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Abstract

Advanced receiver structures capable of suppressing multiple-access interference in code-division
multiple-access (CDMA) systems operating in frequency-selective fading channels are considered
in this thesis. The aim of the thesis is to develop and validate novel receiver concepts suitable for
future wideband cellular CDMA systems. Data detection and synchronization both for downlink and
uplink receivers are studied.

The linear minimum mean squared error (LMMSE) receivers are derived and analyzed in
frequency-selective fading channels. Different versions of the LMMSE receivers are shown to be
suitable for different data rates. The precombining LMMSE receiver, whichis also suitable for
relatively fast fading channels, is shown to improve the performance of the conventional RAKE
receivers signicantly in the FRAMES wideband CDMA concept. It is observed that the performance
of the conventional RAKE receivers is degraded signicantly with highest data rates due to multiple-
access interference (MAI) as well as due to inter-path interference.

Based on a general convergence analysis, it is observed that the postcombining LMMSE receivers
are mainly suited to the high data rate indoor systems. The blind adaptive LMMSE-RAKE
receiverdeveloped for relatively fast fading frequency-selective channels gives superior rate of
convergence and bit error rate (BER) performance in comparison to other blind adaptive receivers
based on least mean squares algorithms.

The minimum variance method based delay estimation in blind adaptive receivers is shown to
