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��N+]�WR����*+]��-XO\������11

&)5�7LWOH�����&RGH�RI�)HGHUDO�5HJXODWLRQV��2FWREHU������12

7,$�(,$����%��0RELOH�6WDWLRQ�%DVH�6WDWLRQ�&RPSDWLELOLW\�6WDQGDUG�IRU�'XDO�0RGH�6SUHDG13

6SHFWUXP�6\VWHPV�������14

7,$�(,$����&��5HFRPPHQGHG�0LQLPXP�3HUIRUPDQFH�6WDQGDUGV�IRU�'XDO�0RGH�6SUHDG15

6SHFWUXP�0RELOH�6WDWLRQV�16

7,$�(,$�����%��0RELOH�6WDWLRQ�/RRSEDFN�6HUYLFH�2SWLRQV�6WDQGDUG�17
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��,1752'8&7,211

����6FRSH2

7KLV� 6WDQGDUG� GHWDLOV� GHILQLWLRQV�� PHWKRGV� RI� PHDVXUHPHQW�� DQG� PLQLPXP� SHUIRUPDQFH3

UHTXLUHPHQWV�IRU�&RGH�'LYLVLRQ�0XOWLSOH�$FFHVV� �&'0$��EDVH�VWDWLRQ�VXSSRUWLQJ�RSHUDWLRQ4

LQ� WKH� ����0+]� FHOOXODU� EDQG� RU� WKH� ���� WR� ���� *+]� 3HUVRQDO� &RPPXQLFDWLRQV� 6HUYLFHV5

�3&6��EDQG��7KLV�6WDQGDUG�VKDUHV�WKH�SXUSRVH�RI�7,$�(,$����%��DQG�VXEVHTXHQW�UHYLVLRQV6

WKHUHRI��E\�HQVXULQJ�WKDW�D�PRELOH�VWDWLRQ�FDQ�REWDLQ�VHUYLFH�LQ�DQ\�V\VWHP�WKDW�PHHWV�WKH7

FRPSDWLELOLW\�UHTXLUHPHQWV�RI�7,$�(,$����%�8

&RPSDWLELOLW\��DV�XVHG�LQ�FRQQHFWLRQ�ZLWK�WKLV�6WDQGDUG�DQG�7,$�(,$����%�� LV�XQGHUVWRRG9

WR�PHDQ�WKDW�DQ\�PRELOH�VWDWLRQ�LV�DEOH�WR�SODFH�DQG�UHFHLYH�FDOOV�LQ�DQ\�V\VWHP��&RQYHUVHO\�10

DOO�V\VWHPV�DUH�DEOH�WR�SODFH�DQG�UHFHLYH�FDOOV�ZLWK�DQ\�PRELOH�VWDWLRQ�11

7R� HQVXUH� FRPSDWLELOLW\�� LW� LV� HVVHQWLDO� WKDW� ERWK� UDGLR�V\VWHP� SDUDPHWHUV� DQG� FDOO�12

SURFHVVLQJ� SDUDPHWHUV� EH� VSHFLILHG�� 7KH� VSHHFK�SURFHVVLQJ��PRGXODWLRQ�� DQG�5)�HPLVVLRQ13

SDUDPHWHUV�UHIOHFW�WKH�XQLTXH�UDGLR�SODQ�XSRQ�ZKLFK�FHOOXODU�DQG�3&6�V\VWHPV�DUH�EDVHG�14

7KH�VHTXHQFH�RI�FDOO�SURFHVVLQJ�VWHSV�WKDW� WKH�PRELOH�VWDWLRQ�DQG�EDVH�VWDWLRQ�H[HFXWH� WR15

HVWDEOLVK�FDOOV�KDV�EHHQ�VSHFLILHG�LQ�7,$�(,$����%�DORQJ�ZLWK�WKH�FRQWURO�PHVVDJHV�WKDW�DUH16

H[FKDQJHG�EHWZHHQ�WKH�WZR�VWDWLRQV�17

$OWKRXJK� WKH� PRVW� SUHYDOHQW� XVH� RI� WKH� FHOOXODU� DQG� 3&6� V\VWHPV� KDV� EHHQ� YRLFH18

FRPPXQLFDWLRQV�� VHUYLFHV� VXFK� DV� GDWD� PD\� DOORZ� WKH� RPLVVLRQ� RI� VRPH� RI� WKH� IHDWXUHV19

VSHFLILHG�KHUHLQ��SURYLGHG�WKDW�WKH�V\VWHP�FRPSDWLELOLW\�LV�QRW�FRPSURPLVHG�20

7KLV�6WDQGDUG�FRQFHQWUDWHV�VSHFLILFDOO\�RQ�WKH�EDVH�VWDWLRQ�UDGLR�WUDQVPLWWLQJ�DQG�UHFHLYLQJ21

HTXLSPHQW��LW�FRYHUV�WKH�RSHUDWLRQ�RI�WKH�EDVH�VWDWLRQ�DQG�WKH�PRELOH�VZLWFKLQJ�FHQWHU�RQO\22

WR�WKH�H[WHQW�WKDW�FRPSDWLELOLW\�ZLWK�7,$�(,$����%�LV�HQVXUHG�23

7HVW� PHWKRGV� DUH� UHFRPPHQGHG� LQ� WKLV� GRFXPHQW�� � KRZHYHU�� PHWKRGV� RWKHU� WKDW� WKRVH24

UHFRPPHQGHG�PD\�VXIILFH�IRU�WKH�VDPH�SXUSRVH�25

����7HUPV�DQG�'HILQLWLRQV26

$FFHVV�$WWHPSW��$�VHTXHQFH�RI�RQH�RU�PRUH�DFFHVV�SUREH�VHTXHQFHV�RQ�WKH�$FFHVV�&KDQQHO27

FRQWDLQLQJ�WKH�VDPH�PHVVDJH��6HH�DOVR�$FFHVV�3UREH�DQG�$FFHVV�3UREH�6HTXHQFH�28

$FFHVV�&KDQQHO��$�5HYHUVH�&'0$�&KDQQHO�XVHG�E\�PRELOH�VWDWLRQV�IRU�FRPPXQLFDWLQJ�WR29

WKH�EDVH�VWDWLRQ��7KH�$FFHVV�&KDQQHO�LV�XVHG�IRU�VKRUW�VLJQDOLQJ�PHVVDJH�H[FKDQJHV��VXFK30

DV�FDOO�RULJLQDWLRQV��UHVSRQVHV�WR�SDJHV��DQG�UHJLVWUDWLRQV��7KH�$FFHVV�&KDQQHO�LV�D�VORWWHG31

UDQGRP�DFFHVV�FKDQQHO�32

$FFHVV�3UREH��2QH�$FFHVV�&KDQQHO�WUDQVPLVVLRQ�FRQVLVWLQJ�RI�D�SUHDPEOH�DQG�D�PHVVDJH�33

7KH� WUDQVPLVVLRQ� LV� DQ� LQWHJHU� QXPEHU� RI� IUDPHV� LQ� OHQJWK�� DQG� WUDQVPLWV� RQH� $FFHVV34

&KDQQHO�PHVVDJH��6HH�DOVR�$FFHVV�3UREH�6HTXHQFH�DQG�$FFHVV�$WWHPSW�35

$FFHVV�3UREH�6HTXHQFH��$�VHTXHQFH�RI�RQH�RU�PRUH�DFFHVV�SUREHV�RQ�WKH�$FFHVV�&KDQQHO�36

7KH� VDPH� $FFHVV� &KDQQHO� PHVVDJH� LV� WUDQVPLWWHG� LQ� HYHU\� DFFHVV� SUREH� RI� DQ� DFFHVV37

DWWHPSW��6HH�DOVR�$FFHVV�3UREH�DQG�$FFHVV�$WWHPSW�38



C.S0010-0

���

$:*1��$GGLWLYH�:KLWH�*DXVVLDQ�1RLVH�1

%DQG�&ODVV��$�VHW�RI�IUHTXHQF\�FKDQQHOV�DQG�D�QXPEHULQJ�VFKHPH�IRU�WKHVH�FKDQQHOV�2

%DVH� 6WDWLRQ�� $� IL[HG� VWDWLRQ� XVHG� IRU� FRPPXQLFDWLQJ� ZLWK� PRELOH� VWDWLRQV�� 'HSHQGLQJ3

XSRQ�WKH�FRQWH[W��WKH�WHUP�EDVH�VWDWLRQ�PD\�UHIHU�WR�D�FHOO��D�VHFWRU�ZLWKLQ�D�FHOO��DQ�06&�4

RU�RWKHU�SDUW�RI�WKH�FHOOXODU�RU�3&6�V\VWHP��6HH�DOVR�06&�5

&'0$��6HH�&RGH�'LYLVLRQ�0XOWLSOH�$FFHVV�6

&'0$� &HOOXODU� 6\VWHP�� 7KH� HQWLUH� V\VWHP� VXSSRUWLQJ� 'RPHVWLF� 3XEOLF� &HOOXODU� 6HUYLFH7

RSHUDWLRQ�DV�HPEUDFHG�E\�WKLV�6WDQGDUG�8

&'0$� &KDQQHO�� 7KH� VHW� RI� FKDQQHOV� WUDQVPLWWHG� IURP� WKH� EDVH� VWDWLRQ� DQG� WKH� PRELOH9

VWDWLRQV�RQ�D�JLYHQ�IUHTXHQF\�10

&'0$� &KDQQHO� 1XPEHU�� $Q� ���ELW� QXPEHU� FRUUHVSRQGLQJ� WR� WKH� FHQWHU� RI� WKH� &'0$11

IUHTXHQF\�DVVLJQPHQW�12

&'0$� )UHTXHQF\� $VVLJQPHQW�� $� ����� 0+]� VHJPHQW� RI� VSHFWUXP�� )RU� &'0$� FHOOXODU13

V\VWHPV�� WKH� FKDQQHO� LV� FHQWHUHG� RQ� RQH� RI� WKH� ��� N+]� FKDQQHOV� RI� WKH� H[LVWLQJ� DQDORJ14

FHOOXODU� V\VWHP�� )RU� &'0$� 3&6� V\VWHPV�� WKH� FKDQQHO� LV� FHQWHUHG� RQ� RQH� RI� WKH� ��� N+]15

FKDQQHOV�16

&'0$�3&6�6\VWHP��7KH�HQWLUH� V\VWHP�VXSSRUWLQJ� 3HUVRQDO�&RPPXQLFDWLRQV�6HUYLFHV� DV17

HPEUDFHG�E\�WKLV�6WDQGDUG�18

&RGH�'LYLVLRQ�0XOWLSOH�$FFHVV��&'0$���$�WHFKQLTXH�IRU�VSUHDG�VSHFWUXP�PXOWLSOH�DFFHVV19

GLJLWDO�FRPPXQLFDWLRQV�WKDW�FUHDWHV�FKDQQHOV�WKURXJK�WKH�XVH�RI�XQLTXH�FRGH�VHTXHQFHV�20

&RGH� &KDQQHO�� $� VXEFKDQQHO� RI� D� )RUZDUG� &'0$� &KDQQHO�� $� )RUZDUG� &'0$� &KDQQHO21

FRQWDLQV� ��� FRGH� FKDQQHOV�� &RGH� FKDQQHO� ]HUR� LV� DVVLJQHG� WR� WKH� 3LORW� &KDQQHO�� &RGH22

FKDQQHOV� �� WKURXJK� �� PD\� EH� DVVLJQHG� HLWKHU� WR� WKH� 3DJLQJ� &KDQQHOV� RU� WR� WKH� 7UDIILF23

&KDQQHOV�� &RGH� FKDQQHO� ��� PD\� EH� DVVLJQHG� HLWKHU� WR� D� 6\QF� &KDQQHO� RU� WR� D� 7UDIILF24

&KDQQHO��7KH�UHPDLQLQJ�FRGH�FKDQQHOV�PD\�EH�DVVLJQHG�WR�7UDIILF�&KDQQHOV�25

G%P��$�PHDVXUH�RI�SRZHU�H[SUHVVHG�LQ�WHUPV�RI�LWV�UDWLR��LQ�G%��WR�RQH�PLOOLZDWW�26

G%P�+]��$�PHDVXUH� RI� SRZHU� VSHFWUDO� GHQVLW\�� 7KH� UDWLR�� G%P�+]�� LV� WKH� SRZHU� LQ� RQH27

KHUW]�RI�EDQGZLGWK��ZKHUH�SRZHU�LV�H[SUHVVHG�LQ�XQLWV�RI�G%P�28

(E��(QHUJ\�SHU�LQIRUPDWLRQ�ELW�IRU�WKH�$FFHVV�&KDQQHO�RU�7UDIILF�&KDQQHO�DW�WKH�EDVH�VWDWLRQ29

5)�LQSXW�SRUW�30

(IIHFWLYH� ,VRWURSLF� 5DGLDWHG� 3RZHU� �(,53��� 7KH� SURGXFW� RI� WKH� SRZHU� VXSSOLHG� WR� WKH31

DQWHQQD�DQG�WKH�DQWHQQD�JDLQ�LQ�D�GLUHFWLRQ�UHODWLYH�WR�DQ�LVRWURSLF�DQWHQQD�32

(IIHFWLYH�5DGLDWHG�3RZHU� �(53��� 7KH�SURGXFW� RI� WKH�SRZHU� VXSSOLHG� WR� WKH�DQWHQQD�DQG33

WKH�DQWHQQD�JDLQ�LQ�D�GLUHFWLRQ�UHODWLYH�WR�D�KDOI�ZDYH�GLSROH�34

(,53��6HH�(IIHFWLYH�,VRWURSLF�5DGLDWHG�3RZHU�35

(53��6HH�(IIHFWLYH�5DGLDWHG�3RZHU�36

)(5��)UDPH�(UURU�5DWH�RI�)RUZDUG�7UDIILF�&KDQQHO��7KH�YDOXH�RI�)(5�PD\�EH�HVWLPDWHG�E\37

XVLQJ�6HUYLFH�2SWLRQ���RU����VHH�7,$�(,$�����%��38
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)RUZDUG� &'0$�&KDQQHO��$�&'0$�&KDQQHO� IURP� D� EDVH� VWDWLRQ� WR�PRELOH� VWDWLRQV�� 7KH1

)RUZDUG� &'0$� &KDQQHO� FRQWDLQV� RQH� RU�PRUH� FRGH� FKDQQHOV� WKDW� DUH� WUDQVPLWWHG� RQ� D2

&'0$� IUHTXHQF\� DVVLJQPHQW� XVLQJ� D� SDUWLFXODU� SLORW� 31� RIIVHW�� 7KH� FRGH� FKDQQHOV� DUH3

DVVRFLDWHG�ZLWK�WKH�3LORW�&KDQQHO��6\QF�&KDQQHO��3DJLQJ�&KDQQHOV��DQG�7UDIILF�&KDQQHOV�4

7KH� )RUZDUG� &'0$� &KDQQHO� DOZD\V� FDUULHV� D� 3LORW� &KDQQHO� DQG� FDQ� FDUU\� RQH� 6\QF5

&KDQQHO��XS�WR�VHYHQ�3DJLQJ�&KDQQHOV��DQG�XS�WR����7UDIILF�&KDQQHOV��DV�ORQJ�DV�WKH�WRWDO6

QXPEHU�RI�FKDQQHOV��LQFOXGLQJ�WKH�3LORW�&KDQQHO��LV�QR�JUHDWHU�WKDQ����7

)RUZDUG�)XQGDPHQWDO�&RGH�&KDQQHO��$�)XQGDPHQWDO�&RGH�&KDQQHO�ZKLFK�LV�WUDQVPLWWHG8

RQ�WKH�)RUZDUG�&'0$�&KDQQHO�9

)RUZDUG� 6XSSOHPHQWDO� &RGH� &KDQQHO�� $� 6XSSOHPHQWDO� &RGH� &KDQQHO� ZKLFK� LV10

WUDQVPLWWHG�RQ�WKH�)RUZDUG�&'0$�&KDQQHO�11

)RUZDUG�7UDIILF�&KDQQHO��2QH�RU�PRUH�FRGH�FKDQQHOV�XVHG�WR�WUDQVSRUW�XVHU�DQG�VLJQDOLQJ12

WUDIILF�IURP�WKH�EDVH�VWDWLRQ�WR�WKH�PRELOH�VWDWLRQ��6HH�)RUZDUG�)XQGDPHQWDO�&RGH�&KDQQHO13

DQG�)RUZDUG�6XSSOHPHQWDO�&RGH�&KDQQHO�14

)UDPH��$�EDVLF�WLPLQJ�LQWHUYDO�LQ�WKH�V\VWHP��)RU�WKH�$FFHVV�&KDQQHO��3DJLQJ�&KDQQHO��DQG15

7UDIILF�&KDQQHO��D�IUDPH�LV����PV�ORQJ��)RU�WKH�6\QF�&KDQQHO��D�IUDPH�LV�����������PV�ORQJ�16

*RRG�)UDPH��$�UHFHLYHG�IUDPH�LV�GHFODUHG�D�JRRG�IUDPH�LI�LW�LV�UHFHLYHG�ZLWK�WKH�FRUUHFW�UDWH17

ZLWK�QR�ELW�HUURUV�18

/LQH� ,PSHGDQFH�6WDELOL]DWLRQ�1HWZRUN� �/,61���$�QHWZRUN� LQVHUWHG� LQ� WKH� VXSSO\�PDLQV19

OHDG�RI� DSSDUDWXV� WR�EH� WHVWHG� WKDW�SURYLGHV�� LQ�D� JLYHQ� IUHTXHQF\� UDQJH�� D� VSHFLILHG� ORDG20

LPSHGDQFH�IRU�WKH�PHDVXUHPHQW�RI�GLVWXUEDQFH�YROWDJHV�DQG�WKDW�PD\�LVRODWH�WKH�DSSDUDWXV21

IURP�WKH�VXSSO\�PDLQV�LQ�WKDW�IUHTXHQF\�UDQJH�22

/,61��6HH�/LQH�,PSHGDQFH�6WDELOL]DWLRQ�1HWZRUN�23

0RELOH� 6WDWLRQ�� $� VWDWLRQ� LQWHQGHG� WR� EH� XVHG� ZKLOH� LQ� PRWLRQ� RU� GXULQJ� KDOWV� DW24

XQVSHFLILHG�SRLQWV��0RELOH�VWDWLRQV� LQFOXGH�SRUWDEOH�XQLWV� �H�J���KDQG�KHOG�SHUVRQDO�XQLWV�25

DQG�XQLWV�LQVWDOOHG�LQ�YHKLFOHV�26

0RELOH� 6ZLWFKLQJ� &HQWHU� �06&���$� FRQILJXUDWLRQ� RI� HTXLSPHQW� WKDW� SURYLGHV� FHOOXODU� RU27

3&6�VHUYLFH�28

1���7KH�HIIHFWLYH�LQEDQG�QRLVH�RU�LQWHUIHUHQFH�SRZHU�VSHFWUDO�GHQVLW\�29

3&6��6HH�3HUVRQDO�&RPPXQLFDWLRQV�6HUYLFHV�30

3&6�6\VWHP��6HH�3HUVRQDO�&RPPXQLFDWLRQV�6HUYLFHV�6\VWHP�31

3HUVRQDO�&RPPXQLFDWLRQ�6HUYLFHV� 6\VWHP��$� FRQILJXUDWLRQ� RI� HTXLSPHQW� WKDW� SURYLGHV32

3&6�UDGLRWHOHSKRQH�VHUYLFHV�33

3HUVRQDO� &RPPXQLFDWLRQV� 6HUYLFHV� �3&6��� $� IDPLO\� RI� PRELOH� DQG� SRUWDEOH� UDGLR34

FRPPXQLFDWLRQV� VHUYLFHV� IRU� LQGLYLGXDOV� DQG� EXVLQHVVHV� WKDW� PD\� EH� LQWHJUDWHG� ZLWK� D35

YDULHW\� RI� FRPSHWLQJ� QHWZRUNV�� %URDGFDVWLQJ� LV� SURKLELWHG� DQG� IL[HG� RSHUDWLRQV� DUH� WR� EH36

DQFLOODU\�WR�PRELOH�RSHUDWLRQV�37

3LORW� &KDQQHO�� $Q� XQPRGXODWHG�� GLUHFW�VHTXHQFH� VSUHDG� VSHFWUXP� VLJQDO� WUDQVPLWWHG38

FRQWLQXRXVO\� E\� HDFK� &'0$� EDVH� VWDWLRQ�� 7KH� 3LORW� &KDQQHO� DOORZV� D� PRELOH� VWDWLRQ� WR39
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DFTXLUH�WKH�WLPLQJ�RI�WKH�)RUZDUG�&'0$�&KDQQHO��SURYLGHV�D�SKDVH�UHIHUHQFH�IRU�FRKHUHQW1

