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l ���� l � qmYw�S,äZîT�0ep\�YZS�WZabS�V�s�S�i Ê j«ËÜ� Ê4Ê j«Ëþgc�w�S][�S�efg4SdÛmU#S�cNYS�i8Y^àim^	l��1apS�Yw�S,V	c�w1epS�s�V	��abS,imeps�S]W�g�epYvu

^	W�imS]W,c]^	[�U1V	WZS�iIYZ^IepYg�gZu![��#^	ap�©eb\�YZS�WZabS�V�s�S�iÐc]^	l�\�YS]WU1VXWZY��
��^�W,V8gZeb\�~	abSd�©YZW�VX\1gZ[�etYZYZS�W,gZc�w�S�[�S	q�Yw�Sàcd^�W��

WZS�g�U#^	\³imep\1~àäZî ��WV	\1c�w�[�SdYZWefc[�[ � V	\1i��[ � c]V	\I�³Sµcd^	[�U�l�YZS�i8_¶W^	[ YZw³V�Yo^	_�YZw�S�n Ê z j%gc�w�S�[µS�l1g�eb\�~

l ��� ) VX\1i 2 � ���

��� �ÜÈ*��������/#� ���!C�ÈB����C�É ÕÌS�S�s�V	apl³V�YZS�iLYZw�SÞU³S�W�_¶^�WZ[·VX\³cdSÙ^X_µYZw1S�U�W^	U#^�gZS�i gZc�w1S][�S�gIl³g�eb\�~ � ò��0apS�s	S]a

îol1V	i�WVXYZl�WS8ÔT[�U�apepYZl³imSÜËI^miml1abVXYZeb^	\ Í � ò!î²ÔTËÐÏµeb\íYZw�SGc]^	\�YZS]Û!Y�^	_²�#^XYw@YZw�SI\1^	\m�0etYS]W�V�Yeps�S8ò	åX�§gvY�V�YZS

Ê j«Ë gc�w�S][�S8Ñ � ÓHV	\1i�Yw1V�Y}^X_HYw�S'epYZS�WVXYZebs	S&���§gvY�V�YZS Ê4Ê j«ËéVXWW�VX\�~�S][�S]\�YTl1gZeb\�~à_¶^�l�W²i�S�cd^mimeb\�~8etYS]W�V��

YZeb^	\1ghÑ Ý�Ó0� Ê w1SkW�V�Yep^�\1VXabSE^X_³l1g�eb\�~}òXå²VX\1i.�og�YVXYZS�gBWS�gZU³S�cNYZebs	S�apu}�hV	gBYZw³V�Y*YZw�S Ê j«ËÂV	\1i Ê4Ê j«Ë gZc�w�S�[�S�g

cd^�\1g�efimS�WZS�iGw�S�WZS�SdÛmw�eb��epY,VÄgZep[�ebabV	W�imS�c]^!i�ep\�~Ic]^	[�U�abSdÛmetYvuIS]ÛmU�WZS�gZgZS�iÐep\ÜYZS�WZ[·g}^	_EYZw�S�Y^XY�VXa�\!l�[��#S]W�^	_

YZWS]abapefgµgvY�V�YZS�g]qEgZeb\1cdS;YZw�S�WZS8VXWS·Yv�k^S���§gvY�V�YZS Ê4Ê j«Ë imS�c]^mimS]W�g]qH�4w1ebc�wÞV	WZS;ep\!s	^��	S�iÜeb\�_¶^�l�WµetYS]W�V�YZeb^	\³g]q

u!epS�abimeb\�~ÌVIYZ^	YV	ak^	_oÒ 9 � 9 å � ò	å Ê4Ê j«Ë YWZS�apabefg�g�YV�YS�g�� Ê w�SÄSdç�S�cdYZebs	SàYw�W^	l�~�w�U�lmYµ�«V�g�Ý z epYg&��S]W

