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Abstract

MIMO (Multiple-Input Multiple-Output) technology has attracted wide attention as wireless
communication technology to realize large throughput and high reliability. MIMO
configuration is employed in wireless communication standards such as IEEE802.11n wireless
LAN, WIMAX and LTE (Long Term Evolution), and is also considered in IMT-Advanced,
which is so-called the 4™ generation(4G) mobile communication system.

When the MIMO configuration is adopted, an antenna array mounted on each user terminal
should be as small as possible for user’s benefit. For this purpose, multi-polarization
techniques may be useful to realize a compact antenna array. In the case of free space
propagation, there are only two orthogonal polarizations, such as a pair of vertical and
horizontal polarizations. In a multipath-rich environment, on the other hand, we can utilize
three orthogonal polarization components as three-branch diversity. The MIMO-CUBE, with
12 dipole antennas placed on each side of a cube, was proposed by Getu et. al to take this
advantage. However, the antenna is not practical because its configuration is very complicated
and power feeding structure is also complicated.

In this dissertation, we propose a novel and compact multi-polarization antenna called
Tri-polarization Antenna, to utilize the three-dimensional spatial freedom in the multipath-rich
environment. The Tri-polarization Antenna consists of an orthogonal polarization microstrip
antenna and a monopole antenna at the center of it and is simpler than the MIMO-CUBE. We
describe the basic configuration and characteristics of the antenna, and also we demonstrate the
channel capacity performance of the antenna in multipath-rich environment where our
developed reverberation chamber was used for the measurement.

For performance evaluation of a MIMO user terminal, on the other hand, a realistic
measurement environment is required. Measurement methods of radio equipment performance
in a realistic fading environment are called OTA (Over-the-Air) schemes. There are two types
of schemes. One is a fading-emulator (FE) type which uses a number of antennas emulation
the radiation from scattering objects in a radio anechoic chamber. The other is a reverberation
chamber (RC) type which uses a room surrounded by 6-plate metallic walls. We select one
from the two depending on our own purpose since both types have distinctive merits and
demerits. Although the FE-type OTA system allows flexible control on the time-varying
characteristics of radio signals arriving at the user terminal and angle of arrival, it usually costs
much since a high-performace and multi-functional fading generator is required as the key
component of the system. On the other hand, although the RC-type OTA system, characterized
by producing multipath-rich environment, can be constructed easily, it is difficult to control




time-varying characteristics of the arriving radio waveforms. To mitigate this problem, we
propose a more flexibly scheme which utilizes signal processing for producing a time-varying
fading environment in the RC-type measurement, and called the scheme Hybrid-RC type. This
measurement system consists of connection-matrix, variable Doppler shifters, and antennas of
the RC-type scheme. Evaluation results of spatial correlation, level crossing rate, and
eigenvalue distribution show good agreement with theoretical values of an isotropic i.i.d.
fading channel. Thus, the effectiveness of the Hybrid-RC type OTA scheme was confirmed.
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FE A B E) LR HEGUEE 217 5 ha, FEANOZEROMITITEEOEY
W DT, BEIZIND OEEMIZ LD - B - HELEZ T, Z2HORK L E
STRBEINDIZILITRD. ZORFRKEBDENENOEKZHZWKL &V, ZHO
FWNZE SN DBEEIIT VT RAEE D 5 WVIE~ VTR FERE LMEIND.
< VT ORABRBEICIE, B2 EMARE L TH D LOS (Line Of Sight) BREZIC CREHEHIC
7/1/'7“/\2{5275>7JD2951EPL TAARAT =—V TEEEE, FEREL TS NLOS(None
Line Of Sight) T~ /VF AW RERTH LAV —T ==V U V]RED, K& 2
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2.1 8 - NAHDHERIIAR

ST EMET DL, BEEENY AT AR 2B L TZEINDEF
TORWEORFE 720 kA TERE D[]

N(t)
I’

n

Re{ exp12nft+¢())}

n=1
N(t)

N(t)
{Zrn(t cos ¢, (t )}cos (27 ft) { r.(t)sin @, (t }sin (27 ft)
n=1 n=1 (2 1)

=771

¢n(t): 272'1/'[;05 gn +9n0

22T, NO)EBAICBT B~ AT S A0REOK, 1) IZHEROEERER, f 13

PRSI E I, A TS O R, @ THIWIALAE, 0 1ZBE IR & SR HEC L7 Bk
fafE, vIZBENEE, Re[ |l IEEROFHH THD.

REHD{ fNE (), yt)e@mEHmzs L,

e(t)= x(t) cos(27 f.t) - y(t)sin(27 f.t) (2. 22)
(2. 2b)

= r(t)cos(27 f,t + ¢(t))

rEasns. 2o oxt), yt)ert), gt)iciEkRo kS REERSS.
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x(t)=r(t)cos¢(t)
y(t)=r(t)sing(t)

(2.3)

TIT FEENE) A TAICREND & BERAE G, () DT X LEICE 5T, (t) b
HEWCHEMETH S = & 2B ET 2 L, DOMRERIC X W EEORZt BT 5 X(t),
y(t) DREsER RIS f,, 13, T 0, RS o O ERS T N(0,0%) k72 5. X(t)
L y(t) DEBIIIMSI D720, FEAHEREER (X y)ixf, & f,oRicRs. ()&
(t) Db A RS £, (r ) 1

S
£,0r0)=1,(x) fy(y)g; gy¢ (2.1
o o
Thbv, XE2I)DEKRLD
r r’
fr¢(r’¢): 2716 exp(— ZGZJ &9

L7525, 2KV, fRIET L0 ¢ OfeRmERg £ (r), ()i
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f.(r)=["f,(r.g)dp=— ~ (2.6)

(N)=]) T(rd)dg=— 0| —— -
27 1

f,0)=], flrg)dr=—— .0

% XEeNTvA U =0, RRDT DA THY, ZokHrRT7 -7
ELAV—T == T, ZLTEOLY RUEEFOBEWEREIILA ) —T7 = —Y
VIR EIMIEND.

