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�G� �oqotcb `c�v��¯�½'�<±Zqo\«�7\Îr�©e�_�7\_serEs�`ctcr.� � b§^.l,¨+�vr.tcr*`c�vr
\Kdv�!�Cr.t�q7��^a`��¤`crE^Gser.�Cr.\_sv^�qo\*`c�vr���_�7\v\vr.�
� r.\v�7`c�
l_qo\
`c�vr¶��qo\_^a`cr.� �§�¤`cb qo\Á^�b º.rY�7\_s¿qo\¿`c�vr¶�osvseb `cb qo\_�7�<�Zr.��
qotc�»b \W`ctcqesed_��rEs��K�»`c�vr=b \W`cr.tc� rE��®or.tEw,�Ôq2q¤®or.t���qo�Zr<`c�vb§^
�vtcqo�v� r.��l�¨,r!�vtcqo�CqW^�r!�2tcrEsed_��rEsK�]^a`��¤`crG¹aqob \W`<rE¬Wd_�7� b ºE�¤�
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®Kb ®oqot�^!q7��`c�vr*`ctcr.� � b§^Zq7�<½'�=l��²�vtcr��TÓ_� `cr.tZb§^Z\vrE��rE^c^c�7tc�
`cq�r.� b �Zb \_�¤`cr�`c�vr²�7\W`cb �]�.�7d_^c�7��[ ~ [Zb \ª¯ z ±wR���vr.tcr���qotcrol
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b \�`c�vrG� b �Zb `%��qot {54I6¿l7`c�vr<��qo\_�.�¤`cr.\_�¤`crEsZ��i,k9�+h��
~ �+uGi´^c���vr.�Zr«�o���vb r.®orE^²���¤©eb �!dv�&seb ®or.t�^�b `a� ��]ãKJel
¨+�vr.tcr²ãKJ¶b§^Z`c�vr²\Kdv�!�Cr.t»q7�#^�r.�_�7t��7�v� r��_�¤`c�_^2q7�À`c�vr
dv\_ser.tc� �Kb \v�Z�v�K�e^�b§�.�7�
���_�7\v\vr.�Tw H
¦Yr��_�o^a`cr.\Ä`cqm^c���m`c�_�¤`2x�tcqo�CqW^�b `cb qo\ n seqKrE^Z\vq7`�b ��
�v� �Áb \R�or.\vr.t��7�<`c�_�¤`�`c�vrm�vtcqo�CqW^�rEsA^c���vr.�ZrY��qot3�ÄÓv�
\vb `cr2�vt��o�`cb§�.�7�'®¤�7� dvr�q7��{´�7\_sY���ob ®or.\¶��i,k0^c���vr.�Zr
q¤®or.t^�qo�Zr�seb§^c��tcr�`cr*�7� �v�_�7�Cr�`��o���vb r.®orE^=���¤©eb �!dv�³seb �
®or.t�^�b `a�ow»gG\e��qot�`cdv\_�¤`cr.� �olÔ`c�vr2�7\_�7� �e^�b§^Àq7�,`c�vr»x ~ xRser��
��qeseb \v�!`crE���v\vb§¬Wdvr���qot,Ó_\vb `cr {Ãb§^,®or.tc�Z�_�7t�sLlKb �¸\vq7`�b ��
�CqW^c^�b �v� row'�Gr.®or.t�`c�vr.� rE^c^.loqodvt�\Kdv�Zr.tcb§�.�7�etcrE^�dv� `�^�ser.�Zqo\e�
^a`ct��¤`cr=`c�_�¤`El
^�qo�Zr.¨+�_�¤`À^�dvtc�vtcb§^�b \v�o� �olCb \Y�7� �'�.�o^�rE^<��qo\e�
^�b§ser.tcrEs²b `=b§^=^�d��2��b r.\W`À`cq3���vqKqW^�r;{µrE¬Wd_�7�'`cq���^����7� �
b \W`cr.�or.t<b \Yqot�ser.t�`cq»qo�e`��7b \Y�2��t��7�Zr���r.tctcqotGt��¤`cr�¯°�'f%h�±
��dvtc®or3¨+b `c�×�vb �o�e� ~ ��hÂ�Cr.�_��®Kb qot�LZ¯ ~ ��h á ü&% à�M ±lGbTw row l
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[]\�`c�vb§^�^�rE�`cb qo\
lv¨,r#�vtcq¤®Kb§ser<`a¨,q2�7�v�vtcq�©eb ���¤`cb qo\_^%`cq

