7KH (IITHFWV Rl ,QFUHDVLQJ $QWHQQD $UUD\V |
7XQQHOV

$0OLHKPHDGLDNHPD QBKIDQGLO
/57&6 84%7 HPH $YHQXH /RFDO 9DO GY2U 4XpEHF -3 6 &DQDGD

$EVWUDKW DLP RI WKLV SDSHU LV WR SURYH WKHRUHWLFDOO\ E\ XVLQJ ZDY'l
WKDW LQFUHDVLQJ 0,02 DUUD\ HOHPHQWY DW WKH WUDQVPLWWHU DQG UHF
HTXLYDOHQW VSDWLDO VXEFKDQQHOV FDQ EH OLPLWHG E\ WKH QXPEHU RI |

,QWURGXFWLRQ ,Q WKLV ZRUN ZH KDYH FRQGXFWHG
DQDO\WLV LQ XQGHUJURXQG PLQHV WR L

,Q FRQILQHG HQYLURQPHQWYV VXFKLQY WHOYQ O V DDQIEHRIGIH VO KUPK HOHPHQW
FRPPXQLFDWLRQ GDWD LV QHFHVVBDS DRUWD ULKRK\UN KB MOIGMWY RLNHKLY SD S
HQVXULQJ VDIHW\ E\ SURYLGLQJ FRROPORDQVLFPWERBWERY ZHHQPRGDO DQDO\V
ZRUNHUV DQ\ZKHUH DQ\WLPH 5HAHQW®RG OFMHG KNG EZHHED OF XODWHG WKH
HPEUDFHG E\ WKH XQGHUJURXQG PA@G AU JRPFXRLMI\QHEKHBKLURQPHQW ,Q
KDV UHFHLYHG XQSUHFHGHQWHG DGVW HRQWWLHRE WBEH WHRO DWNL. RIG! @ HIMEAHOH @V 0, 0
DQG FDSDFLW\ FRPSDUHG WR VLQDQK DNXWH GED | RWMMYPH VRLRMDKH V\VWHF
+RZHYHU 0,02 FDQ EH PRUH FRPSODRD\VED® FR® $VUGHRBOWRVR YHULI\ RXU FOL
6,62 HYSHFLDOO\ LQ ZDYHJXLGH OER8FOXGHERQPHQWY ,Q WKH
IUHH VSDFH HQYLURQPHQW WKH FKDQQHOV DUH DVVXPHG WR EH
XQFRUUHODWHG DQG WKDW EHFDXV K L H
HQYLURQPHQW GHJUDGDWLRQ RI WQFhé)hévN Bsgugléﬁ\bYaﬁéDFvéVYFéﬁQQ\}V\ ZDY
RFFXU ZKHQHYHU ZH KDYH D FRUUHEDWLWRR ERMWANHG IDGLQJI RI
HDFK FKDQQHO DQG WKDW LV WKH_FDVH LQ PL%ZH WXS_'%HO ZKHUH ZH
KDYH D SRRU VFDWWHULQJ HQYLUR®PHBW &HVRIYH G %HB%JL\/VKWR GHWHI
0,02 VIVWHP WKH 0,02 FKDQQHO VK EQ B W\g i RVVA ZDYHJXL
FKDUDFWHUL]JHG ,Q VPDOO PLQH WXl RXY &Y ekl i EPRP BIE W BRzFKDQQHON
ZLGWK LWYV QRW HIIHFWLYH WR BRGBRIUKNIRGy RLQAH g pbDUH GLIIHUH
DUUD\V DQG WKDW EHFDXVH RI VRPHIRKR HAUHWEE S 8 Vo F& Y P HidL VWL Q
DVSHFWV VXFK DV FKDQQHOV FRU U DM%W‘&%D@W\N B oWkl (RRWKH 1L
PRGHV FRQWULEXWLQJ WR WKH SRENWBH o BoFDRREHVY EN
WKH DQWHQQD DUUD\ FRQlLJXUDV\PLQ?CQV\AKE)V LY @Xd RXQGDU\ FRQ
FRQVLGHU WKDW PLQHV FDQ DF J HOKE Ak YHHMHVR|ID IXQGDPHQ
FRPSDULQJ WKHP WR RYHU VL]HG GLHWRE H Ak hihy@YDOXHV DG
PDQ\ PRGHV FDQ SURSDJDWH > @ d Wk DY RRUGL@ dRLW > @ ,QGHH
HPEUDFLQJ WKH ZDYHJXLGH PRGHOQOY WK IV K E diYy WHQWRWLRQ DW O
ODWWHU WKDW LWIV QRW HIILFLHMY RQVIWKkW WY u il Rbld AHFILRGE LAH VR
WKH JHRPHWULFDO RSWLFDO PRGHO *2 FDQ QXPHULFDOO\ VROYH
WKH SUREOHP RI WKH QHDU ILHOG UHJLRQ E\ SUHGLFWLQJ WKH
SDWKV > @ &RUUHVSRQGLQJO\ ZRUN GRQH LQ > @ ZKHUH D QHZ
K\EULG PRGHO LV REWDLQHG WKH *PXOWL PRGH PRGHO" ZKHUH
LW FRPELQHV WKH WZR PRGHOV +RZHYHU LQVWHDG RI XVLQJ
VLQJOH DQWHQQDV 0,02 LV FRQVLGHUHG LQ WKLV ZRUN VLQFH
OD[ZHOO HTXDWLRQV FDQ VROYH WKH PRGHV Rl WKH ZDYHJXLGH
PRGHO +HQFH PRGDO H[SDQVLRQ WKHRU\ FDQ EH XVHG LQ
WXQQHOV DQG WKDW DIWHU D VXFFHVVIXO VWXG\LQ > @ DQG > @ DQG
WKDW E\ FRQVLGHULQJ WKH ILUVW PRGHV DV 3TXDVL RUWKRJRQDO"
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WKH KLJK RUGHU PRGHV DUH FRQVLGHUHG pWR™EH HYDQHVFHQW
PRGHV DW ODUJH GLVWDQFHV DQG WKDW EHFD¥XVH RI WKH KLJK