result in improved delay acquisition performance in comparison to the conventional matched filter
and subspace based acquisition schemes. A novel delay tracking algorithm suitable to blind least
squares receivers is also proposed. The analysis shows improved tracking performance in
comparison to the standard delay-locked loops.

Parallel interference cancellation (PIC) receivers are developed for the uplink. Data detection,
channel estimation, delay acquisition, delay tracking, inter-cell interference suppression, and array
processing in PIC receivers are considered. A multistage data detector with the tentative data
decision and the channel estimate feedback from the last stage is developed. Adaptive channel
estimation filters are used to improve the channel estimation accuracy. The PIC method is also
applied to the timing synchronization of the receiver. It is shown that the PIC based delay acquisition
and tracking methods can be used to improve the performance of the conventional synchronization
schemes.

Although the overall performance of the PIC receiver is relatively good in the single-cell case, its
performance is signicantly degraded in a multi-cell environment due to unknown signal components
which degrade the MAI estimates and subsequently the cancellation efficiency. The blind receiver
concepts developed for the downlink are integrated into the PIC receivers for inter-cell interference
suppression. The resulting LMMSE-PIC receiver is capable of suppressing residual interference and
results in good BER performance in the presence of unknown signal components.
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2−path fading channel
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� Ý(àbÚ/Û0Ü\ísÕ>â&Ý�Õ>Ù+Ö	Ü�×>á=Ú�Û+Ü\ê0Ü;à�Ý!â�ÜAênâ/Ü;à/ßT×>ÙQà/Ü ô � �����ø�� � Ý(àbÚ�Û+ÜhöQÙQÕsä�à/Ú�Ü;Õ#ê0ë$&7à�ÚZÕ>Ú�ÜÞ<Ü;Õ>Ù�à('YØ+Õ>â/Ü;ê�Ü5â/â�×#âhá�×#â?Ú/Û0ÜaÕ#ê0Õ>ß+Ú&Ý(í>ÜaÕ�ä!ã#×#â�Ý!Ú�Û+Þ ô Õ>ÙQêdÝ!Ú<Ý(à�ØQà/Ü;êdÚ�×rÜ;à/Ú&Ý!Þ?Õ>Ú/Ü�Ú/Û0ÜÝ!Þ<ßQÕ#Ö	Ú�×>áiÚ/Û0ÜEÙ+×>Ý(à/ÜaÕ>ÙQê�Ú/Û0ÜEâ/Ü;à�Ý(êVØQÕ�äeÝ!ÙfÚ/Ü5â�á�Ü5â/Ü5ÙQÖ	ÜE×#Ù_Ú/Û0ÜEâ/Ü;Ö	Ü	Ý!í#Ü;â�ßTÜ5â�á�×#â/Þ?Õ�ÙQÖ	Ü>åæ Û0Ý(à.Õ�ß+ß+â�×sèjÝ!Þ?Õ>Ú&Ý(×#Ù?á�×#â2Ú/Û0Ü	).ñ+* % Ý@ä@ä�éTÜ=Ø+à/Ü;ê<Ú/×�Ü;ísÕ�ä!ØQÕ>Ú�ÜeÚ/Û0Ü	)Xñ+*r×>á�Ú/Û0ÜeÕ#ê0Õ>ß+Ú&Ý(í>Üß+â�Ü;Ö5×>Þ�é0Ý!ÙVÝ(Ù0ã<î�ïaï�ðVñrâ/Ü;Ö	Ü	Ý(í#Ü5â % Ý!Ú/Û�Ý!Þ<ßTÜ5â�áWÜ;Ö	ÚOâ�Ü	áWÜ5â/Ü5Ù+Ö5Üià�Ý!ã#Ù+Õ�äMå, ×#â�Ú/Û0Ü`î�ï�ð�Õ�ä!ã#×#â&Ý(Ú�Û+Þ ô Ú/Û0Ü�Þ<Ü;Õ>Ù�à-'YØQÕ>â�ÜAêhÜ5â/â�×#â�Õ>Ú.Ý(Ú�Ü5âZÕ>Ú&Ý(×>Ù/.aÝ(àOã>Ý!í#Ü5Ù\éfë���102�ø�� �43 �65 798;:�< ø�� �>= ���102�5 ?A@;< ø�� � � �! å Ô  #% Û+Ü5â/Ü �65 7B8;:�< ø�� � 3 � 
� DCFEGH �;I-J K CML �GH C GH �;I(J K Ý(à�Ú�Û+Ü�ï�ðVñE×>á�Ú�Û+Ü.×#ß+Ú&Ý!Þ?Õ�äON�Ý!Ü5Ù+Ü5â�ö0ä!Ú/Ü5â=ò P Ô õ ôQ ø�� � Ý(à.Ú/Û+Ü`êVÜ;à�Ý!â/Ü;ê\â�Ü;à/ßT×#Ù+à/Ü % Ý!Ú�Û�ßT× % Ü5â � 
� 3 ñ=ò1R S �T0U�ø�� �$V �T0U�ø R 
 õ ô� �T0U�5 ?9@;< ø�� � 3 Ú/âOW C GHYX �T02�BZ � �! å Ô�[$#
Ý(à�Ú�Û+ÜEÜ	èVÖ	ÜAà/à\ï�ðfñ ô Ú/âsò]\ õ�Ý(à�Ú�Û+ÜEÚ�âZÕ#Ö	Ü�×>ámÕnÞ?Õ>Ú�â�Ý@è ô Õ�ÙQê X �102� 3 ñ W �_^ 5 `Ma$bc< ø�� � ^ �T0U�ø�� � # �_^ 5 `Ma$b�< ø�� �  ^ �T0U�ø�� � # E Z Ý(àeÚ/Û0ÜmÚ/Õ>ß % Ü5Ý!ã#ÛfÚeÜ5â/â�×#â�Ö	×�ísÕ>â�Ý(Õ>ÙQÖ	ÜmÞ?Õ>Ú/â&Ý@èaÕ>Ú=Ý!Ú/Ü5â/Õ>Ú�Ý!×#Ù.�å æ Û+Ü�ö+ÙQÕ�ä�à/Ú�Ü;Õ#ê0ë$&7à�ÚZÕ>Ú�Ü�ï�ðfñdÕ#Ö�ÛVÝ(Ü5í#Ü;ê�Ý(à�ã>Ý!í#Ü5Ù�éfëEò P Ô�ô ó  õ� �����ø�� � 3 �O5 798Y:�< ø�� �Ô edf� 
