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(/7)1$%5!*$/!7G15/!'(,/$'7#+#H/,!56/97$'8!C*(,5!7G*7!*C'7!9'$$/(7!T'(+#9/(5/,U!



!

! X!

*++19*7#1(5!*(,!)G#9G!1../$!1661$7'(#7#/5!71!7$*,/!1..!,#../$/(7!56/97$'8!.1$!

,#../$/(7!7*5%5!*(,!9#$9'857*(9/5I!!\!@*$#/7=!1.!.*971$5!5G1'+,!C/!91(5#,/$/,!#(!
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7G/#$!6$1K#8#7=!71!7G/!WEE!Z]H!<(,'57$#*+:!29#/(9/:!*(,!Z*('.*97'$#(;!R<2ZS!

C*(,!*(,!>^-2M!

!

• 01(7$1++/,!'5/!1.!7G/!DXbELDQEE!*(,!7G/!DYEELDbYY!Z]H!C*(,5!C/9*'5/!1.!7G/#$!

6$1K#8#7=!71!7G/!/K#57#(;!DQEE!Z]H!<2Z!C*(,M!*(,!

!

• 01(7$1++/,!'5/!1.!7G/!DWEELXFEE!Z]H!*(,!XYYELXbYE!Z]H!C*(,5!C/9*'5/!1.!

7G/#$!6$1K#8#7=!71!7G/!+#;G7+=!+#9/(5/,!XbYELXaEE!Z]H!C*(,I!

!"#$%&'()*+,$-.$/00"(1)'2!

?(,/$57*(,#(;!G1)!56/97$'8!9*(!C/!C/77/$!'5/,!$/J'#$/5!'(,/$57*(,#(;!G1)!#7!#5!

9'$$/(7+=!*++19*7/,!*(,!7G/!7/9G(#9*+!$/*51(5!C/G#(,!7G15/!*++19*7#1(5N*5!)/++!*5!

G1)!(/)!7/9G(1+1;#/5!*$/!#(.+'/(9#(;!56/97$'8!*++19*7#1(!*(,!)#++!91(7#('/!71!,1!51!

#(71!7G/!.'7'$/I!!

>G/!(*7'$/!1.!56/97$'8!*(,!7G/!(//,!.1$!#(7/$(*7#1(*+!9116/$*7#1(!G*@/!$/5'+7/,!#(!

*!9186+/K!#(7/$(*7#1(*+!/..1$7!71!911$,#(*7/!56/97$'8!'5/I!<(7/$(*7#1(*+!56/97$'8!

61+#9#/5!*$/!5/7!C=!7G/![*,#1![/;'+*7#1(5:!*(!#(7/$(*7#1(*+!7$/*7=!$*7#.#/,!C=!8/8C/$!



!

! Q!

57*7/5!1.!7G/!<(7/$(*7#1(*+!>/+/9188'(#9*7#1(5!?(#1(!R<>?S:!*!?(#7/,!P*7#1(5!

*;/(9=I!>G/!<>?!1$;*(#H/5!56/97$'8!8*(*;/8/(7!C=!;/1;$*6G#9!$/;#1(!#(!*(!/..1$7!

71!G*$81(#H/!56/97$'8!'5/!*9$155!C1$,/$5:!.*9#+#7*7/!#(7/$(*7#1(*+!9188/$9/:!*(,!

.#(,!/..#9#/(9#/5!C=!/(5'$#(;!7G*7!(/)!7/9G(1+1;#/5!9*(!16/$*7/!*9$155!8'+7#6+/!

91'(7$#/5I!>G/!<>?!*+51!6$1817/5!56/97$'8!R*(,:!81$/!C$1*,+=:!

7/+/9188'(#9*7#1(5S!61+#9=:!8*(*;/8/(7:!*(,!/,'9*7#1(IQ!

\+7G1';G!7G/!<>?!*77/8675!71!911$,#(*7/!61+#9#/5:!#(,#@#,'*+!91'(7$#/5!5/7!7G/#$!1)(!

56/97$'8!*++19*7#1(!61+#9#/5IY!A$1*,+=!56/*%#(;:!7G/$/!*$/!7G$//!81,/+5!1.!56/97$'8!

8*(*;/8/(7O!\,8#(#57$*7#@/:!Z*$%/7:!*(,!01881(5I!<(!7G/!\,8#(#57$*7#@/!81,/+:!

;1@/$(8/(7*+!1$;*(#H*7#1(5!7=6#9*++=!,#97*7/!)G/$/!56/97$'8!9*(!C/!'5/,:!C=!

)G18:!)#7G!)G*7!/J'#68/(7:!*(,!)#7G!)G*7!81,'+*7#1(5!1$!$*,#1!,/@#9/5I!>G/!

Z*$%/7!*66$1*9G!'5/5!*'97#1(5!1.!56/97$'8!+#9/(5/5!1$!56/97$'8!+/*5/5!71!*++19*7/!

56/9#.#9!56/97$'8!C*(,5!#(!*!56/9#.#9!;/1;$*6G#9!*$/*I!>G#5!81,/+!81@/5!81$/!1.!7G/!

,/9#5#1(!8*%#(;!71!7G/!6*$7#9#6*(75!#(!7G/!56/97$'8!8*$%/7I!>G/!01881(5!81,/+!

*++1)5!*!@*$#/7=!1.!,/@#9/5!71!*99/55!56/9#.#9!56/97$'8!C*(,5!*9$155!C$1*,!

;/1;$*6G#9!*$/*5I!>G15/!,/@#9/5!*$/!7=6#9*++=!9/$7#.#/,!*(,!8'57!1C/=!56/9#.#9!

$/;'+*7#1(5:!C'7!7G/=!,1!(17!16/$*7/!'(,/$!7G/!91(7$1+!1.!*!+#9/(5//I!R^*$#*7#1(5!1(!

7G/!01881(5!*66$1*9G!*$/!*+51!'5/,M!5//!B$/=/(5!cDEFEd!.1$!*(!1@/$@#/)!1.!

\'57$*+#*(!61+#9=IS!

>G/!\,8#(#57$*7#@/!*(,!Z*$%/7!*66$1*9G/5!C17G!*++1)!/K9+'5#@#7=!1.!*99/55I!

26/97$'8!#5!/#7G/$!+#9/(5/,:!)G/$/C=!56/9#.#9!.$/J'/(9=!$*(;/5!*$/!$/5/$@/,!.1$!

56/9#.#9!6'$615/5!1$!'5/$5:!1$!+#;G7+=!+#9/(5/,:!)G/$/C=!56/97$'8!#5!*++19*7/,!

7G$1';G!5#7/L56/9#.#9!+#9/(5/5!7G*7!*$/!/*5#/$!71!1C7*#(!C'7!8*=!C/!+#8#7/,!#(!,'$*7#1(!

*(,!8*=!6$1@#,/!$#;G75!7G*7!*$/!5/91(,*$=!71!6$#8*$=!'5/$5!1.!7G/!56/97$'8!I!>G/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Q!>G/!<0>![/;'+*7#1(!>11+%#7!*7!G776O__)))I#97$/;'+*7#1(711+%#7I1$;!6$1@#,/5!*(!1@/$@#/)!1.!<>?!

$/;'+*71$=!6$*97#9/5!*(,!;1*+5I!

Y!<(!7G#5!6*6/$:!<!'5/!7G/!)1$,!822>#8+">%!71!/(9186*55!*!@*$#/7=!1.!59/(*$#15:!$*(;#(;!.$18!+#9/(5/,:!
/K9+'5#@/L'5/!*++19*7#1(5!71!81$/!.+/K#C+/!*++19*7#1(5!#(@1+@#(;!+#9/(5/,!6$#8*$=!'5/5!*(,!5/91(,*$=!

'(+#9/(5/,!'5/5!R*5!,/59$#C/,!+*7/$SI!!



!

! Y!

01881(5!81,/+!'5/5!'(+#9/(5/,!*++19*7#1(:!)G/$/C=!,/@#9/5!*$/!9/$7#.#/,!C'7!7G/!

'5/$5!*(,!7G/#$!,/@#9/5!,1!(17!G*@/!*(=!/K9+'5#@/!$#;G75!71!56/97$'8I!!

Z*(=!91'(7$#/5!'5/!8'+7#6+/!$/;'+*71$=!8/9G*(#585N.1$!/K*86+/:!#(!7G/!?(#7/,!

27*7/5:!7G/!P*7#1(*+!>/+/9188'(#9*7#1(5!*(,!<(.1$8*7#1(!\,8#(#57$*7#1(!RP><\S!

'5/5!*(!\,8#(#57$*7#@/!8/9G*(#58!.1$!;1@/$(8/(7!'5/!1.!56/97$'8:!)G#+/!7G/!B00!

'5/5!*!918C#(*7#1(!1.!*66$1*9G/5!.1$!(1(;1@/$(8/(7*+!'5/!1.!56/97$'8I!]1)/@/$:!

C$1*,+=!56/*%#(;:!56/97$'8!61+#9#/5!*9$155!7G/!)1$+,!*$/!5#8#+*$!/@/(!7G1';G!7G/!

61+#9#/5!.1$!56/9#.#9!.$/J'/(9#/5!8*=!,#../$I!

Z157!56/97$'8!#5!+#9/(5/,:!*(,!8'9G!1.!7G/!+#9/(5/,!56/97$'8!#5!'5/,!.1$!6/$51(!71!

6/$51(!9188'(#9*7#1(5!R/#7G/$!9/++'+*$!5=57/85!1$!T+*(,!81C#+/!$*,#1U!5'9G!*5!