WKHVH WZR ILHOGV LV VWLOO KD
PDQQHU GXH WR WKH GLIITHUHQW H

DWWHQXDWLRQ IDFWRU WKH\ KDYH D R v V.
IURP LPSLQJLQJ WKH ZDOOV ZLW X \HBQ W\W@“%Bﬁa’fjxﬁ
&RQWUDULO\ LQ WKH IDU ILHOG U R § gﬁ | P g SV
PRGHV VXUYLYH DQG WKH\ FRQWU W ) W KH PD[
SRZHU DW WKH UHFHLYHU 7KH VH V\)J_DN v bhow E

TFE ﬁggﬁ R é\}v‘% J?&IQDO F

WHUHVW ZKHUH WK
ZLUHOHVV VA\VWHP ZLOO WDNH SODFH
7TKHRUHWLFDO DSSURDFK IRU '"HWHUPLQLQJ WKH

QXPEHU RI PRGHYV 6\WWHP PRGHO DQG WKHRUHWLFDO YD
%\ VROYLQJ WKH 0D[ZHOOTV HTXDWLRQ KHIEAR GG LY

R HDEK PRGH FDO En GHULYHG LO g B I gE R bR 4o oe
DV IROORZV > @ > @ LQ 9DO G 2U &DQDGD 7KH LPSRUWHG P
VRPH SURWUXVLRQV DV VKRZQ LQ )LJ

Epi = sin(Cox + @,).cos(Gy + ¢y) VFHQDULRY ZKLFK KDYH WKH VDPH KHLJK
P/ P EXW ZLWK D GLIIHUHQW ZLGWK

0. ifnisodd P DQG QDPHG DV &DVH , DQG &DVH ,, 7K
:KHUW:{ . ifnis RYHU D OHQJWK DERXW P DQG LW V EU
—=, if niseven SDUWV ZLWK P OHQJWK HDFK D /26 SDL

DV VKRZQ LQ )LJ 7KH WUDQVPLWWLQ

0, if miseven DQWHQQDV XVHG DUH GLSROHV ZKLFK DU
DQ@={§, if m is odd DQG XVHV D ZLGH UDLVHG FRVLQH SXOVH

VHSDUDWLRQ GLVWDQFH PXVW EH WDNH

ZKHUH $UELWUDU\ HOHFWURPDJ SIL(O-%% LLfJ 'S(, )& \%‘E‘}%éTNHQQIXVFKHHV
ZDYHJXLGH FDQ EH H[SDQGHG LQ \%, SHHWF R OMUBRTW PDOOHU VHS|

