRAWEZ T 22 7 =7 4 7HERAZEZ 5 & ZEHE
720 TR < AR B T DRI T v R VR R RS D L b sEE L 2 D [26]
[26], & Z CAHITIX, AIfIOEMBENLEEZ ~N— R & LTIz B EGEEIC LR L 72 MIMO
BT v XVOE G REFIELREL, TOBETMEZIT I, kB, ZOREFIELEHK
BagEht: (Frequency Movement) &4 52 & &9 5,

ZIT, HOEZERATOREEEEEE 25, 2. 30K (18) »b., FEUERIE f
232 I f C O SR s R T ITkA TR EN D,
T(f) = F{H<f0)(t)}: ZL:A;fO) o 121
i=1 (24)

X (24) = THPEBBENE - 55— Bg (first-stage) ] &9°%,

L L7t ZORITEO T, FED 0D LA B LTS EDOF ¥ Fv
FetE & LT, LR O 3 BB E I TR,

1) EZET T T OFIG I TEAME B EEH P T —E & T 2 IRE I T D5 MHE o 8 3K

KA (Friis OREARIZB T D 1777 #)

i) 175 A; DEEFR D ZEFIRERE R~ D AR 722 0 JE R A R

111) BRI R D & e 5 R P
ARFFETIE, JEHIRT v RV O BEE L LClAf [ /f < 0. 1 FREEZBET D, TOHA.
111) OFET 1), iDL ThEWDT, ROEME LT, £7 ) EBZEL T TOR
R T 5,

L
T(f)= % 3 AU g2

i=1 (25)

A (25) & TJEPEBENE « 55 BME (second-stage) | &35, ZZ T, f=fotAf TH 5,
I HIZ, i1) bBEICANT RN E [JEEEBEIE - B&BEPRE (final-stage)] &2,

L
T(f)= %ZAI(I') e /U1 (26)

i=1
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3. 2. 2 RAEBBENECX2WEHEORENM

ELUERE AT I 1T D 3 A& IV TJERER AL O MIMO FtE 2Rl 9~ 2 72 Diz, LLF D
STEDOET NN — L%V, NiRIZ, Aifi CHW =TT LL—A1-3 (a7 ) — 8o
(72 OERE : A X H3mX20mX 20m) . EF/L/b—L4 4-1 (BF/LL—L4 1-3 DERNICH
X 3m DR—TFT 4V aVERE). BLXOETUIL—L4-1 1BV T AA—FT 423 DFE X
ZLWméLEEE (CREETAL—04-3LT2) ThHD,

Z LT OEEMEAES T, DRMIIET AL — L 1-3 BV 4-1 LR—&T5, &I,
ZASEEAES R, o DERMEDONTIE, BT /LL— 4 1-3 & 4-1 TiEF 3-3 BL O 3-24 (TR
L72 Ry 1o @IT, T Wb — 2 4-3 THER, o @B LR, o @IZERE LT85 DU T & AT
EiToT2, B, ET W—A 43 IZBWVWTR, ODEFAITLOS, R, . ;@DEA L NLOS T
b5, £lo, EEREEIL 5.26Hz & L, BAEEOEEOWTIL FR%Z 4. 68GHz, RiR%
5.72GHz, HAMEZ 1Mz & Uiz, 7> T HIPRELAR—NT T FTh D,

(A) SZAFTREE DRRGE

RANS, BT W—5 1-3 kR L U OB EEEPAICHBN T, T, o & Ry o PHITD
LA =Y 7R EET D, 2B, ZOT7 T FOFENES Position-1 &35,
LA ML= T OFME, BRKHEH 3 E - B 1 EITHL, 2L T, HFohi
RAREWD D, FEMESITR O TR S BN 72 BB COZEMEN & OFLE T IE
MIZHEE TE 20 OREREAT 5. BARITIE. LA L — U U TR D 15 O Lo i
95 TEBERBEE - 8B (first-stage) ] & L <13 [ABEBEBEIE - 55 B
(second-stage) | MBHELNT-HBEAZHE LT, 2N HDBRELZRTT S, T REEZX
3-37 W d, FMNG, Bk 1) 2FBET DI &IZX o T, FREBENEDKEED M -
T5HZ NG5,

WIT, Ty e 220 Y BHIEA AT 100mm BEILZZ AR T, 100 & Ry por 205 Y HIIIESF[A1IZ 100mm BfEdL
T2 R, 0 & ERRE LT RO LA M L—3 v 73 A2 ET 5 (2 OALE % Position—2
L3%), £LT, HOD Position-1 THOHNTZY 77 L A7 —Z &M LTRSS
TEOMRNT % e 5, TORE, TEEEBENE - 5 BB (second-stage) | & [JEHEL
Bk - eKEBERE (Final-stage) ] O TITV, WHF T 5, 72db, EZEME D
(2 TAZAH 100mm DZEEY | OERSy OFFREICE L CikaiEio g aiiiox (20), (21) i
M5, HFFRIECLAZERES IO LA b L—y 2 7RIS 2 BB EE O E
ZX 3-38 12T, FKMNE, V77 LU ARA Y b LB T, 1) 7200 CidaRz
MREL, D) BBETDHDUENDDLZ LB D, Ko T, ZHLKIL [final stage]
b o THEBEENE L T 5,
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15
2 10 ;
‘6 . \\l"\-\ Pow
3 o5 B ey
i n-..--- o9 _0 00600 .‘.‘-.—.~_. o o000%ee0 e PN Py 0 g0 .0 008
2 00 . TEINIT S A ote
(4] \—s_\‘_
% -0.5 =4l
2 -10 fo
b

-1.5

4.6 4.8 5.0 5.2 54 5.6 5.8
Frequency(GHz)
---- Frequency Movement-1°' stage Frequency Movement-2" stage

X 3-37 EFI/LIL—LAh 1-3 - Position—1 |23 5 JE I G EE DS g S

-50
-55
— L]
Qo i )
, 60 i rl {4 0
3 65 - L TPy
2 [ “ ¥ ¢y V|I
570 Wy oy ny L | ! ' LT
£ -75 e Y
<
-80 ° :
¢ f
-85
4.6 4.8 5.0 5.2 5.4 5.6 5.8
Frequency(GHz)
—— Ray tracing - - --Frequency Movement—2" stage ® Frequency Movement-final stage
(a) SABIREE
10
o ]
% 5 \ l'|= "i |‘ "l ’. s‘ lz
i h \ - § h
g 0 :‘.,' ‘|0i .' ;:l".’. \".‘IJ" :lb I_L"L\;.“AA *n -l‘\.':\-.' A;.’\!L.--;J‘m'*.ﬁ.";
s Y vy AL CONTIYEE ey T |
E s I LY R A
()
s ! f 1 T
g '10 ‘ 10 :
w ]
-15
4.6 4.8 5.0 5.2 5.4 5.6 5.8
Frequency(GHz)
---- Frequency Movement—2" stage "~ Frequency Movement-final stage