hgji � � alkm ��� n�o mBp � P  n�o m # � �! å Ô�q$#% Û+Ü5â/Ü o m Õ>â�ÜhÚ/Û+Ü�Ü	Ý!ã#Ü5ÙVísÕ�ä!Ø+Ü;àm×�á C GH åsr=àZà/Ø0ÞbÝ!Ù+ã�Ú/ÛQÕ�ÚmÚ/Û0Ühà/Ú�Ü;ß>&7à�Ý!ì5Ü n Ý�à�â/Ü	ä(Õ>Ú�Ý!í#Ü	ä!ëà/Þ?Õsä!ä ô Ú/Û0Ü�öQÙ+Õ�ä�à/Ú/Ü;Õ#êVël&Dà/ÚZÕ>Ú�Ü`ï�ðVñdÖ;Õ>Ù�éTÜiÕ>ß+ß0â/×AèjÝ(Þ?Õ�Ú/Ü;ê�Õ>à� �����ø�� � ù � 5 798;:T< ø�� � 3 � 
� �C EGH �;I(J K C L �GH C GH �;I-J KAt �! å ÔAÓ2#, ×#â�Ù+×>ÚZÕ>Ú&Ý(×#Ù+Õ�ä`à�Ý!Þ<ßVä!Ý(Ö�Ý!Ú�ë ô Ý(Ú % Ý!ä@äiéTÜ�Õ#à/à/Ø+Þ<Ü;ê�Ý!Ù�Ú�Û+Ü�à�Üu'YØ0Ü	äiÚ�ÛQÕ>ÚhÚ�Û+Ü�Þ�ØVä(Ú&Ý!ßQÕ>Ú�ÛÝ!ÙVÚ�Ü5ÙQà�Ý!Ú�ë�ß+â�×>ö+ä!Ü2Ý(àwvTÕ�Ú�Õ>Ù+ê�Ú�ÛQÕ>Ú�Ú/Û+Ü2Ø+à/Ü5â�Ü5Ù+Ü5â�ã#ëeÝ�à�Üu'YØ+Õ�äfÚ/×e×#Ù0Ü � � 
� 3yx ø p{z 3 Ô p|z # å} áQÚ�Û+ÜXâ/Ü	áWÜ5â�Ü;Ù+Ö	Ü�à&Ý(ã#Ù+Õ�äVéQÕ#à�ÜAê`×#Ù�ÜAà�Ú�Ý!Þ?Õ>Ú�ÜAê�Ö�ÛQÕ>Ù0Ù+Ü	äVÖ	×jÜ�~<Ö	Ý!Ü5ÙfÚZà�Õ>Ù+êmê0Õ>ÚZÕ�ê0Ü;Ö�Ý�à&Ý(×>ÙQà� Q �102�ø�� � 3��S �T02�ø�� � �V �T0U�ø # êVÜ5íYÝ�Õ>Ú�Ü;à�áWâ/×>Þ�Ú/Û+Ü.â/Ü;Õ�äQê0Ü;à�Ý!â�ÜAêbâ�Ü	áWÜ5â/Ü5Ù+Ö5Ü ô Ú�Û+Ü.Ü	ä(Ü5Þ<Ü5ÙfÚZà�×�á�Ú/Û0ÜOÖ	â/×#àZà�&Ö	×#â/â�Ü	ä�Õ>Ú&Ý!×#Ù�í#Ü;Ö	Ú/×#â C GH �;I(J K ã#Ü5Ú�à/Þ<Õ�ä!ä!Ü5â�Õ>ÙQê`Ú/Û0ÜuöQÙQÕsäVïEðVñ�Ý!ÙQÖ	â�ÜAÕ>à/Ü;à5å æ ÛVÝ(à % Ý!ä@äVÝ!ÙQÖ	â/Ü;Õ#à�ÜÚ/Û0Ü�)Xñ+*¢Õ#àeÖ5Õ>ÙaéTÜbà�Ü;Ü5Ùaá�â/×#Þ �! å Ô�"$# å�î�Ü5ÚeØQà�ö+âZà/Ú�Õ>àZà/Ø0Þ<Ü�Ú�ÛQÕ>Ú=Ú�Û+Ü�ê+Õ>Ú/Õ�ê0Ü;Ö�Ý�à&Ý(×>ÙQà�V �T0U�ø 3 V �102�ø Õ>â/ÜhÖ	×#â�â/Ü;Ö	Ú�Õ>Ù+êÏÚ�ÛQÕ>Ú�Ú/Û0Ü?âZÕ#êfÝ(×aÖ�ÛQÕ>Ù0Ù+Ü	äUÝ(àmÜ;à/Ú&Ý(Þ?Õ�Ú/Ü;ê�éVëEØ+à�Ý!Ù+ã]Õ�ß0Ý@ä!×#ÚÖ�ÛQÕ�Ù+Ù+Ü	ä�Õ�ÙQê�Õ�Þ<×síYÝ(Ù0ãmÕAí#Ü5âZÕ>ã#Ü�à�Þ<×j×#Ú/Û0Ü;â2×>á�ä!Ü5Ù+ã#Ú�Û4PU� = Ô å } ÚuÝ(à.à�Ú/â/Õ�Ý(ã>ÛVÚ&áW×#â % Õ�âZê�Ú/×à/Û0× % � r�ß+ßQÜ;Ù+êVÝ@è "$# Ú�ÛQÕ>Ú=Ý!Ù�Ú�Û+Übà�ëjÙQÖ�Û+â�×#Ù+×>ØQàeê0× % ÙVä@Ý(Ù��aÖ�Û+Õ>Ù+Ù0Ü5ä % Ý!Ú�ÛÏÜ�'YØ+Õ�ä�Ü5Ù+Ü5â/ã>ëß+â�×#ßQÕ�ãYÕ>Ú�Ý!×#Ù�ß+Õ>Ú/Û+à �B� ø�� � �_� # 3 �

� #�ô ê0Ü;à�Ý!â/Ü;êrØQà/Ü5â�ßQ× % Ü5â�� 