LAY =T 2=V T OBINEBHONAG f,idzcr? L Lizz DR THY, LUTFOD
Lo ThE A BN,

fZ zlexp(—ij (2.8)

T, TRz oEHETHS.
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2.2 ZE[EtHES

ZERINLIE X DAALIT R 2 Z2 AR BARFIE TR A D & 5 1272 B [1].

_[OMQ(G)exp(j k Axcos 8)dé

)= (2.9)
pa(4x) S
7272
P, = J
B O
I:)R . 7/1/9:/\;({82@2‘21:@%

QO) :FRAETOT 7 AN
72¥, T Z Tl WSSUS(Wide-Sense Stationary-Uncorrelated Scattering) 7 v ¢ /V[1] % 5 E

LCkEY, DUTHLEERAENRDIITEHEE L Lo TV 5.

BENBEICBITALA Y —T 2— U TBREOWMKRMOAE 71 7 7 A IV iZ—HES
T HETAN I THE., 20Lxn7n 7740 Q0)1XkXD L Hchs.

olp) == (2.10)
21
TR R RER A Q.91 HRD D &
p. (4x) = 3,k 4x) (2.11)

Eb. ZIZT, JFO0OWE LNy LA THD.

15 59 O FH BRI
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(ll

pa(ax) =p, (4x) =

pa () =3, (k ax)’ (2.12)

L7225 [1].
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2.3 LULAIER

ZAEE B DKM D L~ 2273 (Level Crossing Rate) L, 1%, GRS L1 Z %

T (D WEETTIE) IR 2 HIfHESR (1 BE72 ) OERE)

ELTES
Eh, VAU =T7x—=V U TRETIIRAD L D122 5[2]
L, =27x poexp(—pz) (2.13)
T
o Z
VP
o KRy 7T — K

P EHREED

LX WMy, 2585 T 2ZEESENO L~VEERE, RQRAIC p=1y, /P, %1%
ALTHRATESNS.

(2. 14)
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2.4 MIMO BB E

BRI OE BB HET BNy O L ZOBEHRERECIE, V¥ / COERIC K
DR TH 2 HN5[3].

C=log,(1+y) (bitHz/sec) (2. 15)

MIMO 18{E CTiZ, ZEMODHD MIMO F ¥ RVISEATHIONEH(CSI: Channel State
Information) A ZFfo5A (F 1) &, WS TCSI AL TWHEGE (X 2)
THEREENRLRS.

A1 OBERARIRAL 5.

:Iogz( + 2 AA”)
M
(2. 16)
Mi A 7o
= log, |1+ —
Sog, 14
=77 L
I : BEANZATH
Vo G EEMOEBBNN-0OT T FMLERESH, SAF]
5 1 CTikL, —DOZET VT TRELIESLGAED
SN k.
M = RETYTTE
My :HETTHEM LZET T T HN O/hESWHOE
A FHBIATAIAAY 00 & B o EAE
2T, EfERTHITEFRLEIREE SRS, EEMHTCSI R nE i1x, 2

ARANE)ETE N BT D ERRBEEPFOND ZL2R L TN D,
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F#H 2 T,

MO
C= Zlogz(l"'ii 7)
i-1

=77 L (2.17)

Mo
Z?ﬁ =70
i=1

ZIT, FEASREy BT BB SN TND 2 EIZRDD, ZOFE
B 53 D e F 4 (LA T OFEKEERICHE D

2w NENL DO HEL, £2EIT—TEDO T TCOREBRAEEDR KMLFETH 5D T,
FTT UV aDREREIEICI VRO OND. KRIL LTV FHE T A —H
AN LTI 770y 2B

¢ = Milogz(lﬂf. 7.)-/1(“%7.%J 2.18)

EL, ZDOy AN TOEME

9 _ A -1=0 (2.19)
oy,  (L+4 7)log,2
E z U,
%=——£——"£ (2. 20)
Alog,2 A

155, ZOBRSOHRT, pITADEEELZENTERVDOT, yldkAXD L H I
5.
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Vi :max{v-%’()} (2.21)

VIINRTA=ZTHY, RRANZWMIZT LI ICRESND. Dy, OFRBELORRIL,
HAREBOIZE & H[1].

e Z BN

[1] RS, 7 ¢ ¥ X2 VEBEE(E OB AL, pp. 55-67, = v Jfk, 2004
[2] Andrea Goldsmith, /MR Z(B5ER), T A 7 L A E(E T.%%, pp.104-105, #L3%, 2007.

