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$ PHWKRG IRU FRPELQLQJ PXOWLXVHU GHWHFWLRQ ZLWK EDVH
VWDWLRQ GLYHUVLW\ LV SUHVHQWHG IRU WKH XSOLQN RI D PXOWL�
SOH DFFHVV QHWZRUN FRPSRVHG RI . WUDQVPLWWHUV DQG0
UHFHLYHUV� $W HDFK EDVH VWDWLRQ� D . XVHU VRIW�RXWSXW
PXOWLXVHU UHFHLYHU LV LPSOHPHQWHG XVLQJ WKH ORJ 0D[�
LPXP $ 3RVWHULRUL �ORJ�0$3� DOJRULWKP� 7KH ORJ�
OLNHOLKRRG UDWLR RXWSXWV IURP WKH 0 EDVH VWDWLRQV DUH
FRPELQHG EHIRUH D pQDO KDUG GHFLVLRQ LV PDGH� 7KLV
VWUDWHJ\ KDV WKH DELOLW\ WR VLPXOWDQHRXVO\ PLWLJDWH WKH
GHWULPHQWDO HoHFWV RI ERWK PXOWLXVHU LQWHUIHUHQFH DQG
IDGLQJ� DQG KDV WKH SRWHQWLDO WR H[WHQG FHOO UDQJH
DQG UHGXFH WKH IUHTXHQF\ UHXVH GLVWDQFH� 6LPXODWLRQ
UHVXOWV DUH VKRZQ IRU D 7LPH 'LYLVLRQ 0XOWLSOH $FFHVV
�7'0$� QHWZRUN ZLWK � XVHUV DQG � EDVH VWDWLRQV�

� , QWU RGXFWLRQ

7KH SHUIRUPDQFH RI PXOWLSOH DFFHVV QHWZRUNV LV OLPLWHG
E\ PXOWLSOH DFFHVV LQWHUIHUHQFH �0$,� DQG IDGLQJ� 7KH
GHWULPHQWDO HoHFWV RI 0$, FDQ EH PLWLJDWHG E\ PXOWL�
XVHU GHWHFWLRQ �08'� >�@� :KLOH 08' LV XVXDOO\
FRQVLGHUHG IRU XVH ZLWK 'LUHFW 6HTXHQFH &RGH 'LYLVLRQ
0XOWLSOH $FFHVV �'6�&'0$� V\VWHPV� LW FDQ DOVR EH
XVHG WR LPSURYH WKH SHUIRUPDQFH RI 7LPH 'LYLVLRQ
0XOWLSOH $FFHVV �7'0$� FHOOXODU V\VWHPV >�@� :KHQ
XVHG IRU '6�&'0$ V\VWHPV� WKH REMHFWLYH RI 08' LV
WR MRLQWO\ GHWHFW VLJQDOV WKDW RULJLQDWH IURP WKH VDPH
FHOO �L�H� LQWUDFHOO LQWHUIHUHQFH�� :KHQ XVHG IRU 7'0$
V\VWHPV� KRZHYHU� WKH REMHFWLYH RI 08' LV WR MRLQWO\
GHWHFW WKH GHVLUHG VLJQDO DQG FR�FKDQQHO LQWHUIHUHUV
RULJLQDWLQJ IURP QHDUE\ FHOOV �L�H� LQWHUFHOO LQWHUIHU�
HQFH��

,Q >�@ LW ZDV VKRZQ WKDW D QRWLFHDEOH SHUIRUPDQFH
JDLQ FDQ EH DFKLHYHG E\ XVLQJ 08' DW HDFK EDVH
VWDWLRQ RI D 7'0$ V\VWHP� +RZHYHU� DV WKH FDUULHU WR
LQWHUIHUHQFH UDWLR �& ,� LQFUHDVHV� WKH JDLQ IURP XVLQJ
08' GLPLQLVKHV GXH WR WKH ZHDN VLJQDO VWUHQJWK RI WKH
LQWHUIHUHUV� 7KLV OLPLWDWLRQ FDQ EH RYHUFRPH E\ VKDU�
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LQJ LQIRUPDWLRQ DPRQJ EDVH VWDWLRQV� )RU H[DPSOH�
HDFK EDVH VWDWLRQ LQ D 7'0$ QHWZRUN FRXOG SDVV WKH
RXWSXW RI LWV 08' WR WKH EDVH VWDWLRQV WKDW VHUYH
WKH VWURQJHVW FR�FKDQQHO LQWHUIHUHUV� $ VHFRQG LWHUD�
WLRQ RI 08' FRXOG WKHQ EH SHUIRUPHG DW HDFK EDVH
VWDWLRQ� WKLV WLPH LQFRUSRUDWLQJ WKH D SULRUL LQIRUPD�
WLRQ GHULYHG E\ QHDUE\ EDVH VWDWLRQV� 3HUIRUPDQFH LV
LPSURYHG EHFDXVH HDFK PXOWLXVHU GHWHFWRU LV DEOH WR H[�
SORLW WKH GHFLVLRQV PDGH E\ RWKHU PXOWLXVHU GHWHFWRUV�
7KH GLVDGYDQWDJH RI WKLV VWUDWHJ\ LV WKDW LW UHTXLUHV
GDWD WR EH IHG EDFN IURP HDFK EDVH VWDWLRQ WR D VXEVHW
RI WKH RWKHU EDVH VWDWLRQV LQ WKH QHWZRUN� 7KLV UH�
TXLUHV D GHGLFDWHG FRPPXQLFDWLRQV OLQN EHWZHHQ EDVH
VWDWLRQV� $GGLWLRQDOO\� WKH LWHUDWLYH QDWXUH RI WKH
VWUDWHJ\ UHTXLUHV WKDW WZR RU PRUH SDVVHV RI PXOWL�
XVHU GHWHFWLRQ PXVW EH SHUIRUPHG� ZKLFK VLJQLpFDQWO\
LQFUHDVHV WKH ODWHQF\ RI WKH V\VWHP�

$ VLPSOHU DSSURDFK FRQVLGHUHG LQ WKLV SDSHU LV WR
FRPELQH WKH RXWSXWV RI WKH EDVH VWDWLRQV DFFRUGLQJ
WR D GLYHUVLW\ FRPELQLQJ UXOH� ,I WKH RXWSXWV RI WKH
PXOWLXVHU GHWHFWRUV DUH LQ WKH IRUP RI ORJ�OLNHOLKRRG
UDWLRV �//5
V�� WKHQ WKH RXWSXWV RI WKH PXOWLXVHU
GHWHFWRUV FDQ VLPSO\ EH DGGHG WRJHWKHU� RU ?IXVHG��
DFFRUGLQJ WR DQ HTXDO JDLQ FRPELQLQJ UXOH� 7KLV
PHWKRG GRHV QRW UHTXLUH IHHGEDFN DQG WKXV GRHV QRW
LQFUHDVH ODWHQF\ RU UHTXLUH FRPPXQLFDWLRQV EHWZHHQ
EDVH VWDWLRQV� 7KH VWUDWHJ\ UHTXLUHV WKDW WKH 08'
DW HDFK EDVH VWDWLRQ SURGXFH D ORJ�OLNHOLKRRG UDWLR�
%HFDXVH WKH RSWLPDO PXOWLXVHU GHWHFWRU LV LPSOHPHQWHG
E\ WKH 9LWHUEL DOJRULWKP� ZKLFK SURGXFHV KDUG ELW
GHFLVLRQV� LW LV QRW VXLWDEOH IRU VXFK DQ DSSOLFDWLRQ >�@�
+RZHYHU� VHYHUDO UHODWHG DOJRULWKPV� VXFK DV WKH VRIW
RXWSXW 9LWHUEL DOJRULWKP �629$� >�@ DQG WKH PD[L�
PXP D SRVWHULRUL �0$3� DOJRULWKP >�@� FRXOG EH XVHG
WR LPSOHPHQW WKH 08' VXFK WKDW LW SURGXFHV //5
V�

'LYHUVLW\ FRPELQLQJ WKH RXWSXWV RI VHYHUDO EDVH
VWDWLRQV
 PXOWLXVHU GHWHFWRUV KDV DGYDQWDJHV EH\RQG
MXVW FRPEDWLQJ 0$,� %HFDXVH REVHUYDWLRQV IURP VSD�
WLDOO\ VHSDUDWHG ORFDWLRQV DUH XVHG� WKH QHJDWLYH LPSDFW
RI IDGLQJ LV UHGXFHG� ,I WKHUH LV D GHHS IDGH EHWZHHQ
D WUDQVPLWWHU DQG D SDUWLFXODU EDVH VWDWLRQ� WKHQ WKH
SUREDELOLW\ RI H[SHULHQFLQJ D GHHS IDGH EHWZHHQ WKH
VDPH WUDQVPLWWHU DQG D GLoHUHQW EDVH VWDWLRQ LV YHU\
VPDOO� 7KH //5 RXWSXW FRUUHVSRQGLQJ WR WKH XQIDGHG



SDWK ZLOO EH VLJQLpFDQWO\ KLJKHU WKDQ WKH //5 FRUUH�
VSRQGLQJ WR WKH IDGHG SDWK� DQG WKXV PRUH FRQpGHQFH
ZLOO EH SODFHG RQ WKH RXWSXW RI WKH PXOWLXVHU GHWHFWRU
ZLWK WKH EHWWHU SDWK� $OVR� WKH UDQJH RI WKH FHOOV FDQ
EH H[WHQGHG EHFDXVH WKH WUDQVPLWWHG HQHUJ\ LV UHFHLYHG
DW VHYHUDO ORFDWLRQV�
,Q WKLV SDSHU� ZH FRQVLGHU WKH DSSOLFDWLRQ RI

ERWK PXOWLXVHU GHWHFWLRQ DQG EDVH VWDWLRQ GLYHUVLW\
WR 7'0$ FHOOXODU V\VWHPV� $W HDFK EDVH VWDWLRQ� D
VRIW�RXWSXW PXOWLXVHU GHWHFWLRQ DOJRULWKP LV HPSOR\HG�
7KH GDWD SURGXFHG E\ HDFK RI WKH EDVH VWDWLRQV LV
FROOHFWHG DW D FHQWUDO ORFDWLRQ DQG IXVHG XVLQJ HTXDO
JDLQ FRPELQLQJ� :H LQYHVWLJDWH� WKURXJK VLPXODWLRQ�
D QHWZRUN RI WKUHH XVHUV DQG WKUHH EDVH VWDWLRQV ZKLFK
PRGHOV WKH pUVW WLHU RI FR�FKDQQHO LQWHUIHUHUV ZKHQ
��� GHJUHH VHFWRUL]HG DQWHQQDV DUH XVHG� 7KH DS�
SURDFK RI FRPELQLQJ WKH RXWSXWV RI PXOWLSOH EDVH
VWDWLRQV FRQVLGHUHG KHUH LV VLPLODU WR WKH PXOWLSO\�
GHWHFWHG PDFURGLYHUVLW\ �0'0� VFKHPH RI >�@� ZKLFK
LV D PHWKRG RI FRPELQLQJ WKH KDUG ELW GHFLVLRQV PDGH
E\ FRQYHQWLRQDO UHFHLYHUV DW PXOWLSOH EDVH VWDWLRQV�
2XU PHWKRG GLoHUV IURP >�@ LQ WKDW D VRIW�RXWSXW PXOWL�
XVHU GHWHFWRU LV HPSOR\HG DW HDFK EDVH VWDWLRQ DQG
GLYHUVLW\ FRPELQLQJ XVHV ORJ�OLNHOLKRRG UDWLRV UDWKHU
WKDQ KDUG ELW GHFLVLRQV�
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV�

,Q VHFWLRQ ,,� D JHQHUDO PRGHO IRU D . WUDQVPLW�
WHU� 0 UHFHLYHU PXOWLSOH�DFFHVV QHWZRUN LV SUHVHQWHG�
,Q VHFWLRQ ,,,� WKH VWUDWHJ\ IRU FRPELQHG PXOWLXVHU
GHWHFWLRQ DQG EDVH VWDWLRQ GLYHUVLW\ UHFHSWLRQ LV SUR�
SRVHG� 6HFWLRQ ,9 VKRZV VLPXODWLRQ UHVXOWV IRU D.  �
WUDQVPLWWHU� 0  � UHFHLYHU QHWZRUN RYHU WKH IXOO\�
LQWHUOHDYHG 5D\OHLJK qDW�IDGLQJ FKDQQHO XVLQJ 7'0$
VLJQDOLQJ�

� 6\VWHP 0 RGHO

&RQVLGHU D 7'0$ QHWZRUN FRQVLVWLQJ RI . DV\Q�
FKURQRXV %36. WUDQVPLWWHUV DQG 0 LQGHSHQGHQW
UHFHLYHUV� 7KH VLJQDO DW UHFHLYHU P LV WKH QRLV\ VXP RI
. GHOD\HG DQG DWWHQXDWHG VLJQDOV FRQWULEXWHG E\ HDFK
RI WKH . WUDQVPLWWHUV
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ZKHUH QP�W� LV D FRPSOH[ DGGLWLYH ZKLWH *DXVVLDQ
QRLVH �$:*1� SURFHVV ZLWK YDULDQFH ��  1R � DQG
VN�P�W� LV WKH VLJQDO DW UHFHLYHU P GXH WR XVHU N
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/ LV WKH IUDPH VL]H �LQ V\PEROV�� 3N�P>L@ LV WKH LQVWDQ�
WDQHRXV SRZHU RI XVHU N DW UHFHLYHU P GXULQJ WKH LWK

VLJQDOLQJ LQWHUYDO� EN>L@ � Ib�� �J LV WKH LWK V\PERO RI

XVHU N� DN�W� LV WKH VLJQDWXUH ZDYHIRUP RI XVHU N WUDQV�
PLWWHG GXULQJ WKH V\PERO LQWHUYDO >�� 7 �� �N�P LV WKH
GHOD\ RI XVHU N DW UHFHLYHU P DVVXPHG WR EH XQLIRUPO\
GLVWULEXWHG RYHU RQH V\PERO SHULRG 7 � DQG �N�P LV WKH
FDUULHU SKDVH RI XVHU N DW UHFHLYHU P DVVXPHG WR EH
XQLIRUPO\ GLVWULEXWHG RYHU WKH LQWHUYDO >�� �}�� ,Q WKH
FDVH RI '6�&'0$� WKH VLJQDWXUH VHTXHQFHV IDN�W�J DUH
XQLTXH WR HDFK XVHU� ZKLOH LQ WKH FDVH RI 7'0$ WKH
VLJQDWXUH VHTXHQFH LV FRPPRQ WR DOO XVHUV DQG KDV WKH
IRUP
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)RU WKH UHPDLQGHU RI WKLV GLVFXVVLRQ� ZH ZLOO DVVXPH
7'0$ VLJQDOLQJ� :LWKRXW ORVV RI JHQHUDOLW\� LW LV
DVVXPHG WKDW WKH LQGLFHV RI WKH . XVHUV DUH DVVLJQHG
VXFK WKDW WKH UHODWLYH GHOD\V �N�P DUH LQ DVFHQGLQJ
RUGHU� L�H� ���P x ���P x ��� x �.�P�
)RU $:*1 FKDQQHOV� WKH SRZHU 3N�P>L@ LV FRQVWDQW

IRU DOO L� )RU IXOO\ LQWHUOHDYHG qDW 5D\OHLJK IDGLQJ
FKDQQHOV� HDFK DPSOLWXGH

S
3N�P>L@ LV DQ LQGHSHQGHQW

UHDOL]DWLRQ RI D 5D\OHLJK UDQGRP YDULDEOH� )DGLQJ LV
DVVXPHG WR EH VORZ� DQG WKXV WKH IDGLQJ DPSOLWXGH LV
FRQVWDQW IRU WKH HQWLUH ELW LQWHUYDO�

7KH UHFHLYHG VLJQDO LV SDVVHG WKURXJK D EDQN RI
PDWFKHG pOWHUV ZLWK RXWSXW
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ZKHUH \N�P>L@ GHQRWHV WKH PDWFKHG pOWHU RXWSXW DW
UHFHLYHU P FRUUHVSRQGLQJ WR WKH LWK ELW RI XVHU N� DQG
�IcJ GHQRWHV WKH UHDO SDUW� 7KH YHFWRU \P RI PDWFKHG
pOWHU RXWSXWV FRQVWLWXWH D VHW RI VXrFLHQW VWDWLVWLFV IRU
UHFHLYHU P DQG LV FUHDWHG DFFRUGLQJ WR
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7KH VHW RI PDWFKHG pOWHU RXWSXWV IURP WKH0 LQGHSHQ�
GHQW UHFHLYHUV DUH FROOHFWHG LQWR D PDWUL[ <
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$ YHFWRU RI IDGLQJ DPSOLWXGHV FP DW UHFHLYHU P LV FUH�
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7KH IDGLQJ DPSOLWXGHV DW DOO 0 UHFHLYHUV DUH FROOHFWHG
LQWR WKH PDWUL[ &
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)LQDOO\� D �. b �� E\ . PDWUL[ RI VLJQDO FURVV FRUUHOD�
WLRQV LV GHpQHG IRU HDFK UHFHLYHU E\
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LI L�M ! .� 7KH HQWULHV RI WKH MWK FROXPQ RI *�P� DUH
WKH FRUUHODWLRQV �DW UHFHLYHU P� RI WKH MWK XVHU ZLWK
WKH . b � SUHFHHGLQJ XVHUV�

� 'LVWU LEXWHG 0 XOWLXVHU 5HFHS�
WLRQ

7KH SURSRVHG GLVWULEXWHG PXOWLXVHU UHFHSWLRQ WHFK�
QLTXH FRQVLVWV RI D VRIW�RXWSXW PXOWLXVHU GHWHFWRU� RU
PXOWLXVHU HVWLPDWRU� DW HDFK RI WKH 0 EDVH VWDWLRQV
IROORZHG E\ GLYHUVLW\ FRPELQLQJ RI WKH VRIW�RXWSXWV�

��� 0 XOWLXVHU 'HWHFWLRQ

8QGHU WKH DVVXPSWLRQ RI HTXLSUREDEOH ELWV DQG *DXV�
VLDQ QRLVH� WKH RSWLPDO PXOWLXVHU GHWHFWRU DW UHFHLYHU
P VHOHFWV WKH YHFWRU RI HVWLPDWHG WUDQVPLWWHG ELWV
DFFRUGLQJ WR >�@
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ZLWK EL  � IRU L x �� x�L�  . LI . GLYLGHV L�
RWKHUZLVH x�L� LV L PRGXOR .� 7KH HVWLPDWH AEP FDQ
EH UHFXUVLYHO\ FRPSXWHG XVLQJ WKH 9LWHUEL DOJRULWKP�
XVLQJ WKH EUDQFK PHWULF JLYHQ E\ �����

��� 0 XOWLXVHU ( VWLPDWLRQ

8VH RI WKH VWDQGDUG 9LWHUEL DOJRULWKP ZLWK PHWULF
JLYHQ E\ ���� UHVXOWV LQ KDUG ELW GHFLVLRQV� ZKLFK DUH
QRW VXLWDEOH IRU WKH SURSRVHG EDVH VWDWLRQ GLYHUVLW\
FRPELQLQJ WHFKQLTXH� ,QVWHDG� D VRIW RXWSXW LQ WKH

IRUP RI D ORJ�OLNHOLKRRG UDWLR �//5� LV GHVLUHG IURP
HDFK PXOWLXVHU UHFHLYHU
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6HYHUDO DOJRULWKPV FDQ EH XVHG WR REWDLQ WKH //5
RI ����� 2SWLPDO VRIW�RXWSXW PXOWLXVHU GHWHFWLRQ
FDQ EH LPSOHPHQWHG XVLQJ WKH 0D[LPXP $ 3RVWHUL�
RUL �0$3� DOJRULWKP >�@� WKH ORJ�0$3 DOJRULWKP >�@�
RU WKH 2SWLPXP 6RIW�2XWSXW 0XOWLXVHU (VWLPDWLRQ
�2620(� DOJRULWKP >�@� :KLOH DOO WKHVH DOJRULWKPV
RoHU RSWLPDO SHUIRUPDQFH� WKH\ VXoHU IURP KLJK FRP�
SXWDWLRQDO FRPSOH[LW\ DQG ODUJH VWRUDJH UHTXLUHPHQWV�
7KH ORJ�0$3 DOJRULWKP HDVHV WKH FRPSXWDWLRQDO FRP�
SOH[LW\ UHTXLUHPHQW E\ SHUIRUPLQJ RSHUDWLRQV LQ WKH
ORJ�GRPDLQ� ZKLOH WKH 2620( DOJRULWKP HDVHV VWRUDJH
UHTXLUHPHQWV E\ HOLPLQDWLQJ WKH QHHG IRU D EDFNZDUG
UHFXUVLRQ� $FFHSWDEOH SHUIRUPDQFH FDQ EH REWDLQHG
E\ XVLQJ VXERSWLPDO VRIW�RXWSXW PXOWLXVHU GHWHFWLRQ�
ZKLFK FDQ EH LPSOHPHQWHG XVLQJ WKH 6RIW�2XWSXW
9LWHUEL $OJRULWKP �629$� >�@� WKH PD[�ORJ 0$3
DOJRULWKP >�@� RU WKH 6XERSWLPXP 6RIW�2XWSXW 0XOWL�
XVHU (VWLPDWLRQ �6620(� DOJRULWKP >�@� )RU WKH SXU�
SRVHV RI WKLV SDSHU� ZH FRQVLGHU VRIW�RXWSXW PXOWLXVHU
HVWLPDWLRQ XVLQJ WKH ORJ�0$3 DOJRULWKP ZKLFK RoHUV
H[FHOOHQW SHUIRUPDQFH DW UHDVRQDEOH FRPSOH[LW\� )RU
GHWDLOV RQ KRZ WKH ORJ�0$3 DOJRULWKP FDQ EH PRGL�
pHG IRU XVH DV D PXOWLXVHU GHWHFWRU VHH UHIHUHQFH >�@�

��� 'DWD )XVLRQ

:KHQ VRIW�RXWSXW PXOWLXVHU GHWHFWLRQ LV XVHG DW HDFK
EDVH VWDWLRQ� SHUIRUPDQFH FDQ EH LPSURYHG IXUWKHU E\
XVLQJ EDVH VWDWLRQ GLYHUVLW\� 7KH //5 RXWSXWV RI HDFK
UHFHLYHU DUH SDVVHG WR D FHQWUDO SURFHVVLQJ ORFDWLRQ
ZKHUH WKH\ DUH FRPELQHG DFFRUGLQJ WR WKH IROORZLQJ
HTXDO JDLQ FRPELQLQJ UXOH
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$IWHU FRPELQLQJ� D KDUG�GHFLVLRQ LV SURGXFHG
DFFRUGLQJ WR
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:H DOVR FRQVLGHUHG PD[LPDO UDWLR FRPELQLQJ
�05&� LQ RXU VLPXODWLRQV� EXW IRXQG WKDW SHUIRU�
PDQFH ZDV FRQVLVWHQWO\ ZRUVH ZLWK 05& WKDQ ZLWK
HTXDO JDLQ FRPELQLQJ� 7KLV LV DV H[SHFWHG� EHFDXVH
WKH FKDQQHO VWDWH LQIRUPDWLRQ LV DOUHDG\ LQFRUSRUDWHG
LQWR WKH ORJ�0$3 GHFRGLQJ DOJRULWKP� ,I WKH RXW�
SXWV RI WKH ORJ�0$3 GHFRGHUV ZHUH ZHLJKWHG E\ WKH
FKDQQHO HVWLPDWHV� DV SHU PD[LPDO UDWLR FRPELQLQJ�
WKHQ WKH GLYHUVLW\ FRPELQHU ZRXOG EH RYHUFRPSHQVDW�
LQJ DQG SHUIRUPDQFH ZLOO VXoHU�
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Conventional Receiver        
MUD without diversity        
MUD with equal gain combining

)LJXUH �� %LW HUURU SHUIRUPDQFH RI D 7'0$ QHWZRUN
ZLWK WKUHH XVHUV DQG WKUHH EDVH VWDWLRQV LQ D IXOO\�
LQWHUOHDYHG 5D\OHLJK qDW�IDGLQJ FKDQQHO DV SDUDPHWHU�
L]HG E\ UHFHSWLRQ WHFKQLTXH� & ,  � G% DQG (E 1R

UDQJHV IURP � WR �� G%�

� 6LPXODWLRQ 5HVXOWV

7KH XSOLQN SHUIRUPDQFH RI D 7'0$ V\VWHP XVLQJ WKH
SURSRVHG PHWKRG IRU FRPELQLQJ PXOWLXVHU GHWHFWLRQ
DQG EDVH VWDWLRQ GLYHUVLW\ ZDV VLPXODWHG IRU D QHWZRUN
RI .  � XVHUV DQG 0  � EDVH VWDWLRQV� ,I LW LV
DVVXPHG WKDW ��� GHJUHH VHFWRUL]HG DQWHQQDV DUH XVHG
DW HDFK EDVH VWDWLRQ� WKHQ WKHUH ZLOO EH DW PRVW WZR
LQWHUIHUHUV RULJLQDWLQJ IURP WKH pUVW WLHU RI FR�FKDQQHO
PRELOHV� 7KXV LQ WKH VLPXODWHG VFHQDULR� HDFK EDVH
VWDWLRQ UHFHLYHV VLJQDOV IURP WKH GHVLUHG XVHU DQG WKH
WZR VWURQJ FR�FKDQQHO LQWHUIHUHUV IURP WKH pUVW WLHU�
6LPXODWLRQV ZHUH SHUIRUPHG IRU WKH IXOO\�LQWHUOHDYHG
5D\OHLJK qDW�IDGLQJ FKDQQHO ZLWK EORFN VL]HV RI /  
�� ��� ELWV� :H DVVXPH WKDW WKH V\PERO WLPLQJ DQG FDU�
ULHU SKDVH RI HDFK XVHU LV NQRZQ DW HDFK EDVH VWDWLRQ VR
WKDW WKH PDWUL[ *�P� FDQ EH FRPSXWHG� )XUWKHUPRUH�
ZH DVVXPH WKDW WKH IDGLQJ DPSOLWXGHV DUH NQRZQ SUH�
FLVHO\ VR WKDW WKH PDWUL[ & FDQ EH UHOLDEO\ REWDLQHG�

,Q )LJXUHV � DQG �� WKH ELW HUURU SHUIRUPDQFH
RI WKH SURSRVHG V\VWHP LV VKRZQ UHODWLYH WR WKH
SHUIRUPDQFH RI FRQYHQWLRQDO UHFHSWLRQ DQG PXOWLXVHU
GHWHFWLRQ ZLWKRXW GLYHUVLW\ FRPELQLQJ� 7KH FRQYHQ�
WLRQDO UHFHLYHU FRQVLVWV RI D PDWFKHG pOWHU DW HDFK
EDVH VWDWLRQ PDWFKHG WR WKH GHVLUHG VLJQDO� ,Q WKLV
FDVH� PXOWLXVHU GHWHFWLRQ LV QRW XVHG DQG WKH 0$,
LV WUHDWHG DV QRLVH� )XUWKHUPRUH� WKH FRQYHQWLRQDO
UHFHLYHU GRHV QRW XVH EDVH VWDWLRQ GLYHUVLW\� :KHQ
PXOWLXVHU GHWHFWLRQ LV XVHG ZLWKRXW GLYHUVLW\� 08' LV
LPSOHPHQWHG E\ WKH 9LWHUEL DOJRULWKP DQG WKH RXWSXW
RI WKH 08' FORVHVW WR WKH PRELOH LV XVHG WR PHDVXUH
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)LJXUH �� %LW HUURU SHUIRUPDQFH RI D 7'0$ QHWZRUN
ZLWK WKUHH XVHUV DQG WKUHH EDVH VWDWLRQV LQ D IXOO\�
LQWHUOHDYHG 5D\OHLJK qDW�IDGLQJ FKDQQHO DV SDUDPHWHU�
L]HG E\ UHFHSWLRQ WHFKQLTXH� (E 1R  �� G% DQG & ,
UDQJHV IURP � WR �� G%�

SHUIRUPDQFH�

7KH SHUIRUPDQFH RI WKLV V\VWHP LV D IXQFWLRQ RI
WZR UDWLRV� (E 1R DQG & ,� (E 1R LV WKH UDWLR RI WKH
HQHUJ\ SHU ELW WR VLQJOH VLGHG QRLVH VSHFWUDO GHQVLW\�
DQG TXDQWLpHV WKH V\VWHP QRLVH� :H GHpQH WKH FDUULHU
WR LQWHUIHUHQFH UDWLR & , WR EH WKH UDWLR RI WKH DYHUDJH
SRZHU RI WKH GHVLUHG VLJQDO WR WKH DYHUDJH SRZHU RI HDFK
LQWHUIHUHU� ,Q )LJXUH �� WKH & , LV VHW WR � G%� DQG WKH
SORW LV D IXQFWLRQ RI (E 1R� :H FKRVH & ,  � G%
VLQFH WKLV UHSUHVHQWV WKH VPDOOHVW & , WKDW D W\SLFDO
7'0$ V\VWHP ZLOO H[SHULHQFH� ,Q )LJXUH �� (E 1R LV
VHW WR �� G%� DQG WKH SORW LV D IXQFWLRQ RI & ,� )RU
WKLV YDOXH RI (E 1R� SHUIRUPDQFH LV OLPLWHG SULPDULO\
E\ LQWHUIHUHQFH DQG IDGLQJ� EXW QRW E\ QRLVH�

)URP WKHVH WZR pJXUHV� LW LV DSSDUHQW WKDW VLJQLp�
FDQW JDLQV FDQ EH DFKLHYHG E\ XVLQJ WKH SURSRVHG WHFK�
QLTXH� )LJXUH � VKRZV WKDW IRU & ,  � G%� WKH SHU�
IRUPDQFH JDLQ LQFUHDVHV ZLWK (E 1R� )RU D ELW HUURU
UDWH �%(5� RI ��b�� LQFRUSRUDWLQJ GLYHUVLW\ ZLWK 08'
LPSURYHV SHUIRUPDQFH E\ DERXW �� G% RYHU 08' ZLWK�
RXW GLYHUVLW\� 1RWH WKDW GXH WR 0$, DQG IDGLQJ� WKH
FRQYHQWLRQDO UHFHLYHU UHDFKHV D ELW HUURU UDWH qRRU DW
DERXW �d ��b��

)LJXUH � VKRZV VRPH LQWHUHVWLQJ UHVXOWV� $V H[�
SHFWHG� WKH SHUIRUPDQFH RI WKH FRQYHQWLRQDO V\VWHP
LPSURYHV DV WKH & , LQFUHDVHV� VLQFH WKH LQWHUIHUHQFH
OHYHO GHFUHDVHV� 'XH WR WKH QHDU�IDU UHVLVWDQFH RI WKH
RSWLPDO PXOWLXVHU GHWHFWRU� WKH SHUIRUPDQFH RI WKH
08' ZLWKRXW GLYHUVLW\ FRPELQLQJ LV UHODWLYHO\ FRQ�
VWDQW IRU DOO OHYHOV RI & ,� +RZHYHU� WKH SHUIRUPDQFH
IRU WKH SURSRVHG WHFKQLTXH DFWXDOO\ LPSURYHV DV WKH



& , GHFUHDVHV� 7KLV LV GXH WR WKH IDFW WKDW DV WKH
OHYHO RI WKH LQWHUIHUHQFH LQFUHDVHV� WKH EDVH VWDWLRQV FDQ
EHWWHU UHVROYH WKH GLoHUHQW XVHUV� 7KLV LQGLFDWHV WKDW LI
WKH LQWHUIHUHQFH OHYHOV FDQ EH LQFUHDVHG� E\ SHUKDSV UH�
GXFLQJ WKH IUHTXHQF\ UHXVH GLVWDQFH� WKHQ V\VWHP SHU�
IRUPDQFH ZLOO LPSURYH� +RZHYHU� LI WKH IUHTXHQF\ UHXVH
GLVWDQFH LV UHGXFHG WRR IDU� WKHQ LQWHUIHUHQFH IURP WKH
VHFRQG WLHU RI FR�FKDQQHO LQWHUIHUHUV ZLOO EHFRPH QRQ�
QHJOLJLEOH DQG PXVW EH FRQVLGHUHG LQ WKH DQDO\VLV�

� &RQFOXVLRQ

,Q WKLV SDSHU� D PHWKRG IRU FRPELQLQJ PXOWLXVHU UHFHS�
WLRQ DQG EDVH VWDWLRQ GLYHUVLW\ LV SURSRVHG IRU 7'0$
QHWZRUNV� (DFK RI0 EDVH VWDWLRQV SHUIRUPV PXOWLXVHU
HVWLPDWLRQ RI . XVHUV� 7KH VRIW�RXWSXWV DUH SDVVHG
IURP WKH EDVH VWDWLRQV WR D FHQWUDO IXVLRQ ORFDWLRQ LQ
WKH IRUP RI ORJ�OLNHOLKRRG UDWLRV� 7KH ORJ�OLNHOLKRRG
UDWLRV DUH IXVHG EHIRUH KDUG GHFLVLRQV DUH PDGH�

6LPXODWLRQ UHVXOWV ZHUH VKRZQ IRU WKH FDVH RI 0  
� WUDQVPLWWHUV DQG .  � UHFHLYHUV DQG D IXOO\�
LQWHUOHDYHG 5D\OHLJK qDW�IDGLQJ FKDQQHO� )RU D & ,
UDWLR RI � G%� WKH PXOWLXVHU GHWHFWRU LV DEOH WR RYHU�
FRPH WKH ELW HUURU qRRU H[SHULHQFHG E\ WKH FRQYHQ�
WLRQDO UHFHLYHU� )XUWKHUPRUH� DQ DGGLWLRQDO JDLQ RI ��
G% DW D %(5 RI ��b� LV DFKLHYHG ZKHQ WKH //5 RXWSXWV
RI WKH 08'
V DUH FRPELQHG� 6LPXODWLRQ UHVXOWV VKRZ
WKDW WKH SHUIRUPDQFH RI WKH SURSRVHG V\VWHP LPSURYHV
DV WKH LQWHUIHUHQFH OHYHO LQFUHDVHV� UDLVLQJ WKH SRVVLELO�
LW\ RI GHFUHDVLQJ WKH IUHTXHQF\ UHXVH GLVWDQFH�

7KH VLPXODWLRQV DVVXPHG WKDW WKH IDGLQJ DPSOL�
WXGHV RI HDFK XVHU LV NQRZQ DW HDFK UHFHLYHU� DQG WKDW
SHUIHFW WLPLQJ DQG FDUULHU V\QFKURQL]DWLRQ LV DFKLHYHG
IRU HDFK XVHU DW HDFK UHFHLYHU� :KLOH LW LV SRVVLEOH
WR REWDLQ UHOLDEOH FKDQQHO LQIRUPDWLRQ IRU WKH GHVLUHG
XVHU DW HDFK EDVH VWDWLRQ� REWDLQLQJ UHOLDEOH FKDQQHO
LQIRUPDWLRQ IRU WKH LQWHUIHUHUV LV PRUH SUREOHPDWLF�
7KXV WKH WRSLF RI FKDQQHO HVWLPDWLRQ PXVW EH IXUWKHU
DGGUHVVHG EHIRUH WKLV WHFKQLTXH FDQ EH SUDFWLFDOO\
DSSOLHG�

7KLV VWXG\ KDV VKRZQ WKH SRWHQWLDO RI WKH SURSRVHG
V\VWHP� EXW GRHV QRW TXDQWLI\ EHQHpWV LQ WHUPV RI
LQFUHDVHG V\VWHP FDSDFLW\� $ PRUH GHWDLOHG DQDO\VLV
VKRXOG EH XQGHUWDNHQ WR VKRZ WKH LPSDFW RI XVLQJ WKLV
V\VWHP RQ WKH IUHTXHQF\ UHXVH GLVWDQFH� DQG HTXLYD�
OHQWO\ RQ WKH QXPEHU RI XVHUV VXSSRUWHG E\ WKH V\VWHP�

)LQDOO\� LW LV QRWHG WKDW WKLV SDSHU RQO\ GLVFXVVHV
XQFRGHG V\VWHPV� 6LQFH DOO SUDFWLFDO GLJLWDO FHOOXODU
V\VWHPV HPSOR\ HUURU FRUUHFWLRQ FRGLQJ� WKH LPSDFW RQ
FRGHG SHUIRUPDQFH VKRXOG DOVR EH FRQVLGHUHG� )XUWKHU�
PRUH� VRIW�RXWSXW FKDQQHO GHFRGLQJ FDQ EH XVHG WR RE�
WDLQ UHOLDELOLW\ LQIRUPDWLRQ DERXW WKH XVHU
V ELWV� ZKLFK
LQ WXUQ FRXOG EH IHG EDFN WR WKH PXOWLXVHU GHWHFWRUV
DQG XVHG DV D SULRUL LQIRUPDWLRQ� 7KLV DSSURDFK LV
FRQVLGHUHG LQ >�@�
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