n!u![��#^	aÁÍ z �kn�Ï«eb\Ä�#^XYwIc]V	gZS�g��

ä§\N�Beb~	l1WZSOÒmq��kS4gZw�^���Yw�S z etYÁ`ÁWZW^	WHãOVXYZeb^·Í z `ÁãTÏ*s�S]W�g�l³g*gZeb~	\1V	a!YZ^�\�^�ebgZShWVXYZeb^²U#S]WH�1etY�q�\1V	[�S]abu���� 7�4 6 q
U³S�W�_¶^�WZ[·V	\1cdS4^	_ � ò�î²ÔoË6�1V	gZS�i·n Ê �0äZî Ê j«ËÙq	äZî Ê j«ËÙq!n ÊÖÊ j«ËÙq�c]^	\!s	S�\�YZeb^	\1V	a Ê j«Ë V	gH�«S]aba³V�g�YZw³V�Y

^X_Tl1\1cd^mimS�ia���0abS]s	S�a3�Áw1V	gZSd�vn!w�ep_¯Y��§|}S]u!eb\�~ÞÍ`���kn�|,ÏNqB_¶^	W'YZW�VX\1gZ[�ebgg�eb^	\Þ^�s	S]W'l�\1c]^	WWZS�abVXYZS�iÌê#V�Y·ãOV�u!apS�ep~�w

_�V	imeb\�~µc�w1VX\�\1S]afg]��ÔO~�VXeb\àVXaba³^	_#Yw�S �'&'( C���>B�!���!C w³V	iàV	\·Sdç�S�cNYeps�SOYw�WZ^�l�~	w1U�lmYÁ^	_AÝ z �kn��!ÔOapYZw�^�l�~	w

etYÄebg·\1^XYàSdÛmU�abefcdepYZabuígZw�^��4\@iml�SIY^ÙabV�c���^X_,gZU1V	c]S	q«�kS�_¶^�l�\1iÎYZw1VXYÄVXaba4Yw�S Ê j«Ë gZc�w1S][�S�g�S]Û!w1ep��epYÄV

g�eb[�epafVXWµU#S]WZ_¶^	W[�V	\1cdS;YZ^ÜS�V	c�wÞ^XYZw1S]Wµep\íÔAÕÖ×}Ø c�w³VX\�\�S�abg�� z u�c]^	\�YZW�V	g�Y�q��4w�S�\Îc]^	[�[�l�\1ebc�V�YZeb\�~Ü^�s	S]W

l�\1c]^	WWZS�abVXYZS�iÜê³VXY�ãOV�u!apS�ep~�wÌ_�V	imeb\�~Ðc�w1V	\�\�S�abg�q�Yw�S z `Áã c]l�WZs�S�^X_4äZî Ê j«Ë9[�S�WZ~�S�iÌ�4etYwÙYZw³V�Y�^	_On Ê

Ê j«Ë eb\ÙYZw1SÄw�eb~	w��§nmØoã WS]~	eb^	\Ù^	_��*ep~�l�WZS�ÒmqEgZep\³cdSàYw�S]uJ�#^XYwÞSdÛmw�eb��epY'Yv�4efcdS;YZw�S�imebs	S�WgZetYvuÌU#^XYZS�\�YZefVXa

cd^�[µU³VXWS�iÐYZ^Gcd^�\!s	S]\�Yep^�\1VXa Ê j«ËÙ�AÔog,gZS]S]\Jeb\��Beb~	l1WZSàÒ8�4epYZwÌYZw�SÄV	ims�S]\�Y�^X_On Ê �©äZî Ê j«ËÙqAV8_¶l�WZYZw1S]W

ò	i z ~�VXeb\�c]VX\��#S�^	�mY�VXeb\�S�i8V�YOV z `ÁãÚ^X_ �I��uT� cd^�[µU³VXWS�i·Y^�YZw�S�äZî Ê j«ËþVX\1i�n ÊLÊ j«Ë gc�w�S�[µS�g]�

z u,cd^	\�YWV�gvY�q�ep\&�Beb~	l1WZShÝT�«Shg�w�^���YZw�S z `ÁãÙs�S]W�g�l³g�� � 7v406 U³S�W�_¶^�WZ[·VX\³cdS«^X_�Yw�S � ò�î²ÔoË �1V�g�S�i �,�'&'(