[3] HUEAEAE(RR), FTHEAR T A v L A HHT, pp.92-96, HL3, 2004.
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3T MIMO A/NEL SRR T v 7 DRUE L K¢
P AT

WAL=y MROEEEMRE 2 FE D MIMO H#ifiTh 528, o7 77
TR FEET DERIC AR =AW RGN E L 22 5. R TIEFHERT o7 L
O/INAT T F RSN TWD R, BINIOT T FamBEICEET L L, 7
YT MOy TV o K ZERFHERENm L R, A—T Y MEORMES L
MAELD. ZokDIZ, ANMAT 7T OHFRFREESCTET TIERL, WEEFH
F 25 MIMO OREFIRE L EANATON TWBH L7, W OB E2F AT 554,
— HINCHEAT T 216t LT, MSeR2 ZonfRiE 21T, AR & EEREK)
LFIHTE 20D, 5025 HINSHELT 2~ /L F 7S R OARIEREE T & F8 48
% MIMO Tix, ZEMo 3 EAZ T M OB ORI RHIGFTE S, 2 ORFEE £
LT, VHEEEDRDICE A R—IT T FEEESTSH MIMO Cube EIEEND T
YTFRRREINTWA8]9]. EEOIXI N L ITMNIS, BERREHRE~A 72X b
Vo T T T ORI, € )R—AVT T FEHTH3R— DT T FEEEL,
%, 3 @I T > 7 J(Tri-polarization antenna) & FEA TUN5[10]-[13]. Z D7 > T F
IX MIMO Cube (ZHE_THEEA S TH Y, MIMO a7 N7 o7 L LT, &
T2, WA A N—=FZET T FE LT, ERAENHHTES.

ARETIE, ZOIRET T T O EFELBRD L L HIZ, 2GHz #iH & 5GHz
W ICERIE LT 3R T 7 FOIEAMERE, BL O~ AT 2 v F VU v FEREICE
\F % 5GHz #H 3R 7 7 F @ 3x3 MIMO # 1% C D FEA R LR 2 B & 29 5 [13].
BB DO~ NTFRAY v FEREE CTOREFHEER T, Z OO DI HE L 7= Eik
FFERNTEY, ZOFEREEIZOWTHE 4 ETHMICHE RS,
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3.1 ZEREFIH MIMO OF % RALEF )L

ARETIHE, 32 BiTHELLBRD X1, M 3L IR THEROT T 2RET 5.
ZOTUTHE, Ny FT T FoEERFR (6 & EATT5M) ST HER 2
W (22T, ARHmREMH)EBERENV)EFES) BXY, FROE ) R—L7
TINOESIVH & VICETT 2 WEmRZ) D 3 > DASIR— BT 5. Z0OR
— hEZNENH,V,Z L4515, ZOT T FEEZFITHO TR SE25E50
T ¥ FVIREATINI S AT E 1 L35 LR THRITE 2.

aW)  gOWH)  50V2)

A =atV) gt gt 3.1)
@) @) 4@

22T, a E, BEER—FPELZER—FQABET v RLOEREETHS.

R— 41 HVZ LT TWAD, ToTrFToREICE > TR BEEROEO) (Ko
HEV) 138 boTL AN, UL, 77 FTOR—FDLHELTHWTWS.

ZOF ¥ FVISEATING, FERAEOMIZ LY, REUTRATE .
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A=E, DE/ :iﬂ e e (3.2a)
i=1

E. = [et,l €2 et,3] (3.2b)

Er = [er,l er,2 er,3] (3.2¢)

Dsdiag[\/z NER \/Z] (3.2d)

ZTC, M HIERREEASERT. £, LIFAAY (FEREATA) 0iF
HOBEAME, e X4 ET 2 AT ADREA R L, e XA BT 5 AAT ORFEIfH A
7 hVThHD.

MIMO =358 31 1%, BER(BIt Error Rate)Hff &0 2 I 2 EHEE & FIRE & 3 5 [

AEDHERZAMFFIEDIRE N IEA L 725, Fiz, TOEAERMEN GG LI L IB(E K
AREMEGEETH L. WBEBABIRANLHEIND.

A
=log,|1 + 2 3 CAA" = Z'ng(“ 7/03 j (bit/s/Hz) (3.3)
i=1
3
C, :Zlogz(l"‘?/i )Li) (bit/s/Hz) (3.43)
i=1
3
Zﬂ/i =70 (3.4b)
i=1

Z T, y,lX SISO (Single-Input Single-Output) T ¥ R /LZ31F 5% SNR TH D, =+
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7z, Cild, HR—brLEENCEFET2HEORBEBRER, CIIENRSZLEXT
BAOBERART, BAERICESSRYETAE, TARRKEREZERAT S Z
ERFBNTN D, AT, FEIRS TOBEKAR (C) CRHEETT .

W2 WD AT LTI, REHOHBPERZ RN — F ~Difi 2 A OFEE ) iiE
BAEBEZIBT 5. R— MHAOTF v ROVREEE N EFB T, EALRN— MIFEENT
AL Z AT, F—RE 3R 77 L — TR S5 iid F v RV OFEE LRI LIS/ D,
3R 7 S OEMED RN R BRELIZ e D . KERIC, O HEHERESCBNERE
T, WEARE CEH L2ERIT, KERETZET LI bEERE TXET LS
WETZEBNNELSRDLIENMLNTND[14]. ZORIED b Z ADORE TR E
%51  (XPD: Cross Polarization Discrimination) TaEffi S4l, WA TEFRTE 5.