GHPRGXODWLRQ��DQG�SURYLGHV�D�PHDQV�IRU�VLJQDO�VWUHQJWK�FRPSDULVRQV�EHWZHHQ�EDVH�VWDWLRQV2

IRU�GHWHUPLQLQJ�ZKHQ�WR�SHUIRUP�D�KDQGRII�3

3RZHU�&RQWURO�%LW��$�ELW��VHQW�LQ�HYHU\������PV�LQWHUYDO�RQ�WKH�)RUZDUG�7UDIILF�&KDQQHO��WR4

VLJQDO�WKH�PRELOH�VWDWLRQ�WR�LQFUHDVH�RU�GHFUHDVH�LWV�WUDQVPLW�SRZHU�5

3RZHU�&RQWURO�*URXS��$������PV�LQWHUYDO�RQ�WKH�)RUZDUG�7UDIILF�&KDQQHO�DQG�WKH�5HYHUVH6

7UDIILF�&KDQQHO��6HH�DOVR�3RZHU�&RQWURO�%LW�7

SSP��3DUWV�SHU�PLOOLRQ�8

5DWH�6HW��$�VHW�RI�7UDIILF�&KDQQHO�WUDQVPLVVLRQ�IRUPDWV�WKDW�DUH�FKDUDFWHUL]HG�E\�SK\VLFDO9

OD\HU� SDUDPHWHUV� VXFK� DV� WUDQVPLVVLRQ� UDWHV�� PRGXODWLRQ� FKDUDFWHULVWLFV�� DQG� HUURU10

FRUUHFWLQJ�FRGLQJ�VFKHPHV�11

5HFHLYHG�6LJQDO�4XDOLW\� ,QGLFDWRU� �564,���$�5HYHUVH� 7UDIILF� &KDQQHO�PHDVXUH� RI� VLJQDO12

TXDOLW\�UHODWHG�WR�WKH�UHFHLYHG�(E�1��13

5HYHUVH�&'0$�&KDQQHO��7KH�&'0$�&KDQQHO�IURP�WKH�PRELOH�VWDWLRQ�WR�WKH�EDVH�VWDWLRQ�14

)URP�WKH�EDVH�VWDWLRQ·V�SHUVSHFWLYH�� WKH�5HYHUVH�&'0$�&KDQQHO� LV� WKH� VXP�RI� DOO�PRELOH15

VWDWLRQ�WUDQVPLVVLRQV�RQ�D�&'0$�IUHTXHQF\�DVVLJQPHQW�16

5HYHUVH�)XQGDPHQWDO�&RGH�&KDQQHO��$�)XQGDPHQWDO�&RGH�&KDQQHO�ZKLFK�LV�WUDQVPLWWHG17

RQ�WKH�5HYHUVH�&'0$�&KDQQHO�18

5HYHUVH�6XSSOHPHQWDO�&RGH�&KDQQHO��$�6XSSOHPHQWDO�&RGH�&KDQQHO�ZKLFK�LV�WUDQVPLWWHG19

RQ�WKH�5HYHUVH�&'0$�&KDQQHO�20

5HYHUVH�7UDIILF�&KDQQHO��$�7UDIILF�&KDQQHO�RQ�ZKLFK�GDWD�DQG�VLJQDOLQJ�DUH� WUDQVPLWWHG21

IURP�D�PRELOH� VWDWLRQ� WR� D� EDVH� VWDWLRQ�� 7KH�5HYHUVH� 7UDIILF�&KDQQHO� LV� FRPSRVHG� RI� RQH22

5HYHUVH� )XQGDPHQWDO� &RGH� &KDQQHO� DQG� ]HUR� WR� VHYHQ� 5HYHUVH� 6XSSOHPHQWDO� &RGH23

&KDQQHOV�24

506��5RRW�RI�0HDQ�6TXDUH�25

564,��6HH�5HFHLYHG�6LJQDO�4XDOLW\�,QGLFDWRU�26

6HUYLFH� 2SWLRQ� ��� 0RELOH� VWDWLRQ� GDWD� ORRSEDFN� WHVW� PRGH� IRU� 0XOWLSOH[� 2SWLRQ� �� DV27

VSHFLILHG�LQ�7,$�(,$�����%�28

6HUYLFH� 2SWLRQ� ��� 0RELOH� VWDWLRQ� GDWD� ORRSEDFN� WHVW� PRGH� IRU� 0XOWLSOH[� 2SWLRQ� �� DV29

VSHFLILHG�LQ�7,$�(,$�����%�30

6\QF� &KDQQHO�� &RGH� FKDQQHO� ��� LQ� WKH� )RUZDUG� &'0$� &KDQQHO�� ZKLFK� WUDQVSRUWV� WKH31

V\QFKURQL]DWLRQ�PHVVDJH�WR�WKH�PRELOH�VWDWLRQ�32

6\VWHP�7LPH��7KH�WLPH�UHIHUHQFH�XVHG�E\�WKH�V\VWHP��6\VWHP�7LPH�LV�V\QFKURQRXV�WR�87&33

WLPH��H[FHSW�IRU�OHDS�VHFRQGV��DQG�XVHV�WKH�VDPH�WLPH�RULJLQ�DV�*OREDO�3RVLWLRQLQJ�6\VWHP34

�*36�� WLPH�� $OO� EDVH� VWDWLRQV� XVH� WKH� VDPH� 6\VWHP� 7LPH� �ZLWKLQ� D� VPDOO� HUURU��� 0RELOH35

VWDWLRQV�XVH�WKH�VDPH�6\VWHP�7LPH��RIIVHW�E\�WKH�SURSDJDWLRQ�GHOD\�IURP�WKH�EDVH�VWDWLRQ�WR36

WKH�PRELOH�VWDWLRQ��6HH�DOVR�8QLYHUVDO�&RRUGLQDWHG�7LPH�37

7UDIILF�&KDQQHO��$�FRPPXQLFDWLRQ�SDWK�EHWZHHQ�D�PRELOH�VWDWLRQ�DQG�D�EDVH�VWDWLRQ�XVHG38

IRU�XVHU�DQG�VLJQDOLQJ�WUDIILF��7KH�WHUP�7UDIILF�&KDQQHO� LPSOLHV�D�)RUZDUG�7UDIILF�&KDQQHO39
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DQG� 5HYHUVH� 7UDIILF� &KDQQHO� SDLU�� 6HH� DOVR� )RUZDUG� 7UDIILF� &KDQQHO� DQG� 5HYHUVH� 7UDIILF1

&KDQQHO�2

8QLYHUVDO�&RRUGLQDWHG�7LPH��87&���$Q�LQWHUQDWLRQDOO\�DJUHHG�XSRQ�WLPH�VFDOH�PDLQWDLQHG3

E\� WKH� %XUHDX� ,QWHUQDWLRQDO� GH� O·+HXUH� �%,+�� XVHG� DV� WKH� WLPH� UHIHUHQFH� E\� QHDUO\� DOO4

FRPPRQO\�DYDLODEOH�WLPH�DQG�IUHTXHQF\�GLVWULEXWLRQ�V\VWHPV��H�J���::9��::9+��/25$1�&�5

7UDQVLW��2PHJD��DQG�*36�6

87&��8QLYHUVDO�7HPSV�&RRUGLQp��6HH�8QLYHUVDO�&RRUGLQDWHG�7LPH�7

9DOLG�3RZHU�&RQWURO�%LW��$�YDOLG�SRZHU�FRQWURO�ELW�LV�VHQW�RQ�WKH�)RUZDUG�7UDIILF�&KDQQHO8

LQ� WKH� VHFRQG� SRZHU� FRQWURO� JURXS� IROORZLQJ� WKH� FRUUHVSRQGLQJ� 5HYHUVH� 7UDIILF� &KDQQHO9

SRZHU�FRQWURO�JURXS�ZKLFK�ZDV�QRW�JDWHG�RII�DQG� LQ�ZKLFK� WKH�VLJQDO�ZDV�HVWLPDWHG��6HH10

����������RI�7,$�(,$����%�11

12
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��67$1'$5'�(0,66,216�0($685(0(17�352&('85(61

7KH�PHDVXUHPHQW�DQG�FDOLEUDWLRQ�SURFHGXUHV�GHVFULEHG�DUH�LQWHQGHG�WR�SURYLGH�DQ�RYHUYLHZ2

RI� UDGLDWHG� DQG� FRQGXFWHG� VLJQDO� PHDVXUHPHQWV�� $� GHWDLOHG� GHVFULSWLRQ� RI� WKH� UHTXLUHG3

PHDVXUHPHQW�SURFHGXUHV�LV�JLYHQ�LQ�$16,�&�����4

����5DGLDWHG�(PLVVLRQV�0HDVXUHPHQW5

������6WDQGDUG�5DGLDWLRQ�7HVW�6LWH6

7KH�WHVW�VLWH�VKDOO�EH�RQ�OHYHO�JURXQG�WKDW� LV�RI�XQLIRUP�HOHFWULFDO�FKDUDFWHULVWLFV��7KH�VLWH7

VKDOO�EH�FOHDU�RI�PHWDOOLF�REMHFWV��RYHUKHDG�ZLUHV��HWF���DQG�VKDOO�EH�DV�IUHH�DV�SRVVLEOH�IURP8

XQGHVLUHG�VLJQDOV��VXFK�DV�LJQLWLRQ�QRLVH�DQG�RWKHU�FDUULHUV��5HIOHFWLQJ�REMHFWV��VXFK�DV�UDLQ9

JXWWHUV�DQG�SRZHU�FDEOHV��VKDOO�OLH�RXWVLGH�DQ�HOOLSVH�PHDVXULQJ����PHWHUV�RQ�WKH�PDMRU�D[LV10

E\����PHWHUV�RQ�WKH�PLQRU�D[LV�IRU�D����PHWHU�VLWH��RU�DQ�HOOLSVH�PHDVXULQJ���PHWHUV�RQ�WKH11

PDMRU�D[LV�E\�����PHWHUV�RQ�WKH�PLQRU�D[LV� IRU�D���PHWHU�VLWH��7KH�HTXLSPHQW�XQGHU� WHVW12

VKDOO�EH�ORFDWHG�DW�RQH�IRFXV�RI�WKH�HOOLSVH�DQG�WKH�PHDVXULQJ�DQWHQQD�DW�WKH�RWKHU�IRFXV��,I13

GHVLUHG��VKHOWHUV�PD\�EH�SURYLGHG�DW�WKH�WHVW�VLWH�WR�SURWHFW�WKH�HTXLSPHQW�DQG�SHUVRQQHO�14

$OO� VXFK�FRQVWUXFWLRQ�VKDOO�EH�RI�ZRRG��SODVWLF�� RU� RWKHU�QRQ�PHWDOOLF�PDWHULDO��$OO� SRZHU�15

WHOHSKRQH��DQG�FRQWURO�FLUFXLWV�WR�WKH�VLWH�VKDOO�EH�EXULHG�DW�OHDVW�����PHWHU�XQGHU�JURXQG�16

$� WXUQWDEOH�� HVVHQWLDOO\� IOXVK� ZLWK� WKH� JURXQG�� VKDOO� EH� SURYLGHG� WKDW� FDQ� EH� UHPRWHO\17

FRQWUROOHG�� $� SODWIRUP� ���� PHWHUV� KLJK� VKDOO� EH� SURYLGHG� RQ� WKLV� WXUQWDEOH� WR� KROG� WKH18

HTXLSPHQW� XQGHU� WHVW�� $Q\� SRZHU� DQG� FRQWURO� FDEOHV� WKDW� DUH� XVHG� IRU� WKLV� HTXLSPHQW19

VKRXOG� H[WHQG� GRZQ� WR� WKH� WXUQWDEOH�� DQG� DQ\� H[FHVV� FDEOLQJ� VKRXOG� EH� FRLOHG� RQ� WKH20

WXUQWDEOH�21

,I�WKH�HTXLSPHQW�WR�EH�WHVWHG�LV�PRXQWHG�LQ�UDFNV�DQG�LV�QRW�HDVLO\�UHPRYHG�IRU�WHVWLQJ�RQ22

WKH� DERYH� SODWIRUP�� WKHQ� WKH� PDQXIDFWXUHU� PD\� HOHFW� WR� WHVW� WKH� HTXLSPHQW� ZKHQ� LW� LV23

PRXQWHG�LQ� LWV�UDFN��RU�UDFNV��� ,Q�WKLV�FDVH��WKH�UDFN��RU�UDFNV��PD\�EH�SODFHG�GLUHFWO\�RQ24

WKH�WXUQWDEOH�25

,I� D� WUDQVPLWWHU� ZLWK� DQ� H[WHUQDO� DQWHQQD� LV� EHLQJ� WHVWHG�� WKHQ� WKH� 5)� RXWSXW� RI� WKLV26

WUDQVPLWWHU�VKDOO�EH�WHUPLQDWHG�LQ�D�QRQ�UDGLDWLQJ� ORDG�WKDW� LV�SODFHG�RQ�WKH�WXUQWDEOH��$27

QRQ�UDGLDWLQJ� ORDG� LV� XVHG� LQ� OLHX� RI� DQ� DQWHQQD� WR� DYRLG� LQWHUIHUHQFH� ZLWK� RWKHU� UDGLR28

XVHUV�� 7KH�5)� FDEOH� WR� WKLV� ORDG� VKRXOG� EH� RI�PLQLPXP� OHQJWK�� 7KH� WUDQVPLWWHU� VKDOO� EH29

WXQHG�DQG�DGMXVWHG�WR�LWV�UDWHG�RXWSXW�YDOXH�EHIRUH�VWDUWLQJ�WKH�WHVWV�30

,Q� RUGHU� WR� FRQGXFW� XQLQWHQWLRQDO� UDGLDWRU� WHVWV� DV� VSHFLILHG� LQ� WKH� &RGH� RI� )HGHUDO31

5HJXODWLRQV� �&)5��7LWOH�����3DUW�����VXESDUW�%�� WKH� UDGLDWLRQ�VLWH�PXVW�FRPSO\�ZLWK�$16,32

&������������WKURXJK������DV�UHTXLUHG�E\�&)5�7LWOH�����3DUW�������33

������6HDUFK�$QWHQQD34

)RU�QDUURZ�EDQG�GLSROH�DGMXVWDEOH�VHDUFK�DQWHQQDV��WKH�GLSROH�OHQJWK�VKDOO�EH�DGMXVWHG�IRU35

HDFK�PHDVXUHPHQW�IUHTXHQF\��7KLV�OHQJWK�PD\�EH�GHWHUPLQHG�IURP�D�FDOLEUDWLRQ�UXOHU�WKDW36

LV�QRUPDOO\�VXSSOLHG�ZLWK�WKH�HTXLSPHQW�37

7KH�VHDUFK�DQWHQQD�VKDOO�EH�PRXQWHG�RQ�D�PRYDEOH�QRQ�PHWDOOLF�KRUL]RQWDO�ERRP�WKDW�FDQ38

EH� UDLVHG�RU� ORZHUHG�RQ�D�ZRRGHQ�RU� RWKHU�QRQ�PHWDOOLF�SROH��7KH� FDEOH� FRQQHFWHG� WR� WKH39
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VHDUFK�DQWHQQD�VKDOO�EH�DW�D�ULJKW�DQJOH�WR�WKH�DQWHQQD��7KH�FDEOH�VKDOO�EH�GUHVVHG�DW�OHDVW1

�� PHWHUV�� HLWKHU� WKURXJK� RU� DORQJ� WKH� KRUL]RQWDO� ERRP�� LQ� D� GLUHFWLRQ� DZD\� IURP� WKH2

HTXLSPHQW�EHLQJ�PHDVXUHG��7KH�VHDUFK�DQWHQQD�FDEOH�PD\�WKHQ�EH�GURSSHG�IURP�WKH�HQG�RI3

WKH� KRUL]RQWDO� ERRP� WR� JURXQG� OHYHO� IRU� FRQQHFWLRQ� WR� WKH� ILHOG�VWUHQJWK� PHDVXULQJ4

HTXLSPHQW�5

7KH� VHDUFK� DQWHQQD� VKDOO� EH� FDSDEOH� RI� EHLQJ� URWDWHG� ��� GHJUHHV� RQ� WKH� HQG� RI� WKH6

KRUL]RQWDO�ERRP�WR�DOORZ�PHDVXUHPHQW�RI�ERWK�YHUWLFDOO\�DQG�KRUL]RQWDOO\�SRODUL]HG�VLJQDOV�7

:KHQ�WKH�DQWHQQD� OHQJWK�RI�D�YHUWLFDOO\�PRXQWHG�DQWHQQD�GRHV�QRW�SHUPLW� WKH�KRUL]RQWDO8

ERRP�WR�EH�ORZHUHG�WR�LWV�PLQLPXP�VSHFLILHG�VHDUFK�UDQJH��DGMXVW�WKH�PLQLPXP�KHLJKW�RI9

WKH�ERRP�IRU�����PHWHU�FOHDUDQFH�EHWZHHQ�WKH�HQG�RI�WKH�DQWHQQD�DQG�WKH�JURXQG�10

������)LHOG�6WUHQJWK�0HDVXUHPHQW11

$� ILHOG�VWUHQJWK�PHWHU� VKDOO� EH� FRQQHFWHG� WR� D� VHDUFK� DQWHQQD�� 7KH� ILHOG�VWUHQJWK�PHWHU12

VKDOO� KDYH� VXIILFLHQW� VHQVLWLYLW\� DQG� VHOHFWLYLW\� WR� PHDVXUH� VLJQDOV� RYHU� WKH� UHTXLUHG13

IUHTXHQF\� UDQJHV� DW� OHYHOV� DW� OHDVW� ��� G%� EHORZ� WKH� OHYHOV� VSHFLILHG� LQ� DQ\� GRFXPHQW�14

VWDQGDUG��RU�VSHFLILFDWLRQ� WKDW� UHIHUHQFHV� WKLV�PHDVXUHPHQW�SURFHGXUH��7KH� FDOLEUDWLRQ�RI15

WKH� PHDVXUHPHQW� LQVWUXPHQWV� �ILHOG�VWUHQJWK� PHWHU�� DQWHQQDV�� HWF��� VKDOO� EH� FKHFNHG16

IUHTXHQWO\�WR�HQVXUH�WKDW�WKHLU�DFFXUDF\�LV�LQ�DFFRUGDQFH�ZLWK�WKH�FXUUHQW�VWDQGDUGV��6XFK17

FDOLEUDWLRQ�FKHFNV�VKDOO�EH�SHUIRUPHG�DW�OHDVW�RQFH�SHU�\HDU�18

������)UHTXHQF\�5DQJH�RI�0HDVXUHPHQWV19

:KHQ�PHDVXULQJ�UDGLDWHG�VLJQDOV�IURP�WUDQVPLWWLQJ�HTXLSPHQW��WKH�PHDVXUHPHQWV�VKDOO�EH20

PDGH� IURP� WKH� ORZHVW� UDGLR� IUHTXHQF\� �EXW� QR� ORZHU� WKDQ� ��� 0+]�� JHQHUDWHG� LQ� WKH21

HTXLSPHQW�WR�WKH�WHQWK�KDUPRQLF�RI�WKH�FDUULHU��H[FHSW� IRU�WKDW�UHJLRQ�FORVH� WR� WKH�FDUULHU22

HTXDO�WR�������RI�WKH�DXWKRUL]HG�EDQGZLGWK�23

:KHQ�PHDVXULQJ� UDGLDWHG� VLJQDOV� IURP� UHFHLYLQJ� HTXLSPHQW�� WKH� PHDVXUHPHQWV� VKDOO� EH24

PDGH�IURP����0+]�WR�DW�OHDVW���*+]�25

������7HVW�5DQJHV26

�����������0HWHU�7HVW�5DQJH27

0HDVXUHPHQW�RI�UDGLDWHG�VLJQDOV�VKDOO�EH�PDGH�DW�D�SRLQW����PHWHUV�IURP�WKH�FHQWHU�RI�WKH28

WXUQWDEOH�� 7KH� VHDUFK� DQWHQQD� LV� WR� EH� UDLVHG� DQG� ORZHUHG� IURP� �� WR� �� PHWHUV� LQ� ERWK29

KRUL]RQWDOO\�DQG�YHUWLFDOO\�SRODUL]HG�RULHQWDWLRQV�30

7KH�ILHOG�VWUHQJWK�PHDVXULQJ�PHWHU�PD\�EH�SODFHG�RQ�D�VXLWDEOH�WDEOH�RU�WULSRG�DW�WKH�IRRW�RI31

WKH�PDVW�32

:KHQ� PHDVXULQJ� UDGLDWHG� HPLVVLRQV� IURP� UHFHLYHUV�� HTXLSPHQW� WKDW� FRQWDLQV� LWV� RZQ33

UHFHLYH�DQWHQQD�VKDOO�EH�WHVWHG�ZLWK�WKH�DQWHQQD�LQ�SODFH��(TXLSPHQW�WKDW�LV�FRQQHFWHG�WR34

DQ�H[WHUQDO�UHFHLYH�DQWHQQD�YLD�D�FDEOH�VKDOO�EH�WHVWHG�ZLWKRXW�WKH�DQWHQQD��DQG�WKH�UHFHLYH35

SRUWV� RQ� WKH� HTXLSPHQW� XQGHU� WHVW� VKDOO� EH� WHUPLQDWHG� LQ� D� ��Ω� QRQ�UDGLDWLQJ� UHVLVWLYH36

ORDG�37
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����������0HWHU�7HVW�5DQJH1