� 3 Ô Õ>ÙQêÏß0Ý@ä!×#Ú<Ö�Û+Õ>Ù+Ù0Ü5äßT× % Ü5â�� 
8 3 Ô�ô Ú/Û0ÜiÖ	â�×YàZà�&DÖ5×#â�â/Ü	ä(Õ>Ú�Ý!×#Ù C GH �;I-J K Ö5Õ>Ù�éTÜ`Õ>ß+ß0â/×AèjÝ(Þ?Õ�Ú/Ü;ê\Õ#à�C GH �;I-J K ù Ô� PU� = Ôu#D����m � L �
� ø�� � �_� #A���� ø�� � �! å Ô ó #



�U����O���-�������  9¡!¢A£¥¤§¦M¨�©�ªT«2¬���   ©�hª1«2®�¯�¬���   °²±T³M´ �O�/µh�6¶U·�·O�;¸�¶U¹ ´�º µ º ���-�;¸T¶ ´�±1º ·yµ º �;»²µ ± ��· ´�¼½º � ´ ���¾ �;¸T¶{¿ ºU¼ ¢ ³ ¿lÀÂÁ º ¸ ³ ¡ ³ ���¥ÃÄ��µ ´�±1º · �ÄÅÆ� £ Å²Ç ¼�´ �O�²µh�O¶U·O·��;¸ ±T³ · º2´ µh�6¶U·�È ± ·OÈ ³�± È2· ±ÊÉ µ�¶|· ´ ¸T¿¾ ¹�� ± ·�È ´ ���	µh�6¶|·O·O�;¸c� ³�´�± À²¶ ´�±1º · º Á ³ ���-Ë{¶ ´�±1º · ± · ´ ���-Ë{¶|¸Ì¡ �UÍÏÎÑÐ £(Ò ´ ���	µh�6¶U·�·O�;¸�¶U¹ ´-º µ º ��Ó�-�;¸T¶ ´A±Tº · ±T³ ¶UÔOÔ�� ºuÕl± À²¶ ´ �;¸1¿Öµ º · ³-´ ¶U· ´�º Ë2��� �|Í×ÎØÐ ³ ¿lÀÂÁ º ¸ ³ ¶|· ¾ ´ �O��µ;� º2³(³ ÓBµ º ���-�;¸T¶ ´�±1º ·� ±T´ ��� ³-´A± ÀM¶ ´ � ¾ µh�O¶U·O·��;¸wµ�¶U·/ÁÙ��¶UÔOÔ�� º{Õl± À²¶ ´ � ¾ ¶ ³ÛÚÜ�ÝÞ�ß;à-á â�ãåäæÌçè ���   Åêé ��·6µ;�UÒ ´ �O�ëµh�6¶|·�Ó·O�;¸�� ³-´�± À²¶ ´A±Tº ·ÛÁ6¶ ³ � ¾ º · ´ ���ëÔ ± ¸ º2´ µh�6¶U·�·O�;¸ ¾ ��È2�(¶ ¾ � ³ì´ ���FÔÙ��� ¼�º �-ÀM¶U·6µ;� ºU¼Ì´ ���Â¶ ¾ ¶UÔ�Ó´�± Ë2��í�îÛîïÃÄ¦ÌÓBð�ñìòó¦�����µ�� ± Ë2��� º ·>¸1¿²À²¶U�-È ± ·O¶|¸Ê¸T¿ ÅjÇ ¼w´ ����µh�6¶U·�·O�;¸�µh�O¶U·OÈ2� ³�³�± È2· ±ÊÉ µ�¶|· ´ ¸T¿� ±T´ � ± · ´ �O� º Á ³ ����Ë|¶ ´�±1º · ± · ´ ���-Ë{¶|¸!Ò ´ �O� ³ ¹�ÀMÀ²¶ ´�±1º · ± ·ô¡!õ Å�Ð�ö £ ±T³ �-� ¾ ¹6µ;� ¾ ¶U· ¾ ´ ����÷�¦+ø±T³�³�± È2· ±ÊÉ µ�¶U· ´ ¸1¿ ¾ ��È2�(¶ ¾ � ¾ ±1¼ù´ �O�Âµh�6¶U·�·O�;¸j� ³-´A± À²¶ ´�±1º · ± · ´ ���-Ë{¶|¸�¡ �UÍúÎûÐ £ ±�³ · º2´ À²¶ ¾ �³ À²¶{¸1¸1��� Åü �O� ± ÀMÔO¶2µ ´�ºU¼�´ ��� ± ·6µ º ���-��µ ´ ¾ ¶ ´ ¶ ¾ ��µ ±�³A±1º · ³Ì± · ´ ������� ¼ ���-��·6µ;� ³A± ÈU·6¶|¸ º · ´ ����µ º ·ÄË2����ÓÈ2��·6µ;� ºU¼Ì´ �O�ë¶ ¾ ¶|Ô ´�± Ë2��¶|¸1È º � ±T´ �OÀ ±T³�³A± ÈU· ±ÊÉ µ�¶U· ´ ¸1¿¥À º �-� ¾ ± »²µ;¹�¸ ´ì´-º ¶U·6¶|¸1¿lý�� ´ �6¶U· ´ ���± ÀMÔ6¶2µ ´Ìº|¼c´ ����µh�O¶U·O·���¸�� ³-´�± À²¶ ´A±1º ·����-� º � ³ Å+é º �þ��Ë2���;ÒÄ¶	¹ ³ � ¼ ¹�¸ ± · ³�± È2� ´ µ�¶U·�ÁÙ� º Á ´ ¶ ± ·O� ¾ÁÄ¿s¹ ³�± ·�È ´ �O� ³�± ÀMÔ>¸ ±ÊÉ � ¾ ¶U·O¶|¸1¿ ³A±T³ Ô��-� ³ ��· ´ � ¾ ÁÙ��¸ º � Å�Ç ´(³ µ º ·6µY¸1¹ ³�±1º · ³ ¶U���²Ë2��� ±ÊÉ � ¾ Á>¿î º · ´ �;ÓAÿþ¶U��¸ º µ º ÀMÔ�¹ ´ ��� ³A± ÀÂ¹�¸T¶ ´A±Tº · ³ Ô��-� ³ ��· ´ � ¾ ± · ´ �O�4·O� ÕÄ´M³ ��µ ´�±1º · Å ü �O� ¾ ��µ ±T³�±1º ·���-� º � ³F± · ´ �O�D��� ¼ ���-��·6µ;� ³�± È2·6¶|¸�¶U���4¶ ³(³ ¹�ÀM� ¾ ´�º ÁÙ� ± · ¾ ��ÔÙ��· ¾ ��· ´ë¼ � º À ´ �O�¥íwî�îïÃ>¦�-��µ;� ± Ë2��� º ¹ ´ ÔO¹ ´ Å�ü � ±T³ ¶ ³(³ ¹OÀMÔ ´�±1º · ±T³ Ë{¶|¸ ± ¾ Ò�� Å È Å Ò ±Ê¼j´ �O�ë¶ ¾ ¶UÔ ´�± Ë2� É ¸ ´ ��� ±T³�´ �(¶ ± ·�� ¾ Á>¿¹ ³A± ·OÈ ´ �O� ¾ ¶ ´ ¶ ¾ ��µ ±T³�±1º · ³ À²¶ ¾ �óÁÄ¿ ´ ���ëµ º ·ÄË2��· ´�±1º ·6¶|¸wð�ñ�òó¦ ����µ�� ± Ë2��� ÅêÇ ´�±T³ ¶ ³(³ ¹�ÀM� ¾´ �O¶ ´+´ ���	µh�O¶U·O·���¸ ±T³ � · º ��·4¶|· ¾ ´ �6¶ ´þ´ ��� ¾ ¶ ´ ¶ ¾ ��µ ±�³A±1º · ³ ¶U���	µ º ÀMÔ�¸1� ´ �;¸1¿ ± · ¾ ��ÔÙ��· ¾ ��· ´¼ � º À ´ ����¶ ¾ ¶UÔ ´A± Ë2�Âíwî�îïÃ>¦ÌÓBð�ñìòó¦y����µ�� ± Ë2��� º ¹ ´ ÔO¹ ´(³ Å�� ¹O� ´ �����-À º ���2Ò ´ ���Â���-� º � ³ ¶U���¶ ³(³ ¹OÀM� ¾ ´�º ÁÙ� ± Å ± Å ¾ Å ¹�· ±Ê¼½º ��À �(¶U· ¾ º À Ë{¶U� ± ¶UÁ�¸1� ³ó´ �O¶ ´ ¶U��� ± · ¾ ��ÔÙ��· ¾ ��· ´�¼ � º À ´ ��� ± ·�ÓÔO¹ ´�³A± ÈU·6¶|¸�Ë2��µ ´-º � ç� Åùü �O� ³ �ó¸T¶ ´-´ ��� ´ � º ¶ ³(³ ¹�ÀMÔ ´A±1º · ³ ¶U�-��· ºU´ � Õ ¶2µ ´ ¸1¿4Ë{¶|¸ ± ¾ Ò ³�± ·6µ;� ´ ���ð�ñìòó¦ ����µ�� ± Ë2��� ±T³ ÀM¶ � ± ·�È ´ �O� ¾ ��µ ±T³�±1º · ³ Á6¶ ³ � ¾ º · ç� ��� ± µh�ÖÀM�u¶U· ³þ´ �O¶ ´�´ �O� ¾ ��µ ±T³�±1º ·���-� º � ³ ¾ ��ÔÙ��· ¾ º · ´ ��� ± ·OÔ�¹ ´ Ë2��µ ´-º � ÅÂü ����� Õ ¶2µ ´ ¶|·6¶|¸1¿ ³�±T³óºU¼þ´ ����÷ù¦+ø � ±1´ � ¾ ��µ ±T³�±1º ·���-� º � ³j±T³+³-º ÀM�����6¶ ´ µ;¹�ÀÂÁÙ��� ³�º ÀM�UÒl¶U· ¾ ´ � ±T³+³�± ÀMÔ�¸ ±ÊÉ � ¾ ¶U·O¶|¸1¿ ³A±T³Ì±�³ ¹ ³ � ¾ º ·>¸T¿ ´-º�º Á ´ ¶ ± ·± · ³A± È2� ´�´-º/´ �O�DÔ�� º Á>¸T��À ¶ ´ �O¶U· ¾ ÅÛü �O�Dµ;� º$³(³ Ó_µ º ���-�;¸T¶ ´�±1º ·�Ë2��µ ´�º �F� ±1´ ��¶U·������ º ·�� º ¹ ³´ �-¶ ± · ± ·OÈ ³�± È2·6¶|¸ ± ·4¶ � · º ��·Öµh�O¶U·O·��;¸ ¼½º ��÷ùøùÃ>ò�À º ¾ ¹�¸T¶ ´ � ¾D¾ ¶ ´ ¶ëµ�¶U·¥ÁÙ�	� Õ ÔO��� ³(³ � ¾ ¶ ³ÚÜFÝÞ�ß à(á â ¤ ¡ Ð����
	 £ ÜëÝÞAß à(á âÙÎ��
	 ¡ �	ÜFÝÞ�ß à(á â £¤ ¡ Ð������ 	 £ Ü Ý ÞAß;à-á â� ¡!õ ÅTÐ�� £Ç ¼�´ �O�	Á ±1´ ���-� º ���(¶ ´ � º|¼w´ �O�ó��� ¼ ���-��·6µ;� ³�± È2·O¶|¸�¡ � 	 £ ±T³�� Ò>· ºë± ÀMÔO¶ ± �-ÀM��· ´+±�³ µ�¶U¹ ³ � ¾ Å�� º �´ ������� ¼ ���-��·6µ;��Á ±1´ ����� º �þ�-¶ ´ � � Å�� Ò ´ �O��µ;� º$³(³ ÓBµ º �-����¸T¶ ´A±1º ·4� ± ¸Ê¸cÁÙ��ý���� º Ò�� ª���¬���   ¤ Ð���� ÒÄ¶U· ¾´ ���óÁ ±1´ ����� º ���(¶ ´ � º|¼�´ �O��íwî�îïÃ>¦ÌÓBð�ñ�òó¦Ñ�-��µ;� ± Ë2���ê� ± ¸Ê¸�Á6� � Å��ÄÅü �O�D¶U·6¶{¸T¿ ³A±�³ � ±T´ � ± ÀMÔ6��� ¼ ��µ ´ ��� ¼ ���-��·Oµ�� ³A± ÈU·6¶|¸ ³ ¶ ³(³ ¹�ÀM� ³	´ �6¶ ´�´ �O�M� Õ ÔÙ��µ ´ ¶ ´A±Tº · ±T³´ ¶ � ��· ± · ´ �O�Ûµ�� º$³(³ ÓBµ º �-����¸T¶ ´A±Tº · Ü ÝÞ�ß;à(á â µ º ÀMÔO¹ ´ ¶ ´A±1º · Å�Ç ·yÔO�-¶2µ ´�± µ�¶|¸�¶|¸1È º � ±1´ �OÀ ³¥´ ���� Õ ÔÙ��µ ´ ¶ ´�±1º · ±�³�º ·�¸1¿�¶UÔ�ÔO� º{Õl± À²¶ ´ � ¾ ¶U· ¾ ´ ���þ�-� ³ ¹>¸ ´-³ ¶U���þË|¶|¸ ± ¾ ¼�º � ³ À²¶|¸Ê¸ ³-´ ��Ô>Ó ³�± ý��ùË{¶|¸1¹O� ³º ·>¸T¿ Å�ü �O� ± ÀMÔ6¶2µ ´ìºU¼þ´ �O� ± ÀMÔ6��� ¼ ��µ ´ �-� ¼ ������·Oµ;� ³�± È2·O¶|¸�� ±1´ � ¾ ±�� ���-��· ´ó³-´ ��Ô�Ó ³�± ý��ÂË{¶|¸1¹O� ³� ± ¸Ê¸wÁÙ� ³-´ ¹ ¾ ± � ¾ ´ �O� º ¹OÈ2� ³�± ÀF¹�¸T¶ ´�±1º · ³ Å