$*,#15!'5/,!.1$!61+#9/!*(,!7*K#!5/$@#9/5SI!218/!1.!7G/!+#9/(5/,!56/97$'8!#5!,/@17/,!

71!56/9#.#9!*66+#9*7#1(5N.1$!/K*86+/:!#(!7G/!?(#7/,!27*7/5:!7G/!FaXIEaY!Z]H!

.$/J'/(9=!#5!*++19*7/,!.1$!7G/!e1f*9%!@/G#9+/!$/91@/$=!5=57/8I!g7G/$!*++19*7#1(5!*$/!

,/5#;(/,!71!/K6+1#7!56/9#.#9!6G=5#9*+!6$16/$7#/5!1.!56/97$'8!C*(,5:!5'9G!*5!7G15/!

'5/,!.1$![\"\[!*(,!$*,#1!7/+/5916/5M!57#++!17G/$5!*$/!'5/,!.1$!5*7/++#7/!,1)(+#(%5:!

&42!C$1*,9*575:!*(,!17G/$!*#$!1$!5G#6!$*,#1L+19*7#1(!5=57/85I!!

\!('8C/$!1.!56/97$'8!199'6*(9=!57',#/5!#(!7G/!?(#7/,!27*7/5!RZ9]/($=!DEEQ:!

27$#9%+#(;!DEEW:!2G*$/,!26/97$'8!DEFES:!3'$16/!R^*+/(7*!DEFE:!-/++/(5!DEEWS:!*(,!

17G/$!$/;#1(5!G*@/!,/81(57$*7/,!7G*7!1(+=!*!.$*97#1(!1.!7G/!*@*#+*C+/!56/97$'8!#5!#(!

'5/!*7!*(=!1(/!7#8/I!>G#5!#5!7$'/!/@/(!1@/$!

8'+7#L,*=!6/$#1,5!7G*7!#(9+',/!5#;(#.#9*(7!

6'C+#9!/@/(75!7G*7!)1'+,!C/!/K6/97/,!71!

/(;/(,/$!5#;(#.#9*(7!9188'(#9*7#1(!1(!

9/++'+*$:!61+#9/:!7*K#:!*(,!17G/$!+*(,!81C#+/!

$*,#15:!5'9G!*5!7G/!DEEQ![/6'C+#9*(!

P*7#1(*+!01(@/(7#1(!#(!P/)!h1$%!0#7=I!Z'9G!*97#@#7=!*(,!$/5/*$9G!#5!1(;1#(;!71!

,/7/$8#(/!)G/7G/$!'(199'6#/,!1$!'(,/$'7#+#H/,!56/97$'8!91'+,!C/!'5/,!.1$!(/)!

*66+#9*7#1(5:!5'9G!*5!$'$*+!C$1*,C*(,:!8*9G#(/L71L8*9G#(/!9188'(#9*7#1(:!*(,!

/(G*(9/,!,*7*!(/7)1$%5!.1$!91(5'8/$5:!C'5#(/55/5:!*(,!;1@/$(8/(75I!!

g(+=!*!.$*97#1(!1.!7G/!*@*#+*C+/!

56/97$'8!#5!#(!'5/!*7!1(/!7#8/:!

/@/(!1@/$!8'+7#L,*=!6/$#1,5I(



!

! b!

-/i++!C$#/.+=!/K*8#(/!+#9/(5/,:!+#;G7+=!+#9/(5/,:!*(,!'(+#9/(5/,!56/97$'8!*++19*7#1(I!

>G/(!)/i++!,#59'55!7G/!1661$7'(#7#/5!.1$!,=(*8#9!56/97$'8!*99/55:!)G#9G!*++1)5!.1$!

81$/!.+/K#C+/!'5/!1.!7$*,#7#1(*+!56/97$'8!8*(*;/8/(7!7/9G(#J'/5I!

!"#$%&$'()*$#+,-.(

Z*(=!56/97$'8!*++19*7#1(!$'+/5!G*@/!56/9#.#9!+#8#7*7#1(5!C*5/,!1(!7G/!6$16*;*7#1(:!

1$!$/*9G:!1.!,#../$/(7!56/97$'8!C*(,5I!B1$!/K*86+/:!B#;'$/!F!5G1)5!7G/!/../97#@/!

$*,#1!$*(;/!1.!*!XYEE!Z]H!$*,#1!*(,!*!aEE!Z]H!$*,#1!#(!7G/!*$/*!5'$$1'(,#(;!

A'9%G*((1(:!-/57!^#$;#(#*:!#.!C17G!$*,#15!*$/!81'(7/,!*7!7G/!5*8/!+19*7#1(!*(,!'5/!

7G/!5*8/!7$*(58#55#1(!61)/$I!>G/5/!6+175!)/$/!,/@/+16/,!'5#(;![*,#1!Z1C#+/!

51.7)*$/b!#(!918C#(*7#1(!)#7G!?(#7/,!27*7/5!&/1+1;#9*+!2'$@/=!7161;$*6G#9*+!8*65I!

>G/!51.7)*$/!'5/5!7G/!e1(;+/=L[#9/!81,/+!7G*7!*66$1K#8*7/5!7G/!6G=5#95!1.!$*,#1!

6$16*;*7#1(!Rg3>!DEEQSI!

! !

L-,12&!>M!/#640205-;&!42#40,05-#*!N#2!@BOO!C"P!Q+&N5R!0*=!SOO!C"P!Q2-,)5R!20=-#.M!

<(!7G/!B#;'$/!F:!$/,!#(,#9*7/5!611$!$/9/67#1(:!;$//(!#(,#9*7/5!;11,!$/9/67#1(:!*(,!

=/++1)!#5!#(!C/7)//(I!"/56#7/!7G/!.*97!7G*7!7G/!G=617G/7#9*+!$*,#1!71)/$!R#(,#9*7/,!C=!

7G/!9#$9+/S!#5!1(!*!G#++:!7G/!$1++#(;!G#++5!#(!7G/!$/;#1(!615/!6$1C+/85!.1$!XYEE!Z]H!

5#;(*+5!C/9*'5/!7G15/!5#;(*+5!9*((17!$/.+/97!1$!,#..$*97!*$1'(,!1CV/975!5'9G!*5!G#++5I!

>G#5!.#;'$/!*+51!#++'57$*7/5!)G=!9/$7*#(!56/97$'8!#5!9*++/,!TC/*9GL.$1(7!6$16/$7=UN

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
b!\@*#+*C+/!*7!G776O__)))I96+'5I1$;_$8)_/(;+#5GFIG78+I!



!

! a!

81$/!.*@1$*C+/!6$16*;*7#1(!9G*$*97/$#57#95!9*(!#(9$/*5/!7G/!*$/*!5/$@/,!*7!7G/!5*8/!

61)/$I!!

[/;'+*71$5!'5'*++=!56/9#.=!7G/!*++1)/,!3<[4!R/../97#@/!#517$16#9!$*,#*7/,!61)/$S!.1$!

+#9/(5/,!.$/J'/(9=!*++19*7#1(5M!7G/!3<[4!*991'(75!.1$!7$*,/1..5!#(!61)/$:!*(7/((*!

5#H/:!*(,!81'(7#(;!+19*7#1(I!>G/!;1*+!1.!7G15/!$/;'+*7#1(5!#5!71!$/,'9/!7G/!

#(7/$./$/(9/!71!*(,!.$18!(/*$C=!'5/$5!1.!7G/!5*8/!56/97$'8I!

j1CC!RDEEFS!G*5!6'C+#5G/,!*!9186$/G/(5#@/!#(,/K!1.!56/97$'8!*++19*7#1(5!

9186#+/,!.$18!B00!*(,!P><\!,19'8/(75!*5!)/++!*5!,19'8/(75!.$18!#(7/$(*7#1(*+!

1$;*(#H*7#1(5!5'9G!*5!7G/!<>?I!e#9/(5#(;!5=57/85!G*@/!1.7/(!,#97*7/,!)G#9G!

7/9G(1+1;=!9*(!'5/!)G#9G!56/97$'8!C*(,5I!B1$!/K*86+/:!71!/(5'$/!7G*7!+*(,!81C#+/!

$*,#1!5=57/85!*$/!9186*7#C+/:!7G/!56*9#(;!*(,!81,'+*7#1(!1.!9G*((/+5!.1$!7G15/!

$*,#15!G*5!C//(!56/9#.#/,I!P/)!7/9G(1+1;#/5!7G*7!G*@/!#86$1@/,!7G/!/..#9#/(9=!1.!

56/97$'8!'5/!G*@/!/(*C+/,!199*5#1(*+!$/*55#;(8/(75:!5'9G!*5!7G/!$/9/(7!7$*(5#7#1(!

71!,#;#7*+!>^!#(!7G/!?(#7/,!j#(;,18!*(,!7G/!?(#7/,!27*7/5!*(,!7G/!9'$$/(7!(*$$1)#(;!

1.!+*(,!81C#+/!$*,#1!9G*((/+5!.$18!DYj]H!71!bIDYj]HI!

!"/0+12(!"#$%&$'()*$#+,-.(

>G/!'5/!1.!518/!56/97$'8!C*(,5!G*5!C//(!+#C/$*+#H/,!7G$1';G!7G/!'5/!1.!+#;G7+=!

+#9/(5/,!$/;'+*7#1(!59G/8/5I!B1$!/K*86+/:!#(!7G/!?I2I:!7G/!XIbY!&]H!C*(,!#5!'5/,!.1$!

5*7/++#7/!9188'(#9*7#1(!*(,![\"\[!5=57/85I!<(!DEEQ:!7G*7!C*(,!C/9*8/!*!8#K/,L

'5/!C*(,!7G*7!*++1)5!*99/55!C=!.#K/,!)#$/+/55!*99/55!R,*7*S!(/7)1$%5!#(!;/1;$*6G#9!