0HDVXUHPHQW�RI�UDGLDWHG�VLJQDOV�PD\�EH�PDGH�DW�D�SRLQW���PHWHUV� IURP�WKH�FHQWHU�RI� WKH2

WXUQWDEOH��SURYLGHG�WKH�IROORZLQJ�WKUHH�FRQGLWLRQV�FDQ�EH�PHW�3

�� $�JURXQG�VFUHHQ�WKDW�FRYHUV�DQ�HOOLSWLFDO�DUHD�DW�OHDVW���PHWHUV�RQ�WKH�PDMRU�D[LV�E\4

����PHWHUV�RQ�WKH�PLQRU�D[LV�LV�XVHG��ZLWK�WKH�PHDVXULQJ�DQWHQQD�DQG�WXUQWDEOH5

PRXQWHG���PHWHUV�DSDUW��7KH�PHDVXULQJ�DQWHQQD�DQG�WXUQWDEOH�VKDOO�OLH�RQ�WKH6

PDMRU�D[LV�DQG�VKDOO�EH�HTXLGLVWDQW�IURP�WKH�PLQRU�D[LV�RI�WKH�HOOLSWLFDO�DUHD�7

�� 7KH�PD[LPXP�GLPHQVLRQ�RI�WKH�HTXLSPHQW�VKDOO�EH���PHWHUV�RU�OHVV��:KHQ8

PHDVXULQJ�UDGLDWHG�VLJQDOV�IURP�UHFHLYHUV��WKH�PD[LPXP�GLPHQVLRQ�VKDOO�LQFOXGH9

WKH�DQWHQQD�LI�LW�LV�DQ�LQWHJUDO�SDUW�RI�WKH�GHYLFH�10

�� 7KH�ILHOG�VWUHQJWK�PHDVXULQJ�HTXLSPHQW�LV�HLWKHU�PRXQWHG�EHORZ�WKH�JURXQG�OHYHO11

DW�WKH�WHVW�VLWH�RU�LV�ORFDWHG�D�VXIILFLHQW�GLVWDQFH�DZD\�IURP�WKH�HTXLSPHQW�EHLQJ12

WHVWHG�DQG�IURP�WKH�VHDUFK�DQWHQQD�WR�SUHYHQW�FRUUXSWLRQ�RI�WKH�PHDVXUHG�GDWD�13

7KH�VHDUFK�DQWHQQD� LV� WR�EH� UDLVHG�DQG� ORZHUHG�RYHU�D� UDQJH� IURP��� WR���PHWHUV� LQ�ERWK14

KRUL]RQWDOO\� DQG� YHUWLFDOO\� SRODUL]HG� RULHQWDWLRQV�� :KHQ� WKH� VHDUFK� DQWHQQD� LV� YHUWLFDOO\15

RULHQWHG��WKH�PLQLPXP�KHLJKW�RI�WKH�FHQWHU�RI�WKH�VHDUFK�DQWHQQD�VKDOO�EH�GHILQHG�E\�WKH16

OHQJWK�RI�WKH�ORZHU�KDOI�RI�WKH�VHDUFK�DQWHQQD�17

:KHQ� PHDVXULQJ� UDGLDWHG� HPLVVLRQV� IURP� UHFHLYHUV�� HTXLSPHQW� WKDW� FRQWDLQV� LWV� RZQ18

UHFHLYH�DQWHQQD�VKDOO�EH�WHVWHG�ZLWK�WKH�DQWHQQD�LQ�SODFH��(TXLSPHQW�WKDW�LV�FRQQHFWHG�WR19

DQ�H[WHUQDO�UHFHLYH�DQWHQQD�YLD�D�FDEOH�VKDOO�EH�WHVWHG�ZLWKRXW�WKH�DQWHQQD��DQG�WKH�UHFHLYH20

SRUWV� RQ� WKH� HTXLSPHQW� XQGHU� WHVW� VKDOO� EH� WHUPLQDWHG� LQ� D� ��Ω� QRQ�UDGLDWLQJ� UHVLVWLYH21

ORDG��7KH���PHWHU�WHVW�UDQJH�PD\�EH�XVHG�IRU�GHWHUPLQLQJ�FRPSOLDQFH�ZLWK�OLPLWV�VSHFLILHG22

DW����PHWHUV��RU�RWKHU�GLVWDQFHV���SURYLGHG�WKDW�23

�� 7KH�JURXQG�UHIOHFWLRQ�YDULDWLRQV�EHWZHHQ�WKH�WZR�GLVWDQFHV�KDYH�EHHQ�FDOLEUDWHG�IRU24

WKH�IUHTXHQFLHV�RI�LQWHUHVW�DW�WKH�WHVW�UDQJH��RU25

�� $���G%�FRUUHFWLRQ�IDFWRU�LV�DGGHG�WR�WKH�VSHFLILHG�UDGLDWLRQ�OLPLW�V��WR�DOORZ�IRU26

DYHUDJH�JURXQG�UHIOHFWLRQV�27

5DGLDWHG�ILHOG�VWUHQJWK��YROW�PHWHU��YDULHV� LQYHUVHO\�ZLWK�GLVWDQFH��VR�WKDW�D�PHDVXUHPHQW28

PDGH� RQ� WKH� ��PHWHU� WHVW� UDQJH� GLYLGHG� E\� ��� JLYHV� WKH� HTXLYDOHQW� YDOXH� WKDW� ZRXOG� EH29

PHDVXUHG�RQ�D����PHWHU�WHVW�UDQJH�IRU� WKH�VDPH�(,53� �HIIHFWLYH� LVRWURSLF�UDGLDWHG�SRZHU��30

7KH� ���PHWHU� ILHOG� VWUHQJWK� LQ� YROW�PHWHU� FDQ� EH� FDOFXODWHG� IURP� WKH� (,53� E\� XVLQJ� WKH31

IROORZLQJ�IRUPXOD�32

�9�P�#����PHWHUV� ��������×���(,53�G%P����33

������5DGLDWHG�6LJQDO�0HDVXUHPHQW�3URFHGXUHV34

5DGLDWHG�VLJQDOV�KDYLQJ�VLJQLILFDQW�OHYHOV�VKDOO�EH�PHDVXUHG�RQ�WKH����PHWHU�RU���PHWHU�WHVW35

UDQJH�E\�XVLQJ�WKH�IROORZLQJ�SURFHGXUH�36

�� )RU�HDFK�REVHUYHG�UDGLDWHG�VLJQDO��UDLVH�DQG�ORZHU�WKH�VHDUFK�DQWHQQD�WR�REWDLQ�D37

PD[LPXP�UHDGLQJ�RQ�WKH�ILHOG�VWUHQJWK�PHWHU�ZLWK�WKH�DQWHQQD�KRUL]RQWDOO\38

SRODUL]HG��7KHQ�URWDWH�WKH�WXUQWDEOH�WR�PD[LPL]H�WKH�UHDGLQJ��5HSHDW�WKLV�SURFHGXUH39
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RI�UDLVLQJ�DQG�ORZHULQJ�WKH�DQWHQQD�DQG�URWDWLQJ�WKH�WXUQWDEOH�XQWLO�WKH�KLJKHVW1

SRVVLEOH�VLJQDO�KDV�EHHQ�REWDLQHG��5HFRUG�WKLV�PD[LPXP�UHDGLQJ�2

�� 5HSHDW�VWHS���IRU�HDFK�REVHUYHG�UDGLDWHG�VLJQDO�ZLWK�WKH�DQWHQQD�YHUWLFDOO\3

SRODUL]HG�4

�� 5HPRYH�WKH�HTXLSPHQW�EHLQJ�WHVWHG�DQG�UHSODFH�LW�ZLWK�D�KDOI�ZDYH�DQWHQQD��7KH5

FHQWHU�RI�WKH�KDOI�ZDYH�DQWHQQD�VKRXOG�EH�DW�WKH�VDPH�DSSUR[LPDWH�ORFDWLRQ�DV�WKH6

FHQWHU�RI�WKH�HTXLSPHQW�EHLQJ�WHVWHG�7

�� )HHG�WKH�KDOI�ZDYH�DQWHQQD�UHSODFLQJ�WKH�HTXLSPHQW�XQGHU�WHVW�ZLWK�D�VLJQDO8

JHQHUDWRU�FRQQHFWHG�WR�WKH�DQWHQQD�E\�PHDQV�RI�D�QRQ�UDGLDWLQJ�FDEOH��:LWK�WKH9

DQWHQQDV�DW�ERWK�HQGV�KRUL]RQWDOO\�SRODUL]HG�DQG�ZLWK�WKH�VLJQDO�JHQHUDWRU�WXQHG�WR10

WKH�REVHUYHG�UDGLDWHG�VLJQDO��UDLVH�DQG�ORZHU�WKH�VHDUFK�DQWHQQD�WR�REWDLQ�D11

PD[LPXP�UHDGLQJ�RQ�WKH�ILHOG�VWUHQJWK�PHDVXULQJ�PHWHU��$GMXVW�WKH�OHYHO�RI�WKH12

VLJQDO�JHQHUDWRU�RXWSXW�XQWLO�WKH�SUHYLRXVO\�UHFRUGHG�PD[LPXP�UHDGLQJ�IRU�WKLV�VHW13

RI�FRQGLWLRQV�LV�REWDLQHG��5HFRUG�WKH�VLJQDO�JHQHUDWRU�SRZHU�RXWSXW�14

�� 5HSHDW�VWHS���DERYH�ZLWK�ERWK�DQWHQQDV�YHUWLFDOO\�SRODUL]HG�15

�� &DOFXODWH�WKH�SRZHU�LQWR�D�UHIHUHQFH�LGHDO�LVRWURSLF�DQWHQQD�E\�16

D� )LUVW�UHGXFLQJ�WKH�UHDGLQJV�REWDLQHG�LQ�VWHSV���DQG���DERYH�E\�WKH�SRZHU�ORVV17

LQ�WKH�FDEOH�EHWZHHQ�WKH�JHQHUDWRU�DQG�WKH�VRXUFH�DQWHQQD��DQG18

E� 7KHQ�FRUUHFWLQJ�IRU�WKH�JDLQ�RI�WKH�VRXUFH�DQWHQQD�XVHG�UHODWLYH�WR�DQ�LGHDO19

LVRWURSLF�DQWHQQD��7KH�UHDGLQJ�WKXV�REWDLQHG�LV�WKH�HTXLYDOHQW�HIIHFWLYH20

LVRWURSLF�UDGLDWHG�SRZHU��(,53��OHYHO�IRU�WKH�VSXULRXV�VLJQDO�EHLQJ�PHDVXUHG�21

�� 5HSHDW�VWHSV���WKURXJK���DERYH�IRU�DOO�REVHUYHG�VLJQDOV�IURP�WKH�HTXLSPHQW�EHLQJ22

WHVWHG�23

����$&�3RZHUOLQH�&RQGXFWHG�(PLVVLRQV�0HDVXUHPHQW24

������6WDQGDUG�$&�3RZHUOLQH�&RQGXFWHG�(PLVVLRQV�7HVW�6LWH25

7KH�WHVW�VLWH�VKDOO�EH�RQ� OHYHO�JURXQG� WKDW� LV�FRYHUHG�ZLWK�DQ�HDUWK�JURXQGHG��FRQGXFWLYH26

VXUIDFH�WKDW�LV�DW�OHDVW���PHWHUV�E\���PHWHUV�LQ�VL]H��7KH�JURXQG�SODQH�VKDOO�H[WHQG�DW�OHDVW27

����PHWHU�EH\RQG�WKH�IRRW�SULQW�RI�WKH�HTXLSPHQW�XQGHU�WHVW�28

$� YHUWLFDO� FRQGXFWLQJ� SODQH� LV� RSWLRQDO� IRU� D� VWDQGDUG� �RSHQ� DUHD�� WHVW� VLWH� DQG� LV� RQO\29
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)(5�/LPLWV����

&DVH 'DWD�5DWH
�ESV�

$W�/RZHU�(E�1� $W�8SSHU�(E�1�

���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

$ ���� �����IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� ������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

���� ������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���

% ���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� ������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� ������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

12
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7DEOH������������0D[LPXP�)(5�IRU�5DWH�6HW���'HPRGXODWLRQ�3HUIRUPDQFH�7HVWV1

LQ�0XOWLSDWK�)DGLQJ2

)(5�/LPLWV����

&DVH 'DWD�5DWH
�ESV�

$W�/RZHU�(E�1� $W�8SSHU�(E�1�

����� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

$ ���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� �����IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� ������IRU�%DQG�&ODVV���

������IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

����� ��� ���

% ���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

���� �����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

�����IRU�%DQG�&ODVV���

3

����5HFHLYHU�3HUIRUPDQFH4

������5HFHLYHU�6HQVLWLYLW\5

��������'HILQLWLRQ6

7KH�UHFHLYHU�VHQVLWLYLW\�RI�WKH�EDVH�VWDWLRQ�UHFHLYHU�LV�GHILQHG�DV�WKH�PLQLPXP�UHFHLYHG7

SRZHU�� PHDVXUHG� DW� WKH� EDVH� VWDWLRQ� 5)� LQSXW� SRUWV�� DW� ZKLFK� WKH� 5HYHUVH� 7UDIILF8

&KDQQHO�)(5�LV�PDLQWDLQHG�DW����9

��������0HWKRG�RI�0HDVXUHPHQW10

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�11

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�XQGHU�WHVW�DQG�D�PRELOH�VWDWLRQ�VLPXODWRU�DV12

VKRZQ�LQ�)LJXUH���������13

�� $GMXVW�WKH�HTXLSPHQW�WR�HQVXUH�WKDW�D�VLJQDO�SRZHU�RI������G%P��IRU�%DQG14

&ODVV����RU������G%P��IRU�%DQG�&ODVV����SHU�5)�LQSXW�SRUW�LV�QRW�H[FHHGHG�15
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5HYHUVH�7UDIILF�&KDQQHO�FORVHG�ORRS�SRZHU�FRQWURO�LQ�WKH�PRELOH�VWDWLRQ1

VLPXODWRU�VKRXOG�EH�GLVDEOHG��VHH��������2

�� 'LVDEOH�WKH�$:*1�JHQHUDWRUV��VHW�WKHLU�RXWSXW�SRZHUV�WR�]HUR��3

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����4

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�5

�� 0HDVXUH�WKH�IUDPH�HUURU�UDWH�DV�GHVFULEHG�LQ�����6

��������0LQLPXP�6WDQGDUG7

7KH�)(5�VKDOO�EH������RU�OHVV�ZLWK�����FRQILGHQFH��VHH������8

������5HFHLYHU�'\QDPLF�5DQJH9

��������'HILQLWLRQ10

7KH� UHFHLYHU� G\QDPLF� UDQJH� LV� WKH� LQSXW� SRZHU� UDQJH� DW� WKH� EDVH� VWDWLRQ� 5)� LQSXW11

SRUWV� RYHU� ZKLFK� WKH� )(5� GRHV� QRW� H[FHHG� D� VSHFLILF� YDOXH�� ,WV� ORZHU� OLPLW� LV� WKH12

VHQVLWLYLW\� DV� PHDVXUHG� E\� WKH� WHVW� LQ� ������� ,WV� XSSHU� OLPLW� LV� WKH� PD[LPXP� WRWDO13

SRZHU�SHU�5)�LQSXW�SRUW�DW�ZKLFK�DQ�)(5�RI����LV�PDLQWDLQHG�14

��������0HWKRG�RI�0HDVXUHPHQW15

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�16

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�XQGHU�WHVW�DQG�D�PRELOH�VWDWLRQ�VLPXODWRU�DV17

VKRZQ�LQ�)LJXUH���������18

�� $GMXVW�WKH�HTXLSPHQW�IRU�D�QRLVH�SRZHU�VSHFWUDO�GHQVLW\�DW�HDFK�5)�LQSXW�SRUW19

RI�QRW�OHVV�WKDQ�����G%P������0+]�DQG�D�VLJQDO�SRZHU�FRUUHVSRQGLQJ�WR�DQ20

(E�1��RI����G%����G%��5HYHUVH�7UDIILF�&KDQQHO�FORVHG�ORRS�SRZHU�FRQWURO�LQ21

WKH�PRELOH�VWDWLRQ�VLPXODWRU�PD\�EH�GLVDEOHG��VHH��������22

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����23

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�24

�� 0HDVXUH�WKH�IUDPH�HUURU�UDWH�DV�GHVFULEHG�LQ�����25

��������0LQLPXP�6WDQGDUG26

7KH�)(5�VKDOO�EH������RU�OHVV�ZLWK�����FRQILGHQFH��VHH������27

������6LQJOH�7RQH�'HVHQVLWL]DWLRQ28

��������'HILQLWLRQ29

6LQJOH�WRQH�GHVHQVLWL]DWLRQ�LV�D�PHDVXUH�RI�WKH�DELOLW\�WR�UHFHLYH�D�&'0$�VLJQDO�RQ�WKH30

DVVLJQHG� FKDQQHO� IUHTXHQF\� LQ� WKH� SUHVHQFH� RI� D� VLQJOH� WRQH� WKDW� LV� RIIVHW� IURP� WKH31

FHQWHU�IUHTXHQF\�RI�WKH�DVVLJQHG�FKDQQHO�32
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��������0HWKRG�RI�0HDVXUHPHQW1

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�2

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�XQGHU�WHVW�DQG�D�PRELOH�VWDWLRQ�VLPXODWRU�DV3

VKRZQ�LQ�)LJXUH���������4

�� $GMXVW�WKH�HTXLSPHQW�WR�HQVXUH�SDWK�ORVVHV�RI�DW�OHDVW�����G%��$OO�SRZHU5

FRQWURO�PHFKDQLVPV�VKDOO�EH�HQDEOHG�DQG�VHW�DW�QRPLQDO�YDOXHV�6

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����7

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�8

�� 0HDVXUH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�9

�� ,I�WKH�EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:�JHQHUDWRU�WR10

WKH�GHVLUHG�IUHTXHQF\�RIIVHW�������N+]�RU������N+]��IURP�WKH�&'0$�IUHTXHQF\11

DVVLJQPHQW��,I�WKH�EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:12

JHQHUDWRU�WR�WKH�GHVLUHG�IUHTXHQF\�RIIVHW��������0+]��IURP�WKH�&'0$13

IUHTXHQF\�DVVLJQPHQW�14

�� ,I�WKH�EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:�JHQHUDWRU15

SRZHU�WR�EH����G%�DW������N+]�RU����G%�DW������N+]�DERYH�WKH�PRELOH�VWDWLRQ16

VLPXODWRU�RXWSXW�SRZHU�DW�WKH�5)�LQSXW�SRUWV�DV�PHDVXUHG�LQ�VWHS����,I�WKH17

EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:�JHQHUDWRU�SRZHU�WR18

EH����G%�DW�������0+]�DERYH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�DW19

WKH�5)�LQSXW�SRUWV�DV�PHDVXUHG�LQ�VWHS���20

�� 0HDVXUH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�DQG�)(5�RI�WKH�EDVH21