C���>*�!���!C q�\1V	[µS�apu�Yw1V�Y�^	_«n Ê �0äZî Ê4Ê j«ËÙq�äZî Ê4Ê j«ËÙq�n ÊëÊ4Ê j«ËÙq�cd^�\�s�S]\�YZeb^	\³VXa Ê4Ê j«Ë V	g²�«S]abaHV	g

YZw1VXY,^X_«l�\1cd^mimS�i����kn�|�q³_¶^�W}YZW�VX\1gZ[�ebggZep^�\Ð^�s	S�W}l�\1cd^�WZWS]afV�YS�iGê³V�Y,ãOV�u!abS]eb~	wG_�V�imeb\�~Gc�w1VX\1\�S]afg]��ÔO~�VXeb\�q

VGgZep[�ebabV	W�U#S]WZ_¶^	W[�V	\1cdS�YWZS�\1iJefg�^��1g�S�WZs�S�iÐYZ^IYw1V�Yµ^X_hYZw1S Ê j«Ë gc�w�S][�S�g�^X_��*ep~�l�WSÄÒmqHVXapYZw1^	l�~�wÜYw�S



å
V	c�w�ebS]s�V	��apShimebs	S�WgZetYvu1�Xcd^mimeb\�~T~�VXeb\�^X_ Ê4Ê j«ËÂefgHgZ[�V	apabS]W*Yw1VX\'YZw1VXYH^X_ Ê j«Ë6iml�S«Y^oYw�S«_�V	cdY*Yw1V�Y Ê4Ê j«Ë

w1V	gÄV	c�w�ebS]s�S�i@U1V	W�YÄ^X_,epYg;VXY�Y�VXeb\1VX��abSÐimebs	S�WgZepYvuÎ~�VXeb\Ö�4etYwÖYZw�SÌVXefi@^X_,epYgÄetYS]W�V�Yeps�S�YZl�W�³^íimS�c]^mimep\1~1�

ØO^�\�SdYw�S]abS�gg]qmVXY«V z `kãÖ^X_ ���ku-� q�YZw�S²U³S�W�_¶^�WZ[·V	\1cdSO^	_*n Ê �0äZî Ê4Ê j«Ëâefg«V	�³^�lmYhì�� � i z �³S]Y�YS]W«YZw1V	\·YZw³V�Y

^X_*YZw�S,c]^	\!s	S�\�YZeb^	\1V	a Ê4Ê j«Ë gc�w�S][�S	�

&'/³�*�	� ÈBC���/#�BC�É ä§\ÌYw�ebg�c]^	\�YZWeb��lmYZeb^	\Ì�«SµU1WZ^�U³^�g�S�iGYw�S·\�^�s	S�aEn Ê �©äZî VX\1iÜäZî Ê j«ËÌ� Ê4Ê j«Ë gZc�w�S�[�S�g

_¶^	W4YWV	\1gZ[µefgg�eb^	\1g«^�s�S]Wh�³^	YZwIÔBÕ@×}ØñV	\1iÄê³V�YOãOV�u!abS]eb~	wÄ_�V	imeb\�~àc�w1V	\�\�S�abg�� z ^XYZwÄYZw1S'n Ê �0äZî Ê j«ËþVX\1i

n Ê �0äZî Ê4Ê j«Ëágc�w�S][�S�gOVXWS�c]VXU³VX��abS�^X_HU�W^�s!ebimeb\�~·gZep~�\�ed%#c]VX\�YOimebs	S�WgZetYvuÄ~�V	ep\1gh^�s�S]WhYw�S]ebWoc]^	\!s	S�\�Yep^�\1VXa

cd^�l�\�YZS]WU1V	W�Y�g]�Ùn!U#S�cde%³c�VXabapu�qEep\íc]V�g�SÄ^X_Tl�\³cd^	WWS]afV�YZS�iJê³VXY�ãOV�u!abS]eb~	wJ_�V�imep\1~Ìc�w1V	\�\�S�a qEc]^!i�ep\�~Ì~�V	ep\³g�^	_