*$/*5!)G/$/!5*7/++#7/!*(,![\"\[!5=57/85!*$/!(17!'5/,I!R>G/!5*8/!C*(,!#5!'5/,!.1$!

.#K/,!)#$/+/55!*99/55!#(!17G/$!91'(7$#/5IS!>G#5!;#@/5!7G/!(/7)1$%5!5#;(#.#9*(7+=!

G#;G/$!61)/$!+/@/+5:!8*%#(;!7G/8!5'#7*C+/!.1$!T+*57!8#+/U!91((/97#@#7=I!>G#5!+#9/(5#(;!

8/9G*(#58!#(9+',/5!*!$/J'#$/8/(7!.1$!91(7/(7#1(LC*5/,!6$17191+5!R+#%/!7G15/!'5/,!

#(!-#LB#S!71!+#8#7!#(7/$./$/(9/I!!

>G/!+#;G7+=!+#9/(5/,!8/9G*(#58!.1$!7G/!XIbY!&]H!C*(,!6$1@#,/5!(/)!56/97$'8!1@/$!

8'9G!1.!7G/!?(#7/,!27*7/5:!*+7G1';G!+*$;/!61$7#1(5!*$/!/K9+',/,!C/9*'5/!1.!



!

! `!

;$*(,.*7G/$/,!'5/5!5'9G!*5!5*7/++#7/!9188'(#9*7#1(!*(,![\"\[!5=57/85:!*5!5G1)(!

#(!B#;'$/!DI!

!

L-,12&!HM!34&(5216!1.&!-*!5)&!@GBOT@SOO!C"P!K0*=M!

?(,/$!*!+#;G7+=!+#9/(5/,!59/(*$#1:!5G*$#(;!1.!56/97$'8!#5!.*9#+#7*7/,!7G$1';G!'5/!1.!*!

T,*7*C*5/U!1.!(1(/K9+'5#@/!*++19*7#1(5:!71!+#8#7!#(7/$./$/(9/!*(,!6$17/97!/K#57#(;!

*66+#9*7#1(5I!B1$!7G/!XIbY&]H!C*(,:!7G/!,*7*C*5/!#5!*99/55/,!8*('*++=I!>G#5!#5!*(!

/K*86+/!1.!56/97$'8!T;/1L./(9#(;UN$/57$#97#(;!56/97$'8!'5/!71!*!56/9#.#9!

;/1;$*6G#9!*$/*I!\+7G1';G!7G#5!+#;G7+=!+#9/(5/,!*66$1*9G!#5!+/55!7#8/!91(5'8#(;:!+/55!

9186+/K:!*(,!+/55!/K6/(5#@/!9186*$/,!71!8157!*66+#9*7#1(5!.1$!+#9/(5/,!56/97$'8:!

7G/!8*('*+!,*7*C*5/!8*(*;/8/(7!6$19/55!8/*(5!7G*7!+#;G7+=!+#9/(5/,!56/97$'8!

9*((17!C/!'5/,!.1$!81C#+/!*66+#9*7#1(5!C/9*'5/!7G/!;/1L./(9/!#5!9G/9%/,!*5!6*$7!1.!

7G/!+#9/(5/!*66+#9*7#1(!$*7G/$!7G*(!)G/(!7G/!,/@#9/!#5!'5/,I!

3%1"#$%&$'()*$#+,-.(

\++19*7#1(!1.!56/97$'8!C*(,5!.1$!56/9#.#9!6'$615/5!8*=!,/6/(,!(17!1(+=!1(!
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Emission Limits
In setting the power limits for transmissions in the 3.65 GHz band, the Commission balanced numerous competing factors 
to “serve the public interest and foster the expeditious introduction of new terrestrial services in the 3.65 GHz band. These 
factors include (1) the importance of interference protection for grandfathered FSS earth stations and federal government 
radiolocation stations, a list of which is presented at the end of this White Paper under “Appendix,”  and (2) the need to 
ensure efficient use of the band by avoiding mutual interference among licensed operators. The Commission adopted a 
peak power density of 25 Watts per 25 MHz of bandwidth and no greater than 1 Watt per 1 MHz of bandwidth for fixed 
applications and imposed a limit of 1 Watt per 25 MHz of bandwidth for mobile operations. The Commission concluded 
that it set the 3.65 GHz power limits at an appropriate level to support commercially viable services which will allow 
licensees to operate effectively in the band without unacceptably interfering with each other’s operations. In addition, 
the power limits, combined with protection zones for grandfathered FSS earth stations, prevent interference with in-band 
satellite operations. The Commission established 80 mile protection zones for such FSS sites operating in the 3.65 GHz 
band, however, the Commission ruled that licensees in the band could establish fixed terrestrial services within protection 
zones if the affected FSS operator provides approval.
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Formally, we define an exclusion-radius that tells other
radios to keep out of this channel, and it is this exclusion-
radius (not the range) that properly defines the footprint of the
white-space tower from the perspective of resource sharing.
This exclusion-radius can be optimized5 to maximize the
capacity per area. The results are illustrated in Figures 6
and 7. Notice the scales here: at 1km we are talking about
rates in the MBits/sec per square kilometer and at 10km
it is in the hundreds of kilobits/sec per square kilometer.
The variation across locations is due to both the number of
channels available and the differing amounts of pollution. The
pollution level impacts the footprints: where there is a lot
of pollution from TV signals, we do not mind having more
nearby white-space devices either. This technical effect is, to
our knowledge, new.

Fig. 8. A color-coded map of the continental USA with the effective number
of MHz of spectrum opened up by the FCC white-space rules assuming
transmitters at a 1km range.

Fig. 9. A color-coded map of the continental USA with the effective number
of MHz of spectrum opened up by the FCC white-space rules assuming
transmitters at a 10km range.

To compare the size of this opportunity to a known reference
point, we take the recent 700MHz proceeding that released
62MHz of clean wireless data spectrum nationwide. Higher
transmit powers are allowed and so we use a 40m high antenna

5A detail: in reality, interference does not just come from a single tower
next door. It also comes from others at the same range. Furthermore, there
are contributions from those that lie even further beyond, etc. Numerically,
we optimize using a toy packing with 6 neighbors at a distance r, 12 further
neighbors at a distance 2r, 18 even further neighbors at a distance 3r, and
then 24 distant neighbors at a distance 4r. Numerically, going beyond 3 rings
makes very little difference because the signals have attenuated too far by
then.

at 20W ERP on a clean channel to calculate the data-rate per
square-kilometer that would be available. Figures 8 and 9 then
show the effective number of such MHz that the white-spaces
represent. Here, we see something that seems counterintuitive
at first. Although TV channels are often touted as “beach-front
property” in terms of their better propagation characteristics,
the TV white-spaces turn out to be less valuable in these terms
for longer-range because at that range, the pollution is also
significant and turns out to dominate. However, the size of the
opportunity is still quite significant.

IV. A HUMAN-CENTRIC PERSPECTIVE

In the end, white-space devices are going to be used by
people. So, the population distribution needs to enter the
picture. We used the Census data from the year 2000 that lists
the population by zip code [16]. The zip code is specified
as a polygon [17], and we assume the population is uniformly
distributed6 within that polygon. The white-space capacity per
area can then be divided by the population density to get a
long-term average capacity per person.

Fig. 10. A color-coded map of the continental USA with the capacity per
person in the spectrum opened up by the FCC white-space rules assuming
transmitters at a 1km range.

Fig. 11. A color-coded map of the continental USA with the capacity per
person in the spectrum opened up by the FCC white-space rules assuming
transmitters at a 10km range.

These per-person capacities are mapped in Figures 10, 11,
and 12 for the white-spaces with a presumed 1km range, a

6So we are ignoring both the diurnal variation in population as many people
commute to work and school as well as the finer structure of where residences
are within each zip code.
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If a high-gain sectorised antenna (typically 16dBi) were 
used at the BS then the operating range would be greatly 
improved. Furthermore, range would be enhanced by 
increasing the power to the antenna port to the regulatory 
maximum. In the UK, operation in the licensed 2GHz band 
permits an EIRP for a 10MHz signal of up to 61 dBm [6]. 
Assuming the BS is able to supply 45dBm to the port of a 
16dBi antenna, the downlink range is predicted to increase to 
2.1 km as illustrated in Fig. 10 

0 500 1000 1500 2000 2500
1

2

3

4

5

6

Distance (meter)

Th
ro

ug
hp

ut
 (M

bp
s)

QPSK 1/2

16QAM 1/2

64QAM 1/2

64QAM 2/3

64QAM 3/4

Figure 10. Simulation operating range at EIPR of 61 dBm 

Fig. 11 shows a comparison between the experimental DL 
PER performance and the predicted performance using our 
mobile WiMAX simulator (based on parameters given in 
section II and the channel model described in section III). It 
should be noted that the WiMAX basestation includes link 
adaptation as a function of SNR. Hence, for the experimental 
data the PER curve correspond to different link-speeds at 
different SNR levels. The SNR values given in the legend of 
figure 11 indicate the SNR range over which each link-speed 
was predicted to operate. For example, the measured PER at an 
SNR of 13 dB should be compared with the simulated PER for 
the 3/4 rate 16QAM link-speed.  
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Figure 11. Experimental vs. Simulation PER comparison 

It is clear from the above comparison that a good agreement 
has been achieved between the measured and simulated data. 
The greatest discrepancy occurs at the highest SNR values. 

These values are estimated without considering the impact of 
power control in the hardware. In practice, for SNR values 
beyond 21dB the BS is expected to lower its transmit power, 
thus reducing the observed SNR.  

VII. CONCLUSIONS

This paper has presented a theoretic study of the Mobile 
WiMAX physical layer using the well-known 3GPP spatial 
channel model. The simulation was fully compliant to the 
802.16e-2006 standard. PER and throughput results were 
presented for each link-speed on the DL.  

The simulated results were compared with measured drive-
test results from a carrier-class WiMAX basestation. This 
involved driving around the basestation and logging data using 
a laptop computer. The final comparison (PER vs SNR) shows 
excellent agreement, indicating that the simulator can be used 
to predict performance for a range of environments, transmit 
power levels, and antenna configurations. 

Analysis demonstrated that the street level operating range 
for a 2.3GHz mobile WiMAX system can be up to 2100m, 
depending on the basestation EIRP. 
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III. DATA-RATE VERSUS RANGE STUDY: A SINGLE

HUB-CLIENT PAIR

This section provides results of a performance comparison
study of expected data-rate versus range of a single hub-client
pair the three approaches being considered, namely 2.4 GHz,
5 GHz and TVWS spectral band. Best case results without
any interference effects are derived to set an upper bound for
the chosen operating conditions.

A. Assumptions

TABLE I
TECHNICAL CHOICES FOR COMPARING THE VARIOUS SPECTRAL BANDS

Parameters WiFi@2.4 GHz WiFi@5 GHz TVWS
band

Radio 2.4-2.483 GHz 5.15-5.35 GHz 470-790 MHz
Frequency 5.47-5.725 GHz
EIRP 20 dBm 23, 30 dBm 3, 9 dBm
Channel 20 MHz 20 MHz 8, 24 MHz
bandwidth (40 MHz with spectrum

optional) aggregation
Available 83.5 MHz 380 MHz 150 MHz
spectrum (average)
Wireless OFDM
Interface
Modulation- 1/2,3/4 BPSK
Coding 1/2,3/4 QPSK
schemes 1/2 16QAM

2/3,3/4 64QAM

Table I lists the general assumptions made for the various
wireless options while other specific assumptions are listed
below.

• Uplink performance not considered due to complexity of
simulating client collision avoidance dynamics

• WiFi-OFDM technology assumed for TVWS spectral
band

• Propagation models: IEEE TGn channel models [15],
ITU-R P.1238-5 [16]

• Pathloss exponent: 3.3
• 2x1 transmit diversity antenna scheme for 2.4 and 5 GHz,

no antenna scheme for TVWS band due to λ/2 restriction
• Antenna radiation pattern assumed isotropic
• Outside-wall loss: 10 dB for 5 GHz, 8 dB for 2.4 GHz,

4 dB for TVWS band
• Indoor-wall loss: 4 dB for 5 GHz, 3 dB for 2.4 GHz, 1

dB for TVWS band
• A 20 dB margin assumed for fading, body, cable losses.
• MAC layer overheads were assumed to be approximately

30% of the raw wireless link rate
• Number of clients per home base station: 1
• Maximum distance of client from home base station: 12

metres, value chosen such that it gives a coverage area
that almost all residential property boundaries fall within.

To place the results within the context of a high data-rate,
indoor service, we specify two service requirements of being
able to achieve a minimum of 2 Mb/s and 6 Mb/s at client
location within 12 metres of the home base station. Please note

that the 2 and 6 Mb/s service criterion is not a peak data-
rate requirement but rather a minium requirement extended
to 12m radius boundary in typical home environments. These
two criterion are used for comparison of the various options
in rest of the paper.

B. Results

Using the information given in Table I and assumptions of
earlier section, the data-rate versus range performance for the
various option is derived with results presented shown in Fig.
2. Overall it can be that both the service requirements i.e of
2 Mb/s and 6 Mb/s for a maximum client range of 12m, can
be met with all the available options under no-interference
conditions.

Fig. 2. Data-rate versus range comparison in various spectral bands

As seen from the figure the highest possible data-rate
achievable per home base station is mainly dependent upon
both the modulation schemes supported and the channel band-
width. So, given their modulation schemes are of a similar
order as seen in Table I, then at short distances from the
home base station any difference in data-rate between them
simply reflects the use of different bandwidth RF channels.
Therefore, it is expected that WiFi with 20 MHz channel size
having peak data-rate of around 50 Mb/s would be better than
TVWS spectrum of 8 MHz size with peak data rate of just
below 20 Mb/s, as confirmed by the results of the figure.
However, it will also be observed that WiFi at 5 GHz has the
greatest decrease in data-rate with range while TVWS band the
least and the 2.4 GHz in between as expected because they
are operating in different spectral bands. This explains why
the highest data-rate is provided by 5 GHz for ranges below
10m and TVWS band performance at 20 metres and above
starts to become comparable to that of others. However due to
the improved propagation characteristics of lower frequencies,
TVWS spectral band can meet the set requirement at a low
energy levels, that is 11 dBm below as compared to 2.4 GHz
band and on an average about 20 dBm below as compared to
5 GHz band.
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5+1)/$!7G*(!#5!6155#C+/!)G/(!,/@#9/5!*$/!91((/97/,!71!7G/!<(7/$(/7I!!

Z1$/1@/$:!/K#57#(;!56/97$'8!,*7*C*5/5!,19'8/(7!7$*(58#77/$5!C'7!(17!$/9/#@/$5I!

>G#5!#5!*66$16$#*7/!.1$!5=57/85!)#7G!8#++#1(5!1.!$/9/#@/$5:!5'9G!*5!>^5:!C'7!17G/$!

5=57/85:!5'9G!*5!7G/!;$*(,.*7G/$/,![\"\[!5=57/85!#(!7G/!XIbY!&]H!56/97$'8:!*$/!

9+/*$+=!/*5#/$!71!/('8/$*7/!*(,!$/91$,!#(!*!56/97$'8!,*7*C*5/I!A/7)//(!7G/5/!7)1!

/K*86+/5!*$/!5=57/85!5'9G!*5!5*7/++#7/!,1)(+#(%!57*7#1(5!7G*7!'5/!91(5#,/$*C+/!

C*(,)#,7G!*7!*!+#8#7/,!('8C/$!1.!+19*7#1(5!*9$155!7G/!91'(7$=I!B1$!)#$/+/55!

(/7)1$%5!7G*7!*$/!+19*+!RlFEE8LF%8S:!5#;(#.#9*(7!56/97$'8!#5!+#%/+=!71!C/!*@*#+*C+/!

#(!518/!+19*7#1(5I!

)*$#+,-.(B::,'"%5+":%(

26/97$'8!*++19*7#1(!9*(!*+51!C/!911$,#(*7/,!7G$1';G!7G/!'5/!1.!7#;G7+=!5=(9G$1(#H/,!

*(,!G#;G+=!*99'$*7/!9+19%5I!<.!*!56/9#.#9!56/97$'8!C*(,!#5!(//,/,!#(!1(/!+19*+/!*7!*!

56/9#.#9!R6$/,#97*C+/!1$!*7!+/*57!59G/,'+/,S!7#8/:!5/91(,*$=!'5/$5!1.!7G*7!C*(,!91'+,!

8#;$*7/!71!17G/$!C*(,5!1$!5#86+=!9'$7*#+!'5/!.1$!5G1$7!6/$#1,5!1.!7#8/I!B1$!/K*86+/:!

/K#57#(;!61+#9#/5!+#8#7!'5/!1.!$*,#1!,/@#9/5!#(!56/9#.#9!C*(,5!71!*++1)!$*,#1!7/+/5916/5!

71!/K6+1$/!,//6!56*9/I!<.!$*,#15!'5#(;!7G15/!C*(,5!91'+,!C/!91(7$1++/,!7G$1';G!*!

$/*+L7#8/!91(7$1+!5=57/8:!#7!)1'+,!C/!6155#C+/!71!7/861$*$#+=!J'#/7!56/9#.#9!$*,#15!71!

/(5'$/!7G*7!$*,#1!7/+/5916/5!1$!,//6L56*9/!9188'(#9*7#1(!5=57/85!91'+,!16/$*7/!

)#7G1'7!#(7/$./$/(9/I!>G15/!$*,#15!91'+,!C/!,#5*C+/,!.1$!!*!.$*97#1(!1.!/@/$=!5/91(,!



!

! D`!

$*7G/$!7G*(!,#5*++1)/,!1$!/K9+',/,!.$18!7G15/!C*(,5I!>G/!/*$7G!1C5/$@*7#1(!*(,!

$*,#1!59#/(9/!9188'(#7=!G*5!57',#/,!5'9G!8/7G1,5!71!/(5'$/!.'7'$/!5'99/55!1.!

$*,#1!1C5/$@*7#1(!(01G/(!DEFESI!

8$9(<$#0%:1:/"$&(<05+(C%5A1$(8$9(D:1"#"$&(

A/9*'5/!1.!7G/5/!$*6#,!7/9G(1+1;#9*+!9G*(;/5:!91(@/$5*7#1(5!*C1'7!)G/7G/$!

56/97$'8!5G1'+,!C/!+#9/(5/,!1$!'(+#9/(5/,!.*++!5G1$7!1.!7G/!8*$%I!>G/!$/*+!J'/57#1(!

5G1'+,!C/!G1)!)/!9*(!8*%/!7G/!8157!'5/!1.!17G/$)#5/!'(,/$'7#+#H/,!56/97$'8I!

e#9/(5/,!*(,!'(+#9/(5/,!8/9G*(#585!*$/!)*=5!1.!6$#1$#7#H#(;!56/9#.#9!*66+#9*7#1(5!

*(,!5#86+#.=#(;!91(.+#975!C/7)//(!7G/8!

1@/$!+1(;!6/$#1,5!1.!7#8/I!218/!

56/97$'8!5G1'+,!C/!'(+#9/(5/,!71!

/(5'$/!7G*7!5'..#9#/(7!.*++C*9%!56/97$'8!

/K#575:!C'7!'5#(;!/K7/(5#1(5!1.!7G/!

/K#57#(;!,*7*C*5/!8/7G1,5!)1'+,!*++1)!

7G*7!56/97$'8!71!C/!8*(*;/,!8'9G!

81$/!,=(*8#9*++=I!

0+/*$+=:!(17!*++!'5/5!1.!)#$/+/55!56/97$'8!9*(!C/!8*(*;/,!'5#(;!*(!<(7/$(/7L

8*(*;/,!#(.$*57$'97'$/:!*(,!7G/!5'CV/97!#5!16/(!71!C17G!,/C*7/!*(,!$/5/*$9G!

*97#@#7#/5!*7!'(#@/$5#7#/5!*$1'(,!7G/!)1$+,!RP2B!DEFESI!218/!,/@#9/5:!5'9G!*5!

[\"\[!(*@#;*7#1(:!$*,#1!7/+/5916/5:!&42:!5*7/++#7/!'6+#(%5!*(,!,1)(+#(%5:!*(,!

61$7*C+/!,/@#9/5!.1$!16/$*7#1(!#(!#51+*7/,!$/;#1(5:!$/J'#$/!5'C57*(7#*+!#(@/578/(75:!

/K6+1#7!9$#7#9*+!6$16/$7#/5!1.!56/9#.#9!56/97$'8!C*(,5:!1$!*$/!(17!91(57*(7+=!

91((/97/,!71!*!,*7*C*5/!1$!<(7/$(/7L8*(*;/,!91(7$1+!5=57/8I!]1)/@/$:!,/@#9/5!7G*7!

5//%!71!'5/!7G*7!56/97$'8!9*((1.7/(!C/!91(7$1++/,!#(!*!)*=!7G*7!*@1#,5!91(.+#975!)#7G!

7G15/!5=57/85I!!

<(!*,,#7#1(!71!'5#(;!81$/!1.!7G/!*@*#+*C+/!56/97$'8:!#7!#5!*+51!#861$7*(7!71!

'(,/$57*(,!7G*7!<(7/$(/7L8*(*;/,!,*7*!(/7)1$%5!9*(!,=(*8#9*++=!91(7$1+!7G/#$!

7$*(58#55#1(!61)/$:!*++1)#(;!56/97$'8!C*(,5!71!5'661$7!81$/!/..#9#/(7!81,'+*7#1(!

*(,!G#;G/$!56/97$*+!/..#9#/(9=I![/9*++!7G*7!B#;'$/!`!5G1)5!7G*7!*(!#(9$/*5/!#(!7G/!

?5#(;!/K7/(5#1(5!1.!7G/!/K#57#(;!

,*7*C*5/!8/7G1,5!)1'+,!*++1)!

7G*7!56/97$'8!71!C/!8*(*;/,!

8'9G!81$/!,=(*8#9*++=I(
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! DW!

7$*(58#55#1(!61)/$!1.!*!,/@#9/!'5#(;!Y!&]H!56/97$'8!.$18!DEE!8#++#)*775!71!F!)*77!

R*!.#@/L.1+,!#(9$/*5/S:!$/5'+75!#(!5#;(#.#9*(7!#86$1@/8/(7!#(!7G$1';G6'7I!0'$$/(7!

`EDIFF!-#LB#!(/7)1$%5!*$/!+#8#7/,!71!FEE!8#++#)*775!.1$!DIQ&]H!*(,!F!)*77!.1$!Y&]H!

#(!7G/!?(#7/,!27*7/5!*(,!/@/(!+/55!#(!17G/$!91'(7$#/5I!3..1$75!*$/!*+$/*,=!'(,/$!)*=!

71!$/,'9/!#(7/$./$/(9/!*(,!*++1)!C/77/$!'5/!1.!7G/!Y&]H!C*(,!7G$1';G!*!56/97$'8!

,*7*C*5/!Rj(*66!DEFESM!*++1)#(;!*(!<(7/$(/7L8*(*;/,!61)/$!#(9$/*5/!)1'+,!

#(9$/*5/!91@/$*;/!*(,!/..#9#/(9=I!

-G*7!56/97$'8!91'+,!C/!'5/,!.1$!(/)L;/(/$*7#1(!,*7*!(/7)1$%5m!>G/!*(5)/$!

,/6/(,5!1(!G1)!8'9G!,*7*!C*(,)#,7G!#5!(//,/,I!B1$!518/!*66+#9*7#1(5:!5'9G!*5!

/(@#$1(8/(7*+!81(#71$#(;:!#7!#5!81$/!#861$7*(7!71!G*@/!*!58*++!*81'(7!1.!+1)L

.$/J'/(9=!56/97$'8!$*7G/$!7G*(!81$/!G#;GL.$/J'/(9=!56/97$'8!C/9*'5/!1.!7G/!

$/,'9/,!61)/$!*(,!/(G*(9/,!6$16*;*7#1(!6155#C+/!*7!+1)/$!.$/J'/(9#/5I!>G/5/!

*66+#9*7#1(5:!5'9G!*5!)*7/$!81(#71$#(;!1$!57$/*8!;*';#(;:!*+$/*,=!8*%/!'5/!1.!518/!

./,/$*+!56/97$'8!R5'9G!*5!*7!QFDIYZ]HSI!>G$1';G!*!911$,#(*7/,!<(7/$(/7L8*(*;/,!

*(,!56/97$'8L5/(5#(;!57$*7/;=:!7G/5/!@/$=!5G1$7:!@/$=!#(.$/J'/(7!#(7/$8#77/(7!

(*$$1)LC*(,!*66+#9*7#1(5!91'+,!8*%/!'5/!1.!56/97$'8!*,V*9/(7!71!7G/!>^-2!7G*7!#5!

9'$$/(7+=!'5/,!C=!*8*7/'$!$*,#1!'5/$5!*(,!+#9/(5/,!6$#@*7/!+*(,!81C#+/!56/97$'8!

5'9G!*5!7G*7!.1'(,!#(!7G/!XE!Z]H!$*(;/!*5!)/++!*5!#(!7G/!>^-2I!

B#(,#(;!+*$;/$!C+19%5!1.!56/97$'8!.1$!9*86'5!(/7)1$%5!1$!/(G*(9/,!G18/!
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*66+#9*7#1(5!7=6#9*++=!$/J'#$/!81$/!C*(,)#,7GI!B#;'$/!FE!5'88*$#H/5!?I2I!56/97$'8!

199'6*(9=!8/*5'$/8/(75!8*,/!#(!*!57',=!.'(,/,!C=!7G/!P*7#1(*+!29#/(9/!
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!

L-,12&!>OM!3166028!#N!AM3M!.4&(5216!#((140*(8!6&0.12&6&*5.!-*!5)&!C("&*28!.51=8!QHOOIRM!

<(!Z9]/($=:!8/*5'$/8/(75!)/$/!7*%/(!1@/$!8'+7#6+/!,*=5!*7!5#K!+19*7#1(5!$*(;#(;!

.$18!$'$*+!71!8/7$161+#7*(!RP/)!h1$%!0#7=SI!>G/!*@/$*;/!199'6*(9=!1@/$!*++!1.!7G/!

+19*7#1(5!)*5!YIDqI!>G/!8*K#8'8!199'6*(9=!)*5!FXIFq!R#(!P/)!h1$%!0#7=S:!*(,!

7G/!8#(#8'8!199'6*(9=!)*5!Fq!*7!7G/!P*7#1(*+![*,#1!\57$1(18=!gC5/$@*71$=!*7!

&$//(!A*(%:!-I!^#$;#(#*I!218/!'5/5!1.!56/97$'8!)1'+,!(17!C/!#(,#9*7/,!#(!7G/5/!

8/*5'$/8/(75!C/9*'5/!7G/=!)1'+,!C/!'5/,!1(+=!#(!56/9#.#9!+19*7#1(5!1$!6/$G*65!.1$!

56/9#.#9!561$*,#9!/@/(75I!]1)/@/$:!7G*7!#5!6$/9#5/+=!)G=!7G15/!56/97$'8!C*(,5!8*=!

C/!'5*C+/!.1$!17G/$!6'$615/5!*7!17G/$!7#8/5I!!

218/!$/5/*$9G/$5!R\(,/$51(!DEE`S!*$;'/!7G*7!518/!56/97$'8!'5/5!G*@/!5#;(*+5!

7G*7!*$/!711!.*#(7!71!C/!,/7/97/,!'5#(;!Z9]/($=i5!8/7G1,5I!218/!5#;(*+5!R5'9G!*5!

$*,#1!*57$1(18=!C*(,5!1$!)/*%!61)/$!5*7/++#7/!C*(,5S!$/J'#$/!56/9#*+!7$/*78/(7!

C/9*'5/!6'$/+=!8/*5'$/8/(7LC*5/,!*(*+=5#5!,1/5!(17!*,,$/55!7G/#$!'5/5I!]1)/@/$:!

7G/$/!#5!C$1*,!91(5/(5'5!7G*7!8'9G!1.!7G/!+#9/(5/,!56/97$'8!#5!(17!C/#(;!*97#@/+=!

'5/,!1@/$!+1(;!6/$#1,5!1.!7#8/:!*(,!7G/5/!57',#/5!9*(!;'#,/!)G/(!5/91(,*$=!'5/5!1.!