VWDWLRQ�UHFHLYHU�22

�� 5HSHDW�VWHSV�����DW�WKH�UHPDLQLQJ�IUHTXHQF\�RIIVHWV�23

��������0LQLPXP�6WDQGDUG24

����������&HOOXODU�%DQG25

$W�WKH������N+]�RIIVHW��WKH�RXWSXW�SRZHU�RI�WKH�PRELOH�VWDWLRQ�VLPXODWRU�VKDOO�LQFUHDVH26

E\�QR�PRUH�WKDQ���G%�DQG�WKH�)(5�VKDOO�EH�OHVV�WKDQ������ZLWK�����FRQILGHQFH��VHH27

������$W�WKH������N+]�RIIVHW��WKH�RXWSXW�SRZHU�RI�WKH�PRELOH�VWDWLRQ�VLPXODWRU�VKRXOG28

LQFUHDVH� E\� QR� PRUH� WKDQ� �� G%� DQG� WKH� )(5� VKDOO� EH� OHVV� WKDQ� ����� ZLWK� ���29

FRQILGHQFH��VHH�������7KH������N+]�UHTXLUHPHQW�LV�LQWHQGHG�WR�DSSO\�WR�FKDQQHOV�WKDW30

KDYH� SRWHQWLDO� $036� IUHTXHQF\� DVVLJQPHQWV� DV� FORVH� DV� ����� N+]�� $Q� H[DPSOH� LV31

&'0$�IUHTXHQF\�DVVLJQPHQW�WR�FKDQQHO������WKH�$�EDQG�VHFRQGDU\�&'0$�&KDQQHO��32

����������3&6�%DQG33

$W� WKH� ������ 0+]� RIIVHW�� WKH� RXWSXW� SRZHU� RI� WKH� PRELOH� VWDWLRQ� VLPXODWRU� VKDOO34

LQFUHDVH� E\� QR� PRUH� WKDQ� �� G%� DQG� WKH� )(5� VKDOO� EH� OHVV� WKDQ� ����� ZLWK� ���35

FRQILGHQFH��VHH������36
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������,QWHUPRGXODWLRQ�6SXULRXV�5HVSRQVH�$WWHQXDWLRQ1

��������'HILQLWLRQ2

7KH�LQWHUPRGXODWLRQ�VSXULRXV�UHVSRQVH�DWWHQXDWLRQ�LV�D�PHDVXUH�RI�D�UHFHLYHU
V�DELOLW\3

WR� UHFHLYH� D�&'0$�VLJQDO� RQ� LWV� DVVLJQHG� FKDQQHO� IUHTXHQF\� LQ� WKH� SUHVHQFH� RI� WZR4

LQWHUIHULQJ�&:�WRQHV��7KHVH�WRQHV�DUH�VHSDUDWHG�IURP�WKH�DVVLJQHG�FKDQQHO�IUHTXHQF\5

DQG�IURP�HDFK�RWKHU�VXFK�WKDW�WKH�WKLUG�RUGHU�PL[LQJ�RI�WKH�WZR�LQWHUIHULQJ�&:�WRQHV6

FDQ�RFFXU�LQ�WKH�QRQ�OLQHDU�HOHPHQWV�RI�WKH�UHFHLYHU��SURGXFLQJ�DQ�LQWHUIHULQJ�VLJQDO�LQ7

WKH�EDQG�RI�WKH�GHVLUHG�&'0$�VLJQDO�8

��������0HWKRG�RI�0HDVXUHPHQW9

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�10

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�XQGHU�WHVW�DQG�D�PRELOH�VWDWLRQ�VLPXODWRU�DV11

VKRZQ�LQ�)LJXUH���������12

�� $GMXVW�WKH�HTXLSPHQW�WR�HQVXUH�SDWK�ORVVHV�RI�DW�OHDVW�����G%��$OO�SRZHU13

FRQWURO�PHFKDQLVPV�VKDOO�EH�HQDEOHG�DQG�VHW�DW�QRPLQDO�YDOXHV�14

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����15

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�16

�� 0HDVXUH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�17

�� ,I�WKH�EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:�JHQHUDWRUV�WR18

IUHTXHQF\�RIIVHWV�RI������N+]�DQG�������N+]�IURP�WKH�&'0$�IUHTXHQF\19

DVVLJQPHQW��,I�WKH�EDVH�VWDWLRQ�LV�RSHUDWLQJ�LQ�%DQG�&ODVV����DGMXVW�WKH�&:20

JHQHUDWRUV�WR�IUHTXHQF\�RIIVHWV�RI�������0+]�DQG�������0+]�IURP�WKH�&'0$21

IUHTXHQF\�DVVLJQPHQW�22

�� $GMXVW�WKH�&:�JHQHUDWRU�SRZHUV�WR�EH����G%�IRU�%DQG�&ODVV���RU����G%�IRU23

%DQG�&ODVV���DERYH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�DW�WKH�5)24

LQSXW�SRUWV�DV�PHDVXUHG�LQ�VWHS���25

�� 0HDVXUH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�DQG�WKH�)(5�RI�WKH�EDVH26

VWDWLRQ�UHFHLYHU�27

�� 5HSHDW�VWHSV�����DW�IUHTXHQF\�RIIVHWV�RI������N+]�DQG�������N+]�IRU�%DQG28

&ODVV���RU�������0+]�DQG�������0+]�IRU�%DQG�&ODVV���29

��������0LQLPXP�6WDQGDUG30

7KH�RXWSXW�SRZHU�RI�WKH�PRELOH�VWDWLRQ�VLPXODWRU�VKDOO�LQFUHDVH�E\�QR�PRUH�WKDQ���G%31

DQG�WKH�)(5�VKDOO�EH�OHVV�WKDQ������ZLWK�����FRQILGHQFH��VHH������32

������5HYHUVH�/LQN�3RZHU�&RQWURO33

5HYHUVH�OLQN�SRZHU�FRQWURO�UHTXLUHPHQWV�DUH�JLYHQ�LQ�������34



C.S0010-0

����

����/LPLWDWLRQV�RQ�(PLVVLRQV1

������&RQGXFWHG�6SXULRXV�(PLVVLRQV2

��������'HILQLWLRQ3

&RQGXFWHG�VSXULRXV�HPLVVLRQV�DUH�VSXULRXV�HPLVVLRQV�JHQHUDWHG�RU�DPSOLILHG� LQ� WKH4

EDVH�VWDWLRQ�HTXLSPHQW�DQG�DSSHDULQJ�DW�WKH�UHFHLYHU�5)�LQSXW�SRUWV�5

��������0HWKRG�RI�0HDVXUHPHQW6

�� &RQQHFW�D�VSHFWUXP�DQDO\]HU��RU�RWKHU�VXLWDEOH�WHVW�HTXLSPHQW��WR�D�UHFHLYHU7

5)�LQSXW�SRUW�8

�� 'LVDEOH�WKH�WUDQVPLWWHU�5)�RXWSXW�9

�� 6ZHHS�WKH�VSHFWUXP�DQDO\]HU�RYHU�D�IUHTXHQF\�UDQJH�IURP�WKH�ORZHVW10

LQWHUPHGLDWH�IUHTXHQF\�RU�ORZHVW�RVFLOODWRU�IUHTXHQF\�XVHG�LQ�WKH�UHFHLYHU�RU��11

0+]��ZKLFKHYHU�LV�ORZHU��WR�DW�OHDVW������0+]�IRU�%DQG�&ODVV���RU���*+]�IRU12

%DQG�&ODVV���13

��� 5HSHDW�VWHSV�����IRU�DOO�RWKHU�UHFHLYHU�LQSXW�SRUWV�14

��������0LQLPXP�6WDQGDUG15

����������&HOOXODU�%DQG16

7KH�FRQGXFWHG�VSXULRXV�HPLVVLRQV�VKDOO�EH17

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH18

VWDWLRQ�5)�LQSXW�SRUWV��IRU�IUHTXHQFLHV�ZLWKLQ�WKH�EDVH�VWDWLRQ�UHFHLYHU�EDQG19

EHWZHHQ�����DQG�����0+]�20

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH21

VWDWLRQ�5)�LQSXW�SRUWV��IRU�IUHTXHQFLHV�ZLWKLQ�WKH�EDVH�VWDWLRQ�WUDQVPLW�EDQG22

EHWZHHQ�����DQG�����0+]�23

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH24

VWDWLRQ�5)�LQSXW�SRUWV��IRU�DOO�RWKHU�IUHTXHQFLHV�25

����������3&6�%DQG26

7KH�FRQGXFWHG�VSXULRXV�HPLVVLRQV�VKDOO�EH27

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH28

VWDWLRQ�5)�LQSXW�SRUWV��IRU�IUHTXHQFLHV�ZLWKLQ�WKH�EDVH�VWDWLRQ�UHFHLYHU�EDQG29

EHWZHHQ������DQG������0+]�30

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH31

VWDWLRQ�5)�LQSXW�SRUWV��IRU�IUHTXHQFLHV�ZLWKLQ�WKH�EDVH�VWDWLRQ�WUDQVPLW�EDQG32

EHWZHHQ������DQG������0+]�33

�� /HVV�WKDQ�����G%P��PHDVXUHG�LQ�D����N+]�UHVROXWLRQ�EDQGZLGWK�DW�WKH�EDVH34

VWDWLRQ�5)�LQSXW�SRUWV��IRU�DOO�RWKHU�IUHTXHQFLHV�35
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������5DGLDWHG�6SXULRXV�(PLVVLRQV1

5DGLDWHG� VSXULRXV� HPLVVLRQ� UHTXLUHPHQWV� DUH� JLYHQ� IRU� WKH� HQWLUH� V\VWHP�� LQFOXGLQJ2

ERWK�WUDQVPLWWHU�DQG�UHFHLYHU��LQ�������3

����5HFHLYHG�6LJQDO�4XDOLW\�,QGLFDWRU��564,�4

������'HILQLWLRQ5

5HFHLYHG� VLJQDO� TXDOLW\� LQGLFDWRU� �564,�� UHIHUV� WR� D� PHDVXUHPHQW� RI� VLJQDO� TXDOLW\6

SHUIRUPHG�E\�EDVH�VWDWLRQV��564,�PHDVXUHPHQW� UHVXOWV�DUH�XVHG� IRU�FRPSDULVRQV�RI7

VLJQDO�VWUHQJWK�EHWZHHQ�GLIIHUHQW�EDVH�VWDWLRQV�8

6LJQDO�TXDOLW\�LV�GHILQHG�DV�WKH�VLJQDO�WR�QRLVH�UDWLR�(E�1���ZKHUH�(E�LV�WKH�HQHUJ\�SHU9

ELW�DQG�1��LV�WKH�WRWDO�UHFHLYHG�QRLVH�SOXV�LQWHUIHUHQFH�SRZHU�LQ�WKH�&'0$�EDQGZLGWK10

GLYLGHG� E\� ����� 0+]�� 6LJQDO� TXDOLW\� VKDOO� EH� FRPSXWHG� E\� DGGLQJ� WRJHWKHU� WKH11

LQGLYLGXDO�(E�1��YDOXHV�IURP�PXOWLSDWK�FRPSRQHQWV��564,�VKDOO�EH�UHSRUWHG�DV�D���12

ELW�XQVLJQHG�LQWHJHU��FDOFXODWHG�DV�IROORZV�13

  
E b / N0  =  

Energy per Bit
Noise + Interference Power

 ×  1. 23  MHz14

  

RSQI  =
0, E b / N0  ≤  1

63 , E b / N0  ≥  10 3 .15

20  log 10 (E b / N0 )  otherwise

 

 
 

 
 
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ZKHUH�WKH�VLJQDO�HQHUJ\�DQG�QRLVH�SRZHU�DUH�PHDVXUHG�ZLWKLQ�WKH�&'0$�EDQGZLGWK�16

������0HWKRG�RI�0HDVXUHPHQW17

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�18

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�XQGHU�WHVW�DQG�D�PRELOH�VWDWLRQ�VLPXODWRU�DV19

VKRZQ�LQ�)LJXUH���������20

�� 'LVDEOH�UHYHUVH�OLQN�FORVHG�ORRS�SRZHU�FRQWURO�LQ�WKH�PRELOH�VWDWLRQ�VLPXODWRU�21

�� $GMXVW�WKH�$:*1�JHQHUDWRUV�IRU�D�QRLVH�SRZHU�VSHFWUDO�GHQVLW\�RI����22

G%P������0+]����G%�DQG�DGMXVW�WKH�RWKHU�HTXLSPHQW�IRU�DQ�(E�1��RI���G%23

DW�HDFK�5)�LQSXW�WHUPLQDO�24

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����25

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�26

�� 5HFRUG�WKH�564,�UHSRUWHG�E\�WKH�EDVH�VWDWLRQ�27

�� 5HGXFH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�E\���G%�28

�� 5HFRUG�WKH�564,�UHSRUWHG�E\�WKH�EDVH�VWDWLRQ�29

�� ,QFUHDVH�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�E\���G%�30
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���� 5HSHDW�VWHSV���DQG���XQWLO�WKH�(E�1��SHU�DQWHQQD�UHDFKHV����G%�1

��� ,I�5DWH�6HW���LV�VXSSRUWHG��UHSHDW�VWHSV���WKURXJK����XVLQJ�5DWH�6HW��2

ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����3

������0LQLPXP�6WDQGDUG4

7KH� UHSRUWHG� 564,� VKDOO� EH� ZLWKLQ� WKH� ERXQGV� VKRZQ� LQ� 7DEOH� ��������� )RU� (E�1�5

JUHDWHU� WKDQ� ��� G%� WKH� 564,� UHSRUWV� VKRXOG� EH� PRQRWRQLFDOO\� LQFUHDVLQJ� RU6

XQFKDQJLQJ�7

8

7DEOH����������%RXQGV�RQ�564,�5HSRUWV9

(E�1���G%�

SHU
,QSXW�3RUW

0LQLPXP
$FFHSWDEOH�5HSRUW

9DOXH

0D[LPXP
$FFHSWDEOH�5HSRUW

9DOXH

� �� ��

� �� ��

� �� ��

� �� ��

� �� ��

� �� ��

�� �� ��

�� �� ��

�� �� ��

�� �� ��

�� �� ��
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��&'0$�75$160,77(5�0,1,080�67$1'$5'61

$OO� WHVWV� LQ� WKH� VHFWLRQ� VKDOO� EH� SHUIRUPHG� IRU� HDFK� EDQG� FODVV� VXSSRUWHG� E\� WKH� EDVH2

VWDWLRQ�3

����)UHTXHQF\�5HTXLUHPHQWV4

������)UHTXHQF\�&RYHUDJH5

&KDQQHO� IUHTXHQFLHV� DQG� GHVLJQDWLRQV� DUH� JLYHQ� IRU� GXDO�PRGH� EDVH� VWDWLRQV� DQG�PRELOH6

VWDWLRQV�LQ���������DQG����������7KH�EDVH�VWDWLRQ�UHFHLYHU�&'0$�IUHTXHQF\�DVVLJQPHQWV�DUH7

DVVRFLDWHG�RQ�D�RQH�WR�RQH�EDVLV�ZLWK�WKH�WUDQVPLWWHU�&'0$�IUHTXHQF\�DVVLJQPHQWV��(DFK8

&'0$�IUHTXHQF\�DVVLJQPHQW�VKDOO�EH�FHQWHUHG�DW�RQH�RI�WKH�LQGLFDWHG�IUHTXHQFLHV��1RWH�WKDW9

WKH�EDVH�VWDWLRQ�WUDQVPLWWHU�PD\�EH�IL[HG�WXQHG�WR�D�VSHFLILF�&'0$�IUHTXHQF\�DVVLJQPHQW10

RU�PD\� EH� GHVLJQHG� WR� FRYHU� D� VXEVHW� RI� WKH� DYDLODEOH� IUHTXHQF\� DVVLJQPHQWV�� 7KH� EDVH11

VWDWLRQ�VKDOO�VXSSRUW�HLWKHU�WKH�SULPDU\�RU�WKH�VHFRQGDU\�&'0$�&KDQQHO��RU�ERWK�12

������)UHTXHQF\�7ROHUDQFH13

��������'HILQLWLRQ14

)UHTXHQF\� WROHUDQFH� LV� GHILQHG� DV� WKH� PD[LPXP� DOORZHG� GLIIHUHQFH� EHWZHHQ� WKH� DFWXDO15

&'0$�WUDQVPLW�FDUULHU�IUHTXHQF\�DQG�WKH�VSHFLILHG�&'0$�WUDQVPLW�IUHTXHQF\�DVVLJQPHQW�16

��������0HWKRG�RI�0HDVXUHPHQW17

)UHTXHQF\� VKDOO� EH�PHDVXUHG� XVLQJ� DSSURSULDWH� WHVW� HTXLSPHQW� RI� VXIILFLHQW� DFFXUDF\� WR18

HQVXUH�FRPSOLDQFH�ZLWK�WKH�PLQLPXP�VWDQGDUG��)UHTXHQF\�VKRXOG�EH�PHDVXUHG�DV�SDUW�RI19

WKH�ZDYHIRUP�TXDOLW\�WHVW�RI�����20

��������0LQLPXP�6WDQGDUG21

)RU� DOO� RSHUDWLQJ� WHPSHUDWXUHV� VSHFLILHG� E\� WKH� PDQXIDFWXUHU�� WKH� DYHUDJH� IUHTXHQF\22

GLIIHUHQFH� EHWZHHQ� WKH� DFWXDO� &'0$� WUDQVPLW� FDUULHU� IUHTXHQF\� DQG� VSHFLILHG� &'0$23

WUDQVPLW� IUHTXHQF\� DVVLJQPHQW� VKDOO� EH� OHVV� WKDQ� ��� × ����� RI� WKH� IUHTXHQF\� DVVLJQPHQW24

�������SSP��25

����5HVHUYHG26

����0RGXODWLRQ�5HTXLUHPHQWV27

:DYHIRUP� VSHFLILFDWLRQV� DUH� WHVWHG� E\� PHDVXULQJ� WKH� ZDYHIRUP� TXDOLW\� ρ�� DV� GHILQHG� LQ28

���������DQG�FRGH�GRPDLQ�SRZHU�DV�GHILQHG�LQ����������7KH�UDQJH�RI�YDOXHV�IRU�WKH�WUDQVPLW29

ZDYHIRUP�TXDOLW\�LV�IURP�����IRU�D�SHUIHFW�&'0$�ZDYHIRUP�WR�����IRU�D�QRQ�&'0$�VLJQDO��$V30

DQ�H[DPSOH��D�EDVH�VWDWLRQ�ZLWK�D�����G%�GHJUDGDWLRQ�LQ�LWV�WUDQVPLW�ZDYHIRUP�ZRXOG�KDYH31

D�TXDOLW\��ρ��RI������������ ������32
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������6\QFKURQL]DWLRQ�DQG�7LPLQJ1

��������3LORW�7LPH�7ROHUDQFH2

(DFK� EDVH� VWDWLRQ� VKDOO� XVH� D� WLPH� EDVH� UHIHUHQFH� IURP� ZKLFK� DOO� WLPH� FULWLFDO� &'0$3

WUDQVPLVVLRQV��LQFOXGLQJ�SLORW�31�VHTXHQFHV��IUDPHV��DQG�:DOVK�IXQFWLRQV��VKDOO�EH�GHULYHG�4

7KH�WLPH�EDVH�UHIHUHQFH�VKDOO�EH�WLPH�DOLJQHG�WR�&'0$�6\VWHP�7LPH��DV�GHVFULEHG�LQ�����RI5

7,$�(,$����%�� 5HOLDEOH� H[WHUQDO� PHDQV� VKRXOG� EH� SURYLGHG� DW� HDFK� EDVH� VWDWLRQ� WR6

V\QFKURQL]H� HDFK� EDVH� VWDWLRQ� WLPH� EDVH� UHIHUHQFH� WR� &'0$� 6\VWHP� 7LPH�� (DFK� EDVH7

VWDWLRQ�VKRXOG�XVH�D�IUHTXHQF\�UHIHUHQFH�RI�VXIILFLHQW�DFFXUDF\�WR�PDLQWDLQ�WLPH�DOLJQPHQW8

WR�&'0$�6\VWHP�7LPH��:LWK�WKH�H[WHUQDO�VRXUFH�RI�&'0$�6\VWHP�7LPH�GLVFRQQHFWHG��WKH9

EDVH� VWDWLRQ� VKDOO� PDLQWDLQ� WUDQVPLW� WLPLQJ� ZLWKLQ� ���� µV� RI� &'0$� 6\VWHP� 7LPH� IRU� D10

SHULRG�RI�QRW�OHVV�WKDQ���KRXUV�11

7KH�EDVH�VWDWLRQ�VKDOO�PDNH�DYDLODEOH�DQ�HYHQ�VHFRQG�WLPH�UHIHUHQFH�VLJQDO�IRU�WKH�SXUSRVH12

RI�V\QFKURQL]DWLRQ�WHVWLQJ�13

����������'HILQLWLRQ14

3LORW�WLPH�LV�GHILQHG�DV�WKH�HVWLPDWH�RI�&'0$�6\VWHP�7LPH�GHULYHG�IURP�REVHUYDWLRQ�RI�WKH15

SLORW�VLJQDO�DW�WKH�EDVH�VWDWLRQ�5)�RXWSXW�SRUW��3LORW�WLPH�DOLJQPHQW�HUURU�LV�WKH�GLIIHUHQFH16

EHWZHHQ�WKH�PHDVXUHG�SLORW�WLPH�DQG�WKH�H[SHFWHG�WLPH��WDNLQJ�LQWR�DFFRXQW�&'0$�6\VWHP17

7LPH�DQG�SLORW�RIIVHW�18

����������0HWKRG�RI�0HDVXUHPHQW19

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�20

�� &RQQHFW�WKH�ZDYHIRUP�TXDOLW\�WHVW�HTXLSPHQW�WR�D�EDVH�VWDWLRQ�5)�RXWSXW�SRUW�21

�� 6HW�WKH�DWWHQXDWRU�DW�DQ�DSSURSULDWH�OHYHO�IRU�WKH�WHVW�HTXLSPHQW�22

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�WKH�3LORW�&KDQQHO�V��RQO\��7KH�31�RIIVHW�V��RI23