(b) ZAFTREDRRZE
X 3-38 EF/L/L—.L 1-3 - Position—2 |28 5 JH I ENEDZEME L £ DiazE
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@)%VXW%é@lﬁ@%ﬁ

WIZ, —HOET N L— LML T, Al & Rk, 4XAMIMO #R D7 L—7 7 iz &
D\?kzw@ﬁ%ﬁﬂW (= 7(0) 70" EAF3CF H TR ILAEE) o EAEAR O
AW X DHEHMEE . BEEBEER L LA b L— 2 IR OV TR kiR
RERAE

EXELBITAROT T FHRFITY HAERREFRREE & U, FFHRIE 40m & L
Too Flo, EEMCELTT L—0HDLEE T, o ICEE, FECZEMCELTT L—0
HUL R Z Ry o IZEWE, 728, BEEEENEOHREICE LT, Ty & R DT —F 000
4X4 T U—T 7 FOT7—2 R MT 55 EX, iR OEMBENEOHENX (22) BIO
(23) IZHET B,

BET N — LIZET D JE R O F ¥ XTI O EAAEOR R 2 K 3-39 (TR, 72
B, AIEIEAFEZZCTHLREED N ELTCWD, AKNDL, ET/L—2A 4-1 RV CTxt
% LT 5 RRWEERICB VT, LA b L—3 ZIEICK L TR ENEIZIEF I B <
—HLTWBZENDND, BT —L4 4-3 ([ZBWTIEE OB N FET S, BT
WOFHBEIZB W CIXEHTBRELLEE 2S5, UID (Uniform Geometric Theory of
Diffraction) DJFREEND ., EZAFT T F O ESCJE B EN 231 ilﬁlyﬂ—f@(@fﬁ
B35, Zhicxt U, EEEBENE TIEE O R REE etk GEHEN fé%ﬁ
AR TOKE) X DLEHR, Lo T, @ﬁ%ﬁiV4hv~v/7& TREY
LA ERBINEOBRAED BN THD ENx D, LNLARNRDL, X 3-39 DfERNS, 20
BRNOAE U DRAEDOEREITIEFIT/NI N EB b, £, EFTWb—2A 4-1 IZBL
THLHEABAMTITRENROND LOD, H 1~3 FEAEIZ OV IR/ E 0,

AT, BRNEEZSRE LT, LA b=V JEOBREGIRT v R VET T
R A AAUT= JE I BRI C oD MIMO [mik Rt DO 5 FiE (R hiE) 2REL T, £ 05F
Miz1To72, TOME, H2—EOEEEKIZKIT DT ¥ XAOA 27V AREATHN O 7 —
B L > THOLND T ¥ RV DOEEBABOHIHES FIETIH, ZOREIFA+5
THY BHRD 1) LDV ii) DIHBAZEATDHZ LIS THENRM ET25Z 30Tz,
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1.0E-04
M
JA
1.0E-05
A # v — M
v VA NN A AN NA ,n n‘llé

1.0E-06 VL \;LALAAM 3

o :Hq: - VAN A A A y, -4 /- l.. l=
| AW SR VAN] (A Nt A Lr

3 LA 7 YN VI <
© | i v\ )\‘
2 1.0E07 . s " . 3
[J] 3 vE n A a
.Eo N | | A Ay 1} Al
& : \ AL W

1.0E-08 — } 4

— L ﬂ"‘ L H { <
Ch VK0 | 1 v DN
1.0E-09 ﬁ vy 1 i P M
= ' s
f
1.0E-10 L
4.6 4.8 5.0 5.2 5.4 5.6 5.8
Frequency (GHz)

(a) Model room 1-3 [empty]; R, ,..@

Ny |

Eigenvalue

Frequency (GHz)

(b) Model room 4-1 [partition-H3.0m]; R, ,..®
—— Ray tracing --- Frequency Movement-final stage
B 3-39 FET /L—AITBT D EEHEOT ¥ XTSI OB A E
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Eigenvalue

1.0E-05

N Av. N A ANV A \jl\ A / n \ WY N
1.0E-06 S
ViV vy v = v -
a A
AN R RE |
1.0E-07 A__A/AA?_A; A
v | J .- v a 2 v %
1§ 3
1.0E-08 e n ! \
Y VLY AILAVH A ']
1.0E-09 ) A
; ! =
h v
1.0E-10 Y /
1.0E-11 |
4.6 4.8 5.0 5.2 5.4 5.6 5.8
Frequency (GHz)

(c) Model room 4-3 [partition-H1.7m]; R, ,..®

Eigenvalue

N A A y/ 4
1.0E-05 MV NVYWV VA VIV TNAANAAA~A,
A AN _l‘\ A A AN =
1.0E-06 v \
N | R 0 AT AN Y
N W] N\ ‘." AT A AT
v v
1.0E-07 ! !
= — J>
\]
1.0E-08
A | 1 i n 'l l-: .‘"
1.0E-09 Ml ! :
v Iy vy R ER 1 v —4
; V H
1.0E-10 A
:Lg ?I\
1.0E-11 ‘ f
4.6 4.8 5.0 5.2 5.4 5.6 5.8
Frequency(GHz)

(d) Model room 4-3 [partition-H1.7m]; R, ,..@

—— Ray tracing --- Frequency Movement-final stage
3-39 (Fex)
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3. 3 JuxpyI—FFNMXAEEHEFE

3. 3. 1 Zuxylh—iEizonT

AT E Cid, ERREIE O BIASRARRIE A i S ICHEE 32 Fik & LT FmEa s
KON ZEMBENEEZ P OIGRRTE, 22T, 2R EEBIOR RIS - 7=l 5 HEE
FHELELT, LA PL—V B e Ry D —FT VEMBPANTEFIEEZRET 5, U
%, ZOWMEFEEL [ZTaoxyh—{k] LR, LFZO5EMAEIRRD,