7G*7!56/97$'8!*$/!6155#C+/I![/6'$615#(;!'(,/$'7#+#H/,!56/97$'8!C/(/.#75!7$*,#7#1(*+!
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+#9/(5/,!C$1*,C*(,!'5/5!C/9*'5/!#7!$/,'9/5!7G/!('8C/$!1.!9/++!71)/$5!7G*7!(//,!71!

C/!,/6+1=/,!RB00!DEFESI!<7!*+51!C/(/.#75!81$/!+19*+#H/,!,*7*!(/7)1$%5!'5/,!C=!

91(5'8/$5:!9188/$9#*+!*66+#9*7#1(5:!*(,!7G/!#(7/$91((/97/,!,/@#9/5!7G*7!7=6#9*++=!

'5/!'(+#9/(5/,!56/97$'8!R>G*(%#!DEEWSI!!

"/7/$8#(#(;!)G/7G/$!56/97$'8!5G1'+,!C/!'5/,!.1$!G#;GL61)/$!9/++'+*$!(/7)1$%5!1$!

81$/!,/9/(7$*+#H/,!(/7)1$%5!,/6+1=/,!C=!91(5'8/$5:!9186*(#/5:!*(,!;1@/$(8/(75!

#5!*!,#..#9'+7!J'/57#1(!*(,!,/6/(,5!1(!7G/!/@1+'7#1(!1.!7/9G(1+1;=!1@/$!7#8/I!27',#/5!

G*@/!5G1)(!7G*7!81C#+/!6G1(/5!*$/!8157!1.7/(!'5/,!#(!G18/5!1$!)1$%6+*9/5:!)G/$/!

+19*+#H/,!(/7)1$%5!C*5/,!1(!./8719/++5:!?Z\:!1$!17G/$!7/9G(1+1;=!9*(!C/!'5/,I!

Z1@#(;!71!*(!*66$1*9G!7G*7!'5/5!+19*+!(/7)1$%5!#(!91(V'(97#1(!)#7G!)#,/L*$/*!

(/7)1$%5!)1'+,!*++1)!81$/!/..#9#/(7!'5/!1.!*@*#+*C+/!56/97$'8!Rr*(,/$!DEEQSI!\!

.+/K#C+/!8/9G*(#58!5'9G!*5!<(7/$(/7L8*(*;/,!$*,#15!)1'+,!*++1)!61+#9=!71!/@1+@/!

1@/$!7#8/I!

A/9*'5/!1.!7G/#$!$*6#,!7'$(1@/$:!(/7)1$%5!7G*7!'5/!'(+#9/(5/,!56/97$'8!*$/!8157!

+#%/+=!71!*,167!(1@/+!56/97$'8!8*(*;/8/(7!7/9G(#J'/5I!?(+#9/(5/,!,/@#9/5!G*@/!

+1(;!+/,!7G/!)*=!#(!(/)!)#$/+/55!#((1@*7#1(5I!A/9*'5/!7G/5/!,/@#9/5!9'$$/(7+=!'5/!

'(+#9/(5/,!56/97$'8:!7G/!/*5#/57!7$*(5#7#1(!)1'+,!C/!71!#,/(7#.=!'(,/$'7#+#H/,!

56/97$'8!C*(,5!7G*7!*C'7!9'$$/(7!'(+#9/(5/,!*++19*7#1(5M!G1)/@/$:!7G/5/!G#;GL56//,!

(/7)1$%5!9*(!*+51!C/(/.#7!.$18!(/)!56/97$'8!C17G!.1$!G#;G/$!,*7*!$*7/5!*(,!7G/!

*C#+#7=!71!7$*,/!1..!,#../$/(7!56/97$'8!C*(,5!.1$!,#../$/(7!7*5%5!*(,!9#$9'857*(9/5I!!

&#@/(!7G/!C/(/.#75!1.!'5#(;!)#,/!C*(,5!.1$!G#;GL56//,!(/7)1$%#(;:!7G/!56/97$'8!

C*(,5!7G*7!8*%/!5/(5/!.1$!<(7/$(/7L8*(*;/,!)#$/+/55!(/7)1$%5!#(9+',/O!

• >G/!QDELQYE!Z]H!C*(,:!9'$$/(7+=!'5/,!.1$!*!918C#(*7#1(!1.!6'C+#9!*(,!

;1@/$(8/(7*+!+*(,!81C#+/:!*8*7/'$:!*(,!./,/$*+!*66+#9*7#1(5:!*5!)/++!*5!

6$#@*7/!+*(,!81C#+/!$*,#1I!

• <(!*,,#7#1(!71!7G/!$/9/(7+=!*++19*7/,!?]B!>^-2!56/97$'8!R61$7#1(5!1.!YQLaD:!

abL``:!FaQLDFb:!QaELYFD:!YFDLbE`!Z]HS:!518/!1.!7G/!*,,#7#1(*+!56/97$'8!

7G*7!*$#5/5!.$18!91(51+#,*7#1(!1.!/K#57#(;!>^!9G*((/+5I!>G#5!)#++!6$1@#,/!81$/!

'5*C+/!*(,!91(7#;'1'5!56/97$'8:!)G#9G!5G1'+,!C/!'5/,!.1$!*!918C#(*7#1(!1.!

G#;GL56//,!+19*+:!9*86'5L+/@/+:!*(,!$'$*+!*99/55!(/7)1$%5!7G*7!'5/!56/97$'8!
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5/(5#(;!*(,!5G*$#(;!.1$!91(5'8/$:!91$61$*7/:!*(,!9*$$#/$!(/7)1$%5I!

!

• 41$7#1(5!1.!7G/!WbELFDFY!Z]H!$*,#1!(*@#;*7#1(!*(,!*8*7/'$!C*(,5:!C/9*'5/!

1.!7G/#$!6$1K#8#7=!71!7G/!WEE!Z]H!<2Z!C*(,!*(,!>^-2I!

• 01(7$1++/,!'5/!1.!7G/!DXbELDQEE!*(,!7G/!DYEELDbYY!Z]H!C*(,5:!C/9*'5/!1.!

7G/#$!6$1K#8#7=!71!7G/!/K#57#(;!DQEE!Z]H!<2Z!C*(,I!

• 01(7$1++/,!'5/!1.!7G/!DWEELXFEE!Z]H!*(,!XYYELXbYE!Z]H!C*(,5:!C/9*'5/!1.!

7G/#$!6$1K#8#7=!71!7G/!+#;G7+=!+#9/(5/,!XbYELXaEE!Z]H!C*(,I!

>G/5/!/K*86+/5!5#86+=!#++'57$*7/!7G/!7=6/5!*(,!*81'(75!1.!56/97$'8!(//,/,I!\97'*+!

*++19*7#1(!,/9#5#1(5!)1'+,!(//,!71!91(5#,/$!)G/7G/$!7G/!5/91(,*$=!'5/$5!91'+,!

5'99/55.'++=!'5/!7G/!56/97$'8!R5'9G!*5!7G/!XIbY!Z]H!C*(,S:!7G/!#86*97!1(!

#(9'8C/(7!'5/$5:!9186/7#(;!#(7/$/575:!*(,!G*$81(=!)#7G!#(7/$(*7#1(*+!56/97$'8!

6+*(5I!>G/!'5/!1.!8'9G!1.!7G*7!56/97$'8!)1'+,!(1$8*++=!$*#5/!1CV/97#1(5!.$18!8*(=!

/K#57#(;!'5/$5:!C'7!<(7/$(/7L8*(*;/,!$*,#1!(/7)1$%5!9*(!*991881,*7/!(/)!'5/5!

)G#+/!5G*$#(;!7G/!56/97$'8!)#7G!#(9'8C/(7!'5/$5!!

P/7)1$%!9*$$#/$5!G*@/!+1(;!*$;'/,!7G*7!1(+=!+#9/(5/,!56/97$'8!6$1@#,/5!7G/!

;'*$*(7//,!6/$.1$8*(9/!(//,/,!.1$!$/*+L7#8/!@1#9/!*66+#9*7#1(5:!C'7!518/!9*$$#/$5!

G*@/!'5/,!91(5'8/$!-#LB#!(/7)1$%5!.1$!@1#9/!7$*..#9I![/*+L7#8/!@1#9/!*(,!@#,/1!

)1'+,!'5/!1(+=!*!.$*97#1(!1.!7G/!C*(,)#,7G!/(*C+/,!C=!(/)!56/97$'8!*++19*7#1(5I!

?5#(;!*!918C#(*7#1(!1.!<(7/$(/7L8*(*;/,!61+#9#/5!*(,!56/97$'8L5G*$#(;!/7#J'/77/5!

)1'+,!*++1)!+*$;/!C+19%5!1.!56/97$'8:!5'9G!*5!7G*7!*$#5#(;!.$18!*(=!>^-2!

91(51+#,*7#1(:!71!C/!'5/,!#(!8'+7#6+/!)*=5!71!C/(/.#7!91(5'8/$5I!!

0*86'5L+/@/+!(/7)1$%5:!$'$*+!*99/55!(/7)1$%5:!*(,!$/817/!7/+/8/7$=!*66+#9*7#1(5!

5'9G!*5!@#,/1!5'$@/#++*(9/!*++!C/(/.#7!.$18!+1)/$L.$/J'/(9=!56/97$'8!5'9G!*5!7G/!

>^-2!RA*G+!DEEWSI!]1)/@/$:!;#@/(!7G/!@*$#*C+/!*81'(7!1.!>^-2!*@*#+*C+/:!

*,,#7#1(*+!56/97$'8!)1'+,!C/!(//,/,:!*(,!7G/!56/9#.#9!56/97$'8!C*(,5!)1'+,!@*$=!

)#,/+=!#(!,#../$/(7!$/;#1(5!1.!7G/!)1$+,I!^*$#1'5!56/97$'8!57',#/5!G*@/!5G1)(!7G*7!