>e@ > @ FRUUHODWLRQ D IXUWKHU H[SODQDWLRGC
e . 7KH FDUULHU IUHTXHQF\ XVHG LV 0+]
xyz = Zntnen(X y)e SODFHG WKH WUDQVPLWWHU DUUD\ DW S

SRL%WV DUH DOLJQHG DORQJ WKH WUDME
‘Kieddy) LV WKH QRUPDOL]JHG PRERR IBXQMPUWHU RVHSDUDWLRQ GLVWDOQF
WKH HOHFWULF ILHOGV ZKLFK DUHSURSYRXY QWBULRHQWBB&Z RUN LQ > @ I
WKH PRGH DPSOLWXGHV WV L PSRRIWURBQWK D"@LW%QWWKW%WHQQD D
QXPEHU RI PRGHV LQ DQ\ ZDYH§Xt&HHO DTEYVRARFIRYWHUIRUP EHWWHU Wi
REYLRXVO\ IRU XQGHUJURXQG PLOQHMEW VZAXbWRsMRRBKILM RWIIBQWDWLRQ
HVSHFLDOO\ ZKHQ KLJK RUGHU PR dHIY JXWEPWWRE® RYLRD\ WEUDBFY0J FDOFXO!
RUWKRJRQDOLW)\ :H FDQ FRQVLGHUY PP Wab QIWMLK i BPS QL XOHVDWHG -
RI WKH ILUVW PRGHV E\ NQRZLQJ Wt P QG JLHREYGIHHDEKELWUDU\ 3+
FURVV VHFWLRQ RI WKH WXQQHO WWNFKH HUWKHFHROMHBRTHY DQ\ KHL.
DYDLODEOH LQ WKH ZDYHJXLGH DYHFWYKkBUNY GKRORRERX IOOWH WEBQVPLVVLRCG
VDPH VKDSHV LQ WKH H[LVWLQJ Il @KV py@T XW'OH\O W WHY GH HWPRVSE
REWDLQHG E\ UD\ WUDFLQJ PRGHO oK UEHHWK I B\RE& O PAIILEXIEDYG WR LQF

E;k[l/\Mﬁl KW R©N DQG RQH
DWR OLPLW FDOFXODWLR

a= ffs E(X' Y ZR) ei(x, Y) dx dy

,Q RUGHU WR REWDLQ WKH SURSH " b : O WLQJ

FKDQQHOV ZH DVVXPH FDOFXODWLQJL « *
FRQWULEXWHYV WR DW OHDVW RI Wl e S SRZHU LQ

WKLV ZD\ ZH ZLOO DYRLG WDNLQJ WKH ‘ y
UHDO SURSDJDWLQJ FKDQQHO )RU LQ" QJ WKH
QXPEHU RI PRGHV LQ DQ LGHDO UHFW}#® @

EH PXFK VLPSOHU ZKHUH WKH PD[LPX
H[LVWHG LQ D FHUWDLQ FURVV VHFW
NQRZLQJ WKH FURVV VHFWLRQDO DUH
IROORZV

)I&I$10(7 PLQH LPDJH
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&DVH , PHDVXUHPHQWY ,Q DGGLWLRQ ZI
i 1 DQG 1 0,02 DQWHQQD DUUD\V WR
SRZHU DQG FDSDFLW\ Rl HDFK V\VWHP

0,02 FDSDFLW\

, ZH FRQVLGHU WDNLQJ 01 PHPRU\OHVYV
WKH PD[LPXP FDSDFLW\ ZLWKRXW ZDWHU
SUHVHQFH RI ZKLWH *DXVVLDQ QRLVH LV
DO

= log, det(I,, + o.HHY) bits/s/Hz
:KHUHUHSUHVHQW WKH LGHQWLW\ PDWUL
PDWULF DK)SSUHVHQWY WKH 615 RI HDFK L

FKDQQHO FDSDFLW\ FDQ EH H[SUHVVHG L
YDOXHV RI WKH PDWUL[ DV IROORZV

C = Ylog,(1 + 1)

)LJ &$10(7 6FKHPDWLF

5HVXOWV
, G IRU LGH W FDO QX PEHU R
Q)LJ ZH FDQ LQWHUSUHW IURP) @bggp@%\, WK g Wu ZH FD
WXQQHO UHFRUGV D KLJKHU QXPERY JHERRGH W K H_l,g,va FDS
P DQG WKDW{V EHFDXVH LQ WK} Uﬁdblﬁ H mﬁ@bgbwcp\y,)v IRO
D IUHH VSDFH HQYLURQPHQW ZKHUH WK H DQJXODU VSUHDG
LQ WKH QDUURZHVW WXQQHO FDXVHYV D K(L Hey(1 + @UUHODWLRQ