WKH�EDVH�VWDWLRQ�PD\�EH�DQ\�YDOXH�LQ�DFFRUGDQFH�ZLWK�����������RI�7,$�(,$����%�24

�� 7ULJJHU�WKH�WHVW�HTXLSPHQW�IURP�WKH�EDVH�VWDWLRQ�HYHQ�VHFRQG�WLPH�UHIHUHQFH�VLJQDO�25

�� 0HDVXUH�WKH�SLORW�WLPH�DOLJQPHQW�HUURU�XVLQJ�WKH�WHVW�HTXLSPHQW�GHVFULEHG�LQ26

��������27

�� 5HSHDW�VWHSV�����IRU�HDFK�DYDLODEOH�&'0$�&KDQQHO��VHFWRUV�RU�DOWHUQDWH28

IUHTXHQFLHV��29

����������0LQLPXP�6WDQGDUG30

7KH�SLORW�WLPH�DOLJQPHQW�HUURU�VKRXOG�EH�OHVV�WKDQ����V�DQG�VKDOO�EH�OHVV�WKDQ�����V�31

)RU�EDVH�VWDWLRQV�VXSSRUWLQJ�PXOWLSOH�VLPXOWDQHRXV�&'0$�&KDQQHOV��DOO�&'0$�&KDQQHOV32

UDGLDWHG�E\�D�EDVH�VWDWLRQ�VKDOO�EH�ZLWKLQ�����V�RI�HDFK�RWKHU�33
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��������3LORW�&KDQQHO�WR�&RGH�&KDQQHO�7LPH�7ROHUDQFH1

����������'HILQLWLRQ2

3LORW�&KDQQHO�WR�FRGH�FKDQQHO�WLPH�WROHUDQFH�LV�WKH�SHUPLVVLEOH�HUURU�LQ�WLPLQJ�EHWZHHQ�WKH3

UDGLDWHG�3LORW�&KDQQHO�DQG�WKH�RWKHU�FRGH�FKDQQHOV�ZLWKLQ�RQH�)RUZDUG�&'0$�&KDQQHO�4

����������0HWKRG�RI�0HDVXUHPHQW5

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�6

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�DFFRUGLQJ�WR�WKH�WHVW�PRGHO�GHVFULEHG�LQ�������7

�� 0RQLWRU�WKH�WUDQVPLWWHU�RXWSXW�ZLWK�WKH�FRGH�GRPDLQ�SRZHU�WHVW�HTXLSPHQW�DV8

GHVFULEHG�LQ���������DQG�PHDVXUH�WKH�UHODWLYH�WLPLQJ�RI�WKH�DFWLYH�FKDQQHOV�9

����������0LQLPXP�6WDQGDUG10

7KH� WLPH� HUURU� EHWZHHQ� WKH� 3LORW� &KDQQHO� DQG� DOO� RWKHU� FRGH� FKDQQHOV� VKDULQJ� WKH� VDPH11

)RUZDUG�&'0$�&KDQQHO�VKDOO�EH�OHVV�WKDQ�����QV�12

��������3LORW�&KDQQHO�WR�&RGH�&KDQQHO�3KDVH�7ROHUDQFH13

����������'HILQLWLRQ14

3LORW�&KDQQHO�WR�FRGH�FKDQQHO�SKDVH�WROHUDQFH�LV�WKH�SHUPLVVLEOH�HUURU�LQ�5)�SKDVH�EHWZHHQ15

WKH�UDGLDWHG�3LORW�&KDQQHO�DQG�WKH�RWKHU�FKDQQHOV�ZLWKLQ�RQH�)RUZDUG�&'0$�&KDQQHO�16

����������0HWKRG�RI�0HDVXUHPHQW17

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�18

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�DFFRUGLQJ�WR�WKH�WHVW�PRGHO�GHVFULEHG�LQ�������19

�� 0RQLWRU�WKH�WUDQVPLWWHU�RXWSXW�ZLWK�WKH�FRGH�GRPDLQ�SRZHU�WHVW�HTXLSPHQW�DV20

GHVFULEHG�LQ���������DQG�PHDVXUH�WKH�UHODWLYH�SKDVH�RI�WKH�DFWLYH�FKDQQHOV�21

����������0LQLPXP�6WDQGDUG22

7KH�SKDVH�GLIIHUHQFHV�EHWZHHQ�WKH�3LORW�&KDQQHO�DQG�DOO�RWKHU�FRGH�FKDQQHOV�VKDULQJ� WKH23

VDPH�)RUZDUG�&'0$�&KDQQHO�VKRXOG�QRW� H[FHHG������ UDGLDQV�DQG�VKDOO�QRW� H[FHHG�����24

UDGLDQV�25

������:DYHIRUP�4XDOLW\26

��������'HILQLWLRQ27

:DYHIRUP�TXDOLW\�LV�PHDVXUHG�E\�GHWHUPLQLQJ�WKH�QRUPDOL]HG�FRUUHODWHG�SRZHU�EHWZHHQ�WKH28

DFWXDO�ZDYHIRUP�DQG�WKH�LGHDO�ZDYHIRUP�29

��������0HWKRG�RI�0HDVXUHPHQW30

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�31
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�� &RQQHFW�WKH�EDVH�VWDWLRQ�5)�RXWSXW�SRUW�WR�WKH�WHVW�HTXLSPHQW�GHVFULEHG�LQ���������1

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�WKH�3LORW�&KDQQHO�RQO\��7KH�31�RIIVHW�RI�WKH2

EDVH�VWDWLRQ�PD\�EH�DQ\�YDOXH�LQ�DFFRUGDQFH�ZLWK�����������RI�7,$�(,$����%�3

�� 7ULJJHU�WKH�WHVW�HTXLSPHQW�IURP�WKH�V\VWHP�WLPH�UHIHUHQFH�VLJQDO�IURP�WKH�EDVH4

VWDWLRQ�5

�� 0HDVXUH�WKH�ZDYHIRUP�TXDOLW\�IDFWRU�6

��������0LQLPXP�6WDQGDUG7

7KH�QRUPDOL]HG�FURVV�FRUUHODWLRQ�FRHIILFLHQW��ρ��VKDOO�EH�JUHDWHU�WKDQ��������H[FHVV�SRZHU��8

����G%��9

������3RZHU�&RQWURO�6XEFKDQQHO10

��������'HILQLWLRQ11

7KH� SRZHU� FRQWURO� VXEFKDQQHO� WHVW� HQVXUHV� WKDW� WKH� SRZHU� FRQWURO� ELWV� GHVFULEHG� LQ12

����������RI�7,$�(,$����%�KDYH�WKH�FRUUHFW�VHQVH��SRVLWLRQ��GHOD\��DQG�DPSOLWXGH�13

��������0HWKRG�RI�0HDVXUHPHQW14

6WDQGDUG�3URFHGXUH�15

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�16

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�DFFRUGLQJ�WR�WKH�WHVW�PRGHO�GHVFULEHG�LQ�������17

�� 'LVDEOH�FORVHG�ORRS�SRZHU�FRQWURO�LQ�WKH�PRELOH�VWDWLRQ�VLPXODWRU��,I�WKH�EDVH18

VWDWLRQ�XQGHU�WHVW�KDV�D�PHFKDQLVP�IRU�WKH�DGMXVWPHQW�RI�WKH�UHYHUVH�OLQN�(E�1�19

VHWSRLQW��LW�VKDOO�EH�GLVDEOHG�IRU�WKLV�WHVW�20

�� 6HW�WKH�$:*1�JHQHUDWRUV�WR�\LHOG�D�QRLVH�SRZHU�VSHFWUDO�GHQVLW\�RI�����G%P�����21

0+]����G%�DW�HDFK�EDVH�VWDWLRQ�5)�LQSXW�SRUW�22

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����23

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�24

�� $GMXVW�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�XQWLO�WKH�EDVH�VWDWLRQ�PHDVXUHV25

DSSUR[LPDWHO\�����)(5�26

�� 6WDUW�WKH�SRZHU�FRQWURO�WHVW�SURJUDP�LQ�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DV�GHVFULEHG�LQ27

�������7KH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�VKDOO�F\FOH�EHWZHHQ�WKH�OHYHO�VHW28

LQ�6WHS���DQG����G%�KLJKHU�DV�VKRZQ�LQ�)LJXUH�����������29

�� &RXQW�WKH�RFFXUUHQFHV�RI�SRZHU�XS�DQG�SRZHU�GRZQ�FRQWURO�ELWV�UHODWLYH�WR�PRELOH30

VWDWLRQ�VLPXODWRU�WLPH�UHIHUHQFH�SXOVHV�31

�� ,I�5DWH�6HW���LV�VXSSRUWHG��UHSHDW�VWHSV���WKURXJK���XVLQJ�5DWH�6HW���ORRSEDFN32

PRGH��6HUYLFH�2SWLRQ����33
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$OWHUQDWLYH�3URFHGXUH�1

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�DFFRUGLQJ�WR�WKH�WHVW�PRGHO�GHVFULEHG�LQ�������ZLWK�RQO\2

RQH�WUDIILF�FKDQQHO�DFWLYDWHG�3

�� (QDEOH�FORVHG�ORRS�SRZHU�FRQWURO�LQ�WKH�PRELOH�VWDWLRQ�VLPXODWRU��,I�WKH�EDVH�VWDWLRQ4

XQGHU�WHVW�KDV�D�PHFKDQLVP�IRU�DGMXVWLQJ�WKH�UHYHUVH�OLQN�(E�1��VHWSRLQW��LW�VKDOO5

EH�GLVDEOHG�IRU�WKLV�WHVW�6

�� 6HW�WKH�$:*1�JHQHUDWRUV�WR�\LHOG�D�QRLVH�SRZHU�VSHFWUDO�GHQVLW\�RI����7

G%P�����0+]����G%�DW�HDFK�EDVH�VWDWLRQ�5)�LQSXW�SRUW�8

�� 6HW�XS�D�FDOO�XVLQJ�5DWH�6HW���ORRSEDFN�PRGH��6HUYLFH�2SWLRQ����9

�� 7UDQVPLW�UDQGRP�GDWD�WR�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�IXOO�GDWD�UDWH�10

�� $GMXVW�WKH�PRELOH�VWDWLRQ�VLPXODWRU�RXWSXW�SRZHU�XQWLO�WKH�EDVH�VWDWLRQ�PHDVXUHV11

DSSUR[LPDWHO\����)(5�12

�� 'HFUHDVH�WKH�UHYHUVH�OLQN�SDWK�ORVV�EHWZHHQ�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DQG�WKH13

EDVH�VWDWLRQ�5)�LQSXW�SRUWV�E\����G%�IRU���PV��,QFUHDVH�WKH�SDWK�ORVV�E\����G%�WR�D14

OHYHO����G%�JUHDWHU�WKDQ�WKH�RULJLQDO�SDWK�ORVV�IRU���PV��'HFUHDVH�WKH�SDWK�ORVV�E\15

���G%�WR�D�OHYHO����G%�OHVV�WKDQ�WKH�RULJLQDO�SDWK�ORVV��&KDQJHV�LQ�SDWK�ORVV�VKDOO16

RFFXU�RQ�SRZHU�FRQWURO�JURXS�ERXQGDULHV�17

�� 0HDVXUH�DQG�UHFRUG�WKH�RXWSXW�SRZHU�RI�WKH�PRELOH�VWDWLRQ�VLPXODWRU�DW�HDFK�WHVW18

SRLQW��7KH�WLPLQJ�RI�WKH�WHVW�SRLQWV�UHODWLYH�WR�WKH�UHYHUVH�OLQN�SDWK�ORVV�LV�VKRZQ�LQ19

)LJXUH������������7KH�WLPLQJ�RI�WKH�WHVW�SRLQWV�PD\�EH�GHOD\HG�XS�WR�����µV��DV20

LQGLFDWHG�E\�WKH�LQWHUYDO�=�$�LQ�)LJXUH������������WR�FRPSHQVDWH�IRU�WKH�UHVSRQVH21

WLPH�RI�WKH�PRELOH�VWDWLRQ�WR�SRZHU�FRQWURO�ELWV�22

�� 5HSHDW�VWHSV���WKURXJK���XQWLO�VXIILFLHQW�FRQILGHQFH�LV�DVVXUHG�23

��� ,I�5DWH�6HW���LV�VXSSRUWHG��UHSHDW�VWHSV���WKURXJK���XVLQJ�5DWH�6HW���ORRSEDFN24

PRGH��6HUYLFH�2SWLRQ����25

26

27

Mobile Station Simulator 
Output Power10 dB

Time

1.25 ms

1.25 ms

1.25 ms

a b c d

≈10% FER Level

28

)LJXUH�����������D���3RZHU�8S�&RPPDQG�0HDVXUHPHQW�,QWHUYDO29

30

31
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Mobile Station Simulator 
Output Power

≈10% FER Level
10 dB

Time

1.25 ms

1.25 ms

1.25 ms

e f g h
1

)LJXUH�����������E���3RZHU�'RZQ�&RPPDQG�0HDVXUHPHQW�,QWHUYDO2

3

P a t h  Loss
10  dB

Ti m e

1 .25  m s

1 .25  m s

1 .25  m s

A B C

1.25  m s

1 .25  m s

 1 .25  m s

E F G H

20  dB  5  m s   5  m s
≈1%  F ER Level

DZ4

5

)LJXUH������������3DWK�/RVV�,QFUHDVH�DQG�'HFUHDVH�5HVSRQVHV�DQG�WKH�7HVW�3RLQWV�IRU6

WKH�$OWHUQDWLYH�7HVW�3URFHGXUH7

8

��������0LQLPXP�6WDQGDUG9

6WDQGDUG�3URFHGXUH�10

,Q�)LJXUH������������ LQWHUYDO�E�F� LV� WKH� VHFRQG�DQG� LQWHUYDO� F�G� LV� WKH� WKLUG�SRZHU� FRQWURO11

JURXS� IROORZLQJ� WKH� GURS� LQ� PRELOH� VWDWLRQ� VLPXODWRU� RXWSXW� SRZHU�� ,QWHUYDO� I²J� LV� WKH12

VHFRQG�DQG�LQWHUYDO�J�K�LV�WKH�WKLUG�SRZHU�FRQWURO�JURXS�IROORZLQJ�WKH�ULVH�LQ�PRELOH�VWDWLRQ13

VLPXODWRU�RXWSXW�SRZHU��:LWKLQ�HDFK�SRZHU�FRQWURO�JURXS�WKHUH�ZLOO�EH�RQH�SRZHU�FRQWURO14

VXEFKDQQHO�ELW�WUDQVPLWWHG�E\�WKH�EDVH�VWDWLRQ�15

2I�DOO�WKH�SRZHU�FRQWURO�ELWV�WUDQVPLWWHG�E\�WKH�EDVH�VWDWLRQ�LQ�LQWHUYDOV�F�G�DQG�I�J������RU16

PRUH�VKDOO�EH�SRZHU�XS�FRPPDQGV��2I�DOO� WKH�SRZHU�FRQWURO�ELWV� WUDQVPLWWHG�E\�WKH�EDVH17

VWDWLRQ�LQ�LQWHUYDOV�E�F�DQG�J�K������RU�PRUH�VKDOO�EH�SRZHU�GRZQ�FRPPDQGV�18

7KH�DPSOLWXGH�RI�WKH�SRZHU�FRQWURO�V\PEROV�VKDOO�EH�DW�OHDVW�DV�ODUJH�DV�WKH�IXOO�UDWH�GDWD19

V\PEROV�LQGHSHQGHQW�RI�WKH�GDWD�UDWH�EHLQJ�WUDQVPLWWHG�RQ�WKH�)RUZDUG�7UDIILF�&KDQQHO�20

$OWHUQDWLYH�3URFHGXUH�21

7KH� LQWHUYDO� RI� WHVW� SRLQWV�$�%��%�&��&�'��'�(��(�)�� )�*�� DQG�*�+� LQ�)LJXUH� ���������� LV22

�����PV��&DOFXODWH�WKH�DYHUDJH�RXWSXW�SRZHU�RI�WHVW�SRLQWV�%��&��'��)��*��DQG�+��DQG�GHQRWH23

WKH�UHVXOWV�DV�3%��3&��3'��3)��3*��DQG�3+��UHVSHFWLYHO\��7KH�YDOXHV�RI�3'���3&��3*���3)��3%��24

3&��DQG�3*���3+�VKDOO�EH�ZLWKLQ�WKH�UDQJH�RI�����±�����G%�25
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����5)�2XWSXW�3RZHU�5HTXLUHPHQWV1

������7RWDO�3RZHU2

��������'HILQLWLRQ3

7RWDO�SRZHU�LV�WKH�PHDQ�SRZHU�GHOLYHUHG�WR�D�ORDG�ZLWK�UHVLVWDQFH�HTXDO�WR�WKH�QRPLQDO�ORDG4

LPSHGDQFH�RI�WKH�WUDQVPLWWHU�5

��������0HWKRG�RI�0HDVXUHPHQW6

�� &RQQHFW�WKH�SRZHU�PHDVXULQJ�HTXLSPHQW�WR�WKH�EDVH�VWDWLRQ�5)�RXWSXW�SRUW�7

�� 6HW�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�D�VLJQDO�PRGXODWHG�ZLWK�D�FRPELQDWLRQ�RI�3LORW�8

6\QF��3DJLQJ��DQG�7UDIILF�&KDQQHOV�DV�VWDWHG�LQ�������9

�� 0HDVXUH�WKH�PHDQ�SRZHU�DW�WKH�5)�RXWSXW�SRUW�10

��������0LQLPXP�6WDQGDUG11

7KH�WRWDO�SRZHU�VKDOO�UHPDLQ�ZLWKLQ����G%�DQG����G%�RI�WKH�PDQXIDFWXUHU·V�UDWHG�SRZHU�IRU12

WKH�HTXLSPHQW�RYHU�WKH�HQYLURQPHQWDO�FRQGLWLRQV�GHVFULEHG�LQ�6HFWLRQ���13

������5HVHUYHG14

������3LORW�3RZHU15

��������'HILQLWLRQ16

7KH�3LORW�&KDQQHO�SRZHU� WR� WRWDO�SRZHU� UDWLR� LV� WKH�SRZHU�DWWULEXWHG� WR� WKH�3LORW�&KDQQHO17

GLYLGHG�E\� WKH� WRWDO� SRZHU�� DQG� LV� H[SUHVVHG� LQ� G%�� 7KH�&RGH�'RPDLQ� 3RZHU� $QDO\]HU� LV18

XVHG�WR�GHWHUPLQH�WKH�UDWLR�RI�WKH�3LORW�&KDQQHO�SRZHU�WR�WKH�WRWDO�SRZHU��7KLV�HTXLSPHQW�LV19

GHVFULEHG�LQ���������20

��������0HWKRG�RI�0HDVXUHPHQW21

�� &RQQHFW�WKH�EDVH�VWDWLRQ�5)�RXWSXW�SRUW�WR�WKH�&RGH�'RPDLQ�3RZHU�$QDO\]HU�XVLQJ22

DQ�DWWHQXDWRU�RU�GLUHFWLRQDO�FRXSOHU�LI�QHFHVVDU\�23

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�D�VLJQDO�PRGXODWHG�ZLWK�D�FRPELQDWLRQ�RI24

3LORW��6\QF��3DJLQJ��DQG�7UDIILF�&KDQQHOV�DV�GHVFULEHG�LQ�������25

�� 0HDVXUH�WKH�3LORW�&KDQQHO�SRZHU�WR�WRWDO�SRZHU�UDWLR�26

��������0LQLPXP�6WDQGDUG27

7KH�3LORW�&KDQQHO�SRZHU�WR�WRWDO�SRZHU�UDWLR�VKDOO�EH�ZLWKLQ������G%�RI�WKH�FRQILJXUHG�YDOXH�28
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������&RGH�'RPDLQ�3RZHU1