BN, 78RRy I—FT VI ONWTHRS([27], 7 axy B—FT V&L, BELIK
4yH3 i. 1. d. (independent and identically distributed) S {HE SN B~ /L F XABEE FiZ
BIFDHMMOIZEEIL, A& DR— FMEAOZERAERE A AN TF ¥ RV AT
HETNCTHD, FER— MNEHOMEEZER— NEOMHBENAWITEFE LR WERE T T
DEER— NI N, ZIER— ML N O MIMO F ¥ RVORHEITH A (XN, ) E 7Ry h
—ETNTRET L L, LTORNHELND,

YENITRNITRNIY (27a)

ZITC, B ERATHIIEZERFRIREZR L, GIIFERPIMIRERZT 7 A5/ THDH
NXN, OITH, PlIzig® 1 Cdh b, £, II L I, ZNThASIR—FEBIOHA

AN— FHEOHEBEITIITH Y . EZEMRIIZY =TT L —TREDOT7 7 TR d. d,

DA, LT TERIND,

1 p.(d,) — p({N,~1}d,)
H;:_LKAAH>: p*.d,) 1 w p,({N,—2}d,) (27b)
r p*rGﬂi—Iﬂﬁ) p*rﬂﬂi;2}dﬂ :: ‘{
1 p.(d,) o p,({N,~1}d,)
H,ZL<A”A>: p* (d) 1 . p,({N,=2}d)) (27¢)
| p*,({f\g—l}d,) p*t({N;—2}d,) 1

M

22Ty pr pAEENENASMIZE A BIRE & AE M ZZ AR I CTH V| kTR
BagRT,

I CHBEESFIET D LOS BREEA Z 2 o B, A VL, EHEE Ay & BRIy & 125y
LTUTORTRT Z &N TESH[28],

K 1
A= A, + A
\/1+K P \/1+K s (28)

=
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Z 2T, Ap I TEBEEE S DT ¥ XTI TH D | Agl, BEHSD %%wtvw%AX&A
DF X% FATHIT, K@2Ta)D A D [P 2N LIEH D @A BRI bOTHD, 2K
AART 77 BT, EHWES) Pp &~ NVF/RAPEDVEET) PsDH(=Pp | Ps) ThH D, 725,
VB ORFEIC BV Clid, B %2 1. i d EIRE L TWD DT, EZ5 7T »7 7 Mk
MIEZAER A2 DT T FTRIRICH S THRTR LS DOEZET 7 TR IESF L TWH5E
DHaE 2 Th—MMETRDbNRY, ZORFIZENTE, 1781 4p DFMITIT1 TEZS
ns,

AKEiD 7 vy I —EIZBWNT S, F RS LT, ZRBENEDLE & FERIZEZ(E
KRB OV A FL—V U TEOHREFER L, ~ VT SAERT 2 REmO i) HER
M LV il) EZEENEND SR ERD D,

WIZ, VA ) =T ==V TEREEICEIT 2 EMHEEE 2 5 & BEIEREDOZNL Ar 12X}
T 5 ZEFHBRE p, (4r) 12, R TRD BN D,

1 T (27 . .
pa(Ar):FJ.O jo Q(0,¢) exp(jkdr - a)sin 0 dgd 6 (29)

Ar = Axi + Ayj + Azk

a=cos@gsinfi+singsinf j+cosOk

ZIT, kT Q6,9 1 TREEREOVEE T n T A NTH D, EEEIZIX, Hx o]
R P ISHENL TR T N va; (6, ¢) & D 72 DBERI A2 72 5 O T, B EKSY (i=0) ZBRV -
~IVTF XA DZEFIFRBIXLL T OX CTHEATX 5,

i:|ai|2 exp(jkAr . ai) (30)
p(dr) ==—7

ZIT, LI SAORETH S,

LA FL— 70k FENL ZEMOARZRGRT =23 G605 DT, £ive M
WT, RQ@DICE Y, FEMEZEMOZEMAEE p. p MFHHRIZE VRO B, K(©2Th) &
(27c) DFBATHNNE £ Do ZIUCHEBERM T 2N 2 72 (©28) 1T & | 1751 G DERSy
WCEEE WS HEIOY R 2L —2a U EITH-> T, HatiEE kD 5,
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3. 3. 2 7uxyHh—IRZK3MHEEHEEDORENM

AEITIE, Z7axy h—IEORBEZFNT 572012, fBHTET VA2 B U CRRGE 2 i
T 5, TOOIT, TS HEMIBEELAE L2 SIRIEBAIET LV EME LTI, ZOET L E
EZAET T T OBLE OB %2 X 3-40 (277, T /VIE, JE S 200mm DT AT 7L kO Ht
MEENT 4 TERBELEZES 20m D7 )V — 7y 7 4 AcHRsnhTng, %
7oy 727 FITOWTIR, LOS BRELIZ & B[Rl —HfR E 4 R Ul CHETTO 2 5 OHEm I
WENTZT VT FEABEICERBL T\ 5, ITS HERMEE O RC-005 Z48E LRI
5.8GHz & L [35]. ZDJEMEEICKHT 27 A7 7L b OHFHEERIL 2. 70 (FEEAFEOEE
WILDEHREL 0. 24 (SRS 12.3dB)) . =27 U — F O LLEF A 6. 76 ([F] 0. 44 (7. 0dB))
L2,

saxy H—ikEDlEE LT, LA ML=y PHEORI L DR & 22 ENEIC X
DEtRAHETERT 5, 72720, AEITIE, BER FHIICIEA 2 X 9 2232 2B HIE A
BEBOHEOI T2 LA L= TR L 2 DS FRTIE L TIRNESEITRR S,

LA M= U ZRRICBIT D EZET T T ORBEOEMEZ R 3-6(a) & (b) IZRT,
T T FIE2X2 MIMO R ZBE L TR Y . EZENE 2 K0T 7 13 Y HiZ 40mm H]
WaCELE T 5, HMET 7 T OMBEITFEE SN TR MAZET 7 FIEX FHONE 10m-
Y A O 2m OFPHO U 7 A BEIT 5, BRI, K340 BLUE 36 (b)) ITRLE
Loz, X AN EATIZ 500mm MR T ARD T A L &2%E L, &7 4 > E%& X I 200mm
Mg CcBEISE 5, #-oT, LA ML=y ZEORIZ I DFEICE T DM€ S 8E 255
Thod, 2B, 7To7roRERS (Z M) 32T Lbn Thod, 7Tor7 ik, FHEESY
AR=NANTTFTTHY, FETTT 1 KO % 280mV E3RE Lo, ZOHIMEI,
RC-005 OFIkE (77 Vo7 H LIEE TN I DOF v o 2 7, 1 F v RV DHE
IhE - 4. 096MHz, ZEHHRFEEY) « 10mW/MHz LAF) ZZM U7z, £7o, % 3-6 1L 2X2 MIMO O
MR TTH L TV D, IBEOREEICB WO TR, 2X 1 MISO B8 X TN 1 X2 SIMO 122\ T %f
G35, T LT, 2XIMISO DFAIZZ DS HO Tx-1, Tx-2, Rx-2 %, 1X2SIM0 DA
1% Tx-2. Rx-1, Rx-2 254 2,

WIZ, 2 DOGFHAEFIEICONWTERR D, TG OZET) 7iEv A hL—y o 75
HOLAEEF—THY, 2O ) 7OFLEEERLETDH (F 36 () &) . £L T,
HIE A 201,201 &35, UL, ERBENEOLEIX. ZOXETY TIZBWT, &
BT o7& X Jm Y e il 10mn HETHEISEL ZLICHYT 5, 7Ry li—
EOGEE, X (27a) FO GIZBWTHTE ORE 7 T BRI AR H - 7o 5L & 584 S
®5,

LA R L= U TIEORRSM L U TR R RO R 3 (513 K OEErEE 1 [E & LT,
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15m | 20m
L= |

65m

Concrete block

(height: 20m)

Moving range of Rx

........... (X-10m :Y-2m)
Y
J
(0,0) Line-A +—eo—o—ooo g
’ Line-B '_'_'_'_'_'_:::j—
Line-C FOlsm
Line-D +—o—o—e
Line-E

340 ITS BEHERHIE & HE LI iR FIEORIE ML 7 1

# 3-6. EZIET T T ORGE
(@) VA ML — o ZHRICBTDRET T

X[m] Y [m]
Tx—1 45.00 | 36.98
Tx—2 45.00 | 36.94

b) VA bL—v P RRICBITAZET T+

Y [m]
X[m]
Line—A Line—B Line—C Line-D Line—E
Rx-1 |75.00~85.00 | 37.54 37.04 36. 54 36. 04 35.54
Rx-2 |75.00~85.00 | 37.50 37.00 36. 50 36. 00 35.50

(¢) 2 DG FRIECIIT 2EZIET 7 T OB

X[m] Y [m]
Tx—ref | 45.00 | 36.94
Rx—ref | 80.00 | 36.50
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(A) F v RVEHEDE A B A0 & IR
BANZ, 2X2MIMO RIS 1T D F ¥ F /L OMBIATHI O E A M OFMEHEE KD 5, X
3411, LA bL—y 7k EERBENE, 7 0y B —iETO 2X2MIMO HEEK D 2 DD [
HE (4, 4) ORFEHERSMOERER THL, FMELY, LA ML —2 T OTF—4%
HEYEL LTHD &, 2005 FEITHBRNEN—EIZ > TWD b D00, ZEFBENIED )
M7 ety B—{ELD b —BEITE, ZHUL, 7 vy —IETIHMEIERE & 5525 N
DZEFAEBEO A TIREL THE Y | NAOREEFOERNZTEN TN RN ERBHE L
TETFLN5D,

ZIT, 7Ry —EIBWT, ZOMITETIVOERMESTOT A A7 77 ¥ OfEIX
K=0.59 THV, 272 LA ) =T == ZICHWERETH D,

LNL2Rs G, Mg OFRERE 2 k95 &, o@EA ThD [HKEESICBITS 1 B
LA MU=V U TRHR) BBRWEES Tik, ZERIBENE 40 7312k LT v xRy I —ikid 34
BThd, ZEBENETIE, TL—Tr7FOFRBIZLY, BESIZBITH2E2TO/NRAD
TR EPFEDORER T LIEDEAEI > TERESE D, —FH, /7oy —ET
CHUCHE T DB EM ARG B AETH D, ThbL, REEOTOROHEMEDERD
BEnD, 783y W—{EOFNFERMIZLVELS TELI EN DML, B, b L,
ZORESETOMNTZ LA L —2 2 ZEORTERL LD &9, 1B 1000 A % 2
T5HEMESND,

10
g
=10 1
0
©
o
(o]
) -
Qo .
(]
2
+
©
=}
€107 4
= ]
\ 7 i
10 o : Sy §
107" 107'° 10° 10°
Eigenvalue
—— LA RL—= e e RENE 7 ua xRy —ik

X 3-41 2X2 MIMO O [&/4 il > B FEe =R 454
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(B) IHIEHEA &

Wiz, BEBAECHET 5, 22 TiE, Z20OFETOEERKAREZAD, —2I,
X (14) PO/BONLBEERAR (G, Th Y, FHREICEL TL. sk o=MBINEOSE &
[AERFE2%) SNR (y,) % 10dB ERET 5, b9 —Dik, CSTIZESEE—FHHMED/NADH%E
FIH LIz VA Y —MMEiE, TRDOLEKREEHIBEET, ZOROBEREEE Cp
& RS,

WG RAEO RSO A K 3-42 12573, R (@)1 Gp ()X Cpe TH D, [FIKIC
BIFDH2XIMISO LY I NAA RN —MMeiETH Y | ITS BHEMIEEICHE L /-%E ) TEE
HAN—F 5T ) RFZER 7 1 v 7 555t (STBC) {RiEICHY T 5, F£7o. 2X2MIMO 1%
2A M) —MEETH D, 2B, 1X2SIMO IZOWTIE, MISO L IFIFFREEOFE R TH H 720
AL EIE L, EAEOMOYE LRk, BEBRAEICEHAL T mxy I —ikldL
A b= 7 OFERIZHE—F L T\ D

C) BLE-FL®
ITS OHEHEMEBEALEE LICET VT By I —ik & ZMBENE 2 FRGE L 72 f5 R,
LFOZ EDRBH BN T,
i) HREAEAMO MIMO (R ORI E 2B 9 5 51k LT, LA hL—v 7t
IRy N—FTIVEDOMAGDOETETIAETHD
i1) MIMO (ZFRWTIE, FrlZ, H—EAMED R Z AL 7 — Mok (RRIEAHK
5%, STBCARZE) ZE\WKEE DR FIRETH 5,
iii) FHEOEEIZ. 7 exy W—EL 0 bZEMBENEDO TR EV, L LR L, RIE
DORXOKRED S D, FHEFERIX Y v I—1EO B3 (ZERIBENEDK 1/10),
ARIOFMTIE ITS EHEEBEO —HlZ L D H O Z T THHDOT, 5% EIbILE
FIRGH TO X FEMR R B LETH D, LNLRRL, —mTOLA Fb—
TG D Z ORI OO HINEE Z 7 v x> 1 —F 7 )L TR 5 J71E1%, BER OFH
HIEFNC BB DOWET —F BNLETHHEAIC L R CHENATRER TIELE LTRE
ThoHEWNZ D,
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(D) ZEMBENED m%f®@m&ﬁ(§%ﬁﬁ)

A 13, 1. 2 ITBWT, BNREEICKT 2 2 MBEEDZIE IR E ORMGEEL Fh L
ko%@%%\%E%%ﬁﬁ%¢bkLT&E@@S%@@I%%%Lﬁﬁﬁ%&LKO
—JF. ARETIE, BAMRE IR VARBRHEHEZNRE LTS, £ T, KHiDE
TMZBNWTH, £ 36 (c) IR LIEEZEMEESEHNT, X #iFmczET o7
Z £5m (X=75~85m) DHiH THE) S THIH & [FERICZZEBENE DZEIRE DOMFEAL 1T -
Too EOMMTHRER 2R 3-43 & 3-44 1TR T, K 343 [TEMBENEL LA FL—2 0 7ED
RIEMEDOLETH Y . BN 3-3 BLI N34 TS T 57 —4ThbH, £ LT, X3-44
X OIREOZDMIHEEZ 7 2y F LIeT7 —# Th Y, BiffiORK 3-5 1CxIGT 5, 708,
3-44 TIEK 3-5 L [AER. EEUERDN D DFEREZ xF G 5. 8CHz THUMS L L 7o 5 fE T
FELTWVWD, K3-43 & 3-44 0, AEiDORIREE - 1TS HEFIEEET L O8%6 . &M
SR AL E L THREDOR 10 fE0#FHTIZ LA b L—3 0 73RBS 5 22 8k
IZ K DHEEMEDORRZEN 1B UL T ThH Y | ZRIBINEDREEREWZ LN 00 5, T7b b,
BT INDAT—)VINER L TT 7 L BER & OFEBENRAENICE < Zedu, ZZMBEE
O MAFPFSIE S NS Z EERB L TN D, 120, REiXZ vx v I —ikOKGEE +
HigE LT 10° A —¥ OWE S &R T 28 M0, 20 TZEMBENEN mREE Ci H &
NDEPH] 288 2 7 IR ORI A2 FEi L T\ D,
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BAE R LANRERMEOUWERE & FHE

4. 1 WHEOEE

ARETIX, EEOMEA UGS L7 FE5RE & R LAN OFEMAE HWT, BRI = >~ 7
U VR A T % 2 &2 L DIt DB B Ol 23 7 5, R LAN & LT
I% TEEE802. 11. a 33 L OF TEEER02. 11.b A %5t & L, OFDM B&REZ i 2 7-RIFIZHB W TH,
— A2 —rUL (GI) ZEZ DB FET DBRECIET— X L—FRMEFT 22 &
xS D,

HEHR LAN O 8 AN RIS Sz 1990 4FR, 47 4 ANV EZIX L O LT HEWD—ikH)
REREIL, ZEOT— X EHTHERPENERORZ D RWEEE L TUIWehote, £
LT, IBHEDOFT7 4 AELVOENREZ DL, Fim ClR_72 L9 ICEEERE FIch D
r—=ANZ, ZHUSK LT, BEAF OB WIMUE O FHEARIZ IS 7o BRI I MERE
G U2 BEME 2 i T35 2 L i@4w%MN®h£%¢%&%Lkﬁ%W#$ié
nTWaI[20]-[24], LM Lans, ZaboiEkoli TENZIL, OEEBIEOM B = 2
RASEN, QFTHLIE T 1306 T & 2 BEEE M Otk iTﬁ% V) 2 DO
SR DT,

Ziizxt LT, %%Eiﬁm&wwn/7¢~wf#ﬁ%MI¢éﬁ%&%ﬁﬁﬁé
ZLT, ZOREIZELY, FERRESWEIN TRERERR LS Z 2R d, 2
:T\:®f#ﬁi§ﬁ (RO A B E I L 5, fERE A 0 — B Rl B R W IR
DA B A2 TRt a & A BB O BRI IZE LT 15dB LI E ORI EE
H’éué’ct%{)o LLARRD, BEEOIFUTOHENSG ZOHFXEHRH LW, OED
(%, [15dB LA EDOWINMERE) S FEBL S 400 A A EITIRE S5 DT, SRR AR BT
ETHVTRABRE T CIX 2O —7 B2 EEHRT 2B TKRW - Thd, £,
HEICKHNEZHE LN LI X OB 2 2 MM EN D, S 512, fEREATORKE
BAT RO =X —05m2Mfl) THDHA, ZIUIARZE TS L 32 R LAN £
FELUIRIEA S TWA MIMO DB 2 (A F/RADIEH) LIFHAEN LWL D THD &
WZx 5, LAEX Y REHEEHNT TWRINIMERE 15dB 1B RIMERE TH W 5ABRREE] L LTV 5,

S 6T, TEHMNRIETH D7D, B D%GE Y = o — 7 Vi LN S D%l
TITRDEWVIHIREDRH D (L LIZBRBOEBRTHNWDL L H572 THLELARZAT] OV
AT ARFOEAETT, KR Z BT 57205 TRV, EREERIN E » 7 77— )V KIER DS+
BULIRIINER O KRR LR —Th 572, i THIEICE R ST,

¥, ZOBREWIN R v 7 T — )V RIFIR O BERFRE & F ORELEDOFERIZ DV TIE,
FHERIZEE#E L7z,
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4. 2 EBRELEBRI AT LDOER
IO, ARBFZE T L7=. IEEES01. 11a [ZHEHL L 7= 5GHz 3R LAN 33 JL O IEEESO01. 11b
W ZYEHL U 7= 2. AGHz B ERRE LAN 3 27 AD A NT A — 2 %R 4-1 TR T,

F4-1. B LAN VAT LD FEART A=K (Kia L TORMGIC B E 3 5H H D Fr)

TEEE 7 802. 11b 802. 11a
JE Ky 2.4 GHz #5 5GHz
C AL Eae BPSK: IMbps OFDM
QPSK: 2Mbps BPSK: 6Mbps
CCK:5. 5Mbps QPSK: 12 Mbps
CCK: 11Mbps 16QAM: 24Mbps
64QAM: 54Mbps
o IR VE 0.73 ps 4 ps
(GI: 0.8us &)
e KA BT 11Mbps (1. 37MByte/s) 54Mbps (6. 75MByte/s)

WIZ, EBREDOHERIZOWVWTIERD, X 4-1 137K S 5. 3mX Mg dmX & & 2.9m (KA
2.3m) OEF=aL 7V — MEIZTER SN ERELMEH Lz, Dk, Kbm - Rif - B4
a4 %21 A D BERIT, R 42 IR TEEOBENINBREEE - 7o 5T i 2 pkc
D7D, JEBR20um DT INVIEEM -T2 T 7 MK (ALK) ZRIEAT L S fHiF 72 AR
— N&ZRE Lz, ZOHR— NFBER~OERY 1T (KtH : £#HF0O@) BLOHY AL (&
Wik #HOO) FHEEIAITI ZENTE D, b, ER=EAKORER (Fi#m) (X2
7V —hETHY, wall-1 OBREBEO—FENE L 72> TWDHN, & HICEM 2B T 54
BEThs (ZNHLOMEICAR LEBBE O NLF—0 5 BHh7a< &b 90% ISR ~1kIT
%), Flo, BAMIHBZEMEALRELENTHD, DT, RABAT THITERET v ¥
TL— b ERRORKOREIL ALK TE- 7o & LT,

Z LT, 42 KO 4-3 12T E 012, IR H @ S 2. 3m ONLEIZNE 25mm D4 )&
DIR—ZREFIRIZAR—DFH Y 4B (metal fittings) ZXE L. 1 DOV A X2 630mm X 600mm
XJE X 16mm D7 — 7R e 2 I L 72 RGN = > 7 7 — VR IR (KRR TIE
C.P.W.A. Ceiling Panel Wave Absorber) DHELY fHiFT BV 4 LA BIEIZITZ DIHERR E L

77
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#4-2. BRNSUFRBRE
RSTHE || wall-1 (BA) wall-2 wall-3 wall—4
6 ) [ [ )
5 O [ [ [
4 O O [ )
® : U, O @ Zilbim

WIZ, FBRYU AT BZHOWTIR 5, 5GHz Hr R LAN & L < 1% 2. 4GHz #FHER LAN 3K %

W7/ — R a A (PC-A) ZHEFH U725 X 760mm OFBENEH (electric cart)
(X 4-4) & FEBRENICHRE Lz, ZOEBHHEIC iﬁéumm& TS L CHEA R
SN TEHY ., #1FE (operation panel) ZFEER=ED/MBICHE T LHZ LIZH D —#HD
HE VX FEBRE N DR B C I L 7=,

Flo, TI7BARA LN (AP) ZIKHEH G E S 2m ONLE CREF H JIETICELY 1772, AP
M5 1% Ethernet THEft L, N7 06/ — MY a2 B (PCB) Exy hU—7D T 7
4w 7 ZEHT A7 LAN 71 hav T 5 A H— (proteol analyzer) Z#4Eke L7-,
N7 (hub), PC-B, LAN 7'v ka7 FZ A F—IZB L TH EREOINBIZERE LT,

ZDVAT AIBWT, BERBEAZES 380mm OHE CTENSIRAEBE SN G,

B EDPC-A & AP 4 L72 PC-B L O CTHEfE DT — 5@L%%%LEmwmtii6F7
74w 7% lsec MICEHAILTe, T DBEEHMITL DU 7 (PC-B— AP—PC-A) &
L7z, F7o. L EIOFHARERIZL 1 59 ERIEREL 59 &) T, BEICHW T — % O &
1% 106, 951kB T&H 5,
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—
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C.P.WA. i, metal fittings

.

4-2  RIFHE T Wi X

4-4 PC-A ZH5H L /- E# A H
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4. 3 ZFEBREOGWEIERE

ZIT, EREORNREEDETT WLIZOWTRET 5, ARS8 TIL, BE il OB 23 IS
DVYNTFNABIEDRENVREZ G ET 5, EROREIX, BRI . i%@
EDOMHBRNEINIEFITEHETH DN, ZZ2TIE. ZHIEENEO L LT BfliZ2E
FRDEDHBEOF TCOLEMEEZ D, ZOLIRBETIX, 727 BARA kLUK

EHEENH D0, TN EBERINFHC L D~V TF XA TR SN DL - 74 27
VU RETERITE 5,

il s FART7 ==V VBRETO, FolTaRy oREIZIZ, 1) VT RSREOF
Yy S) (Pr) LEBAEET) (Pp) LDt % i1) EHRAZBIEDELEL 5~ /L TF /A%
DHRRIE & 1, . 111) VAT NAPOBRIEA T Ly R i or D, F—/"TFA—=F(Tk5D
(191, [31], k- FA AT 2=V U TREDOEBIE S0 7 7 AV p(0), BLOV /LTS
DB P R THET,

p(r) =P,0(r)+ p,(7) (31)
P, = J.: p.(v)dr (32)

-
—

T p AE~ VT RNRPER Gy DIIET 01 7 7 A )b, T TRIERFH], 5137 1 # B¥ie £,
EBD3oDF— T X =2F, TR TESIND,

s?=P,/P,(=1/K) (33)
T —irr (r)dr (34)
m_PR o p
1 2
o=y, C-m) p)dr (3)
R

ZIZT, BRETLD KIE, fhbk s TART 2D U TBEAETEXICHANONS T A
A7 7 7% (Pp /Pp) THD,

SCHR[9] T, AEBREFUBMT, LA bL— 2 ZIC X ViR LIZBNBREED Bt
—NFA—H DR LT D, FSCERTIE, KRS 1 1< 2o T, S48 o O
BEET D, FHERMEEBEEICHE 2. BISEMZ2IE (=20 B TORKE5E)
TP FONDHRISR NS BEROBEEGMREZ/ 0.9 (KHHEKT1dB) &L Twn
Bo TD XD IRGEMET, s@ﬁ%ﬁékk%AﬁlﬂﬂDi@k%wﬁ’&oTW5(i
BRI9] D 8), AFmSLTORBRTIL, KV BIEORE W /LT NRAEREEE LT, R
NIEEZANTWDZD, REMRHIEY S 21— a VU TOREMEVITREL, ®xIZ
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SOENRIHICREVERETHD LHEREEND,