XPD (@) = M (3.5)

AL TIE, 3 ODRKEEZHNTWDDT, (QP) & (PQDMAHIMEE NIFL & & 2

X, 3 DOMAGDLERFETH. ZNETORETHE, REBELAZRNLA)—Tx
— VU VBRETIIHRE &V REE o XPDEVI LRI 1 5dB LA T[14], [15], 0dB
~10dB (255 = L b TV 5[2],[15] .
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3-1 31T T F DML & I FriE
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3.2 3T T T OHE

F, 3T T T OMRERREE DT~ DIZ 2GHz # 3 Rk 7 > T FE2REL - ¥ 3-2

ICF OB GE 2 RT. 2 RISy F T o T TOHRLNNIE ) R—LT T T2 LT
PO Ty IR ETHY, 3RET T T RESICELERRETH D Z &N
IIND.

Monopole Element

hole

MSA Element

MSA Feed Points

Monopole Element

Orthogonal Polarization V, H MSA Element

. PWB
Feed Points

Ground plane

3-2 AMELT7- 2GHz 5 3R 7 v 7 F D&

I, IR SR A Y L— g RO m B A HES L, 5GHz 3 R T v
TFrEREL. 2olREEL

3318, AMBLA X 3-4 2N T . AR D 2GHz HHICERIE L7127 7 F 23 )

VEEFZLGET DT DD Y U T NVIREE TH S T-DIZH L, 25 5% 4.9~5.3GHz D 5GHz
IR LAN #5382 1 S —F 272012, Ny F7 7 HICBGER T2 A0 L TR b
I oTnWD. HlliZR Xy F7 07 IR AR, 2oL TRIZED 3
T 7 F a2 Elb 352 EbaesE 2 b.

Ry FT o7 CEEERIIIEER 33, JEX 1.2mm OF BEFERZ HVTn
5. | R=VT T FITIE  0.2mm OISR A L, AEAMITOREYL T 2
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w7 AT oY TEEELESTWD. -, BRER 2N LZ201, £/ 38—

WNT o TF e 7T R —U RS & W) AT 5720, EI VY Y R
=T NDINENRE N T T T T OEEER IR L CE ) A=A T T 0T

TV RT L= LTHERESETWA.

H-Port Feed Point

Monopole Element

V-Port
Feed Point

MSA Parasitic Element MSA Element
(Top View) (Top View)
I Monopole Element
Capacitor

(to VSWR Matching) MSA Parasitic Element

share with
. Ground Plane for Monopole Antenna
=| Monopole Feed Point —_ !
£ Spacer
N |5 |
< ‘ /
____Semi-Rigid
PWB MSA Element Cable
" | o
Aluminum Case
3X SMA = |
>—< L—
Connectors ] —
42mm
(Side View)

%] 3-3 5GHz # 31mEE T v 7 T D&
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[X] 3-4 5GHz #f 3 Wik 7T > 7 F D448
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3.3 BAEL7= 3R T v 7 T DEARRM:

3.3.1 V.S.W.R %

FAME L7z 2GHz #7368 LU 5GHz #r 3 fRil 7 7+ @ VSW.RAEHEE X 3-5 127
2GHz #5 3R 7 > 7 F Ti% 2.15~2.18GHz TVSWR.ZR 2 LI F L 7> TR Y, A
134 1.5% T > 7=. ZhiTxt L, 5GHz #5 3wl 7+ 7 F Tl1% 4.83~5.34GHz T V.S.W.R.
M2LAT &2, HAHsIEA 10% & IR b &4, 5GHz A7 EHRE LAN Ol % 1 /3 —
THEVWIBEEEZ VT LTS,

3.3.2 WMFRITA Y L—a U

b7 A Y =g VRER R 3-6 (TR, V-Z AR— M & H-Z R — MR ORHE
FIZERCCTh oo, MPTIEV-HAR— M E V-ZR— NEOT A Y L—3a3
FetEa R LT 5. 2GHz #7 > 7 713K 15dB 2B Tdh 5 DITxt L, 5GHz 47 7
T CIXHFIAN T 23dB DL LD RAF 7w [7T A Y b—a UREESEILIL TV D,

3.3.3 B Z— L LRI

/S5 — 2D T, 2GHz #F « 5GHz Wi h — kiR Ny FT T TR &
WE ) R—NT T T ERETH 7728, 5GHZ #7 v T T O /3% — o D FH %[
3T . 2GHZ 1 H 3R T > 7 F DS /X% — 2DV TIE[10] 2 S E A7z 0.
723, VE—FE HE— FOREIRITIER U Th o772, M TIEV K— F Rk
DHRL TS, FfFHEIVEBEIOHAR— F236.5dBi, ZA— h732.2dBi Th-o7-.
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V.SW.R

V.SW.R.

1 ‘ i ‘
2.1 2.15 2.2 2.25
Frequency [GHz]
(@) 2GHz-Band Tri-Pol. Antenna
4 :
—V
-—H
35 b 71
3 L ]
2.5 -

4.8 4.9 ) 5.1 9.2

Frequency [GHz]

(b) 5GHz-Band Tri-Pol. Antenna

3-5 31T T F D VSW.R.EE

2.3
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Isolation [dB]

-35 | |
-40 ‘ i ‘ :
2.1 215 2.2 2.25
Frequency [GHz]
(@) 2GHz-Band Tri-Pol. Antenna
0 —
—O—V-H
- T s S —+V-Z |-
0 L I ,
M =15 |
S,
C
.0
)
Y
2
-40

‘ ‘ R R R ‘
438 49 5 5.1 52 53 54
Frequency [GHz]

(b) 5GHz-Band Tri-Pol. Antenna

3-6 3T T FOuETHT A Y L— 3 UEHE
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— Horizontal Plane
""" Vertical Plane 180

0 [deg.]

