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¼l­ Ã ´ Ã Ç�²o±m³}°j®w´�¯%¶<¹~Î±w²uÀ<¹u´0Óh´ Ã ²u«�­5® Ã ´`®�±w­ÜÇ�´�°j¹~¹u­h¼l°v±b´ Ã ±w­�±wµ<´�¼l­{­5À�´`®b°i±w²u«<·2¶�³7´`®b³³w­!±wµ�°i±E±wµ<´�¯�°iÓC²u¯%¶�¯ À8­5³b³7²uÇ<¹u´ Ã ²~»5´l®m³7²~±LÅ�²P³@°5¼mµ<²~´`»j´ Ã Ä2ÈÉµ<´¯%¶�¹o±b²~À<¹u´0Óh´ Ã Ç<²~±b³Ú°j®w´�À�°5³w³w´ Ã ±wµ<®b­j¶<·5µ|°�³7´`®w²P°i¹{±b­XÀ�°j®b°j¹~¹u´l¹h¼l­j«hÎ»j´`®7±b´l®.Æj°i« Ã °j®w´É¯�°iÀ<À8´ Ã ±b­@°�À�°i®w±w²P¼0¶<¹P°i®�³w²u·j«�°j¹<¼0­j«�³L±b´l¹u¹u°i±w²u­j«�Ä
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�ü&�N%h���fù
�^ýNù
� ü
	hûà÷.ø�ûRýNù
�.þ��H� ûBûàøLý6;
Ï�±E±w²u¯}´id�±bµ<´�®w´.¼0´`²~»5´ Ã ³7²u·j«�°j¹RÆ Ã ´l«�­i±w´ Ã Ç{ÅkjCËPd7ÌmÆ+²P³E·j²u»j´`«ÇCÅ jhËld7ÌEmon prq�s�Ëld7Ì5ejËld7Ì tvu¨Ëld7Ì