��������'HILQLWLRQ2

&RGH�GRPDLQ�SRZHU�LV�WKH�SRZHU�LQ�HDFK�FRGH�FKDQQHO�RI�D�&'0$�&KDQQHO��7KH�&'0$�WLPH3

UHIHUHQFH�XVHG�LQ�WKH�FRGH�GRPDLQ�SRZHU�WHVW�LV�GHULYHG�IURP�WKH�3LORW�&KDQQHO�DQG�LV�XVHG4

DV�WKH�UHIHUHQFH�IRU�GHPRGXODWLRQ�RI�DOO�RWKHU�FRGH�FKDQQHOV�5

��������0HWKRG�RI�0HDVXUHPHQW6

5HIHU�WR�)LJXUH���������IRU�D�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�WHVW�VHWXS�7

�� &RQILJXUH�WKH�EDVH�VWDWLRQ�DFFRUGLQJ�WR�WKH�WHVW�PRGHO�GHVFULEHG�LQ�������8

�� 6HW�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�DW�WKH�PDQXIDFWXUHU·V�PD[LPXP�UDWHG�SRZHU�9

�� 0HDVXUH�WKH�EDVH�VWDWLRQ�WUDQVPLWWHU�RXWSXW�DW�WKH�5)�RXWSXW�SRUW�ZLWK�D�&RGH10

'RPDLQ�3RZHU�$QDO\]HU�GHVFULEHG�LQ���������11

��������0LQLPXP�6WDQGDUG12

7KH�FRGH�GRPDLQ�SRZHU� LQ� HDFK� LQDFWLYH� FKDQQHO� VKDOO� EH� ���G%� RU�PRUH� EHORZ� WKH� WRWDO13

RXWSXW�SRZHU�14

����/LPLWDWLRQV�RQ�(PLVVLRQV15

������&RQGXFWHG�6SXULRXV�(PLVVLRQV16

��������'HILQLWLRQ17

&RQGXFWHG�VSXULRXV�HPLVVLRQV�DUH�HPLVVLRQV�DW� IUHTXHQFLHV� WKDW�DUH�RXWVLGH� WKH�DVVLJQHG18

&'0$�&KDQQHO��PHDVXUHG�DW�WKH�EDVH�VWDWLRQ�5)�RXWSXW�SRUW�19

��������0HWKRG�RI�0HDVXUHPHQW20

�� &RQQHFW�D�VSHFWUXP�DQDO\]HU��RU�RWKHU�VXLWDEOH�WHVW�HTXLSPHQW��WR�WKH�EDVH�VWDWLRQ21

5)�RXWSXW�SRUW��XVLQJ�DQ�DWWHQXDWRU�RU�GLUHFWLRQDO�FRXSOHU�LI�QHFHVVDU\�22

�� 6HW�WKH�EDVH�VWDWLRQ�WR�WUDQVPLW�D�VLJQDO�PRGXODWHG�ZLWK�D�FRPELQDWLRQ�RI�3LORW�23

6\QF��3DJLQJ��DQG�7UDIILF�&KDQQHOV�DV�VWDWHG�LQ��������7RWDO�SRZHU�DW�WKH�5)�RXWSXW24

SRUW�VKDOO�EH�WKH�PD[LPXP�SRZHU�DV�VSHFLILHG�E\�WKH�PDQXIDFWXUHU�25

�� 0HDVXUH�WKH�SRZHU�OHYHO�DW�WKH�FDUULHU�IUHTXHQF\�26

�� 0HDVXUH�WKH�VSXULRXV�HPLVVLRQ�OHYHO�LQ�WKH�EDVH�VWDWLRQ�WUDQVPLW�EDQG�EHWZHHQ����27

0+]�DQG�����0+]�IRU�%DQG�&ODVV����RU�EHWZHHQ������0+]�DQG������0+]�IRU�%DQG28

&ODVV���29

��������0LQLPXP�6WDQGDUG30

����������&HOOXODU�%DQG31

:KHQ� WUDQVPLWWLQJ� LQ� %DQG� &ODVV� ��� WKH� VSXULRXV� HPLVVLRQV� EHWZHHQ� ���� DQG� ����0+]32

VKDOO�EH�OHVV�WKDQ�WKH�OLPLWV�VSHFLILHG�LQ�7DEOH�������������33
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1

7DEOH��������������%DQG�&ODVV���7UDQVPLWWHU�6SXULRXV�(PLVVLRQ�/LPLWV2

)RU�_∆I_�*UHDWHU�WKDQ (PLVVLRQ�/LPLW

����N+] ����G%F������N+]

�����0+] ����G%F������N+]��3RXW�≥����G%P
����G%P������N+]�����G%P�≤�3RXW������G%P

����G%F������N+]��3RXW������G%P

������0+] ����G%P�������N+]

1RWH� $OO� IUHTXHQFLHV� LQ� WKH� PHDVXUHPHQW� EDQGZLGWK� VKDOO� VDWLVI\� WKH3

UHVWULFWLRQV�RQ�_∆I_��ZKHUH�∆I� �FHQWHU�IUHTXHQF\���FORVHU�PHDVXUHPHQW�HGJH4

IUHTXHQF\�DQG�3RXW�LV�WKH�DYHUDJH�WUDQVPLWWHU�SRZHU��7KH�����G%P�������N+]5

HPLVVLRQ�OLPLW�LV�EDVHG�RQ�,78�&DWHJRU\�$�HPLVVLRQ�OLPLWV�6

7

&XUUHQW�)&&�UXOHV�VKDOO�DOVR�DSSO\�8

����������3&6�%DQG9

:KHQ�WUDQVPLWWLQJ�LQ�%DQG�&ODVV����WKH�VSXULRXV�HPLVVLRQV�EHWZHHQ������DQG������0+]10

VKDOO�EH�OHVV�WKDQ�WKH�OLPLWV�VSHFLILHG�LQ�7DEOH�������������11

12

7DEOH��������������%DQG�&ODVV���7UDQVPLWWHU�6SXULRXV�(PLVVLRQ�/LPLWV13

)RU�_∆I_�*UHDWHU�7KDQ (PLVVLRQ�/LPLW

����N+] ����G%F������N+]

�����0+] ����G%F������N+]��3RXW�≥����G%P
����G%P������N+]�����G%P�≤�3RXW������G%P

����G%F������N+]��3RXW������G%P

�����0+] ����G%P�����0+]

1RWH� $OO� IUHTXHQFLHV� LQ� WKH� PHDVXUHPHQW� EDQGZLGWK� VKDOO� VDWLVI\� WKH14

UHVWULFWLRQV� RQ� _∆I_�� ZKHUH�∆I�  � FHQWHU� IUHTXHQF\� �� FORVHU�PHDVXUHPHQW15

HGJH�IUHTXHQF\��DQG�3RXW�LV�WKH�DYHUDJH�WUDQVPLWWHU�SRZHU��7KH�����G%P��16

��0+]� HPLVVLRQ� OLPLW� LV� EDVHG� RQ� )&&� UXOHV� ZKLFK� DUH� PRUH� VWULQJHQW17

WKDQ�,78�&DWHJRU\�$�HPLVVLRQ�OLPLWV�18

&XUUHQW�)&&�UXOHV�VKDOO�DOVR�DSSO\�19

������5DGLDWHG�6SXULRXV�(PLVVLRQV20

&XUUHQW�)&&�UXOHV�VKDOO�DSSO\�21

22
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��&'0$�*(1(5$/�5(48,5(0(1761

����7HPSHUDWXUH�DQG�3RZHU�6XSSO\�9ROWDJH2

������'HILQLWLRQ3

7KH�WHPSHUDWXUH�DQG�YROWDJH�UDQJHV�GHQRWH�WKH�UDQJHV�RI�DPELHQW�WHPSHUDWXUH�DQG�SRZHU4

VXSSO\�LQSXW�YROWDJHV�RYHU�ZKLFK�WKH�EDVH�VWDWLRQ�ZLOO�RSHUDWH�DQG�PHHW�WKH�UHTXLUHPHQWV�RI5

WKLV�6WDQGDUG��7KH�DPELHQW�WHPSHUDWXUH�LV�WKH�DYHUDJH�WHPSHUDWXUH�RI�WKH�DLU�VXUURXQGLQJ6

WKH�EDVH� VWDWLRQ� HTXLSPHQW��7KH�SRZHU� VXSSO\� YROWDJH� LV� WKH� YROWDJH�DSSOLHG�DW� WKH� LQSXW7

WHUPLQDOV� RI� WKH�EDVH� VWDWLRQ� HTXLSPHQW�� 7KH�PDQXIDFWXUHU� LV� WR� VSHFLI\� WKH� WHPSHUDWXUH8

UDQJH�DQG�WKH�SRZHU�VXSSO\�YROWDJH�RYHU�ZKLFK�WKH�HTXLSPHQW�LV�WR�RSHUDWH�9

������0HWKRG�RI�0HDVXUHPHQW10

7KH�EDVH�VWDWLRQ�HTXLSPHQW�VKDOO�EH�LQVWDOOHG�LQ�LWV�QRUPDO�FRQILJXUDWLRQ��L�H���LQ�LWV�QRUPDO11

FDELQHW� RU� UDFN� PRXQWLQJ� DUUDQJHPHQW� ZLWK� DOO� QRUPDOO\� VXSSOLHG� FRYHUV� LQVWDOOHG�� DQG12

SODFHG� LQ� D� WHPSHUDWXUH� FKDPEHU�� 2SWLRQDOO\�� WKH� HTXLSPHQW� FRQWDLQLQJ� WKH� IUHTXHQF\13

GHWHUPLQLQJ�HOHPHQW�V��PD\�EH�SODFHG�LQ�WKH�WHPSHUDWXUH�FKDPEHU�LI�WKH�IUHTXHQF\�VWDELOLW\14

LV�WR�EH�PDLQWDLQHG�RYHU�D�GLIIHUHQW�WHPSHUDWXUH�IURP�WKDW�VSHFLILHG�IRU�WKH�UHVW�RI�WKH�EDVH�15

VWDWLRQ�HTXLSPHQW�16

7KH� WHPSHUDWXUH� FKDPEHU� VKDOO� EH� VWDELOL]HG� DW� WKH� PDQXIDFWXUHU
V� KLJKHVW� VSHFLILHG17

RSHUDWLQJ� WHPSHUDWXUH� DQG� WKHQ� VKDOO� EH� RSHUDWHG� LQ� DFFRUGDQFH�ZLWK� WKH� VWDQGDUG� GXW\18

F\FOH�WHVW�FRQGLWLRQV�VSHFLILHG�LQ�6HFWLRQ����DQG�RYHU�WKH�SRZHU�VXSSO\�LQSXW�YROWDJH�UDQJH19

VSHFLILHG�E\�WKH�PDQXIDFWXUHU��:LWK�WKH�EDVH�VWDWLRQ�HTXLSPHQW�RSHUDWLQJ��WKH�WHPSHUDWXUH20

LV�WR�EH�PDLQWDLQHG�DW�WKH�VSHFLILHG�WHVW�WHPSHUDWXUH�ZLWKRXW�IRUFHG�FLUFXODWLRQ�RI�DLU�IURP21

WKH�WHPSHUDWXUH�FKDPEHU�EHLQJ�GLUHFWO\�DSSOLHG�WR�WKH�EDVH�VWDWLRQ�HTXLSPHQW�22

'XULQJ�WKH�HQWLUH�GXW\�F\FOH��WKH�WUDQVPLWWHU�IUHTXHQF\�DFFXUDF\��WLPLQJ�UHIHUHQFH��RXWSXW23

SRZHU��DQG�ZDYHIRUP�TXDOLW\�VKDOO�EH�PHDVXUHG�DV�VSHFLILHG�LQ�6HFWLRQ���24

7XUQ� WKH� EDVH� VWDWLRQ� HTXLSPHQW� RII�� VWDELOL]H� WKH� HTXLSPHQW� LQ� WKH� FKDPEHU� DW� URRP25

WHPSHUDWXUH�� DQG� UHSHDW� WKH� DERYH� PHDVXUHPHQWV� DIWHU� D� ���PLQXWH� VWDQGE\� ZDUPXS26

SHULRG�27

7XUQ�WKH�EDVH�VWDWLRQ�HTXLSPHQW�RII��VWDELOL]H�WKH�HTXLSPHQW�LQ�WKH�FKDPEHU�DW�WKH�FROGHVW28

RSHUDWLQJ�WHPSHUDWXUH�VSHFLILHG�E\�WKH�PDQXIDFWXUHU��DQG�UHSHDW�WKH�DERYH�PHDVXUHPHQWV29

DERYH�DIWHU�D����PLQXWH�VWDQGE\�ZDUPXS�SHULRG�30

)RU� WUDQVPLWWHU� IUHTXHQF\� VWDELOLW\�PHDVXUHPHQWV�� WKH� DERYH� SURFHGXUH� VKDOO� EH� UHSHDWHG31

HYHU\� ���&� RYHU� WKH� RSHUDWLQJ� WHPSHUDWXUH� UDQJH� VSHFLILHG� E\� WKH� PDQXIDFWXUHU�� 7KH32

HTXLSPHQW� VKDOO� EH� DOORZHG� WR� VWDELOL]H� DW� HDFK� VWHS� EHIRUH� D� IUHTXHQF\�PHDVXUHPHQW� LV33

PDGH�34

������0LQLPXP�6WDQGDUG35

2YHU�WKH�DPELHQW�WHPSHUDWXUH�DQG�SRZHU�VXSSO\�UDQJHV�VSHFLILHG�E\�WKH�PDQXIDFWXUHU��WKH36

RSHUDWLRQ�RI�WKH�EDVH�VWDWLRQ�HTXLSPHQW�VKDOO�FRQIRUP�WR�WKH�OLPLWV�VKRZQ�LQ�7DEOH���������37
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1

7DEOH����������(QYLURQPHQWDO�7HVW�/LPLWV2

3DUDPHWHU /LPLW 5HIHUHQFH

)UHTXHQF\�7ROHUDQFH ������SSP �����

7LPH�5HIHUHQFH ����µV �������

3LORW�:DYHIRUP�4XDOLW\ ρ !������ �����

5)�3RZHU�2XWSXW�9DULDWLRQ ���G%�����G% �����

3

����+LJK�+XPLGLW\4

������'HILQLWLRQ5

7KH� WHUP� �KLJK� KXPLGLW\�� GHQRWHV� WKH� UHODWLYH� KXPLGLW\� DW� ZKLFK� WKH� EDVH� VWDWLRQ� ZLOO6

RSHUDWH�ZLWK�QR�PRUH�WKDQ�D�VSHFLILHG�DPRXQW�RI�GHJUDGDWLRQ�LQ�SHUIRUPDQFH�7

������0HWKRG�RI�0HDVXUHPHQW8

7KH� EDVH� VWDWLRQ� HTXLSPHQW�� DIWHU� KDYLQJ� EHHQ� DGMXVWHG� IRU� QRUPDO� RSHUDWLRQ� XQGHU9

VWDQGDUG� WHVW� FRQGLWLRQV�� VKDOO� EH� SODFHG�� LQRSHUDWLYH�� LQ� D� KXPLGLW\� FKDPEHU� ZLWK� WKH10

KXPLGLW\�PDLQWDLQHG� DW� ������ JP�+���JP�'U\�$LU� DW� ���&� ����� UHODWLYH�KXPLGLW\�� IRU� D11

SHULRG�RI�QRW�OHVV�WKDQ�HLJKW�KRXUV��:KLOH�LQ�WKH�FKDPEHU�DQG�DW�WKH�HQG�RI�WKLV�SHULRG��WKH12

EDVH� VWDWLRQ� WUDQVPLWWLQJ� HTXLSPHQW� VKDOO� EH� WHVWHG� IRU� IUHTXHQF\� DFFXUDF\�� WLPLQJ13

UHIHUHQFH�� RXWSXW� SRZHU�� DQG� ZDYHIRUP� TXDOLW\�� 1R� UHDGMXVWPHQW� RI� WKH� EDVH� VWDWLRQ14

HTXLSPHQW�VKDOO�EH�DOORZHG�GXULQJ�WKLV�WHVW�15

������0LQLPXP�6WDQGDUG16

8QGHU� WKH� DERYH� KXPLGLW\� FRQGLWLRQV�� WKH� RSHUDWLRQ� RI� WKH� EDVH� VWDWLRQ� HTXLSPHQW� VKDOO17

FRQIRUP�WR�WKH�OLPLWV�VSHFLILHG�LQ�7DEOH���������18

����$&�3RZHUOLQH�&RQGXFWHG�(PLVVLRQV19

������'HILQLWLRQ20

$&�SRZHUOLQH�FRQGXFWHG�HPLVVLRQV�WHVWV�VKDOO�EH�SHUIRUPHG�RQ�DOO�HTXLSPHQW�WKDW�GLUHFWO\21

FRQQHFWV� WR� WKH�SXEOLF�XWLOLW\�SRZHUOLQH��)RU�HTXLSPHQW� WKDW� UHFHLYHV�SRZHU� IURP�D�GHYLFH22

WKDW�LV�GLUHFWO\�FRQQHFWHG�WR�WKH�SXEOLF�XWLOLW\�SRZHUOLQH��VXFK�DV�D�'&�SRZHU�VXSSO\���WKH23

FRQGXFWHG� HPLVVLRQV� WHVWV� VKDOO� EH� SHUIRUPHG� RQ� WKH� SRZHU� VXSSO\� GHYLFH�� ZLWK� WKH24

HTXLSPHQW�XQGHU�WHVW�FRQQHFWHG�� WR� LQVXUH�WKDW� WKH�VXSSO\�FRQWLQXHV�WR�PHHW� WKH�FXUUHQW25

HPLVVLRQV� VWDQGDUGV�� $&� SRZHUOLQH� FRQGXFWHG� HPLVVLRQV� WHVWV� DUH� QRW� UHTXLUHG� IRU26
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FRQQHFWLRQ�WR�WKH�SXEOLF�XWLOLW\�SRZHUOLQH�28
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������0LQLPXP�6WDQGDUG4
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7KH� HTXLSPHQW� VKDOO� EH� DVVHPEOHG� DQG� DQ\� QHFHVVDU\� DGMXVWPHQWV� VKDOO� EH� PDGH� LQ4

DFFRUGDQFH�ZLWK�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQV�IRU�WKH�PRGH�RI�RSHUDWLRQ�UHTXLUHG��:KHQ5

DOWHUQDWLYH� PRGHV� DUH� DYDLODEOH�� WKH� HTXLSPHQW� VKDOO� EH� DVVHPEOHG� DQG� DGMXVWHG� LQ6

DFFRUGDQFH� ZLWK� WKH� UHOHYDQW� LQVWUXFWLRQV�� $� FRPSOHWH� VHULHV� RI� PHDVXUHPHQWV� VKDOO� EH7

PDGH�IRU�HDFK�PRGH�RI�RSHUDWLRQ�8

������$VVRFLDWHG�(TXLSPHQW9

7KH� EDVH� VWDWLRQ� HTXLSPHQW� PD\� LQFOXGH� DVVRFLDWHG� HTXLSPHQW� GXULQJ� WHVWV� LI� WKH10

DVVRFLDWHG�HTXLSPHQW�LV�QRUPDOO\�XVHG�LQ�WKH�RSHUDWLRQ�RI�WKH�HTXLSPHQW�XQGHU�WHVW��7KLV11

ZRXOG�LQFOXGH�SRZHU�VXSSOLHV��FDELQHWV��DQWHQQD�FRXSOHUV��DQG�UHFHLYHU�PXOWLFRXSOHUV�12

����6WDQGDUG�(QYLURQPHQWDO�7HVW�&RQGLWLRQV13

0HDVXUHPHQWV� XQGHU� VWDQGDUG� DWPRVSKHULF� FRQGLWLRQV� VKDOO� EH� FDUULHG� RXW� XQGHU� DQ\14

FRPELQDWLRQ�RI�WKH�IROORZLQJ�FRQGLWLRQV�15

7HPSHUDWXUH� �����&�WR������&16

5HODWLYH�+XPLGLW\� ����WR����17

$LU�3UHVVXUH� �������WR���������3D������WR������PEDU�18

,I�GHVLUHG��WKH�UHVXOWV�RI�WKH�PHDVXUHPHQWV�FDQ�EH�FRUUHFWHG�E\�FDOFXODWLRQ�WR�WKH�VWDQGDUG19

UHIHUHQFH�WHPSHUDWXUH�RI����&�DQG�WKH�VWDQGDUG�UHIHUHQFH�DLU�SUHVVXUH�RI���������3D������20

PEDU��� 3URFHGXUHV� IRU�PDNLQJ� VXFK� FRUUHFWLRQV� FDQ� EH� IRXQG� LQ�(,$� GRFXPHQWV� FRYHULQJ21

WHVW�SURFHGXUHV�IRU�VWDQGDUG�WZR�ZD\�ODQG�PRELOH�HTXLSPHQW�22

����6WDQGDUG�&RQGLWLRQV�IRU�WKH�3ULPDU\�3RZHU�6XSSO\23

������*HQHUDO24

7KH� VWDQGDUG� WHVW� YROWDJHV� VKDOO� EH� WKRVH� VSHFLILHG� E\� WKH� PDQXIDFWXUHU� DV� PLQLPXP�25

QRUPDO�� DQG� PD[LPXP� RSHUDWLQJ� YDOXHV�� 7KH� YROWDJH� VKDOO� QRW� GHYLDWH� IURP� WKH� VWDWHG26

YDOXHV�E\�PRUH�WKDQ�����GXULQJ�D�VHULHV�RI�PHDVXUHPHQWV�FDUULHG�RXW�DV�SDUW�RI�RQH�WHVW�RQ27

WKH�VDPH�HTXLSPHQW�28
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7KH�IROORZLQJ�VWDQGDUG�FRQGLWLRQV�DQG�WROHUDQFHV�RQ�WKH�FKDQQHO�PRGHO�SDUDPHWHUV�VKDOO�EH1