7G/!WEDLWD`!Z]H!<2Z!C*(,!#5!+#;G7+=!'5/,:!+*$;/+=!,'/!71!#(7/$./$/(9/!.$18!,/@#9/5!

5'9G!*5!C*C=!81(#71$5!7G*7!G*@/!611$!(/7)1$%!/7#J'/77/I!]*@#(;!5#;(#.#9*(7+=!81$/!



!

! XX!

56/97$'8!*@*#+*C+/!(/*$C=!)1'+,!#(9$/*5/!7G/!'7#+#7=!1.!7G*7!C*(,!.1$!9*86'5L59*+/!

*66+#9*7#1(5IFQ!!

>G/!WbELFDFY!Z]H!C*(,!#5!'5/,!.1$!('8/$1'5![\"\[!*(,!(*@#;*7#1(!7*5%5:!

#(9+',#(;!1(/!&42!9G*((/+I!4$1615*+5!G*@/!C//(!8*,/!71!$/6'$615/!FYY!Z]H!1.!7G*7!

C*(,!.1$!+*(,!81C#+/!$*,#1!*5!7G/!#(#7#*+!'5/5!*$/!5'6/$5/,/,!C=!(/)!7/9G(1+1;#/5I!

f'57!*5!7G/!>^-2!56/97$'8!G*5!;11,!6$16*;*7#1(:!7G/!WbELFDFY!Z]H!C*(,!)1'+,!

G*@/!;11,!9G*$*97/$#57#95!C17G!.1$!)#,/L*$/*!(/7)1$%5!*(,!.1$!+1)L61)/$!#(L

C'#+,#(;!(/7)1$%5I!3@/(!#.!7G*7!C*(,!)/$/!6$#8*$#+=!*@*#+*C+/!.1$!+*(,!81C#+/!$*,#1!

5=57/85!R)G#9G!#(9+',/!6'C+#9!5/$@#9/!5=57/85!*5!)/++!*5!5=57/85!'5/,!71!

9188'(#9*7/!)#7G#(!*!)*$/G1'5/!1$!)1$%5#7/:!.1$!/K*86+/S:!5#86+=!$/;#57/$#(;!

)G/$/!*(,!)G/(!7G15/!5=57/85!*$/!,/6+1=#(;!)1'+,!*++1)!7G/!C*(,!71!C/!'5/,!.1$!

17G/$!*66+#9*7#1(5!/+5/)G/$/I!!

>G/!DXbELDQEE!Z]H!C*(,!,#$/97+=!*C'75!7G/!/K#57#(;!DQEE!Z]H!<2Z!C*(,I!e#%/)#5/:!

7G/!DQWYLDbEE!Z]H!A$1*,C*(,![*,#1!2/$@#9/!RA[2S!*(,!3,'9*7#1(*+!A$1*,C*(,!

2/$@#9/5!R3A2S!C*(,!*C'75!7G/!<2Z!C*(,I!>G*7!C*(,!)*5!1$#;#(*++=!'5/,!.1$!

8#9$1)*@/!,#57$#C'7#1(!1.!8'+7#8/,#*!C=!/,'9*7#1(*+!#(57#7'7#1(5!*(,!.1$!518/!.#K/,!

)#$/+/55!*66+#9*7#1(5I!Z'9G!1.!7G/!3A2!C*(,!G*5!C//(!'(,/$'7#+#H/,:!*(,!/K#57#(;!

'5/$5!8'57!,/81(57$*7/!T5'..#9#/(7!*9*,/8#9!'5/U!1.!7G15/!C*(,5!C=!Z*=!DEFF!1$!

$#5%!+15#(;!7G/#$!+#9/(5/5I!-#Z\k!(/7)1$%!6$1@#,/$5!5'9G!*5!26$#(7!*(,!0+/*$)#$/!

*$/!*97#@/+=!+#9/(5#(;!7G/!DIY!&]H!C*(,:!*(,!e>3!(/7)1$%5!*$/!*+51!6+*((/,!#(!7G*7!

56/97$'8I!>G15/!9/++'+*$!(/7)1$%5!8*=!(17!'5/!7G/!.'++!C*(,!#(!*++!+19*7#1(5:!

6*$7#9'+*$+=!#(!$'$*+!/(@#$1(8/(75!)G/$/!9188/$9#*+!G#;GL56//,!,*7*!(/7)1$%5!

8*=!(17!C/!6$1.#7*C+/I!>G/!*C#+#7=!71!'5/!7G/!*,,#7#1(*+!C*(,)#,7G!*7!G#;G!61)/$!

)1'+,!C/!'5/.'+!.1$!$*(9G/$5:!.*$8/$5:!91(5'8/$5:!*(,!C'5#(/55/5I!]*@#(;!7G/!C*(,!

*C'7!7G/!)/++L'5/,!<2Z!C*(,!)1'+,!$/J'#$/!1(+=!5+#;G7!81,#.#9*7#1(!1.!/K#57#(;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
FQ!3*$+=!`EDIFF!)#$/+/55!(/7)1$%5!'5/,!7G/!WEDLWD`!Z]H!<2Z!C*(,:!C'7!+*7/$!(/7)1$%5!.19'5/,!1(!

DIQ!&]H!*(,!Y!&]H!C/9*'5/!1.!7G/!#(9$/*5/,!C*(,)#,7G!*(,!,/9$/*5/,!#(7/$./$/(9/I!]1)/@/$:!

9186*(#/5!5'9G!*5!K&!0188'(#9*7#1(5!G*@/!$/9/(7+=!,/81(57$*7/,!7G*7!91;(#7#@/!$*,#1!7/9G(1+1;#/5!

9*(!'5/!7G/!WEDLWD`!Z]H!<2Z!C*(,!.1$!*(!'(+#9/(5/,!)#,/L*$/*!9/++'+*$!(/7)1$%I!B1$!81$/!

#(.1$8*7#1(:!5//!7G/!g971C/$!DEFE!#55'/5!1.!7G/!DY@(@$#1%>2>03(;$F"$=!
RG776O__)))I7/9G(1+1;=$/@#/)I918_9188'(#9*7#1(5_DbY`F_m6Ft\QSI!



!

! XQ!

*(7/((*5!*(,!$*,#1!,/5#;(5:!$/,'9#(;!7G/!9157!

1.!*!(/7)1$%!7G*7!8*=!C/!*@*#+*C+/!1(+=!#(!

9/$7*#(!+19*7#1(5I!!

e#%/)#5/:!8*$#7#8/!(*@#;*7#1(!*(,!8#+#7*$=!

5=57/85!8*%/!'5/!1.!7G/!DWEELXFEEZ]H!

$/;#1(I!>G/5/!C*(,5!91'+,!C/!'5/,!.1$!+1)L

61)/$!G18/!(/7)1$%5!#(!518/!+19*7#1(5:!8'9G!+#%/!XbYELXaEE!Z]H!C*(,I!<(!

g971C/$!DEFE:!7G/!?I2I!P><\!1$,/$/,!7G*7!7G/!XYYELXbYE!Z]H!C*(,!C/!91(@/$7/,!

.$18![\"\[!*66+#9*7#1(5!71!)#$/+/55!,*7*I!]*@#(;!*!C$1*,!5/97#1(!1.!56/97$'8!.$18!

DWEELXaEE!Z]H!5#86+#.#/5!*(7/((*!*(,!$*,#1!5=57/8!,/5#;(I!>G/!'5/!1.!*(=!1(/!1.!

7G/5/!56/97$'8!C*(,5!#5!5#8#+*$!71!7G/!'5/!1.!7G/!XIbY!&]H!C*(,!8/(7#1(/,!/*$+#/$N

7G/!56/97$'8!#5!(17!*@*#+*C+/!#(!*++!+19*7#1(5:!61)/$!+/@/+5!8*=!(//,!71!C/!+1)!#(!

17G/$!+19*7#1(5:!*(,!#7!8*=!(17!C/!*@*#+*C+/!*7!*++!7#8/5I!]1)/@/$:!.'7'$/!$*,#1!

(/7)1$%5!9*(!C/!.+/K#C+/!/(1';G!71!*,*67!71!7G/!*@*#+*C+/!56/97$'8!*7!*!56/9#.#9!

7#8/:!6+*9/:!*(,!61)/$!+/@/+I!

!"#$%&'("#!

-#$/+/55!(/7)1$%5!G*@/!C/918/!/55/(7#*+!71!C'5#(/55/5:!91(5'8/$5:!*(,!

;1@/$(8/(75I!>G/=!)#++!C/918/!#(9$/*5#(;+=!#861$7*(7!*5!7G/!<(7/$(/7!1.!>G#(;5!

,/@/+165:!91((/97#(;!6/16+/!71!*++!1.!7G/!,/@#9/5!*(,!#(.1$8*7#1(!#(!7G/#$!

/(@#$1(8/(7I!>G/!+*57!DE!=/*$5!G*@/!C$1';G7!*8*H#(;!7/9G(1+1;#9*+!#((1@*7#1(5!

7G*7!G*@/!$/@1+'7#1(#H/,!G1)!6/16+/!9188'(#9*7/I!218/!1.!7G*7!#((1@*7#1(!G*5!

199'$$/,!'5#(;!+#9/(5/,!1$!*66+#9*7#1(L56/9#.#9!56/97$'8!*++19*7#1(:!C'7!5#;(#.#9*(7!

#((1@*7#1(!*+51!G*5!G*66/(/,!'5#(;!*!+#8#7/,!*81'(7!1.!'(+#9/(5/,!56/97$'8I!

B'7'$/!#((1@*7#1(!)#++!,/6/(,!1(!/K6*(5#1(!1.!7G/!717*+!)#$/+/55!C*(,)#,7G!