— 77, XER[BLIRC B3] DFFMTRE R DI, b TA R T 2=V U TR TH - TH sD1
DERE T, mEREI LAV =0 mO%GEIcn |, EHEEEBZALEREOEBIERT Ly
RoLAY— 7I~y/7mﬁkbfﬁmbfmﬁ@w EWNRENRTWD, ZOHED
PFEIER 7 Ly Roldd

o = S2 Tz +O' (36)
i 1+s* | 14s°

ThHz26N5[31], KHXOFEBRTIE, FRROMBAO LB | EEERS T~V TF /SR
ROV, ZFOL D RGEITIEL, WEBILE T 10 7 7 A ) b EEER A & Sy BT
HZEFmO TN, o, BRELA V=T o=V RREEARLTYH, ik
FeMERHMC X RTRE N2 o0 L DUT T, By 25 A 72 (36) RDIBIEAR 7' Ly T,
TS Z st B,

FREOFHBFEAEICEE SN T, BIT, BAORBLET 7 7 7 A LORIE L BIERA T Ly RO
B A L7,

5GHz HRD PP R A A R—NT T FERT bRy NTFHI A4 =% AT, RKER
EaKx OENFEREE (BAKRE) ICRE LG EOEBIET 77 7 A VERE Lz, Hl
TE I, JEEL 4. 60~5. 30GHz DJEE LT — # bW 7 — U =B LD A /UL R
INEHRDTIZ, EDOREREK 4-5 12777,

BIEICEE LTk, il U720 LAN (RIERFEDRRAESERR > A 7 AT A THERE LRV IREE
T, BEWT 7T % AP ORBEAEICES ., ZEWT 7 FHTEHEEEE CEmS TEN
R ANOMLEIZOW T 2T [ 55 LEPTIEEANFR R, b5 1 FaTEHh o Ikt LT,
wall-1 FAIZ Im, wall-3 (AP 3%{#ifi) J7MIZ 1. 25m BEAL7-AriE (X 4-1 (¢) R ]
WZOWTCSEHE LT,

F 72, 2. 4GHz I BE L T b 5GHz #Hil D& & [F] CIIENLE CRIAROHE 2 Fhi L 7= (J&
W HRENR © 2. 13~2. 82GHz, 6 MIHNEREE D 2)

¥, SCHR[36] TITBIERHEN TR DGIT TED L RN PRI TV D,

S BT, AIHiCIRATBIE T 1 7 7 A MBI 2 Ban XA Bk L 72 Xx2 v, 24t
T 7y ANVDOHET —FNHIEIEAT Ly R (0,) ZEH LT, &4 OREOEREART
Ly R&EF 4-3 [ TRT, RPOFZEEICHOWT, EEOKFORTIT 2 ErOEHHEE .,
TEBOBFIIAE T OREM A2 R~ (T OFFEREEICIEWN TS, BRI IR AR % it
TTHZ LIk BIEAT Ly FOEBMEPER SIS Z &R 0005, 6 HR ST EREE Tl
RIF 2 BRI &35 2 & TRIERA T Ly NI TOEICe > T D,
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Power ratio(dB)
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(a) 6 reflection walls
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#4-3. BIEZATFL v N (o) [HA7 :ns)
(a) 5GHz-band

. FEREIE W N KSR
S
Flic H
6 216 81
(217.2. 215.6) (87.1, 74.3)
- 72 35
(70.6, 72.5) (34.6, 35.9)
A 32 12
(32.1, 31.0) (10.2, 13.7)
(b) 2. 4GHz-band
. FEREIE W N KSR
F& SRR
Elic "
6 246 114
(239.2. 253.1) (109.5, 117.7)

4. 4 R LAN ERAESCEOREEFEER (IEEEB02. 11a)

F 42 1R LT 3 MM CERAEWINR IR OA #4250 T 6 fiE) ORNEREEIZBNT
ZALE A TEEE802. 11a (T HEHL U 7= 5GHz 5 HERR LAN DR IEFrMELE DO MGE FEHR 2 Fh L 72,

FEERENTOEEE HO LKW BEIFEL L TICHR~RS (X 4-1 28), wall-1 BLWY
wall-4 (ZxF L CHATR T A % 500mm By F T I AKHRET D, 22T, [6FBHDOT A ]
MBERNDE L H =T A N5 X HITHRET D, PC-A ITHD FHT 72 SRR LAN iR A% 7 A
O EIC A LI LT EBIGHEA wall-3 25 wall-2 DA X 1T 10 BB S & 5,
L7eoT, 1 A4 OUERILS.8m TH D, ZEL, EHEHEAKOERE, r—7 10
RO ELBLXONSHE (wall-2 & wall-3) OR— RFOEIDOENLBRBROPERETH S,
LS, ARIOAIET Y 7k, HELR LAN SR Z2 A5 PC 2N EM LAAAE LIS 5 il %
TR L TS LT D, 1 DOBRERBIZ OV T, Ethernet (CX 5 T 7 ¢ v 75
TR E R EE 5310 A8 (ERAIEREL 59 5/ X103 X T4 9K) Thod, KRUEIZ
BWTIE, EHEHEOFHENLRO LD Ry 7T —7 ME, 56Hz M HE#E LAN DI5GE T
0. 1Hz, 2. 4GHz HYEERR LAN O34T 0. 051z TH 0 | Il ORIEM Tid MRITH ke (&
BEHIZIXEERBE) ) EARED720, BEOBENGF ROV TIEANRO 1 FEE L,
B, ARRE LTINS, —RUCEE L CHERE VR (1 9RE) ToOME b EhE LT,
ZOMEMITLE LERENE LN s, MEMIZEOHSDT —F 2K Lz
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DEHBIED,

N7 74y 7iHAERO—H 6 FHDT A /67 43 BEBHEOMEIIENOH
RIXIK) ZK 4-6 (TR T, ZDHIT, K A4-TICIESBRERREICET 5 5310 T —4% L— b
HE AT T LGMTRLTL, £, BIEAT Ly R T —2 L— D7 T 7 %K 4-8
2= L7e,