N
EHWZHHQ WKH DUUD\V ZKLFK LQ W &RV WFRXWY Y l.h DZV)L'LB@QLQQWHUS
WKH UHFHLYHG SRZHU &RQWUDULG) WK Vﬁ:%)é%(}_lt !%@RXEWHGO\
HIFLWHG PRGHV DW WKH WUDQVPLF\WVB Wy 5D Y hoéfb QHQFH zH T
HIIHFW RQ WKH SHUIRUPDQFH LQg | é g| \W%H—BQVHG (XFOLGHD
&RUUHVSRQGLQJO\ ZH FDQ VHH W\;ﬂg ; D BHWZRQ FRQVWDOW

WXQQHOV UHFRUG QHDUO\ WKH VDBBCQF?‘ﬁ”\ﬁ'ﬁ‘éﬁ%DE\ﬂ?WJ WKH HITHFW RI FKD

FRUUHODWLRQ DQG WKXV WKH FKDQJH LQ
LV UHPRYHG

0,02 FKDQQHO FKDUDFWHULVWLFV LQ
XQGHUJURXQG PLQH 7KHRUHWLFDO DSSURDFK

,Q WKLV VHFWLRQ ZH ZLOO SURYH W H {7E \BiHH\\(,E? E
WKH 0,02 DQWHQQD DUUD\ LQ Wx 0. 02 WSH
LQFUHDVH WKH SHUIRUPDQFH RI ml/z WL’JL[ RI W K
VIVWHP 7KH HQYLURQPHQW DQG

B w

XVHG KHUH DUH WKH VDPH DV LQ V KDW ZH XVHG

12—y . . . . . y=Hx+w

—o—10 % Case |

o 20% casel| "KHUH \ LV WKH UHFHLYHG VLJQDO DUUD\
10 % Case VLIJQDO DQG Z LV WKH DGGLWLYH ZKLWH
- 20%Casell ] YRVFKLQL HW DO 0,02 FDSDFLW\ IRUPXOD

WKH FKDQQHO FDSDFLW\ GHSHQGV RQ W
7KH IDGLQJ FKDQQHO + LV GHFRPSRVHG
GHFRPSRVLWLRQ 69 &RUUHVSRQGLQJC
V\VWHP FDQ EH UHSUHVHQWHG DV IROOR?

Mean number of modes

y=Uzviz+ W

100 200 30 400 DIWHU SHUIRUPLQJ SUHFRGLQJ WR W K

Distance (m) GHFRPSRVHG LQWR PDQ\ SURSDJDWLRQ F
J)LJ OHDQ QXPEHU RI PRGHV LQ &$10(7 yW &PYRS DAEGEBYHR\ND WKDW LQGLYLGX!
. FDQ DFW DV 0,02 SURSDJDWLQJ FKDQQF
ZDYHJXLGH WKH PRGHV DUH FRQVLGHUH
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PRGH FRXSOLQJ IDFWRU LV UHSUHVHQWHG LQ WKH IROORZLQJ VHQVH
>OR\ND @
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ff enem dxXdy = Sy ? s Mﬂ"—‘v"\wvv D
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'8
KHWUH[ \ LV WKH QRUPDOL]JHG PRGD}?1
HOHFWULF ILHOG JRU PLQH WXQGQGH Q KH
RUWKRJRQDOLW\ LV VWLOO DSSOLHG IRU WKH ILUVW ZKHUH
WKH PRGH FRXSOLQJ IDFWRU LV FRQVLGHUHG WR EH QHJOHFWHG > @
$FFRUGLQJO\ VSDWLDO PXOWLSOH[L@J3 FDQ EH DSSOLHG
%HVLGHV LI ZH KDYH DQ 011 0,02 VA\VWHP ZH PXVW KDYH

L« PL DN WR SURILW IURP WKLV WHFKQLTXH ‘KHBH / LV 400
WKH QXPEHU RI DFWLYH PRGHV > @ > @ ‘LYWDQFH P
)LJ  &DSDFLW\ YHUVXV GLVWDQFH EHWZHHQ