VXSSRUWHG�E\�WKH�FKDQQHO�VLPXODWRU�2

� 9HKLFOH�6SHHG��Y��DV�VKRZQ�LQ�7DEOH��������3

7KH�WROHUDQFH�RQ�'RSSOHU�VKDOO�EH�����4

� 3RZHU�GLVWULEXWLRQ�IXQFWLRQ��)�3�5

�� 7KH� WROHUDQFH�VKDOO�EH�ZLWKLQ����G%�RI�FDOFXODWHG�� IRU�SRZHU� OHYHOV� IURP����G%6

DERYH�WR����G%�EHORZ�WKH�PHDQ�SRZHU�OHYHO�7

�� 7KH� WROHUDQFH�VKDOO�EH�ZLWKLQ����G%�RI�FDOFXODWHG�� IRU�SRZHU� OHYHOV� IURP����G%8

EHORZ�WR����G%�EHORZ�WKH�PHDQ�SRZHU�OHYHO�9

� /HYHO�FURVVLQJ�UDWH��/�3�10

7KH� WROHUDQFH� VKDOO� EH� ZLWKLQ� ����� RI� FDOFXODWHG�� IRU� SRZHU� OHYHOV� IURP� �� G%11

DERYH�WR����G%�EHORZ�WKH�PHDQ�SRZHU�OHYHO�12

� 0HDVXUHG�SRZHU�VSHFWUDO�GHQVLW\��6�I���DURXQG�WKH�FDUULHU��IF�13
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�� 0HDVXUHG�DXWRFRUUHODWLRQ�FRHIILFLHQW�RI�WKH�XQZUDSSHG�SKDVH��ρ�W�20

�� $W�D�ODJ�RI������IG�VKDOO�EH����������21
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7DEOH����������6WDQGDUG�&KDQQHO�6LPXODWRU�&RQILJXUDWLRQV24
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(TXLSPHQW� FDSDEOH� RI� SHUIRUPLQJ� ZDYHIRUP� FURVV�FRUUHODWLRQ� VKDOO� EH� XVHG� IRU� WKH3

PHDVXUHPHQW� RI� IRUZDUG� OLQN� IUHTXHQF\� WROHUDQFH�� SLORW� WLPH� WROHUDQFH�� DQG� ZDYHIRUP4

FRPSDWLELOLW\�5
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0RGXODWLRQ�DFFXUDF\�LV�WKH�DELOLW\�RI�WKH�WUDQVPLWWHU�WR�JHQHUDWH�WKH�LGHDO�VLJQDO�V�W��21

7KH�DFWXDO�WUDQVPLWWHU�VLJQDO�LV�JLYHQ�E\22

( ) ( ) ( )[ ] ( ) ( )[ ]∑ θ+τ+ω∆+ω−+τ+=
L

W�M
LLLL

LLFHW(W5EW[23

ZKHUH24

EL�LV�WKH�DPSOLWXGH�RI�WKH�DFWXDO�VLJQDO�UHODWLYH�WR�WKH�LGHDO�VLJQDO�IRU�WKH�LWK�FRGH25

FKDQQHO�26
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(L�W��LV�WKH�FRPSOH[�HQYHORSH�RI�WKH�HUURU��GHYLDWLRQ�IURP�LGHDO��RI�WKH�DFWXDO�WUDQVPLW1

VLJQDO�IRU�WKH�LWK�FRGH�FKDQQHO�2
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PXOWLSOLFDWLYH�IDFWRU�WR�SURGXFH6
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PHDVXUHPHQW�LQWHUYDO�DQG� ( )[ ]N�M��5
a

5
a

�N�M�� +−= �LV�WKH�FRUUHVSRQGLQJ�VDPSOH�RI�WKH�LGHDO26

RXWSXW�RI�WKH�FRPSOHPHQWDU\�ILOWHU�IRU�WKH�3LORW�&KDQQHO�27

0RGXODWLRQ�DFFXUDF\� VKDOO� EH�PHDVXUHG�E\�XVLQJ� WKH� ��1� FRPSOH[�YDOXHG� VDPSOHV�� ]�WN��28

RYHU�D�WLPH�LQWHUYDO�RI�1�:DOVK�)XQFWLRQ�SHULRGV��7KH�ILUVW�VDPSOH��]�W����RFFXUV�DW�WKH�ILUVW29

FKLS�RI�D�:DOVK�)XQFWLRQ�DQG�WKH�ILQDO�VDPSOH��]�W��1���RFFXUV�DW�WKH�ODVW�FKLS�RI�D�:DOVK30

)XQFWLRQ�� 7KH� VXPPDWLRQ� RYHU� IXOO� :DOVK� )XQFWLRQ� SHULRGV� LV� QHFHVVDU\� WR� DFKLHYH� WKH31

RUWKRJRQDOLW\�SURSHUW\�RI�WKH�:DOVK�)XQFWLRQV�32
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7KH�PHDVXUHPHQW�LQWHUYDO�VKDOO�EH�D�PXOWLSOH�RI�WKH�:DOVK�)XQFWLRQ�SHULRG��RU���1�FKLSV��11

VKDOO�EH�DW�OHDVW����2

7KH�DFFXUDF\�RI�WKH�ZDYHIRUP�TXDOLW\�PHDVXUHPHQW�HTXLSPHQW�VKDOO�EH�DV�VKRZQ�LQ�7DEOH3

����������4

5

7DEOH������������$FFXUDF\�RI�:DYHIRUP�4XDOLW\�0HDVXUHPHQW�(TXLSPHQW6

3DUDPHWHU 6\PERO $FFXUDF\�5HTXLUHPHQW

:DYHIRUP�4XDOLW\ ρ� ��×�����IURP������WR����

)UHTXHQF\�(UURU��H[FOXVLYH�RI�WHVW
HTXLSPHQW�WLPH�EDVH�HUURUV�

∆I ����+]

3LORW�7LPH�$OLJQPHQW�(UURU τ� �����QV

7

��������&RGH�'RPDLQ�0HDVXUHPHQW�(TXLSPHQW8

6HH� �������� IRU� GHILQLWLRQ� RI� VLJQDO� SDUDPHWHUV�� &RGH� GRPDLQ� PHDVXUHPHQW� HTXLSPHQW9

PHDVXUHV�10

�� :DOVK�FRGH�GRPDLQ�SRZHU�FRHIILFLHQWV�ρ0��ρ1��ρ2������ρ63��VHH�EHORZ�IRU�GHILQLWLRQ��11

�� :DOVK�FRGH�GRPDLQ�WLPH�RIIVHWV�UHODWLYH�WR�SLORW�∆τL��ZKHUH12

�LL τ−τ=τ∆ �13

�� :DOVK�FRGH�GRPDLQ�SKDVH�RIIVHWV�UHODWLYH�WR�SLORW�∆θL��ZKHUH14

�LL θ−θ=θ∆ �15

&RGH�GRPDLQ�SRZHU� LV� GHILQHG� DV� WKH� IUDFWLRQ� RI� SRZHU� LQ� ]�WN�� WKDW� FRUUHODWHV�ZLWK� HDFK16

5L�WN��ZKHQ�WKH�WUDQVPLWWHU�LV�PRGXODWHG�DFFRUGLQJ�WR�D�NQRZQ�FRGH�V\PERO�VHTXHQFH��7KH17

DFWXDO�VLJQDO�LV�FRPSHQVDWHG�LQ�IUHTXHQF\�HUURU�∆ω��SLORW�WLPH�DOLJQPHQW�HUURU�τ0��DQG�SLORW18

SKDVH�θ0�19

&RGH�GRPDLQ�SRZHU�FRHIILFLHQWV�ρL�DUH�GHILQHG�DV20
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=M�N�LV�GHILQHG�LQ���������DQG�5L�M�N� �5L>���M����N@�LV�WKH�NWK�VDPSOH�LQ�WKH�MWK�:DOVK�SHULRG22

RI�WKH�LGHDO�RXWSXW�RI�WKH�FRPSOHPHQWDU\�ILOWHU�IRU�WKH�LWK�FRGH�FKDQQHO�23
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7KH� FRGH�GRPDLQ� WLPH� RIIVHWV� τL� DQG�SKDVH� RIIVHWV� θL� VKDOO� EH� GHWHUPLQHG�E\� FUHDWLQJ� WKH1

UHIHUHQFH�VLJQDO2

( ) ( )[ ]LLN
Ø��ØW�Ø�M

LNLN H�ØW55Ø θ+τ+ω∆−∑ τ+=3

DQG�ILQGLQJ�WKH�HVWLPDWHV�  ∆ ˆ ω ,  ˆ τ i ,  ˆ a i ,  and  ˆ θ i �WR�PLQLPL]H�WKH�VXP�VTXDUH�HUURU4
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ZKHUH�=N ]�WN��6

7KH�PHDVXUHPHQW�LQWHUYDO�VKDOO�EH�D�PXOWLSOH�RI�WKH�:DOVK�SHULRG��RU���1�FKLSV��1�VKDOO�EH7

DW�OHDVW����8

7KH� DFFXUDF\� RI� WKH� FRGH� GRPDLQ� PHDVXUHPHQW� HTXLSPHQW� VKDOO� EH� DV� VKRZQ� LQ� 7DEOH9

����������IRU�WKH�QRPLQDO�%DVH�6WDWLRQ�7HVW�0RGHO��UHIHU�WR��������10

11

7DEOH������������$FFXUDF\�RI�&RGH�'RPDLQ�0HDVXUHPHQW�(TXLSPHQW12

3DUDPHWHU 6\PERO $FFXUDF\�5HTXLUHPHQW

&RGH�GRPDLQ�SRZHU�FRHIILFLHQWV ρL ��×�����IURP��×�����WR����

)UHTXHQF\�(UURU��H[FOXVLYH�RI�WHVW
HTXLSPHQW�WLPH�EDVH�HUURUV�

∆I ����+]

&RGH�GRPDLQ�WLPH�RIIVHW�UHODWLYH
WR�SLORW

∆τL ����QV

&RGH�GRPDLQ�SKDVH�RIIVHW�UHODWLYH
WR�SLORW

∆θL ������UDGLDQV

������0RELOH�6WDWLRQ�6LPXODWRU13

7KH�PRELOH�VWDWLRQ�VLPXODWRU�VKDOO�EH�FRPSOLDQW�ZLWK�7,$�(,$����%�DQG�7,$�(,$����&��7KH14

PRELOH�VWDWLRQ�VLPXODWRU�VKDOO�VXSSRUW�7,$�(,$�����%�15

,W�VKDOO�EH�SRVVLEOH� WR�GLVDEOH�UHYHUVH� OLQN�FORVHG� ORRS�SRZHU�FRQWURO� LQ� WKH�PRELOH�VWDWLRQ16

VLPXODWRU�� :KHQ� FORVHG� ORRS� SRZHU� FRQWURO� LV� GLVDEOHG�� LW� VKDOO� EH� SRVVLEOH� WR� VHW� WKH17

WUDQVPLW�SRZHU�WR�DQ\�IL[HG�OHYHO�ZLWK�D�UHVROXWLRQ�RI������G%�RYHU�WKH�IXOO�G\QDPLF�UDQJH�18

7KH� PRELOH� VWDWLRQ� VLPXODWRU� VKDOO� LQFOXGH� D� SRZHU� FRQWURO� WHVW� SURJUDP�� 7KH� SURJUDP19

IXQFWLRQ� LV� WR� F\FOH� WKH� WUDQVPLW� SRZHU� DV� VKRZQ� LQ� )LJXUH� ����������� 7KH� WUDQVLWLRQV� RI20

RXWSXW�SRZHU�VKDOO�EH�DOLJQHG�ZLWK�WKH�SRZHU�FRQWURO�JURXS�ERXQGDULHV�DV�GHILQHG�LQ�����RI21

7,$�(,$����%��,W�VKDOO�DOVR�SURYLGH�D�WLPLQJ�UHIHUHQFH�VLJQDO�DOLJQHG�WR�WKH�SRZHU�F\FOHV�DQG22

LW� PD\� SURYLGH� WKH� YDOXH� RI� WKH� SRZHU� FRQWURO� ELWV� UHFHLYHG� RQ� WKH� IRUZDUG� OLQN�� 7KH23

GXUDWLRQV�RI�WKH�KLJK�DQG�ORZ�SRZHU�SHULRG�VKDOO�EH�DW�OHDVW���PV����SRZHU�FRQWURO�JURXSV��24
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������$:*1�*HQHUDWRU1

7KH�$:*1�JHQHUDWRU�VKDOO�PHHW�WKH�IROORZLQJ�PLQLPXP�SHUIRUPDQFH�UHTXLUHPHQWV�2

� 0LQLPXP�%DQGZLGWK������0+]3

� )UHTXHQF\�5DQJH������0+]�WR�����0+]�IRU�%DQG�&ODVV���RU������0+]�WR������0+]4

IRU�%DQG�&ODVV��5

� )UHTXHQF\�5HVROXWLRQ����N+]6

� 2XWSXW�$FFXUDF\�����G%�IRU�RXWSXWV�≥�����G%P������0+]7

� 2XWSXW�6HWWDELOLW\������G%8

� 2XWSXW�5DQJH������WR�����G%P������0+]9

� 7KH�$:*1�JHQHUDWRUV�VKDOO�EH�XQFRUUHODWHG�WR�WKH�LGHDO�WUDQVPLWWHU�VLJQDO�DQG�WR10

HDFK�RWKHU�11

������&:�*HQHUDWRU12

� 2XWSXW�)UHTXHQF\�5DQJH��7XQDEOH�RYHU�DSSOLFDEOH�UDQJH�RI�UDGLR�IUHTXHQFLHV�IRU�EDQG13

FODVV�XQGHU�WHVW�14

� )UHTXHQF\�$FFXUDF\��± ���SSP�15

� )UHTXHQF\�5HVROXWLRQ����N+]�16

� 2XWSXW�5DQJH������G%P�WR�����G%P��DQG�RII�17

� 2XWSXW�$FFXUDF\��± ����G%�18

� 2XWSXW�5HVROXWLRQ������G%�19

� 2XWSXW�3KDVH�1RLVH��$V�UHTXLUHG�20

������6SHFWUXP�$QDO\]HU21

7KH�VSHFWUXP�DQDO\]HU�VKDOO�SURYLGH�WKH�IROORZLQJ�IXQFWLRQDOLW\�22

� *HQHUDO�SXUSRVH�IUHTXHQF\�GRPDLQ�PHDVXUHPHQWV�23

� ,QWHJUDWHG�FKDQQHO�SRZHU�PHDVXUHPHQWV��SRZHU�VSHFWUDO�GHQVLW\�LQ������0+]�24

7KH�VSHFWUXP�DQDO\]HU�VKDOO�PHHW�WKH�IROORZLQJ�PLQLPXP�SHUIRUPDQFH�UHTXLUHPHQWV�25

� )UHTXHQF\�5DQJH��7XQDEOH�RYHU�DSSOLFDEOH�UDQJH�RI�UDGLR�IUHTXHQFLHV�26

� )UHTXHQF\�6HWWDELOLW\����N+]�27

� )UHTXHQF\�$FFXUDF\��± ����SSP�28

� 'LVSOD\HG�'\QDPLF�5DQJH�����G%�29

� 'LVSOD\�/RJ�6FDOH�)LGHOLW\��±��G%�RYHU�WKH�DERYH�GLVSOD\HG�G\QDPLF�UDQJH�30

� $PSOLWXGH�0HDVXUHPHQW�5DQJH�IRU�VLJQDOV�IURP����0+]�WR�HLWKHU�����*+]�IRU�%DQG31

&ODVV���RU���*+]�IRU�%DQG�&ODVV���32

3RZHU�PHDVXUHG�LQ����N+]�5HVROXWLRQ�%DQGZLGWK������WR�����G%P�33
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,QWHJUDWHG������0+]�&KDQQHO�3RZHU������WR�����G%P�1

1RWH��7KH�6WDQGDUG�5)�2XWSXW�/RDG�GHVFULEHG�LQ�������PD\�EH�XVHG�WR�PHHW�WKH2

KLJK�SRZHU�HQG�RI�WKHVH�PHDVXUHPHQWV�3

� $EVROXWH�$PSOLWXGH�$FFXUDF\�LQ�WKH�&'0$�WUDQVPLW�DQG�UHFHLYH�EDQGV�IRU�LQWHJUDWHG4

�����0+]�FKDQQHO�SRZHU�PHDVXUHPHQWV�5

±��G%�RYHU�WKH�UDQJH�RI�����G%P�WR�����G%P6

±����G%�RYHU�WKH�UDQJH�RI�����G%P�WR�����G%P�7

� 5HODWLYH�)ODWQHVV��±����G%�RYHU�IUHTXHQF\�UDQJH����0+]�WR�HLWKHU�����*+]�IRU�%DQG8

&ODVV���RU���*+]�IRU�%DQG�&ODVV���9

� 5HVROXWLRQ�%DQGZLGWK�)LOWHU��6\QFKURQRXVO\�WXQHG�RU�*DXVVLDQ��DW�OHDVW���SROHV��ZLWK10

��G%�EDQGZLGWK�VHOHFWLRQV�RI���0+]������N+]������N+]��DQG����N+]�11

� 3RVW�'HWHFWLRQ�9LGHR�)LOWHUV��6HOHFWDEOH�LQ�GHFDGH�VWHSV�IURP�����+]�WR�DW�OHDVW��12

0+]�13

� 'HWHFWLRQ�0RGHV��6HOHFWDEOH�WR�EH�HLWKHU�3HDN�RU�6DPSOH�14

� 5)�,QSXW�,PSHGDQFH��1RPLQDO����RKP15

������$YHUDJH�3RZHU�0HWHU16

7KH�SRZHU�PHWHU�VKDOO�SURYLGH�WKH�IROORZLQJ�IXQFWLRQDOLW\�17

� $YHUDJH�SRZHU�PHDVXUHPHQWV�18

� 7UXH�506�GHWHFWLRQ�IRU�ERWK�VLQXVRLGDO�DQG�QRQ�VLQXVRLGDO�VLJQDOV19

� $EVROXWH�SRZHU�LQ�OLQHDU��ZDWW��DQG�ORJDULWKPLF��G%P��XQLWV�20

� 5HODWLYH��RIIVHW��SRZHU�LQ�G%�DQG���XQLWV�21

� $XWRPDWLF�FDOLEUDWLRQ�DQG�]HURLQJ�22

� $YHUDJLQJ�RI�PXOWLSOH�UHDGLQJV�23

7KH�SRZHU�PHWHU�VKDOO�PHHW�WKH�IROORZLQJ�PLQLPXP�SHUIRUPDQFH�UHTXLUHPHQWV�24

� )UHTXHQF\�5DQJH�����0+]�WR�HLWKHU���*+]�IRU�%DQG�&ODVV���RU���*+]�IRU�%DQG�&ODVV25

�26

� 3RZHU�5DQJH������G%P������S:��WR�����G%P�����:�27

'LIIHUHQW�VHQVRUV�PD\�EH�UHTXLUHG�WR�RSWLPDOO\�SURYLGH�WKLV�SRZHU�UDQJH��7KH�5)28

RXWSXW�ORDG�GHVFULEHG�LQ�������PD\�EH�XVHG�WR�PHHW�WKH�KLJK�SRZHU�HQG�RI�WKHVH29

PHDVXUHPHQWV�30

� $EVROXWH�DQG�5HODWLYH�3RZHU�$FFXUDF\��±����G%�����31

([FOXGHV�VHQVRU�DQG�VRXUFH�PLVPDWFK��96:5��HUURUV��]HURLQJ�HUURUV��VLJQLILFDQW�DW32

ERWWRP�HQG�RI�VHQVRU�UDQJH���DQG�SRZHU�OLQHDULW\�HUURUV��VLJQLILFDQW�DW�WRS�HQG�RI33

VHQVRU�UDQJH��34

� 3RZHU�0HDVXUHPHQW�5HVROXWLRQ��6HOHFWDEOH�����DQG������G%�35
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� 6HQVRU�96:5��������1