¸�µ<´`®w´|±wµ<´�«<­5²u³w´�³w°j¯}À�¹~´.³wu¨ËPd7Ì�°i®b´|¯�­ Ã ´l¹u´ Ã °j³�²u« Ã ´lÀ8´l« Ã ´l«{±®b´`°i¹u²uÔ`°v±b²~­5«�³:­i¬¨°sÔl´`®w­s¯�´`°j«�¼l­j¯�À<¹u´0Ó è °j¶�³b³7²P°i«}®b°j« Ã ­5¯ »v°i®b²oÎ°iÇ�¹~´X¸�²o±bµ�»v°i®b²P°i«�¼l´rxOygziéEÀ8´l® Ã ²u¯�´l«�³w²~­5«�°j« Ã prq�²u³q±wµ<´s°d»j´`®7Î°i·5´�®b´`¼l´l²u»j´ Ã ´l«<´`®w·5Å}À8´l®�³wÅC¯%Ç8­j¹àÄ+ÈÉµ�´�¼l­{´l×�¼0²u´l«{±�s�Ëld7Ìq²P³�±wµ<´À�°i±wµE·5°j²~«�¬©®b­j¯=±wµ<´Ú±b®b°j«�³w¯}²~±�°i«{±b´l«<«�°�±b­�±wµ�´Ú®w´.¼0´l²u»j´�°j«{±w´l«�«�°<ÄCÒ´s°5³w³w¶<¯�´Xë�°v±H{�°dÅC¹~´`²~·5µ�¬B° Ã ²~«�·�ÆCµ<´l«�¼0´�±wµ<´sÀ�°i±wµÜ·5°j²~«�³|s�Ëld7Ì°i®b´�¯�­ Ã ´l¹u´ Ã °5³�³b°i¯�À<¹u´`³�­j¬¨²~« Ã ´lÀ8´l« Ã ´`«{±�Ôl´`®w­%¯}´.°i«�¼l­j¯�À<¹u´0Óè °i¶�³w³w²u°j«%®m°i« Ã ­j¯�»v°i®b²u°jÇ<¹u´q¸�²~±wµ}»d°j®w²P°i«�¼0´�}<Ä�â�À8´l® Ã ²u¯�´l«�³w²~­5«�ÄCÒ´�¼0­5«�³w² Ã ´`®~I{¶�°j³w²oÂC³7±b°v±b²u¼Ü¬B° Ã ²u«<·�Æ�²àÄ ´5Ä~Æ�±wµ<´�À�°v±wµ=·5°i²u«�³�°j®w´¼0­5«�³7±b°i«{± Ã ¶<®w²u«<·Ð±bµ<´�±b®b°j«�³w¯}²P³b³7²u­j«�­i¬%°j«CÅ ·5²~»5´l«�¶�³w´l®.Æ�Ç<¶h±°i®b´�²u« Ã ´`À�´`« Ã ´`«5±�¬©®b­j¯�¶�³7´`®q±b­|¶�³w´l®.Ä�C�´s¸�²u¹~¹¨¼l­j«�¼l´l«{±w®m°v±b´X­5«±w²u¯�´ Ã ²u»C²u³w²u­j«Ò¬©­j®b¯�­j¬É¼mµ�°i«<«<´`¹�°j¹~¹u­h¼l°v±b²~­5«�Æ¤°5³E²u¹~¹u¶�³7±w®m°v±w´ Ã ²~«F:²~·5¶<®b´�å5Ä @ ­i±w´}±bµ�°v±s±wµ�´�°jÇ�­v»5´|¯�­ Ã ´`¹Ú²u³E°jÀ<À<¹u²u¼`°iÇ<¹u´%±b­Ü±wµ<´¯�­jÇ<²u¹u´^Â Ã ´`³7±w²u«�°v±b²~­5«Ò¹u²u«<º¡Æ+°5³@¸�´l¹u¹�°5³s±w­
±bµ<´�²u«{±w´l®7Â{¶�³7´`®@¹~²u«<º¡Ä��« Ã ´l®+±bµ<´�°j³b³7¶<¯�Àh±b²~­5«%­j¬�¶�³w´l®Ú¼0­C­jÀ8´l®m°v±b²~­5«%»C²P°�±b²~¯�´ Ã ²u»{²P³w²~­5«¼mµ�°j«<«<´l¹¨°j¹~¹u­h¼l°v±b²~­5«�ÆC´`°5¼mµ2¶�³w´l®�´lÓCÀ8´l®b²u´l«�¼l´`³É³7¹u­v¸�I{¶�°5³7²oÂC³7±b°i±w²P¼¬B° Ã ²~«<·�°j« Ã ±wµ<´s¬B° Ã ²~«�·�²u³É²u« Ã ´`À�´`« Ã ´l«{±X°j¯�­j«<·�¶�³w´l®m³lÄ�=�´l«�¼l´jÆ°i¯�­5«<·#¶�³w´l®m³lÆX°#Ç<¹u­h¼mº ¬B° Ã ²u«<· ¼mµ�°j«<«<´`¹�¯�­ Ã ´l¹s²P³�°jÀ<À<®b­jÀ<®b²oÎ°v±b´�Ý �ißàÄ�����g�"�U�?�#�g�?� ò ������� ñ �g�"�U�A�.� ñ ��� î0ò��
æ�­ Ã ²~«<·}¬©­5®�Ç�¹~­h¼mº�¬B° Ã ²~«<·�¼mµ�°j«<«<´`¹u³�µ�°5³ÉÇ�´`´l«!³L±b¶ Ã ²u´ Ã ²~« Ã ´0ÎÀ8´l« Ã ´`«{±w¹uÅ2ÇCÅi�s«<­5À<À!°i« Ã =�¶<¯|Ç<¹u´0±|Ý �vß�°j« Ã Õ
°i¹uºv°i¯�°iºC²¨°i« Ãõ�´`²~ÇØÝoå�}vßNÆ�Ýoå5å0ßNÄYC�´�¼l­j«�³w² Ã ´l®s¼0­ Ã ´l¸�­j® Ã ³�±wµ�°i±E³wÀ�°j«�°2¬©®b°j¯}´­i¬s¹u´l«<·j±wµ�x�m��Y��Ä�ÈÉµ<´!À�°i²u®b¸�²u³w´!´l®b®w­5®|À<®b­jÇ�°iÇ<²u¹~²~±LÅÐ±bµ�°v±¼0­ Ã ´`¸�­5® Ã�� ¸�°5³ Ã ´.¼0­ Ã ´ Ã ¸�µ<´`«ê¼0­ Ã ´`¸�­5® Ã�� ¸É°j³�°j¼0±w¶�°j¹~¹uÅ±w®m°i«�³7¯�²~±7±w´ Ã Æh­v»j´`®�°%Ç<¹~­h¼mº�{�°dÅC¹u´l²u·jµ�¬B° Ã ²~«�·}¼mµ�°j«<«<´`¹RÆC¯�°dÅ�Ç�´¶<À<À8´l®�Ç�­5¶<« Ã ´ Ã ÇCÅ�Ý �vß