 �!�"#!$"#!$"#!&%('*),+�-�.0/21435+�6#1�)87�39+;:ü �O��À²¶ ± ·sÔO¶U�(¶UÀM� ´ ��� ³ ¹ ³ � ¾ ¶U��� ´ �O� ¼�º ¸Ê¸ º � ± ·�È=<�µ�¶U�-� ± ��� ¼ �-��>$¹O��·6µ;¿ �ÄÅ �(? é ý2Ò ³ ¿lÀÂÁ º ¸�(¶ ´ � Ð�@ � Á ±1´(³BA{³ ÒDC Ð µh� ± Ô ?ìº ¸ ¾ µ º ¾ �UÒ�¶U· ¾ �-��µ ´ ¶|·OÈ2¹>¸�¶U�óµ(� ± Ô��ù¶{Ë2� ¼�º �-À Å Ãl¿Ä·Oµh�O� º · º ¹ ³¾ º �ê·>¸ ± · � � ±1´ �M��>$¹6¶{¸O��·O����È2¿ ´ � º Ó_ÔO¶ ´ �¥¡ � ¤ � £wð�¶{¿$¸1� ± ÈU� ¼ ¶ ¾ ± ·�Èóµh�6¶|·O·O�;¸>� ±T´ ��Ë2��� ± µY¸1�
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Ù�Ú�Û&ÚIÜ�ÚYÝ�Þ^ßBàOáãâ�á�â#ä�å�ßBæ�çéè�ç4ê4ç#ßBæ�ç#èDë
Å k�ì&Z�m�H�gdJLb F gdZ�JwHKNuGIgi`�NuVO�=_hk=_hk��Ym�k�MUH�bdJ�`LNuVO�=_hk=_hk=�Y_hk�gIJLb�P9JLbIJLk4`�J�Gde�H=H�bIJ�GIGd_hNuk�g$��H4J *¡U¡�¤v¥\bdJ�`�J�_h�uJLbiG�]�JLbdJ�GIgde4M�_aJ�M�����Z�JwMv_aGi`�e4GIGd_hNukU_aG�J�o�gIJLk�M=J�M�gINY�=f�_hk4M�bdJ�`�J�_h�uJLbiG�N�PgIZ=JOP�NubIV�í } ²îï »ð ¯�° ± _hk�gIZv_aGªGIJ�`Lg�_hNukD�O¥�mu`0Z£Vpe=fhg�_aH�m�gIZU`LNuVwHKNuk�JLk�gRbIJ�Ê;e=_hbdJ�G�mYGIJLH4m�bim�gdJ
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1 − Constant modulus algorithm

= 1/10,  K = 10µ

3 − Blind adaptive MOE

2 − Griffiths’ algorithm
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4 − Adaptive LMMSE−RAKE
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3 − Blind adaptive MOE

2 − Griffiths’ algorithm
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4 − Adaptive LMMSE−RAKE
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Ä ÿ º�» ¼ þ ÚÛ º�» ¼4Þ
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MF & IC1 & IC2, M = 3
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HD−PIC

LMMSE−PIC, M = 1

LMMSE−PIC, M = 3
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