������5)�2XWSXW�/RDG2

7KH� EDVH� VWDWLRQ� WUDQVPLWWHU� RXWSXW� VKDOO� EH� FRQQHFWHG� WKURXJK� VXLWDEOH� PHDQV� WR� WKH3

PHDVXUHPHQW�HTXLSPHQW�RU�PRELOH�VWDWLRQ�VLPXODWRU��7KH�PHDQV�VKDOO�EH�QRQ�UDGLDWLQJ�DQG4

FDSDEOH�RI�FRQWLQXRXVO\�GLVVLSDWLQJ�WKH� IXOO� WUDQVPLWWHU�RXWSXW�SRZHU��7KH�96:5�VHHQ�E\5

WKH�WUDQVPLWWHU�RYHU�WKH������0+]�EDQG�FHQWHUHG�DW�WKH�QRPLQDO�WUDQVPLW�IUHTXHQF\�XQGHU6

WHVW�VKDOO�EH�OHVV�WKDQ�������7

7KH�EDVH�VWDWLRQ�WUDQVPLWWHU�VLJQDO�PD\�EH�WHUPLQDWHG�DQG�VDPSOHG�XVLQJ�D�GXPP\�ORDG�8

DWWHQXDWRU��GLUHFWLRQDO�FRXSOHU��RU�FRPELQDWLRQ�WKHUHRI�9

����7HVW�6HWXSV10

������)XQFWLRQDO�6\VWHP�6HWXSV11

)LJXUHV���������WKURXJK���������VKRZ�WKH�WHVW�VHWXSV�XVHG� IRU�EDVH�VWDWLRQ�WHVWLQJ��7KHVH12

DUH� IXQFWLRQDO� GLDJUDPV� RQO\�� $FWXDO� WHVW� VHWXSV� PD\� GLIIHU� SURYLGHG� WKH� IXQFWLRQDOLW\13

UHPDLQV�WKH�VDPH�14
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%DVH�6WDWLRQ
8QGHU�7HVW

0RELOH�6WDWLRQ
6LPXODWRU

7[

7[

$WWHQ�5[��%�

3RZHU
0HWHU

Σ

3RZHU
0HWHU

$WWHQ�5[��$� Σ

$:*1
*HQHUDWRU

$:*1
*HQHUDWRU

$WWHQ� 5[

/RDG

2

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�%DVH�6WDWLRQ�$GGLWLYH�:KLWH�*DXVVLDQ�1RLVH3

'HPRGXODWLRQ�7HVWV�DQG�6HQVLWLYLW\�7HVWV4

5

6

%DVH�6WDWLRQ
8QGHU�7HVW

0RELOH�6WDWLRQ
6LPXODWRU

7[

$WWHQ�5[��%�

3RZHU
0HWHU

Σ

3RZHU
0HWHU

$WWHQ�5[��$� Σ

$:*1
*HQHUDWRU

$:*1
*HQHUDWRU

&KDQ��6LP�

&KDQ��6LP�

7[

/RDG

$WWHQ� 5[

7

8

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�%DVH�6WDWLRQ�0XOWLSDWK�)DGLQJ�7HVWV9

10
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%DVH�6WDWLRQ
8QGHU�7HVW

0RELOH�6WDWLRQ
6LPXODWRU

7[

$WWHQ�5[��%�

3RZHU
0HWHU

Σ

3RZHU
0HWHU

$WWHQ�5[��$� Σ

&:
*HQHUDWRU

$WWHQ�

$WWHQ�

7[

/RDG

$WWHQ� 5[

2

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�%DVH�6WDWLRQ�'HVHQVLWL]DWLRQ�7HVWV3

4

5

6

7

%DVH�6WDWLRQ
8QGHU�7HVW

0RELOH�6WDWLRQ
6LPXODWRU

7[

$WWHQ�5[��%�

3RZHU
0HWHU

Σ

3RZHU
0HWHU

$WWHQ�5[��$� Σ

&:
*HQHUDWRU

$WWHQ�

$WWHQ�

7[

/RDG

$WWHQ� 5[

&:
*HQHUDWRU

Σ

8

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�%DVH�6WDWLRQ�,QWHUPRGXODWLRQ�6SXULRXV�5HVSRQVH9

7HVWV10
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%DVH�6WDWLRQ
8QGHU�7HVW

:DYHIRUP
$QDO\]HU

5[��%�

5[��$�

7[

/RDG

$WWHQ�

2

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�:DYHIRUP�4XDOLW\�7HVW3

4

5

%DVH�6WDWLRQ
8QGHU�7HVW

&RGH�'RPDLQ
3RZHU

$QDO\]HU

5[��%�

5[��$�

7[

/RDG

$WWHQ�

6

)LJXUH����������)XQFWLRQDO�6HWXS�IRU�&RGH�'RPDLQ�3RZHU�7HVW7

8
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������7HVW�0RGHO�IRU�%DVH�6WDWLRQ1

)RU� WKRVH� EDVH� VWDWLRQ� HTXLSPHQW� WHVWV� WKDW� UHTXLUH� PXOWLSOH� FRGH� FKDQQHOV� EH� DFWLYH2

VLPXOWDQHRXVO\��WKH�FRQILJXUDWLRQ�VKRZQ�LQ�7DEOH���������VKRXOG�EH�XVHG�3

,I� D� GLIIHUHQW� QXPEHU� RI� 7UDIILF� &KDQQHOV� LV� XVHG�� XQOHVV� RWKHUZLVH� VSHFLILHG�� WKH4

SDUWLWLRQLQJ�RI�SRZHU�VKDOO�EH�DV�VKRZQ�LQ�7DEOH���������5

)RU�7DEOHV���������DQG����������WKH�IUDFWLRQ�RI�SRZHU�QRWHG�IRU�HDFK�WUDIILF�FKDQQHO�VKDOO�EH6

LQFOXVLYH�RI�SRZHU�FRQWURO�ELWV�7

8

7DEOH����������%DVH�6WDWLRQ�7HVW�0RGHO��1RPLQDO9

7\SH
1XPEHU�RI
&KDQQHOV

)UDFWLRQ�RI
3RZHU��OLQHDU�

)UDFWLRQ�RI
3RZHU��G%� &RPPHQWV

3LORW � ������ ���� &RGH�FKDQQHO��

6\QF � ������ ����� &RGH�FKDQQHO����
DOZD\V�����UDWH

3DJLQJ � ������ ���� &RGH�FKDQQHO����IXOO
UDWH�RQO\

7UDIILF � ������� ����� 9DULDEOH�FRGH�FKDQQHO
DVVLJQPHQWV��IXOO�UDWH
RQO\

10

11

7DEOH����������%DVH�6WDWLRQ�7HVW�0RGHO��*HQHUDO12

7\SH 5HODWLYH�3RZHU

3LORW ����RI�WRWDO�SRZHU��OLQHDU�

6\QF�3DJLQJ�7UDIILF 5HPDLQGHU�������RI�WRWDO�SRZHU��OLQHDU�

6\QF ��G%�OHVV�WKDQ�RQH�7UDIILF�&KDQQHO�
DOZD\V�����UDWH

3DJLQJ ��G%�JUHDWHU�WKDQ�RQH�7UDIILF�&KDQQHO�
IXOO�UDWH�RQO\

7UDIILF (TXDO�SRZHU�LQ�HDFK�7UDIILF�&KDQQHO�
IXOO�UDWH�RQO\

13
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����6WDQGDUG�'XW\�&\FOH1

7KH�WUDQVPLWWHU�VKDOO�EH�FDSDEOH�RI�RSHUDWLQJ�FRQWLQXRXVO\�DW�IXOO�UDWHG�SRZHU�IRU�D�SHULRG�RI2

WZHQW\�IRXU� ����� KRXUV�� 7KH� HTXLSPHQW� VKDOO� RSHUDWH� ZLWK� DOO� VSHFLILHG� WUDQVPLWWHU� DQG3

UHFHLYHU�SHUIRUPDQFH�SDUDPHWHUV�EHLQJ�PHW�GXULQJ�DQG�DIWHU�WKH����KRXU�SHULRG�4

����)UDPH�(UURU�5DWH�0HDVXUHPHQW5

7KH� SK\VLFDO� OD\HU� RI� 7,$�(,$����%� SURYLGHV� 7UDIILF� &KDQQHO� IUDPHV� DW� D� PXOWLSOLFLW\� RI6

UDWHV��5HFHLYHUV�PXVW�GHWHUPLQH�ERWK�WKH�WUDQVPLWWHG�UDWH�RI�HDFK�IUDPH��DQG�LWV�FRQWHQWV�7

)RU�SXUSRVHV�RI�WKLV�VSHFLILFDWLRQ��D�IUDPH�HUURU�LV�GHILQHG�DV�HLWKHU�D�UDWH�GHWHUPLQDWLRQ�RU8

FRQWHQW�HUURU��)UDPH�HUURU�UDWH�LV�GHILQHG�IRU�HDFK�UDWH�9

  
FER x = 1 −

Number  of  frames  received  correctly  at  rate  x
Number  of  frames  transmitted  at  rate  x

10

6HUYLFH�2SWLRQ���SURYLGHV�D�FRQYHQLHQW�PHDQV� IRU�PHDVXULQJ�WKH�SDFNHW�HUURU� UDWH�RI�RQH11

OLQN�� SURYLGHG� WKH� RWKHU� OLQN� LV� RSHUDWLQJ� DW� KLJK� (E�1��� 'XULQJ� WKH� EDVH� VWDWLRQ12

GHPRGXODWLRQ�SHUIRUPDQFH�WHVWV�VLJQDOLQJ�PD\�EH�GLVDEOHG��LQ�ZKLFK�FDVH�WKH�SDFNHW�HUURU13

UDWH� LV� LGHQWLFDO� WR� WKH�5HYHUVH�7UDIILF�&KDQQHO� IUDPH�HUURU� UDWH��5HIHU� WR�����RI�7,$�(,$�14

����%�15

����&RQILGHQFH�/LPLWV16

6RPH�WHVWV�LQ�WKLV�6WDQGDUG�LQFOXGH�FRQILGHQFH�OLPLWV��7KH�UHTXLUHPHQW�LV�VWDWHG�LQ�WHUPV�RI17

WKH�FRQILGHQFH�OHYHO�ZLWK�ZKLFK�WKH�HUURU�UDWH�RI�WKH�HTXLSPHQW�XQGHU�WHVW�LV�NQRZQ�WR�EH18

EHORZ�VRPH�VSHFLILHG�PD[LPXP�19

(UURU� UDWH� FRQILGHQFH� WHVWLQJ� W\SLFDOO\� UHTXLUHV� (E�1�� YDOXHV� DERYH� H[SHFWHG� YDOXHV�20

6SHFLILF� (E�1�� YDOXHV� KDYH� EHHQ� FKRVHQ� WR� DOORZ� PDQXIDFWXUHUV� WR� FRQGXFW� WHVWV� LQ� D21

WLPHO\�PDQQHU�IRU�WKH�VSHFLILHG�FRQILGHQFH�OHYHOV�22

$Q\�UHOLDEOH�VWDWLVWLFDO�SURFHGXUH�PD\�EH�XVHG�WR�HVWDEOLVK�WKH�FRQILGHQFH� OHYHO��7KH� WHVWV23

PD\�EH� HLWKHU� VLQJOH�VLGHG� RU� WZR�VLGHG�� 7KH\� DOVR�PD\�EH� HLWKHU� IL[HG� OHQJWK� RU� YDULDEOH24

OHQJWK��7KH�SURFHGXUH�VKDOO�VDWLVI\�WKH�IROORZLQJ�UHTXLUHPHQWV�25

� $Q�HVWDEOLVKHG�SURFHGXUH�VKDOO�EH�HPSOR\HG��,W�VKDOO�LQFOXGH�26

� 6SHFLILFDWLRQ�RI�PLQLPXP�DQG�PD[LPXP�WHVW�OHQJWK27

� &ULWHULD�IRU�HDUO\�WHUPLQDWLRQ28

� 2EMHFWLYH�SDVV�IDLO�FULWHULD�VKDOO�EH�HVWDEOLVKHG�29

� 6WHSV�WR�EH�WDNHQ�WR�UHUXQ�WKH�WHVW�LQ�FDVH�RI�D�IDLOXUH�VKDOO�EH�VSHFLILHG�30

7ULDO�WR�WULDO� FRUUHODWLRQV� RI� HUURUV�� DV� PD\� RFFXU� LQ� IUDPH� HUURU� PHDVXUHPHQWV� LQ� VORZ31

IDGLQJ� VFHQDULRV�� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW�� ,Q� DGGLWLRQ� WR� VWDWLVWLFDO� YDULDWLRQV� LQ32

PHDVXUHPHQWV��V\VWHPDWLF�HUURUV�GXH�WR�WHVW�HTXLSPHQW�WROHUDQFHV�DQG�FDOLEUDWLRQ�VKRXOG33

EH�FRQVLGHUHG�LQ�LQWHUSUHWDWLRQ�RI�UHVXOWV�34
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$Q� DFFHSWDEOH� SURFHGXUH� LV� DV� IROORZV�� $VVXPH� LQGHSHQGHQW� %HUQRXOOL� WULDOV�� ZKHUH� WKH1

RXWFRPH�RI�HDFK�WULDO�LV�FODVVLILHG�DV�HLWKHU�¶HUURU·�RU�¶QR�HUURU·��7KH�VSHFLILFDWLRQ�HUURU�UDWH2

OLPLW�LV�λOLP�DQG�WKH�UHTXLUHG�FRQILGHQFH�OHYHO�LV�&�3

�� &KRRVH�D�VXLWDEOH�WHVW�OHQJWK�LQ�WHUPV�RI�D�PD[LPXP�QXPEHU�RI�HUURUV��.PD[��7KH4

H[DFW�YDOXH�LV�QRW�FULWLFDO��EXW�PXVW�EH�ODUJH�HQRXJK�WR�HQVXUH�WKDW�FRPSOLDQW�XQLWV5

SDVV�ZLWK�YHU\�KLJK�SUREDELOLW\��7KLV�SUREDELOLW\�GHSHQGV�RQ�WKH�GHVLJQ�UDWH�UDWLR6

λ�λOLP�EHWZHHQ�WKH�GHVLJQ�HUURU�UDWH�DQG�WKH�VSHFLILFDWLRQ�HUURU�UDWH�OLPLW��9DOXHV�RI7

.PD[�LQ�WKH�UDQJH�RI��������VKRXOG�EH�VXLWDEOH�EDVHG�RQ�WKH�PDUJLQV�LQ�WKLV8

6WDQGDUG�9

�� &DUU\�RXW�1PD[�RU�PRUH�WULDOV�XQGHU�VSHFLILHG�WHVW�FRQGLWLRQV��ZKHUH10

  
Nmax =  

χ2 (1 − C,  2 Kmax )

2 λlim

11

DQG�χ2�3��Q��LV�WKH�LQYHUVH�χ2�GLVWULEXWLRQ�FRUUHVSRQGLQJ�WR�SUREDELOLW\�3�DQG�Q12

GHJUHHV�RI�IUHHGRP��7DEOH�������JLYHV�1PD[�YHUVXV�WKH�DFWXDO�QXPEHU�RI�HUURUV��.�13

IRU�&� �����DQG�UHSUHVHQWDWLYH�λOLP��7DEOH�������JLYHV�1PD[�YHUVXV�WKH�DFWXDO14

QXPEHU�RI�HUURUV�.��IRU�&� �����DQG�UHSUHVHQWDWLYH�λOLP�15

�� &RPSXWH�WKH�HPSLULFDO�HUURU�UDWH16

  
λ N  =  

KN
N17

DQG�WKH�HPSLULFDO�UDWH�UDWLR�λ1�λOLP��ZKHUH�.1�LV�WKH�QXPEHU�RI�HUURUV�LQ�WKH�118

WULDOV�DFWXDOO\�SHUIRUPHG�19

�� ,I�WKH�UDWH�UDWLR�LV�OHVV�WKDQ�WKH�FRQILGHQFH�OLPLW20

  
λ N / λlim  <  

2 KN

χ2 (1 − C,  2KN + 2 )
21

RU�HTXLYDOHQWO\22

  
N  >  

χ2 (1 − C,  2 KN + 2)

2λ lim

23

WKHQ�WKH�XQLW�XQGHU�WHVW�KDV�SDVVHG��RWKHUZLVH�WKH�XQLW�KDV�IDLOHG�24

�� ,I�WKH�XQLW�IDLOV��UHSHDW�VWHSV�����WZLFH�PRUH��,I�WKH�XQLW�SDVVHV�ERWK�LQGLYLGXDO�WHVWV25

WKHQ�LW�SDVVHV�RYHUDOO��RWKHUZLVH�WKH�XQLW�KDV�IDLOHG�26

7KLV�SURFHGXUH�PD\�EH�PRGLILHG� WR�SHUPLW� HDUO\� WHUPLQDWLRQ��$� WHVW�PD\�EH� SHUIRUPHG� DW27

HYHU\�WULDO��RU�DIWHU�D�EORFN�RI�WULDOV��6WHSV���DQG���DUH�PRGLILHG�DV�IROORZV�28

��� $IWHU�HDFK�WULDO�RU�EORFN�RI�WULDOV�FRPSXWH�WKH�HPSLULFDO�HUURU�UDWH�DV29

  
λ N  =  

KN
N30
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ZKHUH�.1�LV�WKH�QXPEHU�RI�HUURUV�XS�WR�DQG�LQFOXGLQJ�WKH�FXUUHQW��1WK��WULDO��DQG1

WKH�UDWH�UDWLR�λ1�λOLP�2

��� ,I�DIWHU�WKH�1WK�WULDO�WKH�UDWH�UDWLR�LV�OHVV�WKDQ�WKH�FRQILGHQFH�OLPLW3

  
λ N / λlim  <  

2 KN

χ2 (1 − C,  2KN + 2 )
4

RU�HTXLYDOHQWO\5

  
N  >  

χ2 (1 − C,  2 KN + 2)

2λ lim

6

WKHQ�WKH�XQLW�XQGHU�WHVW�KDV�SDVVHG�DQG�WKH�WHVWLQJ�VWRSV��,I�WKH�QXPEHU�RI�WULDOV7

UHDFKHV�1PD[�WKHQ�WKH�XQLW�KDV�IDLOHG�DQG�WKH�WHVWLQJ�VWRSV�8

9

10

7DEOH��������7ULDO�&RXQW��1��7KUHVKROGV�IRU�����&RQILGHQFH11

λOLP

. ���� ���� ���� *HQHUDO

� ��� ��� �� �����λOLP

� ��� ��� �� �����λOLP

� ��� ��� �� �����λOLP

� ���� ��� ��� �����λOLP

� ���� ��� ��� �����λOLP

� ���� ��� ��� �����λOLP

� ���� ���� ��� ������λOLP

� ���� ���� ��� ������λOLP

� ���� ���� ��� ������λOLP

� ���� ���� ��� ������λOLP

�� ���� ���� ��� ������λOLP

�� ���� ���� ��� ������λOLP

�� ����� ���� ���� ������λOLP

��� ����� ����� ���� �������λOLP

��� ����� ����� ���� �������λOLP

12

13
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7DEOH��������7ULDO�&RXQW��1��7KUHVKROGV�IRU�����&RQILGHQFH1

λOLP

. ����� ����� *HQHUDO

� �� � 1�$

� �� � �����λOLP

� �� � �����λOLP

� �� �� �����λOLP

� �� �� �����λOLP

� �� �� �����λOLP

� �� �� �����λOLP

� ��� �� ������λOLP

� ��� �� ������λOLP

� ��� �� ������λOLP

�� ��� �� ������λOLP

�� ��� �� ������λOLP

�� ��� ��� ������λOLP

��� ���� ��� �������λOLP

��� ���� ��� �������λOLP

2

3

,Q�JHQHUDO��WKH�UDWH�UDWLR�IRUP�RI�WKH�WHVW�PD\�EH�XVHG�ZLWK�WKH�FXUYHV�RI�)LJXUH�������DQG4

�������7KLV�FXUYH�LV�DSSOLFDEOH�WR�DQ\�VSHFLILFDWLRQ�HUURU�UDWH�5
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1XPEHU�RI�(UURUV

0
H
D
VX
UH
G
�5
D
WH
�
6
S
H
F
�5
D
WH

����&RQILGHQFH�/LPLW

����&RQILGHQFH�/LPLW

1

)LJXUH��������5DWH�5DWLR��λ1�λOLP��%RXQG�DV�D�)XQFWLRQ�RI�1XPEHU�RI�(UURUV��.�2

IRU����DQG�����&RQILGHQFH3

4

5

6

7

8