ÒXòo� � i z V	\1iàÒ��o� Ò	i z �«S]WSOV	c�w�ebS]s�S�iµ^�s	S�WEl�\1c]^mimS�iN���knm|LV�YkV z `kãí^X_ �I��u*� q�WS�gZU³S�cNYZebs	S�apu����1^	WÁgZumgvYS][·g

WZS�è�l�epWeb\�~�YZw�S�WZS�iml1cdS�i�cd^	[�U�abSdÛmepYvu;^	_HV·gZeb\�~	abSd�©YZW�VX\1gZ[�etYZYZS�WTgZc�w1S][�S	q�äZî Ê j«ËÜ� Ê4Ê j«Ë ebgOg�YZebaba*c�VXU1V	��apS

^X_Oim^�l���abep\�~GYZw�S;V�c�w�ebS]s�VX��abSàimebs	S�WgZetYvuÜU³^	YZS�\�YebV	aÁ^	_ Ê j«ËÌ� Ê4Ê j«Ë �4etYwÙYZw1S;VXefiJ^X_OVIgZep\�~�apSàYZW�VX\1gZ[�etY

VX\�YZS�\�\1V1�
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�*ep~�l�WZS � � z ab^mc��àimebV	~	W�VX[ ^X_BYZw�S,n Ê �0�1V�g�S�iàäZîT�0ep\�YZS�WZabS�V�s�S�iàgZumgvYS][�� Ê w�S}\�^XY�V�Yep^�\1g��ÌV	\1i	� u K imS]\�^	YZS

YZw�SÄep\�YS]WapS�V�s	S]W'VX\1iÙimS�ep\�YS]WapS�V�s	S]W�qA�4w1epabSÜÍ¹� Ï'imS]\1^XYZS�g�Yw�S8n Ê z jëgZep~�\1VXafg�iml1WZeb\�~IYw�SÄgZS�c]^	\1iÙgZu![��#^	a
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�*ep~�l�WZSIÒm� z `kã s	S�WgZl1g.��� 7�4 6 U³S�W�_¶^�WZ[·V	\1cdSÄ^X_ � ò�î²ÔTË �1V	gZS�iÞn Ê �©äZî Ê j«ËÙq�äZî Ê j«Ë�qHn Ê Ê j«ËÙq

cd^�\�s�S]\�YZeb^	\³VXa Ê j«Ë VX\1iÐl�\1cd^mimS�iî���«nm|���ÔOaba*^	_HYZw�S�g�S �'&'( gc�w�S][�S�gTw1V�s�S�VX\ÐSdç�S�cNYeps�S�Yw�W^	l�~�w�U�lmY

^X_HÝ z �«n��

n���
'�1ØO~àV	\1i�Á�1æTV	\�/]^·V	WZS²�4etYwIrO\�ebs	S�WgZetYvu;^X_En!^	lmYw1VX[�UmY^	\��
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uncoded 8PSK
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�*ep~�l�WZSOÝ1� z `Áãís�S]W�g�l1g�� � 7v406 U#S]WZ_¶^	W[·VX\1c]S4^X_ � ò�î²ÔoËÂ�³V	gZS�i·n Ê �0äZî Ê4Ê j«ËÙq�äZî Ê4Ê j«Ë�q�n Ê@Ê4Ê j«ËÙq

cd^�\�s�S]\�YZeb^	\³VXa Ê4Ê j«Ë VX\1i�l�\1c]^!i�S�i����knm|���ÔOaba!^X_�Yw�S�gZS ���'&'( gc�w�S][�S�gBw1V�s�SkVX\�Sdç�S�cNYeps�SÁYw�W^	l�~�w�U�lmY

^X_HÝ z �«n��


