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/+/1 %JCPPGN /QFGN!

)DLVDO 'DUEDUL 5REHUW : 6WHZDUW
8QLYHUVLW\ Rl 6WUDWKFO\
8QLWHG .LQJGRP

+PVTQFWEVKQP

OXOWLSOH DQWHQQD FRPPXQLFDWLRQVL MDHPK QIRE®RIQ MAD JRHIVH B Y
DQWHQQD V\WVWHPV 7KHVH DGYDQ@QDHH\ RRFROKIEE BIHW HDBHIE W
HQYLURQPHQWY DQG KLJKHU GDWD WKURXSKE8XWFH Gl PEOWD B/O\
WUDQVPLWWLQJ HQG RI D OLQN WKHQ WXGHVLOS KR DML QIO H URD
0,62 ,I PXOWLSOH DQWHQQDV DUMLSUR Y LHZHZS RR Q00 O D@NWKKIH QH
LV UHIHUUHG WR DV VLQJOH LQ@SXW PXOWLSOH RYWISRWYD\6,DUH
ERWK HQGV RI D OLQN WKHQ WKH V\\\@B R W \P X6 WHLSOHHG RW RV DX/\WP

OXOWLSOH DQWHQQD V\WWHPV FD@ \VBHH \G LOH. SHIGG LQW R QW IR H
SURFHVVLQJ HPSOR\HG 7KHVH DQE LIL WFRDUW DR RXQWDSYOH[RU

6PDUW DQWHQQDV SURYLGH LQFUHDVHG WUBQBE WRWLRLVEH BQ &
JDLQ DUUD\ JDLQ DQG RU LQWHREKHWHR®GMP\LX\S SQMMHQRD UG LD
D VLPSOH JDLQ DQG GHOD\ GLIIHWBHOEEDUWKH HDFAH WHRIIDYCH
FRQWULEXWHV LWV VLIJQDO WR BXPDL®\ D/GIGV \8 HQ.D WIHLIKRMLWG T
JDLQV DQG GHOD\V DSSURSULDWHOYHG® IKRFKE BYL,5HLXVIHRK WR
JUHDWHU VSHFWUDO HIILFLHQF\ DQG WKHUHIRUH JUHDWHU F
GHFUHDVHG ODWHQF\ GXH WR DFUBGRMHOGFRIETQUUHPHQW IRU

6SDWLDO PXOWLSOH[RUV FDQ S DRBSYIFGW\LQGEUHBWIHE FRBK QWD 6
UDGLDWHY DQ LQGHSHQGHQW YLWOQDQWPAEWMI¥BEHPR DQWK QQDYV
H[DPSOH IRQG LQFUHDVH LQ GDWD UDWHHLW/ VBRNWLE PKL HYD § O HG
VLQJOH LQSXW VLQJOH RXWSXW 6,62 DQWHQWRWDOWMED @V WRIKV
SRZHU

,Q WKLV FKDSWHU D WKHRUHWLFDO IUDPHZRUN HUWGEIBVIROER DH
E\ D EULHI RXWOLQH RI 0,02 FKDQQHO PRGHOOLQJ SULQFLSOHYV
WKH FKDSWHU GHVFULEHV D VHO,HEWIKRDQ QH @ LRRHEOH D\VG RMKVHH.® F
DQG OLPLWDWLRQV LQ WKH FRQWH[W RI VSHFLILF VWDQGDU
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/+/1 EJCPPGN HTCOGYQTM

:LUHOHVV FKDQQHOV DUH OLQHDU 7KH\ PD\ WKHUHIRUH EH |
GHVFULEHG E\ WKHLU LPSXOVH UHVSRQVH ,| WG WKID QVFBMAWN B
REMHFWV LQ WKH HQYLURQPHQW DUH VWDQYBUWBKE® WE&EH AM
LPSXOVH UKWSRQOKW EH D IXQFWLRQ@ORI .6 \\CKKH WUDQVPLW DQWF
DQWHQQD RU VFDWWHULQJ REMHFWV PRYHD®WHDRQWW KW KFHK D B SXC
UHVSRIQMH ZLOO EH D IXQFPWLRQ RI WLPH

JURP D FRPPXQLFDWLRQ V\WVWKW® SRLD® HRQWLWHZO\ DGHTXDW
GHVFULSWLRQ L H LW UHSUHR® QW SWH AIFAWM QWK 1 Q GRRLADMD H V V
IURP WKH WUDQVPLWWHG VLJQDO ,W KDV WKH OLPLWDWLRQ

SURSDJDWLRQ BWO/ILFV WR EH SUHGLFWHG IURP IXCRO WWHBHSDUW
SK\WLFDO HQYLURQPHQW WKHQ PRGHOV OLQNLQJ LW WR Wk
HQYLURQPHQW L H WKH VSDWLDO GLMWUUBXWLRKQGR 17K F DGR
GLUHFWLRQDO LPSXOVH UHVSRE®QHWKDW PONGIY HID[ SIOH\FE WL SWKLL
EHWZHHQ WKH VI\VWHPV OHYHO LPSXOVH UHVSRQVH DQG SURSD.

&QWDNG FKTGEVKQPCN KORWNUG TGURQPUG
7KH LPSXOVH UHVSRQVH Rl WK HKDIQUHHIH GV WWD EMF LWYHREDN FD
WUDQVPLW DQWHQQD SURSDJDWLRQ FKDQQHO DQGQQMFHLYF
WKHUHIRUH PD\ FKDQJH WKH LPSXOVH UHVSRQVH HYHQ WKRXJ
SK\WLFDO DUUDQJHPHQW Rl VFDWAMRHHUXH PHINKFWAR LRYY KWK H
DQWHQQDYV DQG SURSDJDWLRQ HQYLURQPHQVR @IRQ WK Hc FRRR KO
FDOOHG WKH GRXEOH GLUHFWLRQDDXHPSKWVBAJHVSRQWHH>0 6W

KWV 3 3, 3, SWB, 3, J, 3. &3, B,

S S

ZKHUH WKH LQWHJUDQG LV WKH FRPSRQHQW RI LPSXOVH UHVS
WKH WUDQVPLW DQWHQQD Z4;WKRU HERIRW V@LULHFRMWOLRYSHDNLQ.
HOHPHQW RI V&P LFHQWUMEDRG DUULYLQJ DW WKH UHFHLYH DQW
GLUHFWLR® DQGxJ DUH WKH FRPSOH[ ILHOG VWUHQJWK RU \
UHFHLYH DQG WUDQVPLW D QW H®LQUHFWILERISH FAKIHY A DY Q L @ XA\GKHH R
WKH YROWDJH JDLQ LV WKH VTXDUH URRW RIJWK® BRQYHWYW
SURSRUWLRQDO WR DQ DQWHQQD: -V HIIHFWIHFW O¥IQ DK D W K H DV
DQWHQQD UHFLSURFLW)\ IRUPXOD xs5)R W *VRWIWR SQ ;D QW WEBIDV J
FRPSRQHQW RI LPSXOVH UHVSRQVH DWW X.RFRUSRR\E WRYL B @M & Ul
UHODWHG ORVVHV LQFOXGLQJUSWHRWSE DR SR K \®RYVQ D B\RR/ V
(T VXPV RYHU DOO SRVVLEOH GLVHBPWLRQ\H RW GHSDRIVWKW H L
SRVVLEOH GLUHFWLRQV Rl DUHUYDO '2$V DW WKH UHFHLY

, I SURSDJDWLRQLVWVUMHWH SDWKV WKHQ (T FDQ EH ZULWWHC
PXOWLSDWK FRPSRQHQWYV 03&V L H
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wy 1,3, swias, 3, J, 3,

|
L

SHFRJQLVLQJ WKDW WKH FKDQQHO FKDUDFWHULVWLFV DUH D I
ORFDWLRQV GHQRWHG E\YWDKHME SRV SHRWLYHPW RKHQ WKH GRXE
LPSXOVH UHVSRQVH PD\ EH PRUIYXD ON #PSUHVMHG XVLQJ

KYywvy '3 3 syuyws, 3, J, 3,

|
L

7KH GHVFULSWLRQ DERYH UHOD®WNMQWR VYV LY FRRUIR TR S\DHHGV HD
GHVFULSWLRQ FDQ EH GHYLVHG H\ LRBXOREXBHYSRQ PHW GLIHI R
FRXSOLQJ EHWZHHQ IRU H[DPSOH WKH YHUWLFDOO\ DQG KRU
SRODULVHG WUDQVPLW DQWHQQD D@MEDW &H SYRHODWILKBIGO § RD @G/
SRODULVHG UHFHLYH DQWHQQD L H

KWV K WP

KWWV
Ty W Ky WAL,

7KH OHDGLQJ GLDJRQDO FR SRODU HOHPH@QWMNH) WIKH YBUWEB
SRODULVHG SRUW RI WKH WUDQVPLW DQWHOQ®DRD Q\GK KV KUHH FYHLL
DQWHXQD DQG WKH KRUL]JRQWDOO\ SRODULVHG SRUGN WRAHWK F
KRULJRQWDOO\ SRODULVHG SRUW&RI7WHKHRIUHGHRYRIQD QW HQR D\
HOHPHQWY GHVFULEH FRXSOLQJ EHWZHHQ WKH KRUL]JRQWDOO\
DQG WKH YHUWLFDOO\ SRODULVHG KR D) ® IWWKIKIH Y B i HLLFYDHD O'\Q @
SRUW RI WKH WUDQVPLW DQWHQQD DQG W K HF HKIRWUH. [[RBMHD@®D S R
,Q SULQFLSOH WKH SRUWV FRXOG KDYH DQ\QS®WUDFRVLFHWWKRZIR®
WKH\ DUH DOPRVW DOZD\V SHUSHQGLFXODU L@ HIG KRRADUR @ B/
IRU WHUUHVWULDO OLQNV RU FRXQWHU URWDWLQJ ULJKW
SRODULVDWLRQYV

(T LV D VIVWHPV GHVFULSWLR®RODRIIHMBEQH KN | MKWV FRIR WK H
SURSDJDWLRQ PHGLXP VHSDUDWHO®D DL¥DWERGHPRMW WIKFHM RR
WUDQVPLW DQWHQQD PHGLXP DQG UHFHLYH DQWHQQD LV UHT
VI\VWHP PDWUL[ IRU D GLVFUHWH VHWYRIQSEBRSDIJDWLRQ SDWKV L
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22wy 35 J ek 3s i 4

oJ kv 35 Ik 3s 1, o

-
(o] [e]

aK WV K We o aS. WABy 3, S, WKAB, 3, oo
< > I ® « »Ya
KWV K W), | oSS, WHB, 3, S WHB, 3,

: 2J YY 37 J ¥ K 37

U« »

- —.‘] KY 37 J7 KK 37 1/,

Q- ©° o Og

7KH XVH Rl YHUWLFDO DQG KRUL]JRQWDO EDVLV SRODULVDWLF
SHUSHQGLFXODU OLQHDU SROREHOWPWWREOVS$ MLRSOH ADUSAHVLD
D SDLU RI EDVLV SRODULVDWLRQPGBHXDWHN RR@\ IRUIJWKH VLQJ
SDWK GHVF¥LBHG E)RU SURSDJDWLRQ SDWKV ZLWK QRQ JHUR '2'
RWKHU SDLU RI EDVLVY SRODULVDWLRQV PX& W7EH BR&BWE\ND WL R
D SDLU RI GLSROHV RQH HOHFWULF RQH PDJQHWLBQ PRIQHEH X
SRODULVDWLRQV RI D SDLU Rl SHUSHQGLFXODU +X$JHRMHOQRXUF
VRXUFH LV WKH HOHPHQWDU\ UDGLDWLQJ VRXUFH RI DQ HOHFW!