4-6 (a) BLOK4-7 (a) LV, 16 HEH - BRELWIKIRE] ORIV TIE
T2 L= R 0IZRDIRBHUEINTEY | EORAEMEEIT 1. 1T% ThoTz, T7obb,
OFDM Z8 7 )7 & 2. 7= 5GHz HEERR LAN T - Th . BIEDLN W RIEFITRKE WEREE T
7T —Z L — M METFLTLEWY 0 ICHELIALEBHFETHZ ENHII L, ZhUTkL
T, BENICEREEINKIREZT T35 2 LIC kW EEBRENUEINTT —X L— )
mETDZENHALNTRST,

¥, WET—F — S OWB OB 1sec (2% LT, ML LAN (23T 5 2 v AL
LT L — AT psec DA —XTHY, WFITIL 100 OHTDOZENRH D, LT7Zi"-> T, lsec
DEOBRFEAEITH L, BaOLFIEERIZI 7B TE 260 B2 KERTIETRK
DOMERR LAN Hgn 2 ZF F REOREL —UTOTIHEH L Tnd, EFELIL. K46 DX
IRT =B EZEIA L TVDLN, TNOLNLIE, KERT—XHERHIHAICLZED
ATEE Cilfee L CAIE L TRY . ZOHIrOZSEEZTE LTV 5,

BT, M 4-T Z# AAH LR BREDRAEL D IEH AT O REIZIE 2> TR (13RO 2. AGHZ 5 1E
B LAN (ZDOWTH AR, 16 1 S » BRI BN R HARIEE | 2 FR< 5 DD — AT W T,
1400kBytes/sec BT —H L — DA DI 72\, F72, 16 1 S - BRER WK I
|\ DOIGEIZEB W TIL 7T00kBytes/sec B DR NN DI2NER L/ TWA, RIFROELS L, D
TRIFENZD 4 HEFREICB O THERIN TV IEND, ZOJFRRITEREE Tl B ERHE
BHOHBEEZOLND, T7bh, RFEBRTHOW MR LAN RIS QOB O L/ 5
N UREL—IRBEMERICRESNTND) 28, BRELIZS U THIEZ S TODE R TIEARu ing
HELZSND,

4-8 I %, 5GHz HMERR LAN (2B L T, FEBRENOBIERAT LRIk 57 — XL —h %
7y LK THD, FIKED, BIEAT Lo RA 70~80ns LA FIZEESHAUE, 7 —F Bkl —
M, BIEDO BN WEIR LI ZEHE LN EZAE TRIE TEXLZ L bnd, ZOFEBLOTDITIE,
KIF 1 HZ BRI AR —RICEERZ DL TINWZENARIEIC LR TEZLE 2D,
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(a) 6 reflection walls without C.P.W.A.

2000—
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(b) 6 reflection walls with C.P.W.A.
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40

g a0
=
= 20
=3
e
a- 10 E
o P—
o = o = o = o = o o =
o [=2 (=] o o o (=1 o o (=]
— > hrsy ~ > — bse) s ~ >
Data rate (kBytes/sec)
m without C.P.W.A (ave.894) mwith C.P.W.A(ave.1392)
(a) 6 reflection walls
40
s o
=
= 20
©
-2
e
o 10 %
o 1 1 1 1 1 1 s Y o Y e P P P TSR
o = o = = o = o o = o
o (=] [ (=] (=] o (== (== (=] (=]
P > hrs3 ~ > — > b3 ~ >
Data rate (kBytes/sec)
mwithout C.P.W.A(ave.1304) mwith C.P.W.A(ave.1421)
(b) 5 reflection walls
40
30
=
o
:-5 20
%
-§ 10
a-
o P S S S
o = o o = = o o = = o
o (=] (== o o o (=1 (=] o (=]
P > b3 — > — > hr=3 — >

Data rate (kBytes/sec)

mwithout C.P.W.A.(ave.1380) m|mwith C.P.W.A(ave.1444)

(¢c) 4 reflection walls

4-7 5GHz ML ANDRERE—TFT —X L — b gHDEe AT T A
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1600

1400 =¥

L7

1200 \\
1000 \

&

Average data rate(kBytes/sec)

800

10 100 1000
Delay spread (ns)

: 6reflection walls (without C.P.W.A.)
: 6reflection walls (with C.P.W.A.)
: breflection walls (without C.P.W.A.)
: breflection walls (with C.P.W.A.)
: 4dreflection walls (without C.P.W.A.)
: 4dreflection walls (with C.P.W.A.)

RO e o

>

X 4-8 5GH z HHERR LAN OBt —BIEA 7 L R T — 4 L— b

4. 5 IR LAN {GRERHELE ORRFEE SR (IEEES02. 11b)

YRIZ, TEEES01. 11b [ZYEHL L 7= 2. 4GHz HyHERE LAN (ZB LU T & RIS R ME O M AE S BR
IR LT, BEEREORRE S K ONIE A2V T 5GHz 1 R LAN O34 & 3l ¢
HDHMN, LLTFD 2 HORENRER D,

(1) KHEBREEL 6 DA ERIGET 5,

(2) MEHR LAN BSREO H DR E M %

casel Hi7) 5mW
case2 Hi7J 50mW
D2KHELTD,
2. AGHz I LAN RS FF M E ORRGERER D N7 7 ¢ v 7 FHAFE RO —F %24 4-9 127,
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7o, T—H L — DL R NI T LM EM 4-10 ITRT,

HIERE T2 6 OFDM 255 A& fif 2 CTuh7e o 2. 4GHz AR LAN TIXMRD Z L Tlad 5
L RIZVBIEDIRA D BIEFIIREWVRE FTIET =2 L— FMMET T2 Z L3 d,

5T, BRIERIN KR Z G T4 25 2 LIk ek iEEosELHR SN D, chFEE%
DT —H L— NOEBEIT., casel & case2 DA TH 4 613kBytes/sec, 602kBytes/sec
LIZIERIFETH -T2,

L7eR>T, W1 10 f5ICZE L THIE UBRE T CIREIHREEEITIZERCTh 5,
IOl [BEENZWRIELET T, TR FETdeEsnen] v
O HERAHER I B L TV D,

750—
kBytes/sec

(a) casel * without C.P.W.A.

750—
kBytes/sec
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