Horizontal Plane
----- Vertical Plane

0 [deg.]
(b) Z—Port

X 3-7 5GHz # 3R T v T F DO /% —
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3.4 31RIET > T F D MIMO 1 RERL(

RIELT SIRIET 7 T OMEREETHNT 2720, w/LF 2 Y v F8RE (=LA U —
Tx— VU VRE) 2EBRTLERME B4 ETHELIGATS) NTHIELE
(GIREFE D B BERAREZFEL L, XA R—LT v TF7 L —I2 L5 3X3-MIMO & D
Wl a47 5. AIELTZ 3R T > 7 7 1% 2GHz # & SGHz #H @ 2 FEH 5 2%, 1
B 2FIH L7 MIMO BRI O AR e MBI R E S BT 2O TRV EE X b
o7, LUF O 5GHz #H 3R T v 7 T O & AW T To 7.

R EOWER Z K 3-8 IR T . EXZET 7 F1E 3-9 @ d=0mm, &S 1m D
MEICREL TS, XA R—AT T F 7 L—DRIERIE, 3 KOXAR—NLT
TFOI HHROFETN EFROMBEICRD LIICRKELTND. o, XA R—LT
YT HETORMIL 100mm & LTEY, it 5.1GHz TORERICHE TS5 LK 1.7
A7V, BIRKAFHN TOMBREIL 01 UT (M4-7) Thiid, #7071 %
FATIEARB & A2 2 LN TE D, 72, VNA(Vector Network Analyzer) i3 t=z{5 7 >
TFTOANI 2R ZIZTKRELTWS.

Reverberation Chamber
o s e oo e e i
TxAntenha Rx Antenna
A4 A4

<:

o o
c\) RF Switch RF Switch f

Vector Network Analyzer

X

DRE Tt
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0.5m 3m 0.5m

Im

' , Pole Pole !
}}¢‘F4}<~ ______________________________________________________ am"miY
d

i Tx Antenna RX Antenna/ i

1m

N

Reverberation Chamber

M 3-9 XEZET T T ORENE

3.4.1 /) R—NAT VT FDOEE

EIDRKE (ZAR—1) ELTBIMLEE ) R—=1VT T O REMRET 5720
EZEIIANY T T 7T OVIREDOZZ W2 1X1 SISO #ED VXV, EZEIC
Ny FT T FTOVREE HIREZ V2 2X2-MIMO #% D TVHXVH], %5%1F1C
3w T T F E T 3X3-MIMO #5EE D TTrixXTril, & HICEZEICVIRED XA
R—=IT T F 7 L—%& R\ 3X3-MIMO 5D [3X3] @ 4 FEEDO T L —HEpkiZ >
WT, ENENOBEFEBRARZILRT S, ok, FMRICEIT 5T ¥ RVISETHIX
FAR—=/T T F 0 1X1-SISO WAIZI T D545 L~ /L D2 fiE (=-30.4dB) & HE 1E
ELTMIEMEZ EFELTH TS, £, VXV X 3RET 7 FORIEE D
EE V-2AE V OREE A, TVHXVH] 1335 VIH-3205 VIH ORIEE A 2
L72bDTHD.

%%WK%H%E%@®%%%$%E%I3NKUQN%%:HWﬂM&:EI@
7, =100(= 20dB) & L CHH L7 l{E A RO BRI M4 X 3-11 12, BEEK
BEOWHEEFR 3-LICENETIRT.
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K 3-11 BLOE 3-1 206, [TriXxTri) TiE [VHXVH] O 1.5 FOEE KA EN
BENTEY, FE3ORELELTEMLET ) R—IT T FRAMHEEL TN D
TEDHERTE . Fi, 13X3) LN THEERAEDEITDTNTHY, v /LF
A2V FRECIE3MET > T FIE3X3Z A R—LT T F 7 L—IPLitd B PERE%
HLTWDZ ERmholz.

SHIZ, 3T T FLREKICHKEZFHA L MIMO HIT7 > 7 7 Th o
MIMO-CUBE & 1 £ &7V OBERARTHETHE, LAV —T=—V U V5
\Z331F % SIN kb 20dB H5D MIMO-CUBE D33 B &) 62.5 bit/sec/Hz [ 12 &7 =5.2
bit/sec/Hz/element T& 5 DIZxf L[8], 31miE 7 > 7 7 TlX 15.7 bit/sec/Hz / 3 3%F=5.2
bit/sec/Hz/element & [R5 DGR & 72 o 7.
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Cumulative Probabirity

- VxV A 1
—m=—=VHXxVH A 1 --O=--VHXVH A 2
—{ F—TrixTri A1 =L F-TrixTri A 2 == - TrixTri A 3

TTTTT T T T L B B B I R T S B B
o v v o v v |||||||--- v

1
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0.8
0.7
0.6
0.5

04 [
0.3
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0 bmiizg e T | nA A
1073 1072 107" 10° 10!
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3-10 A fE D R R AT
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Cumulative Probability

--e--SNR10dB VXV ——SNR20dB VXV
--=--SNR10dB V/HXV/H —=—SNR20dB V/HXV/H
--¢--SNR10dB Tri XTri —&—SNR20dB Tri X Tri
--%--SNR10dB 3 X3 —<—SNR20dB 3 X3
0.9 FRN
a
#
0.6
0.5
04
0.3
0.2
0.1
0
X 3-11 E1fE A & O BRI AN
# 3-1 WERAREOVEE
SNR VXV VH XVH TriXTri 3X3
Channel Capacity v ¢=10dB 3.2 5.0 7.4 8.9

(Avg.) [bit/s/Hz] v 0=20dB 6.3 10.6 15.7 17.5
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NTW5. 7 vy 7 TlE, 2 5kdss 4 PhilsmaBr—7 e LT, RERD
r—=7NVA L, F—=TLA XY LEBEBIEN R ERESEWT—T VB EHAEDED
LT, REEEL, BREGEICH L TMHAE n BOEHHESEZAERT S, Ry
NO—=rTuy 7%, pRlT Ry s AT ey Y BT DRy FU—2 T, [F—
RORE 7 —7 /v C THEISNTWD. L7 vy 7 TERS W EEERE 5 & FRE
o a A (54D K D7 WH RS & 720 K o+ 5 2 & T, HMEMBZ EFRIC LT
% . #fF L7z Connection Matrix [E1# 0> 485 A H /) - O M AR ORINEE 2 % 5-1 1
Y. DELERRT =T N Lo TAELDRAET, RATH 30 EREICIE->TEY,
FTEEOKREZMNIEHATE TVDHE VR D,

Doppler Shifter i%, 8 1Q X &+ &, 16chDAC % #4# L 7= PC THik LT\ 5.
ESARDBENHEIZ IS Ule, FEELRD Ny 77 —(§ 5% PC TAR L, DAC 725 cos
WL sin a7 TEHLTIQ IFHICANTLIET, @EABRGESICHERZHT

A7 "D ZORYyTT—v 7 MEBAERIL PC O7r T AT X o TH
HTELLOEEDO Ry VI —EEHaMETHLHEBTE 5.

BELIR & 2227 7 T FE I, BERSFHNO A 2R BIRED H k< 2 5

30mm (0.5 &) IR CE#RAIICELE L7-. X 5-7 |2 Connection Matrix & Doppler Shifter
DIMBL A, X 5-8 (TR S FHN T OBELIR OB E S 4 7~ 7.
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RF Input Signals

A(t) = Arx  x ADoppIer(t) «  Arx

Doppler Reverberation

Connection Matrix Shifter Chamber
ST = HF: & 4
0"L_R 4T
— -
= | Y YL
T — () Z R2
0:d - 1—( V — R3
$3 — EIZB.L Y |
& | V — R4
Y/ 8
OE.E ul *@ V
S4 = [ B_I" =
T & Y \/
( 1L
""" Cable A cos(2n foetcos(d,)+4.)] | 16¢h PC
m— Cable B(+A /2) | sin(2x fytcos(d,) +¢,) : DAC

5-6

FERA Y P U—7 BIEOHERK (M=4, L=8)
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# 5-1 Connection Matrix [BI&DFEXI{IAR

Relative Phase [deg.]
IN1 IN2 IN3 IN4
OuUT1 0.0 0.5 -5.8 -20.0
OouT2 -21.6 -14.3 -8.0 171.3
OuUT3 -6.1 -23.0 162.1 -21.8
OouUT4 -1.6 -3.9 163.4 171.6
OUT5 -8.2 169.2 -4.7 -5.6
OuUT6 10.9 175.8 5.2 -167.7
ouT7 -14.8 170.6 176.3 -9.3
OouUTs8 -7.9 165.4 168.7 165.3

q Doppler shift

r——  Combiner [
Matrix |/ | RF Output
2 ~ : z X8

_____________________

[Doppler shift generator

5-7  Connection Matrix £+l
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5-8 7 7 FHELER]

5.3.2 AT ADOEREME

RS L= A 7Y R OTA JIE S AT LD FEARBIEIZOWTHT 5. SL i+

FIZ 5.0GHz @ CW # AJL, Ky 7T —Jf#%%-400Hz, -300Hz, -200Hz, -100Hz,
+100Hz, +200Hz, +300Hz, +400Hz |Z7% € L 7= & & ®, 8 -2 Doppler Shifter ™4 Hi 77
12 8 BrhlaRtEfe L CHIE Lo A2 MV &K 5-9 (Z/-7F. AJ)L7z 5.0GHz @ CW
N, Ry 7 T7—v7 8aeZF7-8 20 CW BRERSNTNDZ ERbhd. AT
TENENO CW IXIFIEEEBENTH L, 1IQ IXVITMAZD Ky 7T —[F5DIRENE
EHIET 52 & TEBICHRERRETH D, Fiz, f0=5.0GHz OF ¥ VT U —7 &iFL
W, HWESMCO REE PR TE D, D OARER I Doppler Shifter IZfEH LT
5UQ I XHFDIEMILERNQ A L RF L ATk o> TRAET DN, Ry 7T —E50IE
fig - f74H - DC A 7w hNEFHIETHZ & THOREITBREAETHD.
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-120.00 dBm

| | Autoscale

- _[Bx]
v Trace 1 [v|Show Average Normal |Ciear|

f0+300H- [
f0+400Hz

(=Carrier Leak)
© CF: 5.000000000 GHz ~ Span: 2.000 kHz

X 5-9 AT ADHSIANLT KL
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5.4 BAELT-HIES AT LADKMH: (2X8X%X2)

5.4.1 HIEZM

AREITIE, F¥ RNVOERFEENREBTE TN Z L OFHPEITH. 5-6 D 4 A
FTIDRND 2 NFjZAE, 2X2 O MIMO D EAEREZ, £ 5-2 DRIFIZT, 5-10
ORERLCTRIE LT=. 1553 44s (SG: Signal Generator) 7>, 5GHz DTN 2 A7)
L, EZEONITAL v FE2HANT LD/ (ay,,8,,,8y,8,) X1V 2, “hi
AR NT LT F T A =0 BT D88 T 1Q AT 4B L CRidk L7z, BUELIR & 72
HIERFT 7L, ZERIFEBA IEFE RS & 72 5 30mm(=0.5 I &) M FR I CEARAIICALE L
7o, Fl, ZERIZFFHBIOMM O 2FF7L—%27 Ty 7+ —LITHREL, #i
IR DD 7= 30mm IR CEARBEN ST L0 FTORA > FTRIE L. S 51T,
RET T FTRIROREMIC X DB e, #ET 7 T HMEZ 180mm(3 K
)& LB AIC oW T ERRICEIE L=, 72k, BELRB X OZET 7 Fidnahn
HEEAFH & LTS,

# 5-2 SRt

Frequency 5.0GHz (CW)
330Hz, -340Hz,
310Hz, -280Hz,
190Hz, -240Hz,
130Hz, -70Hz
2 V=80km/h

Doppler Frequency

Tx: 30mm (0.51)/180mm(3 1)

Antenna Spacing Rx: 30mm (0.5 1)
Sampling Frequency 3051.76 Hz
Snapshot Number 5704 points (1.9sec.)

-79-



% 5 Z MIMO-OTA & FH B K §H 58 Dig

RF
switch

Developed

©—
o e
SG
Network
®&—

Reverberation Chamber

Radiators
(L=8)

i

Receive
Antennas
(N=2)

RF
switch

Moving
platform

(reference signal: 10MHz)

Spectrum
Analyzer

X 5-10 HIERHMKX

5.4.2 XfEENANRT bV

BORAESD—AER LAY —T7 == U VREO T A MARNBE LA2R b2Z(ET
L5, TDOEIARY FITIAN AR TARO Jakes B (3 DT Clarke ) L IEEH
LR E 72D 2 ERMBINTNSD, L LN, RUAT ATIEXZO)FHE | Jakes
BOARY NZIF2 BT, ZIET V7 FOMEIDR L TERENDEZOEITM
SR VA N —DEEN AT DT, FERELITERNELCDLZLITRD.

ZEEFOBNART "AVO—Fl% K 5-11IRT. % Ny 77 —HAEBDE S
FEENTHESNDD (KM 5-9), BRI TMIIC T 2=V 7220 5720,
TNTNDREZBRRD VNNV TRET VT TICBEELTHWD Z B0 5.
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0 [-280Hz| | -240Hz| [-70H] [130Hz +310Hz| [+330Hz |

— ~340H] i l v +190Hz

E _10 \ * »

[an)]

o, —20

q>’ -30 \

g -40

A —ATY AVATIVAN

.2 ‘.l Il !

8 -60 Wv‘ﬂ‘}l‘y n 4 "#“YW g

€ -70 H

_80 1 1 1 1 1 1 1 1 1
-500 -400 -300 -200 -100 O 100 200 300 400 500
Frequency[Hz]

5-11 %fEEZDEINART brO—fl

5.4.3 BEHEST

HIEME %2 ZEB O VFEME CESE L TROLEAEORENA L, iid FvxL
TO 2X2MIMO O HEHE[19] % ¥ 5-12 (2R . 5-12(a) 13 4{5 7 > 7 T R &
30mm(0.5 ¥ k), 5-12(b) 132415 7 > 7 - [MikE % 180mm(3 I K)DZENE ek E Lz
ROFMRTHD. WINbHEGwREE B —HLTRY, v 272080 Iab—v
IV TOMREBVICEEL TS Z L, BIXORET 7 T M8 % 22 WA B 23 4R
BIZZe 20 (051 R) U LICRETNITRWI EAFRES LR XD,
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—_
© |
T

cumulative probability
o
I

measured 2x8x2

(a) BELIRT > 7 T RIE=0.5 =, ={57 > 7 J kg 0.5 Rk

10

=
= |

-
o

cumulative probability
[}

107° 107"
eigenvalue

measured 2x8x2

107 107
eigenvalue

(b) WCELIRT > 7 - lRE=3 Fide, =157 > 7 F k@ 0.5 By

5-12 2X8X2 ek TOF v LV [E A E Al

10°
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5.4.4 VRN ESR

KIS, LAVEERETHT 5. LA ) —7 =— VY FREECBI 5 ZEBHO L
VAR, SRR VI, K Ry 77—k £y, FEREEAP LY,
K1) THLNS. FERT L L, KO L) Ik5.

'—(Vo)ZZET}/OfD exp[— %) (5.13)

5-13 12, EET 7 TR Z 30mm(0.5 I E)NCERE L 7-REORIEME ) & Ft L7z
LoULgER Y, RGN L HEEE R, mETL< &KL ThY, RIEL 2T
LBUA Y =7 ==V VBB HBT B By 7 T — AW & #AH0IC & < BHEL T D
ZEBTMD.

-83-



% 5 Z MIMO-OTA & FH B K §H 58 Dig

400 T

theordfD=340Hz)

C measured

350

300

[l
&)
=}

Level Crossing Rate
[crossing / sec.]
o ]
(=] =

100

b0

1 | | |
o 05 1 15 2 SRRy

Normalized Envelope Level ¥

5-13 L ~JLASER

5.4.5 ZE[E+H BRI

ARETHE, BEIRL 2DKET 7 T OMMEEZ, 0.5 BRICHRE L THIE « FHliZ1T
ol KEITIE, ZOBREEDRILL 72 > 72 ZZFAHBERHEIC OV TR 5.

BT = — VU VBT, T U T TG &S E WA 22 AR B R 2 I E T D
ZEFMIZEE LY. L L b, RERTIER—7 = —Y 0 VREAZMETH
BETEL0DT, =207 7T TELZEXTHETLZLICKY, ToTFHF
[EE A O FEBOMNZERAHENHIE TE 5. K 5-10 OHEFR T, BEMUATE 1 RHE,
ZAEMM 2 1% LT, 8 (M) 72—V JRE T CRET v 7 FON
&% 2mm IR CRBE Lo oflE 217 > CZEMMEEZ RO 7= b 00X 5-14 THDH. [A
BUZIE, SEEEPRAELD 3 ot — oM OBREICREWNT, XA R—ILT 7T T
TEE I ZAE 21T 9 Yot DZERIERE pp D ELERZC[17], [18]
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(5.14)

po(e) = = 2 1, L 3ot )}

LEDETRLTWND. MADORRITLS L TEY, 05WKI L HEETHE
23 02 LR &0, IRE\|HABEE R 2 E08bnd. £z, RTIRT K
A1 & PH— A% 12 239 5 354 (2D-uniform  distribution) 22 R AH BIEL s (2X(2.12)12%F L
T, DIRICHBEERELS RoTn 2 b0, HEENE 2o T D513 E
BB RN T2, B SCIS RPN D ZE R R BRI 1 3K Y- 8 P — AR oo AT & [R5 & J
2LTH, EHREIRERERBILNTHA).

i T T T T T T T .
""-,\ : : —*—measured
0.9} . : 0 2D-uniform distribution |
Y : ——=3D-uniform distribution
\ : :
+ Y : :
So7b-- % -
e N
ogl 4 i
S,
- 0.5F LS 4
8 b
'E; 0.4} e _
© B
. B
g 03f A .
0.2 -
01k S SRR RO SR SRR S i
0 I 1 e . N et e - g
0 02 04 0.6 0.8 1 12 14 16 18 2

wave length (A1)

X 5-14 #EZEL AT L OSZAZAZE A B R E
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5.5 T}

OTA BUFHiiE D —> T 2 B KHFE MIMO ss Rl E 5 AR F UL T, =
NECTEBNE L DoTATEED Ry S5 —2AF Ly REEBRT L HFREHRE L. =
DFRIE, BB 72—V /o 2 L — 2 OEEZLEAANTEY,
FONATY v FHEREMESTOND. ZOEAMRELZHEK Y I 21— 3 12
FOFHBiL7=Db, FEREAMEL, TORMEFMEZIT 7.

VI lb—va ViHltRIEY AT A TOHIEDORER, BELRO Ky 77 —JF
REDLRIZZEIZED, 4X4AMIMO LA TDT 7 OB DOMAE DEIZTHBW T,
L=8 ThiX, +oZiEEDESWERENAER TEHZ L2 LM L.

p, KREFR T, WEBAZES 7Ty h 7 — Ak OEEHEROR T
B S CREHOTIMER T 5 BRI B 5 = L%, BEBAASS MAODDD

ZoFRNT, KHFEEZERERTVIERNRNR WD, B OFEREICHEE T
HZELARETH D, Fio, BEANRT AT AORMRIER T, HAR A5 E R K
FDHTHA LT Hi, WD TZHIIHEETE DL ZENRHETH L. Aim L TIHHEAR
AR 22 HME LICTe WAl 7 = — YV U TREOAKITITFT R Lo T
0, WEY AT LD ayR—xr MAUTEEEEHEOILNbOEERLTEBY, 2
JEIRZY & Ry 7T —RB3 ) 2R G5 \ZHETE, 7o, AL TIRENAESITAERK
TEHOT, AHENEVEHHTE D,

L%1%, XPD Z i3 HHERED LS, SR ERBENRE X TEm I T 5
MIMO-OTA HIE D EFEAE S L U CTEM T REERESCHRICOWTHREFTT 5 2 &
NETHA ).
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FiH IBWREEVMEE 720, 3RIET T FOE L RATERL. &b, ERETO
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XOMEREERFOZEZHILMMC LIz, DI, BEKAHENZ MIMO > A7 AT
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AT 57O OBEEENRE &L HRYEE{T 72, v MY A TOBRKEFENTIE, &
Rl EBE ORI EEN 2 KRBT 5 Z L AREETH LI RB b olon, 72—V 7
TIab—HZITHVWLNLEME —fMET 52 L TERERRT 27V v B
KEREL, WUE - HE - T 21T, TORE, LUV RERPHERE SR I
72570 8 IR E IR E ORI AT Z (M TE L 2 L 2B BN LTz, 2RI XD,
B O KO AR TEAR S, OTAHIERE X L CoEMALIC 4T3 2
EMTEIZ, LovL22ndh, OTA JHIET AT A E LTRDBHILTVS XPD DOl A
FEHTE TN &R, 5 T BER §HfiZ2 ENRFEM D720, 5% OFRE &
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