*@*#+*C+/!71!6/16+/!*(,!8*9G#(/5!*(,!1(!7G/!'C#J'#7=!1.!G#;GL56//,!(/7)1$%5I!!

"'/!71!7G/!6G=5#95!1.!$*,#1:!8//7#(;!7G/!.'7'$/!(//,!.1$!G#;GL56//,!)#$/+/55!

(/7)1$%5!)#++!$/J'#$/!*(!#(9$/*5/,!('8C/$!1.!5G1$7/$L$*(;/!(/7)1$%5!71!

<(57/*,!1.!8*(*;#(;!56/97$'8:!)/!

5G1'+,!.19'5!1(!8*(*;#(;!

#(7/$./$/(9/I(



!

! XY!

9186+/8/(7!)#,/L*$/*!(/7)1$%5I!4$1@#,#(;!56/97$'8!.1$!7G15/!(/7)1$%5!*(,!

911$,#(*7#(;!7G/#$!#(7/$*97#1(5!)#++!$/J'#$/!*'718*7/,!51+'7#1(5I!!

[*,#1!7/9G(1+1;#/5!9'$$/(7+=!'(,/$!,/@/+168/(7:!#(9+',#(;!51.7)*$/L,/.#(/,!

91;(#7#@/!$*,#15!7G*7!9*(!16/$*7/!*9$155!@*57!5/97#1(5!1.!56/97$'8:!9*(!8//7!7G15/!

(//,5!.1$!C17G!9*6*9#7=!*(,!'C#J'#7=I!A'7!8*%#(;!7G#5!G*66/(!)#++!$/J'#$/!

$/7G#(%#(;!G1)!56/97$'8!$/51'$9/5!*$/!8*(*;/,I!<(57/*,!1.!8*(*;#(;!56/97$'8:!)/!

5G1'+,!.19'5!1(!8*(*;#(;!#(7/$./$/(9/I!!

26/97$'8!$/;'+*7#1(5!7*%/!*!+1(;!7#8/!71!9G*(;/I!&1@/$(8/(75:!$/5/*$9G!+*C5:!*(,!

9186*(#/5!5G1'+,!.'(,!6$1717=6/!5=57/85!71!*55/55!7G/!./*5#C#+#7=!1.!(1@/+!

7/9G(#J'/5!5'9G!*5!<(7/$(/7L8*(*;/,!56/97$'8I!Z157!#861$7*(7+=:!$/;'+*71$5!

5G1'+,!91(5#,/$!G1)!7/9G(1+1;=!C/#(;!,/@/+16/,!71,*=!)#++!*../97!56/97$'8!(//,5!

*(,!'5/5!#(!7G/!=/*$5!71!918/I!

! !



!

! Xb!

!"#$"%&'()*+!

R\C/+51(!DEE`S!]*+!\C/+51(:!j/(!e/,//(:!*(,!]*$$=!e/)#5:!B2>=%(+>(B"+&L(M>-,(!"E$N(
!"G$,+3N(8%'(O8**"%$&&(8E+$,(+1$(7"0"+82(JP*2>&">%I(\,,#51(L-/5+/=:!DEE`I!\+51!
*@*#+*C+/!*7!G776O__)))IC#75C11%I918I!

R\%/++*!DEEYS!\I!\%/++*:!&I!f',,:!2I!2/5G*(:!*(,!4I!27//(%#57/:!T2/+.L8*(*;/8/(7!#(!

9G*17#9!)#$/+/55!,/6+1=8/(75IU!K,>#$$'"%0&(>E(+1$(::+1(9%%-82("%+$,%8+">%82(
I>%E$,$%#$(>%(D>G"2$(I>.*-+"%0(8%'(<$+=>,?"%0I!Z1C#018!iEYI!\0Z:!P/)!h1$%:!Ph:!
66I!F`YLFWWI!

R\%=#+,#H!DEEbS!<*(!BI!\%=#+,#H:!-1(Lh/1+!e//:!Z/G8/7!0I!^'$*(:!*(,!2G*(7#,/@!

Z1G*(7=:!TP/k7!;/(/$*7#1(_,=(*8#9!56/97$'8!*99/55_91;(#7#@/!$*,#1!)#$/+/55!

(/7)1$%5O!\!2'$@/=IU!J2"&$F"$,(I>.*-+$,(<$+=>,?&:!^1+I!YE:!66I!DFDaLDFYWI!

R\(,/$51(!DEE`S!0G$#5716G/$!\(,/$51(!*(,!0G*$+/5!0*8/$1(:!T]1)!3867=!#5!

3867=O!-/*%L2#;(*+!26/97$'8!2'$@/=!Z/*5'$/8/(75!*(,!\(*+=5#5!.1$!01;(#7#@/!

[*,#15IU!K,>#$$'"%0&(>E(+1$()7;(CZZ6(@$#1%"#82(I>%E$,$%#$(8%'(K,>'-#+(JP*>&"+">%N(
CZZ6I!

RA*G+!DEEWS!4*$*8@#$!A*G+:![*(@//$!0G*(,$*:!>G18*5!Z159#C$1,*:![1G*(!Z'$7=:!

*(,!Z*77!-/+5G:!T-G#7/!26*9/!P/7)1$%#(;!)#7G!-#LB#!+#%/!01((/97#@#7=IU!)Y[I\DD(
I>.*-+$,(I>..-%"#8+">%(;$F"$=:!^1+I!XW:!P1I!Q:!DEEWI!

RA15/!FWWWS!^*('!A15/:!T>G/!<86*97!1.!21.7)*$/![*,#1!1(!-#$/+/55!P/7)1$%#(;IU!

)Y[D\BY!J(D>G"2$(I>.*-+"%0(I>..-%"#8+">%(;$F"$=:!^1+I!X:!P1I!F:!FWWWI!

R0G*(,$*5/%G*$!DEE`S!^I!0G*(,$*5/%G*$:!fI!\(,$/)5:!*(,!\I!&*7G/$/$:!TB/8719/++!

(/7)1$%5O!\!2'$@/=:U!YJJJ(I>..-%"#8+">%&(D808]"%$:!^1+I!Qb:!P1I!W:!DEE`I!

(01G/(!DEFES!Z*$5G*++!]I!01G/(:!\+C#(!fI!&*5#/)5%#:!"1(*+,!0I!A*9%/$:![1C/$7*!
A*+57*,:!27/@/(!-I!3++#(;51(:!"*$$/+!38/$51(:!\*$1(!2I!3@*(5:!f1/+!>I!f1G(51(:!4*'+!

j1+1,H=:!"*@#,!AI!j'(%//:!Z1++=!jI!Z*9*'+/=:!f*8/5!ZI!Z1$*(:!e//!&I!Z'(,=:!

>#817G=!fI!4/*$51(:!0G$#5716G/$!2I!['.:!B$/,/$#9%!2I!21+G/#8:!"*@#,!]I!27*/+#(:!*(,!

\+*(!AI!>*((/$I!)*$#+,-.(D8%80$.$%+(E>,()#"$%#$("%(+1$(C:&+(I$%+-,3I!-*5G#(;71(:!
"I0IO!P*7#1(*+!\9*,/8#/5!4$/55:!DEFEI!

R01$,/#$1!DEEbS!0*$+15!01$,/#$1:!j#$*(!0G*++*6*+#:!*(,!"*;(*9G/)!A#$$':!T<333!

`EDIDDO!\(!<(7$1,'97#1(!71!7G/!B#$57!-#$/+/55!27*(,*$,!A*5/,!1(!01;(#7#@/![*,#15IU!

^>-,%82(>E(I>..-%"#8+">%&:!^1+I!F:!P1I!F:!\6$#+!DEEbI!

R"'77*!DEFES!\@//%!"'77*:!"1+*!2*G*:!"#$%!&$'()*+,:!*(,!"1';+*5!2#9%/$:!T4$*97#*+!

#86+/8/(7*7#1(!1.!C+#(,!5=9G$1(#H*7#1(!#(!P0LgB"Z!C*5/,!91;(#7#@/!$*,#1!

(/7)1$%5IU!K,>#$$'"%0&(>E(+1$(_>,?&1>*(>%(I>0%"+"F$(;8'">(<$+=>,?&!R01[1P/7!iFES:!
2/67I!DEFEI!

RB00!DEFES!B/,/$*+!0188'(#9*7#1(5!0188#55#1(:!T01((/97#(;!\8/$#9*O!>G/!

P*7#1(*+!A$1*,C*(,!4+*(IU!DEFEI!



!

! Xa!

RB00!DEFECS!B/,/$*+!0188'(#9*7#1(5!0188#55#1(!g8(#C'5!A$1*,C*(,!<(#7#*7#@/:!

TZ1C#+/!A$1*,C*(,O!>G/!A/(/.#75!1.!\,,#7#1(*+!26/97$'8IU!gA<!>/9G(#9*+!4*6/$!

2/$#/5!P1I!b:!g97I!DEFEI!

RB00!DEFE9S!B/,/$*+!0188'(#9*7#1(5!0188#55#1(:!T<(!>G/!Z*77/$!1.!?(+#9/(5/,!

g6/$*7#1(!#(!7G/!>^!A$1*,9*57!A*(,5O!2/91(,!Z/81$*(,'8!g6#(#1(!*(,!g$,/$IU!

2/67I!DEFEI!

RB/871.1$'8!DEFES!B/871!B1$'8:!T<(7/$./$/(9/!Z*(*;/8/(7!#(!?Z>2!B/8719/++5IU!

B/CI!DEFE:!*@*#+*C+/!*7!G776O__)))I./871.1$'8I1$;I!
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