VA\VWHPV
5HVXOWYVY GLVFXVVLRQ

$V VKRZQ LQ )LJ WKH SRZHU UHFHLYHG E\ 1 DQG i

0,02 VIVWHPV LV QHDUO\ WKH VDPH WJKH UHDPVRQ LV WKDW L Q WKH

QHDU ILOOHG UHJLRQ WKH H[FLWHG PRGHV IRUPY/ DERXW RI

WKH WRWDO SRZHU FRQWULEXWHG DW WKH UH ZL HEesissUH WKH ILUVW
PRGHV IRUP RQO\ WKH UHPDLQLQJ S Lo x4 Mg

GLVWULEXWHG ZLWKLQ WKH PHGLXP PRGHV /,@ WKHL _SeunJ ILHOG

UHJLRQ WKH VLJQDO GURSV IDVW DOQG ZH FDQ/DQDOVH D ELJ

IOXFWXDWLRQ ZKHUHLQ WKH IDU ILHSG UHJLRQ/WKH IXQGDPHQWDO

PRGHV QRZ IRUP RI WKH WRWDO SRZHU/REYLRXVO\ ZH

FDQ DQDO\H D GURS LQ WKH DWWHQXDWLRQ WDWH LQ WKH|1/26

WKH EUHDNSRLQW FDQ EH DQDO\]HG YLVXDOOA DIWHU P DQG

WKDW E\ DQDO\]LQJ D SHULRGLF VLJQDOY ; DQ DQDO\]H WKDW

WKH SHUIRUPDQFH RI KLJK RUGHUV 0,0 ol QRW DV ZH EDQ

H[SHFW LQ WKH IUHH VSDFH EHFDXVH WKHY9XQGDPHSWD® PRGHYV

ZKLFK DUH RUWKRJRQDO WR HDFK RWKHU DU MBUDHU WKDQ WKH

SURSDJDWLRQ FKDQQHOV )XUWKHUPRUH R

KLJKHU IUHTXHQELHYV ZH H[SHFW WR gdf&%%l—‘?’\)\?%ﬁﬁﬁ%&%%&'@w 0.02 VA

GURS EXW ZH GRQYW H[SHFW LPSURYHPHQW LQ WKH FDSDFLW\

ZLWK LQFUHDVLQJ WKH QXPEHU RIWOQMHRBRPSDUHG WR T 0,02 ,Q EULHI

,Q )LJ DQG )LJ zH FDQ DQDO\PHOov ¥ bMW ik 4 H- B X WIMARR Y8R SURILW IURP
T DQG 1 0,02 VIVWHPV DUH QHDU®K LYW K& oG (K UH / LV WKH QXPEH!
VRPHWLPHV WKH\ H[FHHG WKH FDSDK W\ RI WKH i 0,02
VIVWHP DQG WKLV LV WKH VLWXDWLRQ ZKHUH WKH GHJUHHV RI
IUHHGRP RI WKH V\VWHP LV UHGXFI-&qQ%LFVWXQL DFFGPROGWL™UH ZRUN
EHFDPH OHVV WKDQ WKH DYDLODEOH WUDQVPLWWEQJ FKDQQHOV :H
FDQ H[SHFW WKDW 1 0,02 FDQ SHW RUPFBBEWMMI RQ RIOHHWXQQHO KDV EHH
SDSHU D FKDQQHO PRGHO ZKLFK FDQ FD(
LQ WKH QHDU DQG IDU ILHOG UHJLRQ LV
RUGHU WR SURILW IURP WKH VSDWLDO PX

[ e ~a—6x6 MIMO| V\VWHP ZH PXVW KDYH D QXPEHU Rl DQWH
-o— 4x4 MIMO HTXLYDOHQW WR WKH QXPEHU RI PRGH
[ —2x2 MIMO 2WKHUZLVH 0,02 LPSURYHPHQW ZLOO

YXUWKHUPRUH WKH PD[LPXP QXPEHU RI [
EH H[SHFWHG LQ HDFK FURVV VHFWLRQ F
/ M, ) PDLQWDLQHG EHWZHHQ WKH PRGHV LQ RL
40 R AN Y A DV SURSDJDWLQJ FKDQQHOV ,Q DGGLWLF
W VL]H 0,02 VIVWHPY FDQQRW EH HIILFLHQW
HVSHFLDOO\ LQ WKH IDU ILHOG UHJLRQ I

001 VWXG\ D PRGH H[SHFWDWLRQ DQDO\VLV |
VKDSH ZLOO EH FUXFLDO WR H[SHFW WK

0 200 400 DQWHQQD DUUD\ ,Q DGGLWLRQ WKH DQ\
Distance (m) WDNHQ XQGHU FRQVLGHUDWLRQ DV LW FL

J)LJ 3RZHU YHUVXV GLVWDQFH EHWzHHR! ¥ KHUHIERWHE PRGH¥ LW WKH WUDQVPL
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SHIHUHQFHV

5 ( &ROICH@MG 7KHRU\ RI *XIHZHG :DYHV
<RUN ,((( 3UHVV

& %ULVR 5RGULJXH] - 0 &UX] DQG - , $ORQVR

OHDVXUHPHQWY DQG ORGHOLQJ Rl 'LVWULEXWHG

$QWHQQD 6\WWHPV LQ 5DLOZD\ 7XQQHOV ,(((

7UDQVDFWLRQV RQ 9HKLFXODU 7HFKQRORJ\ YRO QR
Ss

. /DDNPDQQ DQG : + 6WHLHU 3:DYHJXLGHV
FKDUDFWHULVWLF PRGHVY RI KROORZ UHFWDQJXODU GLHOHFWULF
ZDYHJIXI$GI3O 2 SYRAV QR SS

0D\

6XQ = DQG , ) $N\LOGL] &KDQQHO PRGHOLQJ

DQG DQDO\VLV IRU ZLUHOHVV QHWZRUNV LQ XQGHUJURXQG
PLQHV DQG URDG WXQQHOV ,((( 7TUDQVDFWLRQV RQ
&RPPXQLFDWLRQV

$ ( )RURRVKDQL 5 ' :KLWH DQG ' * OLFKHOVRQ

(IIHFW RI DQWHQQD DUUD\ SURSHUWLHYV RQ PXOWLSOH LQSXW
PXOWLSOH RXWSXW V\WWHP SHUIRUPDQFH LQ DQ
XQGHUJURXQG PLQH ,(7 OLFURZDYHV $QWHQQDV
3URSDJDWLRQ YRO QR Ss

' B3RJULFURZDYH (QJIMHKHRUQJ :LOH\

6 ) ODKPRXG DQG - *X3Z GHDBLW
HOHFWURPDJQHWLF ZDYHV LQ D FXUYHG UHFWDQJXODU PLQH

W X Q QRI@
- 0 OROLQD *DUFLD 3DUGR 0 /LHQDUG 3
'"HIDXTXH ' * 'XGOH\ DQG / -XDQ /ODFHU

,(QWHUSUHWDWLRQ RI 0,02 &KDQQHO &KDUDFWHULVWLFV LQ
S5SHFWDQJXODU 7XQQHOV )J)URP ORGDO 7KHRU\ L (((

7UDQVDFWLRQV RQ 9HKLFXODU 7HFKQRORJ\ YRO QR
Ss

6 /R\AND OXOWLDQWHQQD FDSDFLWLHV RI ZDYHJXLGH DQG

FDYLW\ FKDQQHOV LQ &&(&( &DQDGLDQ

&RQIHUHQFH RQ (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ
7RZDUG D &DULQJ DQG +XPDQH 7HFKQRORJ\ &DW
1R &+ YRO Ss YRO

3 'HOROMHN\ )HHGHUV DQG 6XEVXUIDFH 5DGLR
&RPPXQLFDMIZRQQRUN O6WHYHQDJH +HUWV 3
BHUHJULQXV $XJ

JRURRVKDQL $ ( HW DO (IITHFW Rl DQWHQQD

DUUD\ SURSHUWLHV RQ PXOWLSOH LQSXW PXOWLSOH RXWSXW
VIVWHP SHUIRUPDQFH LQ DQ XQGHUJURXQG PLQH (7
OLFURZDYHV $QWHQQDV 3URSDJDWLRQ

0 /LHQDUG 3 'HJDXTXH - %DXGHW DQG

'"HIJDUGLQ ,QYHVWLJDWLRQ RQ 0,02 FKDQQHOV LQ
VXEZD\ WXQQHOV ,((( -RXUQDO RQ 6HOHFWHG $UHDV LQ
&RPPXQLFDWLRQV YRO QR SsS