��Ë �� ¡� Ì£¢ åé\¤ å¥�¦5Ë �¨§
� Ì5p q zdá©x y�ªr«�¬­
¸�µ<´`®w´

¥ ¦ Ë ��§T� Ì�m¯®° «�¬­±²S³�´�µ ¦¶ Ë ��§T� Ì5·¸
´6¹ «�¬­»º

ÈÉµ<´ Ã ²u³7±b°j«�¼0´�±b´l®b¯ µ ¦ ¶ Ë ��§T� ÌQm�¼¾½�¿ ´À ³ y�Á e ¶'Â À�ÃkÄ ¶'Â À Á ¦ Ã ´`«<­i±b´`³±wµ�´�³6I{¶�°j®w´ Ã�ç ¶�¼l¹~² Ã ´`°j« Ã ²u³7±b°j«�¼0´�°j¯�­j«<·s±bµ<´�À�°j®7±m³Ú­i¬¡±wµ�´�±L¸�­¼0­ Ã ´`¸�­5® Ã ³�±wµ�°i±%´0ÓhÀ8´l®b²~´`«�¼0´�±bµ<´2³b°i¯�´�¬B° Ã ´ Ã ¶<®b²~«�·!±wµ<´�¬B° Ã Î²u«<·
Ç<¹u­C¼mº\Å:Ä�ÈÉµ<´�«C¶<¯|Ç�´`®@­i¬É«<­5«<Ôl´`®w­ ç ¶�¼0¹u² Ã ´.°i« Ã ²P³L±m°i«�¼l´`³
µ ¦ ¶ Ë ��§
� ÌX²u³ Ã ´l«<­j±w´ Ã ÇCÅ µ¨ÆÇ Ä @ ­i±b´}±wµ�°i± µUÆÇ ²P³�±wµ�´�´0ÓhÀ�­5«<´l«{±­i¬s±bµ<´�³w²~·5«�°i¹oÂ5±b­vÂ{«�­j²P³7´�®b°i±w²u­vp q z�x y °i« Ã ²~±2®b´lÀ<®b´`³w´l«{±m³}±wµ<´Ã ²u»j´`®b³w²o±LÅ�±wµ�´}¼l­ Ã ´|°j¼mµ�²~´`»j´`³�¸�µ<´l«�¶�³7´ Ã ­v»j´`®X°2Ç<¹~­h¼mº�¬B° Ã ²u«<·¼mµ�°j«<«<´l¹¨¸�²~±wµÈ� ²~« Ã ´lÀ8´l« Ã ´l«{±w¹uÅ�¬B° Ã ´ Ã Ç<¹u­h¼mºC³`Ä

=�´l«�¼0´jÆX±wµ�´ Ã ²u»j´`®b³w²~±LÅ�°j« Ã À�®w­ Ã ¶�¼0± Ã ²u³7±b°j«�¼0´Ù¼0®b²o±b´l®b²u°#¬©­j®¼mµ�°j«<«<´l¹�¼l­ Ã ´`³É­v»5´l®ÉÇ<¹u­C¼mº�¬B° Ã ²u«<·�¼mµ�°j«<«<´l¹P³É°i®b´�Ý �ißÉkÊ �"Ë î � � � ïlÌ �&��� ïNî ���l�,��Í Õ
°iÓh²~¯�²uÔl´�±wµ<´ Ã ²~»5´l®m³7²~±LÅ2° Ã »d°j«{±b°i·5´
µ ÆÇ m ÆÎ¶ ³.´�Ï «
Ð Ñ�Ò � Â �¨Ó­v»j´`®X°j¹~¹:À�°i²u®m³�­j¬ Ã ²u³7±w²u«�¼0±E¼l­ Ã ´l¸�­j® Ã ³ � Æ �GÔkÕ Æ¡¸�µ<´l®b´ ÏLÖ mås²o¬E×�Ø¾}�°j« Ã Ï Ö mo}|²~¬E×ÙmÚ}<ÄÉkÛ �T�'�,Ü�� ï �g� �0ïNñ ��� î �&��� ïàî ���l�g��Í Õ
°iÓh²~¯�²uÔl´E±bµ<´%¼0­ Ã ²u«<·�° Ã »v°i«hÎ±b°j·j´

¥ ¦ Ë ��§
� Ì�m ®° «�¬­±²S³�´¨µ ¦¶ Ë ��§
� Ì ·¸
´6¹ «�¬­

­v»j´`®�°i¹u¹¨À�°i²u®b³É­j¬ Ã ²P³7±w²u«�¼^±X¼l­ Ã ´l¸�­j® Ã ³ � Æ �iÔiÕ Ä��³w²~«<·�±wµ<´%°jÇ�­v»5´ Ã ´`³w²u·j«
·j¶�² Ã ´`¹~²u«<´.³lÆ��s«<­jÀ<À
°j« Ã =�¶<¯|Ç<¹u´0±Ã ´.³7²u·j«<´ Ã ¼mµ�°i«<«�´l¹�¼l­ Ã ´`³+±bµ�°v±q­5Çh±b°j²~«}±bµ<´�¯�°vÓh²u¯%¶<¯ Ã ²~»5´l®m³7²~±LÅ°i« Ã ¼l­ Ã ²~«<·Ò·5°j²~«Ø­v»j´`®%±bµ<´!Ç<¹u­C¼mº#¬B° Ã ²u«<·Ð¼mµ�°i«�«<´l¹EÝ �vßNÄØÈÉµ<²P³¬©®m°i¯�´l¸�­j®bº�¼l°j«ÐÇ�´�¶h±w²u¹u²~Ô`´ Ã ±w­�Ñ�« Ã ¼mµ�°j«<«<´`¹�¼0­ Ã ´.³E±bµ�°v±|°j®w´³w¶<²o±m°iÇ<¹u´�¬©­5®@¶�³w´l®%¼l­{­5À�´`®b°i±w²u­j«Ð°i« Ã ±wµ�°i±|¼l°j«Ò­5Çh±b°j²~«Ù±bµ<´ Ã ²~Î»j´`®b³w²~±LÅ#À<®b­v»{² Ã ´ Ã ÇCÅÐ±bµ<´�¼0­C­5À�´`®b°i±w²u­j«D­j¬�¶�³7´`®b³`Ä @ ­j±w´!±bµ�°v±¶�³w´l®�¼0­C­jÀ8´l®m°v±b²~­5«!¼l­ Ã ´`³X«<´l´ Ã ±w­�À�´`®7¬©­5®w¯'¸�´`¹~¹¤­v»j´`®�±wµ<´%Ñ�®m³L±³w¹~­v¸�¹uÅ�¬B° Ã ´ Ã Ç<¹u­h¼mºÜ°5³�¸�´l¹u¹RÆ8³7­�±bµ�°v±�±wµ<´|²~«h¬©­5®w¯�°i±w²u­j«
¼l°j«
Ç�´±w®m°i«�³L¬©´`®w´ Ã ±w­�±wµ<´�À�°i®w±w«<´`®`ÄÙÏ�¹P³w­�ÆÚ²u«D¼0­5«5±b®b°5³L±%±w­�±wµ<´�¶�³7¶�°i¹Ç<¹u­h¼mº�¬B° Ã ²~«<·�¯}­ Ã ´`¹RÆ¤±wµ�´�²~«{±b´l®7Â{¶�³w´l®@¼mµ�°j«<«<´`¹£I{¶�°i¹u²~±LÅ�²u«Ù±wµ<´¼0­C­5À�´`®b°i±w²u»j´E¼l°5³7´E¯�°dÅ�»v°i®bÅjÆ�µ<´l«�¼0´E²~±�²u³�­i¬+²~«{±b´l®b´`³7±�±w­ Ã ´l±w´`®7Î¯�²~«�´|¸�µ<´l±wµ<´`®�±wµ<´�¼0­ Ã ´.³�¸�­j¶<¹ Ã ³7±w²u¹~¹+À<®b­v»C² Ã ´%²u¯}À�®w­v»5´l¯�´l«{±b³­v»j´`®Ú±wµ�´�«<­j«hÂC¼0­C­5À�´`®b°i±w²u»j´�¼l°5³7´�¸�µ�´l«�±bµ<´�²u«{±w´l®7Â{¶�³7´`®q¼mµ�°i«�«<´l¹²P³É«<­j²P³7Å5Ä
�0�0�d��Ý�¢¤¢�Þ�Z< àßh�¨§Sá�ZâÝ�¢¤£�§�� ã>ärZ� _å5¢¤ _`hß���¦�Zçæ|�Lß c�].^`§è^
ª�« ±bµ<²P³Ð³7´.¼^±w²u­j«�Æ�¸�´�À<®b­v»C² Ã ´ ±wµ�´�À�´`®7¬©­5®w¯�°i«�¼0´�°i«�°j¹~Åh³w²u³­i¬�±wµ<´�¼l­C­jÀ8´l®m°v±w²u»j´�¼0­ Ã ²u«<·!°iÀ<À�®w­{°j¼mµ�¬©­5®s¸�²~®b´l¹u´`³b³s«<´0±L¸�­j®bºh³lÄìX¶<®�­5Ç¨éL´`¼0±w²u»j´Ü²u³}±b­ Ã ´l¯�­j«�³L±b®b°i±w´�±wµ�°i±2¼0­C­jÀ8´l®m°v±b²~»5´�¼0­ Ã ²u«<·¼l°j«�²~« Ã ´l´ Ã °j¼mµ<²u´l»5´Ð±wµ�´#¬©¶<¹u¹ Ã ²~»5´l®m³7²~±LÅ À�®w­v»C² Ã ´ Ã ÇCÅ ¶�³7´`®LÂ¼0­C­5À�´`®b°i±w²u­j«�Ä+õ�´l±H�Yê¶ Ã ´l«�­i±w´�±bµ<´�¬©®b°j¯}´�´l®b®b­j®�À<®w­5Ç�°iÇ�²~¹u²o±LÅ�­j¬±wµ�´�¼mµ�°i«<«�´l¹�¼0­ Ã ´�¸�µ<´`«Ù¶�³7´`®LÂh¼0­C­jÀ8´l®m°v±b²~­5«
²u³@´l¯�À<¹u­vÅj´ Ã °i« Ã¸�´�¼0­ Ã ´�°5¼0®b­5³b³ Ã ²~Ö8´`®w´`«5±b¹~Å}¬B° Ã ´ Ã ¶�³w´l®m³�ËBÇ<¹~­h¼mºh³^ÌmÄ�C�´�°j³b³7¶�¯}´±wµ�°v±�±wµ�´!Ñ<Óh´ Ã�Ã ´`¼l­ Ã ´^Âh°i« Ã Â{¬©­j®b¸�°j® Ã À�®w­j±w­h¼0­5¹�²u³�¶�³w´ Ã Ý~å.évßàÄÈÉµ<´`«��Yê¶ ¼l°j«�Ç8´E¸�®b²o±w±w´l«
°5³

� ê¶ mÍËLå Ã � ²Së¶ Ì5�íì Æ¶ tv� ²Së¶ �Yî�ï¶
¸�µ<´`®w´h� ²Së¶ Ã ´l«<­j±w´`³Ú±wµ<´�¬©®m°i¯�´É´l®b®b­j®+À<®b­jÇ�°jÇ<²~¹u²~±LÅ@­i¬8±wµ<´�²~«{±w´`®LÂ
¶�³w´l®Ú¼mµ�°j«<«<´l¹àÆ7� ì Æ¶ Ã ´`«<­i±b´`³:±bµ<´�¬©®b°j¯}´É´`®w®b­j®:À<®b­jÇ�°jÇ<²~¹u²~±LÅE­v»j´l®±wµ�´�Ç<¹u­h¼mº�¬B° Ã ²u«<·s¼mµ�°i«<«�´l¹{¸�µ<´l«}¼0­C­jÀ8´l®m°v±b²~­5«E±b°jºj´`³�À<¹P°j¼0´5Æi°i« Ã�Yî�ï¶ Ã ´`«<­i±b´`³|±wµ�´2¬©®m°i¯�´2´`®w®b­j®|À<®b­jÇ�°jÇ<²~¹u²~±LÅÒ­v»5´l®%±wµ<´�I{¶�°j³w²fÂ³7±b°v±b²u¼�¬B° Ã ²u«<·2¼mµ�°j«<«<´l¹�²~«Ü±wµ�´@«<­j«hÂC¼0­C­5À�´`®b°i±w²u»j´s¼l°j³w´jÄ£C�´%­jÇhÎ±b°j²~« � ê¶ m Ë7å Ã � ²Së¶ Ì5� ì Æ¶ tv� ²Së¶ �Yî.ï¶m � ì Æ¶ Ã � ²Së¶ � ì Æ¶ tâ� ²ðë¶ � î�ï¶¢ � ì Æ¶ tv� ²Së¶ �Yî�ï¶ º
õ�´0±?p q1ñ z#x y%Ã ´l«<­j±w´E±bµ<´@®b´`¼0´`²~»5´ Ã ³w²~·5«�°i¹oÂ5±b­vÂ{«�­j²P³7´�®b°i±w²u­�°v±±wµ�´ Ã ´`³7±w²u«�°i±w²u­j«E¼0­5®w®b´`³wÀ�­5« Ã ²u«<·�±w­É±bµ<´Ú±w®m°i«�³7¯�²P³w³w²~­5«�¬©®b­j¯ ¶�³w´l®
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Es/No [dB]

1 Tx - 1 Rx, BPSK, (13,15,15,17) convolutional code, R = 0.25 bits/sec/Hz

single user performance
perfect inter-user channel

inter-user channel FER = 0.01
inter-user channel FER = 0.1
inter-user channel FER = 0.5
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1 Tx - 1 Rx, BPSK, (13,15,15,17) convolutional code, R = 0.25 bits/sec/Hz

user 2, no cooperation
user 1, no cooperation

user 1, inter-user channel FER = 0.5
user 2, inter-user channel FER = 0.5
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Es/No [dB] of M1

1 Tx - 1 Rx, BPSK, (13,15,15,17) convolutional code, R = 0.25 bits/sec/Hz

M1, single user performance
M1 - M2, inter-user channel FER = 0.01
M1 - M3, inter-user channel FER = 0.1  
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