3ULQFLSOH ZKLFK VWDWHV WKDW HDFK SRLQW RQ D\SURSDJI
VRXUFH RI UDGLDWLRQ

\ Definition 1 \ Definition 2 Definition 3
b hi
|
X X
b Y

NN '
&—/\* x x

)LJ IXGZLJ-V WKUHH GHILQLWLRQV Rl RUWKRBJIR®) DO EDFZINJ S
@ «  (((

'HILQLWLRQV DQG DOORZ D RIDDMURVBWUBGD GLEXMDGHILQHG
RWKHUXWKB,Q ZKLOVW SUHVHUYLQJ WKH UHTXLUHPHQW IRU W
ILHOGV 7KH\ VWLOO VXIIHU |UR P/ LG VGIMWILRIQVL RIQR ZHE RV  C
SRODULVDWLERGLUMPAWIHRQ DQG GHILQLWLRQ GRHV ®RW GHIL
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GLUHFWLRQ 7KLV LV UHIOHAWWEBW\VLED®OROAHE GCGRKWYW QORFW UDGL
LW KDV D WRURLGDO UDGLDWLRQ SDWWHUQ DQG D +X\JHQV V
SURSDJDWLQJ GLUHFWLRQ LIADVWEDRL® WL YSOOKWMWHRQ LV D

YJRU UDGLR OLQNV ZLWK FROXP QDWNGDEHD P2H\Q WERODY\ PQXGV W
DERXW WUDQVPLW DQG UHFHLYH DQWHQQD ERUMWLRKVED VMK I
SRODULVDWLRQV LV SUREDEO\ GHIZOLWQRQ'2$V SWEWXW ERUHD
WHQGV WR JHUR WKHQ DOO WKRWHOGB N ZWWRKQRPEORGYHH FM LR (
DQG '2'V DQG RU '2$V ZLGHO\ VSUHDG LQ D]LP P KL CE K\ HYPW IMRR,
WKHQ GHILQLWLRQ LV SUREDEO\ PRUH DSSURSULDWH

6JG /+/1 EJCPPGN KORWNUG TGURQPUG
)LJ VKRZV D VFKHPDWLF GLDJUDP RI D 0,02 FKDQQHO

Transmit Antennas Receive Antennas

Channel Model
)LJ 0,02 FKDQQHO

7KH 0,02 FKDQQHO PXVW EH GHVFWL.EH G HRHLYBODYWHBQQM®LWD L
WUDQVPLW DQWHQBBPNLYHGDQWHQQDV WKH 0,02 WULEMVPLVVL
UHSUHVHQWHGOEXDQQHO PDWUL[ L H
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aKk W/ K WV Ko WV ©
« »
) (K W K WV Ko WW 5
« »
KWV  « »
« »
« »
« »
4 WK WY Ko WW 3,

ZKHUGPW OHSUHVHQWY WKH WLPH YDULDQW LPSXOVHPWHVSRQYV
WUDQVPLW DQWHQQD D QG KWHFHHRXMW DHOW RQ QWKH(DFK LPSXOVH |
FDVFDGHG HIIHFW RI WUDQVPLW DBIGWXR QR GWK M FHRHLSYDH DWW WR®
WKHUHIRUH D V\VWHP OHYHO WHSILRHY HBQW B WL RW\ |V SHRROSOUR\W C
HOHPHQW RI WKH PDWUL[ PXVW EH UHSODFHG E\ WHKHVSR®DU
HTXLYDOHQW WR GRXEOLQJ WKH QXPEHU RI DGQMH® SR ® DOM VHHIE
DQWHQQD EHLQJ WUHDWHG HIIHFWLYHO\ DV WZR VLQJO\ SROD!
WR VKDGRZLQJ DQG RU PXOWLSDWK IDGLQJ DULVHV IURP DQ
HQYLURQPHQWDO VFDWWHUHUV 7KW RSPWLO® R SR E DD WLIRQLR €
VLIQDOV DW WKH WHUPLQDOV RO QILVIHWHHQ WH UMHFFHW M IGQ 1 QD @WK
SURSHUWLHV Rl WKH PDWUL[ HOHPHQWYV

0,02 FKDQQHO PRGHOV PD\ EH SK3KLFIDRDA W RGBOVWRLEB EDVHG |
SK\WLFDO WKHRU\ RIWHQ JHRPHWULFDO RSWLFV RU RQ SK\V|
VSHFLILF RU VSHFLILF WR DQ UBLQURXERPHEWN QV\SKU BIOJ DXQG DU}
XVHIXO LQ QHWZRUN SODQQLQJ $QDO\WLFDOD®RBWOX HWHRBDD
DERXW FKDQQHO EHKDYLRXU 7KH\ DUH JHQHUDOXVYHG WRIULQG |
VIVWHP GHVLJQ FRPSDULVRQ DQG WHVWLQJ

3K\WLFDO PRGHOV FDQ EH VXEGEYRGE G/ WRWRDE MW F UrFDLLOLLDQWALV
PRGHOV DUH HQYLURQPHQW VSHFLILF D&GODUM GHUVIYFIEO | UR
SURSDJDWLRQ SURFHVVHV HJ UHIOHFWEZRYHGXUGDEWLRKQH PR
LPSRUWDQW H[DPSOH LV UD\ W WFIDFL QPR GW®RV¥ KDWM LAFR USK \WH.Q H
GHWHUPLQLVWLF PRGHOV 7KH\ DWHZ EDVWE RQ WKH IDEWH QFH |
HQYLURQPHQW GDWDEDVH WKH SUHFLVH SK\VLFDO SURSDJDW
QXPEHU Rl SDWKV SDWK GHOD\ SDWK SR ZHW KIHOH X\Q KWDH GIL E W
GHILQHG VWDWLVWLFDO EHKDYEB®UWK I3UR EROUEHL GELHV F PR\GW O X F W
SURSDJDWLRQ SDUDPHWHUV 7KH\ DS)XWDWDRRQDOO\ R R UFMLHR
GHWHUPLQLVWLF PRGHOV 7KH 69D \DRIS0WKKHD @ B\ LORG BRD @& H
(IWHQGHG 6&0( GHVFULEHG LQ VHPMWRRKDWVWLF BEEVLFD® WPHRWH C

$QDO\WLFDO FKDQQHO PRGHOV GHLWWYH[ WKW KRX2WVFBEQQORQVRG |
SURSDJDWLRQ SDUDPHWHUV ([DPSOHV LQFOXGH ,QGHSHQGHQ
‘HLFKVHOEHUJHU DQG .URQHFNHU PRGHOV DKAKDLRQK;HO QERGH C
GHVFULEHG LQ VHFWLRQV DQ®V 6LIQH HUR QH FIKBQ PHRG HP D W U
HDVLO\ JHQHUDWHG XVLQJ DQDONWHF\DWDRMRGKQV V DRI GW\KIHYAH P D
XQYDU\LQJ UHSHDWDEOH DQG HQYLURQPHQW LQGHSHQGHQ
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GHYHORSPHQW YHULILFDWLRQHPQKD BSWMDBHVDWE RUR RN Z\D\WM
VLIQDO SURFHVVLQJ DOJRULWKPV

.KPM NGXGN CPF U[UVGO NGXGN UKOWNCVKQPU

ORVW VWDQGDUGLVHG 0,02 FKDQQHO PRGHOVO$IYROL ® HPX DNV D
7KH IRUPHU UHIHUV WR D VLQJOH SRLQW WR PRIOQW S00H) NV UDXQW
DQG UHFHLYH DQWHQQDV 7KH HODPRWRXQ UFDWURQWRLEXI W ISF
LQFOXGLQJ PXOWLSOH EDVH VW RWLRR® \6 & 8 6AK D QQ H@K H RAUD HHID F
FDOLEUDWLRQ SURFHVV LV XQGHUWDNHQ DW WKHQOLQN OHYHO !

7KH 6&0 DQG 6&0( VIVWHP OHYHO P R®RHF HCHVLDKNUB PGPRBLOH |
GURSSHG LQ D VHTXHQFH RI GLIITHUHQW QHWZRDN) ®RF RW LRQN
GHILQHG E\ WKH XVHU (DFK GURKIUMBHHDBQ@Y AIKDQQBOKRWH \
WKH FKDQQHO SDUDPHWHUV ZLWKLHG DWRL 8 HOWWEWRR @B\ DD\
GXUDWLRQ RI WKH GURS DOO ODUJH VFDOH SDORFHWHMHBWF2$DU
DVVXPHG WR EH FRQVWDQW 7MW BGRPAROFHSW LV LOOXVWU

yLJ 4XDVL VWDWLRQDU\ GURA BHMODRGRQQ D FKDQQHO

$ YDULDWLRQ RI WKH GURS EDVHG VLPXODWLRQ DOORZV WKH
HYROYH FKDQJH JUDGXDOO\ DQG FRQWLQXRXV®D\G WS HDKIKV VL
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DSSURDFK LV PRUH UHDOLVWLF WKDQ WKH VWDWLRQDU\ DVVX
FRPSOH[LW\ DQG UHVXOWYV LQ LQFUHDVHG VLPXODWLRQ WLPH

, I PRWLRQ RI WKH PRELOH VWDWV RXYVVXP HBQW RV EBIWWHIOH UNVE O K
FRXUVH RI D SDFNHW WUDQVPLWIERQTWBWLFKWDRWHB I6XAKD DGFW
GHFRUUHODWLRKQLWK. RN JUHDWHU WKDQ WHKIH SDHIN W GG XY DWKLHR |
VKLIW UHVXOWLQJ LQ D FRUWKODWILWPPREHLFHBOWHE DSSUR]
PD[LPXP 'RSSOHW WEHHE ZDYHOHQJWK >7 6 5DSSDSRUW @

,
g

YRU D FDUULHU IUHTXHQF\ Rl *+G BRQG NDP VKHWRHQPD[WPXPH'RS S
VKLIW ZRXOG EH +] DQG WKH FKDQQHO GHFRUUHODWLRQ WLF
WKDW WKH FKDQQHO LV TXDVLLVMHIBNBE RROCL® IWWKE BH DMXAPY
GXUDWLRQ LV OHVV WKDQ WKLV

%JCPPGN OQFGN UVCPFCTFU

6SHFLILF VWDQGDUGLVHG FKDQQHO PRG WEW KDHNWHVERH @ G E YRHSOA
RI SDUWLFXODU ZLUHOHVYVY VWDQGDUGY LQ D PDQQHU WKDW L\
ZLUHOHVV FKDQQHO PRGHOV DUHRSEPSRWWRQW HR W LIWIKKD HI/HNY &
([DPSOHV RI VWDQGDUGLVHG FKDQQHO PRIBH® GWUOFFTKEBWMH&D&H
ZLGHEDQG SRZHU GHOD\ SURILOH 3'3 BRBRWVRXVHBG L WKH C
DQG /7( VIVWHPV UHVSHFWLYHO\ 6WBQEBNMUGHVHGUPKRBHZRHN WH
DOJRULWKPV DQG LQYHVWLIDWH. GHRMLRIQQW WHG K RVINM @V IGHEFH ¥ L R
WR PRGXODWLRQ FRGLQJ DQG PXOWLSOH DFFHVVLQJ HWF

$ VHOHFWLRQ RI VWDQGDUGLVH® FKEQRHBGEPRGEHDVUHIHPR EDLF
DQG ZLUHOHVV ORFDO DUHD QHWXARUINY H$ EHDRIOLFDWLRQV

&KDQQHO ORGHO 2ULJLQ $SSOLFDWLRQ®

6&0 *33 *33 * 2XWGRRU

6&0 ( :,11(5 * 2XWGRRU

1, ,11(5 ,, * 2XWGRRU

68, 6WDQIRUG 8QLYHUVLW\ JLIHG %:$

:L0$; ,78 7'/ :L0%; IRUP J)LIHG ORELOH %:$

, ((( Q , ((( Q ¥ WKURXJKSXW WDQGRIRKS&KDQQHO
9+00'4

7KH (XURSHDQ :,1UK® HALV ZRW.OGZL®YIELGRH SURMHFW EHJDQ LQ
DLP WR GHYHORS D QHZ UDGLR FREPHS\UWRR QE HIRQ & LIKIOH/ V
"RUN 3DFNDJH '3 Rl WKH :,11(5 SURMHFWYV IRFX VHD RQHPX

www.intechopen.com



I+/1 %JCPPGN /QFGNNKPI

PRGHOOLQJ IRU FDUULHU IUHTXHQFLHY EHWZHHQ OBRGQ *+] DQ
WRWDO VL[ RUJDQLVDWLRQV ZHUH IRUREQ®\ tEOYROYNG &@L YH L
7HFKQRORJ\ 1RNLD G5R\DO ,QVWLWXWHKHI6ZHFKQRGRI\DO7,QVYV
7HFKQRORJ\ (7+ DQG WKH 7HFKQLFDO 8QLYHUVLW\ RI ,,PHQDX

$W WKH VWDUW RI WKH SURMHFW WKHUH ZNXLMRD EDGHIR\UD:F EH(SV
VI\VWHP PRGHOOLQJ 7ZR H[LVWLQ3 FRBQQIHODWRRGOGH&LKRDQQ*BO O
6&0 ZHUH VHOHFWHG DV VWDUWLRXOPRULLRQV DIRE RGW GHRWW L
PRGHO ,((( 7*Q ORGHO > *33 75 9 HG DW@D Z2DWD VU MQK
SRLQW IRU LQGRRU VLPXODWLRQW7EKB QERAL & WE D@QVGX WIRFRLHHZ VF

WKH ILUVW H[WHQVLRQ RI 6&0 6&0 ([WHQB8BRBVHG&O (HVZLW W
WKH PRGLILFDWLRQV WR 6&0 6&0( ZDV GHHPHG LQDGWHHAXDODWH IR

$W WKH HQG RI WKH :,11(5 FKDQQH® PROGNOGHBRDVEHG LQ
GHOLYHUDEOH >:,11(5 @ :,OVVKDXFIXUH IIRHGLQGRRU DQ
HQYLURQPHQWY DQG LV EDVHG RQ G R XDPH BLLUHF WD B Q DHGPRIDOW

*+] ,60 EDQG ZLWK EDQGZLGWKV RI XS WR 0+] ,WQFRYHUV

VFHQDULRYV L H L LQGRRU VAKD®D® RILLEH XUEDQ (PARRBRFHOO
PDFURFHOO Y VXEXUEDQ PDFURFHOO KMV G/28L DQXBUQRQ OoRIMkE
VLIKW 1/26 SURSDJDWLRQ FRQGLVOL&DVODEH FDWDOHG IR@ >+

,Q 6HSWHPEHU WKH :,11(5 FKDQQHO PRGHO 3KDVH ,, :,0
., LOQWHULP @ 7KLV PRGHO ZKWLFEKQBYWRWEBWHGI1ILYRP,:LQWHU
FKDQQHO PRGHOV H[WHQGHG WKH SURSDJDWLRQODAHGDUQERR
KDOO LLL LQGRRU WR RXWGRRU EDLR® XXUHEHDER APLAUURAFAHD®D YL
LQGRRU YLL VWDWLRQDU\ ITHHEGRARHOQQLLL[] VAHNEEDJEP@ ARADRFHO
PDFURFHOO DQG [L UXUDO PRYLQJ QHWZRUNWY SQRWKHF W ROKWDV
PRGHOV ZHUH LPSOHPHQWHG LQ 03$7/%K WDRXG KP WKHH RY DLLIFO.DBO HA
>:,11(5 ,, @

5RCVKCN %JCPPGN /QFGN 5%/
6&0 ZDV GHYHORSHG E\ *33 *33 WKLUG SH@RHIHFWLRI® US RXWC
HQYLURQPHQWY DW D FDUULHU IUHTXHQF\ RI +#h]&'Q®W ZDV Gt
FKDQQHOV >3 $OPHU HW DO R S® WG FIR QY IOAVQW FOIHWHEO VLP)
DQG LL D VIVWHP OHYHO VLPXODMWLR Q HPRHEM G R GKIKD A&/0 AXUUHQ
GH IDFWR VWDQGDUG IRU /7( :&'0$ 8¥W6HP QGH YIHGH; HW\D O X DW L
SHUIRUPDQFH YHULILFDWLRQ

.KPM NGXGN OQFGN
7KH OLQN OHYHO PRGHO ZKLFK PDM\W DB MR HB8 FWHHPHRWGUHHOG LW RD
FKDQQHO PRGHO ,W SURYLGHV QWZHIODVGRIIDFHGIRFRGYHEB UH Q\
PDQXIDFWXUHUV WR FRPSDUH WKHLU SURSULHWDU\ LPSOHPHQMW
DOJRULWKPV /LQN OHYHO VLPXRPWHRGH® ORQ H DWIHR WARDQ FUHH W
GLIIHUHQW DOJRULWKP EHFDXVH WKH\ UHIOHFWLRQ 6K DQQH®JO
/JLQN OHYHO VLPXODWLRQV GR ©6@YWLWRNUMNMRREH FDIOR D EFROQN
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EHKDYLRXU RI D VIVWHP DQG LI VXFRVAMRHAFF OXWLIHROQV LPXI® W IRK QL
SHUIRUPHG

7KH OLQN OHYHO 6&0 FDQ EH LP REHPNQW F G K\V LFIDIOKRU D QUD/D \ \
,Q WKH IRUPHU WKH ZLGHEDQG FKDUDFWHULVW LW SRS H\G K& H oKD
OLQH 7'/ (DFK WDS LV LQGHSHRDUDRQMWN UDGHEG B\QIBQLY]LP X WK

DQJXODU VSHFWUXP GHVFULEHG E\ D XQLIRUP G LVWWILEBXMWMLIRRED

IRU %6V 7KH PHDQ GLUHFWLRQ DQG DQJXODUWISXW DG DU Yo-6Ql
VWDWLRQDU\ FKDQQHO FRQGLWLRQV 7KH 'RRS® OWKH \0% HFAOURFPL \
VSHHG DQG GLUHFWLRQ UHODWLYH WR WKH HIL QI \FR GOIHIEQH\D )
QXPEHU DQG FRQILIXUDWLRQ RI DQWHQQDV DW 06 DQG %6 *
SK\WLFDO PRGHO FDQ EH WUDQVIRUPHG WR DQ DQDO\WLFDO PRC

5[UVGO NGXGN OQFGN
7KH VIVWHP OHYHO PRGHO LV DHXQQ@WWQGNGSKRULSBOIRBEBDQF!
LQ ZKLFK HDFK OLQN UHSUHVHIQM)VDDFHOIO RU D UOPWRW ZDWH \
VLPXODWLRQ LQ ZKLFK DQ 06 UP FDHLM BIMH.QQW WM H FRMRHQF RIIDBRMDF

csssssssmsmmmmamaak

Base Station Antenna
Array (of size 3) in
Sector A

3 Sector Cells

. - X

»
Ms Antennas,
Array (of size 2)\

e

“ W

Base Station Antefina” )
Array (of size 3} in \
Sector A

)LJ 6&0 VIVWHP OHYHO VLPXODWLRQ
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(DFK OLQN FRPSULVHV DQ 06 DQG %6 ®JD2WLEAWHIOQ DLDURNQA W3ISRE
VXE SDWKV 7KH H[FHVV GHOD\VORIFU XEVSHDWKE DWRAXOGRWHKH G}
SDUHQW PXOWLSDWK 7KLV LV DVWQPH G RQR HRQUW JZ DD KW H QB R P
FOXVWHUV RI VFDWWHUHUV WHU H G L\DFODW W H D MUHW DAQKGH UFKDUKVO W L
VXE SDWKV

7KH 6&0 GLVWLQJXLVKHYVY EHWZHHQ WKUHH GLIIMHLHORNFHTOY L URC(
VXEXUEDQ PDFURFHOO DQG LLLRGHEOROBLEPQRBFHIORXODKWHLRQ P
DUH LGHQWLFDO IRU DOO WKUHH HQYLURQPHQWYV EXW WKH SI
VSUHDG VKDGRZ IDGLQJ DQG SDWK ORVV DUH GLIITHUHQW >3 $¢

N\ 6FDWWHUHU

&OXVWHU

‘2" >>HIJUHH®@

|
// ‘ -
T /

06 sUUL

\
%?$ULV
®
l\. ® o 0XOWLSDWK Y
\ . J L \ 3>Gpo @
\\\ ( ] / (] . \\
‘. e °
. ® "HOD\ 3U§|L0H >Q\V @
)LJ &OXVWHUHG VFDWWHUBDWKW KQ WIS BAOKV LPJ G DAX ERS)

5QHVYCTG KORNGOGPVCVKQP QH 5%/
7KH PRGHOOLQJ DSSURDFK FDQ EH GLYLGHG LQ WR WKUHH SDU
FRUUHODWLRQ DQG LLL SRODULVDWLRQ FRUUHODWZIRIQFK7KLV I
UHSUHVHQWY WKH LPSXQ@¥HKOWYSB®OYKHFRP S\RKGHQW
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BS Antenna Field Patiern XPR Gain MS Antenna Field Pattern

- o ay o
o T P2 > Q PYY D QP YK«G Q7F-’ 2% » ' Polarisation
® « » | Correlation
o & %6 TQP ol l}’-pQPKY QPVJ&& Q7;'2$ RVA |
Spatial
Correlation

Temporal

o]

Correlation

)LJ QBFRPSOH[ JDLQ IRU 6&0

'KHU+H vW LV WKH FRPSOHQ'OWDO RIRWKHVSRWOBRJ ENHRVWHHQ WKH
WKHOHPHQW RI D OLQH D UX92I8 OHPHI)\WD Q GO WXHHR4E, p 6, DDQG \
[%s6B p 2r DUH UHVSHFWLYHO\ WKH %6 DQWHQQD FRPSOH[ ILH
KRULJRQWDOO\ SRODULMVHGUHSHMHIAHQWDWBURVY SRODULVHG FF
YHUWLEFDOO\ DQG KRUL]JRQWDO OosSER O B IDVHs 5 R P.$ RIMHO W V
UHVSHFWLYHO\ WKH 06 DQWHQQPUFRIRSWH F DIOH0 @D Q BVWKWRH UTRQ W
ILHOGY 1RWH WKDW WKH '2' DQG '2$ DUH HDFKLS HJHQG®IGF W\ D\
DVVXPSWLRQ WKDW WKHUH LV VSUHDGLQJ LQ DNHRRWKRRBEB\
FRPSOHWHO\ FRQVWUDLQHG WR D VLQJOH DJLPXWKDO KRUL]R
HQHUJ\ LQ HOHYDWLRQ RXW R/I OWK\HH & R WIR EWWDHDO SAD.YH OL PR G
FRUUHODWLRQ LV D IXQFWLRQ RI VHSDUDWLRQ EHWZHHQ %6 DQ
UHVSHFWLYH '2'V DQG '2$V $ UDQG R ISIRDAPHD RGNVWHWWULEXWHG E
DQGR LV DGGHG WR HQVXUH D UDQGRP VWD UWIOQ F RSIRWIYOD WRLLR
D IXQFWLRQ RI WKH PDJQLWXGH DQG GLUHFWLIRQGRI FIF6G PR M RRZC
GLDJUDP IRU WKH PRGHO 7KH VERXDDWIDRUHVWHSY LPSOLHG
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|Clustenng (of @ach multipath) at the BS

Direction of Arpval [for each maltipath)
|Clustering (of sach multipath) at the MS

|Pairing of Multipath and Subpaths
Pathioss and Shadowing
Rardom Phase for each Link

Legand
L = Mumber of MIMO links
N = Number of Multipaths
M = Number aof Subpaths
T = Mumber of Fading Samples
MS and BS Distance Depands on Cell Layoul
MS Anterna Aray Orientation Uniform betweer 0F 1o 3607
IMS Direction Unitorm bsbween 07 o 3607
BS and MS Anterna Gain Patterns Defined aver 3607 in Azimuth
I
i o
Dietermine Channe! Parameters (Dased on user ingut) Anterra Fisld Faltem
Interpodation
|Fath Delay
|Average Power in each Tap
Directicn of Dapanure (for sach multipath)

Interpolate M3 ard BS Anlerns
Gain Patterns basad on user
- Taghni

¥
|

e

)LJ 3VHXGR FRGH IRU 6&0 FKDQQHO PRGHO
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JRU D JLYHQ GURS WKH PXOWLSOGR®6 D RIFADHW ISROPVF H/G WK/
VHFWRU FHOO 7KH 06 OLQHDU DUUD\ DQWHQQD RULHQ
PRWLRQ DUH VHOHFWHG DW UDQGRP

3DWK ORVV LV FDOFXODWHG EDVHGDRYG WKH WK 3IDDWKL G K
PRGHO XVHG LV WKH &267 +DWD PRGHO IRU PDFURI
:DOILVK ,NHIJDPL PRGHO IRU PLRURKKDOWA DWKKH FFPFSERHIH (
IL[IHG LQ DOO WKUHH FDVHV DWDWIHUDQIB SWZAHW OBHO Br\K
UDQGRPO\ XVLQJ DSSURSULDWHVSUREDELOLW\ GLVWULE X\
$QIJXODU GLVSHUVLRQ DW WKH 06 DQG %6 LV LQFRUSRUD
FRPSRQHQW FRPSULVHV D FOXVWHUWRH VDPHE GBOEYV K
UDQGRPO\ PRGHOOHG GLIIHUHQW '2' DQG '2%$ > *33 75
7KH RYHUDOO PHDQ '2' DQG '2$ LV GHWHUPLWHRG %6 WKH
DQG 06 DQG WKH RULHQWDWLRQ RI WKHLU DQWHQQD DUL
HDFK WDS LV FKRVHQ DW UDQGRP ITURPWD L'\D XWHWQIWVDWDHG LK @
RYHUDOO PHDQ '2$ DQG '2' YDULDQFHV RHHVRR GHQVKD U
KDYH GHWHUPLQLVWLF DPSOLWXGH DQE&HIDH)BBR SXEMHF
WR 5D\OHLJK RU 5LFHDQ IDGLQJ

THPSRUDO IDGLQJ PD\ EH JHQHUDWMKB RLWKE@XVRL XV LKL
DSSO\LQJ ZKLWH *DXVVLDQ QRLVH WR D 'RSSOHU ILOWHU
THPSRUDO YDULDWLRQ RI WKH LPSXOVH UHV®RGVH LV
GLUHFWLRQ RI WKH 06 7KH GLITHUHQW 'RSSOHU VKLIW
GLIITIHUHQW SKDVH IRU HDFK VXE SDWK 7KH SKDVH IRU HI
FDOO ZLWKLQ D VLQJOH VLPXODBDWURMRGH@EEXIUWH VFIR R WH @ I

10°

] 1 call to Fading 2"'call to Fading EETHR 3" call to Fading £
. Samples Samples B Samples -

HEA
5

10° H 1 |
0 5 10 15 20 25 20

MHMumber of Samples

yLJ )DVW IDGLQJ VDPSOHV IRUWRR WV X\FFS FRINMHFBRQE LR WKH
FKDQQHO GURS

YRU VIVWHP OHYHO VLPXODWLWQYO i KILBAK DFQR® WA63/H UQP & C
FHOOV VHFWRUV D VHTXHQFH Rl GUR/SDUH LHJEASWEGH T
WKRVH LQ SULRU RU VXFFHHGLQUVGDWRBXP HE& HNV & UR-S \&X ULL
VKRUW IRU ODUJH VFDOH FKDQQHO SDUDPHWHUV HJ D
GHOD\ VSUHDG DQG VKDGRZLQJ WR ERKFHRQ &RV GRQ LLC
GHWHUPLQHG DW UDQGRP GXULQJ WKH VWDUW RI HDFK G
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IQFGN HGCVWTGU

(DFK GURS UHIOHFWV D VQD®WORW RI WKH IDGLQJ FKDQ
7KH &267 S8UEDQ +DWD PDFURFHOO DQG &267 ‘DOIL
SDWK ORVV PRGHOV DUH DGMXVWH]G 1RH D SISJGLTROEYL\L RV
IUHTXHQF\ RWKHU WKDQ *+] LV QRW DQDO\VHG >0 1DUI
7KH PRGHO SURYLGHV D EDQGZLGWK RI 0+] ZKLFK LV Q
UHFHQW ZLUHOHVYVY VWDQGDUGEDEBGZUGWEKKRFK OHTXLUHV
'XULQJ D GURS WKH FKDQQHO XK GWHUOIRH VR YINWPWM QG LB O D
'2' DQG '2$ KRZHYHU DUH NHSW FRQVWDQW $Q\ WZR |
LQGHSHQGHQW DQG DUH EDVHG R@Q W DIKE& R PRID NOR/F WY W H G K
PRGHO GLVFRQWLQXRXV DFURVV GURSV

6L FOXVWHUV RI VFDWWHUHOXVBIMHU FFRRQMILHOVHSLRHGESE V( WFRK [
03& UHIHUUHG WR DV D PXOWLSDWK :LWKLQ D UHVROYI
LUUHVROYDEOH VXE SDWKV (DFRGHOWKB PXOWLESDWKYV G
IXQFWLRQ RI GHOD\ (DFK PXOW(GDW IGLLWS N X ¥ MG W FAUR
VXE SDWKV 7KH VXPPLQJ RI WKHKOWE $ QWD \FDHLUKH LDVG U
HDFK PXOWLSDWK >'"6 %DXP @

7KH FRUUHODWLRQ RI WKH VWRQ ®RJUG RAUHPDLD WRLRIQQ JL G |
VKDGRZLQJ EHWZHHQ WKH OLQNV IURP D VLQJOH 06 W
FRUUHODWLRQ LV LQGHSHQGHQW RI WKH UDQJHWI %6V F
DV VHHQ IURP WKH 06 6KDGRZLQJ DQG LWVOBRW&HODW
SDWKV DUH WKHUHIRUH DVVXPHG LQGHSHQGHQW RI QHW
> *33 75 9 @

(OHYDWLRQ VSUHDG LV QRW FRQVLGHUHG

$QWHQQD UDGLDWLRQ SDWWHUQ DUUD\ JHRPHWU\ DQG
:KHQ DOO SURSDJDWLRQ DQG DQWHQQD SDUDPHWHUYV
IRUPXODWLRQ FDQ EH H[WUDFWHG IURP WKHVSKOVDFDO |
GLIITHUHQW LQVWDQFH RI WKH FRUUHODWLRQ PDWUL]
ORVW PRGHO SDUDPHWHUV DUH GKIVGHLWEHKGVES URKH IGUWH \B"
VRXUFH Rl YDULDELOLW\ LW KDWLWKGSD®ILRDG YWOLPW D JkL
HISRQHQWLDOO\ ZLWK WKH QXPEHU Rl UDQGRP SDUDPHWEF
$V D FRQVHTXHQFH RI WKH DVVXPSWLR®HW KW H PRK HPX G
XWLOLW\ IRU EDQGZLGWKYV DERYH 7KEY IPRWXHNVWHR QV
HIWHQGHG 6&0( YHUVLRQ RI 6&0

8SOLQN DQG GRZQOLQN UHFLSURFLW)\ 'P¢ DDOXPNGDUWHH
LGHQWLFDO IRU ERWK XSOLQN DOQXIsFXKQQIQHND VLPXODWL!
7KH XSOLQN DQG GRZQOLQN VXE SDWK UDQGRP SKD
IUHTXHQF\ GLYLVLRQ GXSOH[ )'"WNGB WHP Y 'EX\W WRRWHOD

'ZVGPFGF 5RCVKCN %JCPPGN /QFGN 5%/
6&0( LV DQ H[WHQVLRQ RI 6&0 7KH H[WHQVLRQ LV QRW DVVRFLD
EXW ZDV GHYHORSHG LQ :3 RI WKH :,WH®G GW R/M H FRMK DERDK & [E D G
RI 6&0 IURP 0+] WR 0+] ,W ZDV DOBRSWO GVWD QWERHGF KR L
GHYHORSPHQW DQG WHVWLQJ RI WKH 7@B3VARRQ GDHIWE (AR XWNDI
EDQGZLGWK ZDV VXEVHTXHQWO\ IXUWKHU H[WHQGHG WR 0+
% * VIVWHPV LV XS WR 0+] LQ ERWK *+] DQG *+LEDOQIGHV $
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