�'f%hÙq7��`c�vr��vtcqo�CqW^�rEs3�+h�� ~ �+uGi���i,k ^c���vr.�ZrZ¨+b `c�
x ~ x¿tcrEsed_��rEs�^a`��¤`cr!serE��qeseb \v�_w+���vrE^�r!�7�v�vtcq�©eb ���¤`cb qo\_^



�7tcr��_�o^�rEs!qo\!`c�vr���qo� � q¤¨+b \v�Àb§serE�v�¸^�dv�v�CqW^�r,`c�_�¤`%�À�or.\vb r
�vr.� �_^Ô`c�vr�x ~ x3serE��qeser.t¸�K�Àtcr.�Zq¤®Kb \v��^�qo�Zr%[ ~ [w¤�
r�`¸`c�vr
serE��qeser.tGb \v�vde`��¤�Ý`cr.tG�or.\vb r��]�7b§serEs»b \W`cr.t���r.tcr.\_��rÀtcr.�Zq¤®¤�7�
�Cr#�Zqeser.� rEs*�K� � # ñ�� � ú # ��� # ¯ p ±
¨+�vr.tcr*ð2Ï < � # < ý Ñ<ñ yol�ð2Ï < ú # < ý Ñ<ñ = �7\_sm¨+�vr.tcr � = b§^`c�vr+^�b �o\_�7�o`cq<b \W`cr.t���r.tcr.\_��r,�v� d_^¸\vqob§^�r,t��¤`cb q¯ ~ [a��h�±w7¦Yr
���7�or,�<ïÀ�7d_^c^�b§�7\=�7�v�vtcq�©eb ���¤`cb qo\#q7�e`c�vr,tcrE^�b§sed_�7�Wb \W`cr.t��
��r.tcr.\_��r��v� d_^%\vqob§^�r�� # �7\_s�¨,r�d_^�r+`c�vr<dv\vb qo\2�Cqodv\_sZ`cq`c�vr=�'f%hAq7�Ô`c�vr=��i,k´^c���vr.�Zrow'¦YrÀÓ_\_s¶Ï y {¤Ñ���
	«f�����Zb \���yoí�� '���� ������� = P ý �n����� ¯ay { ±

¨+�vr.tcr!�Üser.\vq7`crE^Ô`c�vr,��t��7�Zr,� r.\v�7`c�b \!`ctcr.� � b§^'^a`cr.�_^'�7\_s� � b§^À`c�vr»��®or.t��7�or\Kdv�!�Cr.t=q7�#"%$'&)(+* ,=r.tctcqotÀr.®or.\W`�^=�¤`
^c¬Wd_�7tcrEs*f�d_��� b§serE�7\�seb§^a`��7\_��r P_w
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[���¨,r+�o^c^�dv�Zr%`c�_�¤`�`c�vr��or.\vb r�tcr.�Zq¤®orE^¸�7� �e[ ~ [l�`c�vr.\ �²ñ
H ÿ l��7\_s»`c�vrïÀ�7d_^c^�b§�7\��7�v�vtcq�©eb ���¤`cb qo\*qo\/� # b§^Gr�©v�o�`Ew���vb§^�b§^G`c�vr^�q7�]�.�7� � rEs*���¤`����vrEsK�TÓ_� `cr.t��Cqodv\_sLw�[�`<b§^�\vq7`
�7\*r�©v�o�`+� q¤¨,r.t,�Cqodv\_s�^�b \_��rÀb \¶¯ay { ±%¨,rÀd_^�r<`c�vrÀdv\vb qo\
�Cqodv\_sY¯°�7\»dv�v�Cr.t��Cqodv\_s2q7�¸�!� q¤¨,r.t%�Cqodv\_s»�Kb r.�§sv^Ô¹ad_^a`
�7\¿�7�v�vtcq�©eb ���¤`cb qo\C±w¿�Gq¤¨,r.®or.tEl�r�©K`cr.\_^�b ®or3^�b �!dv�§�¤`cb qo\
tcrE^�dv� `�^Gb \_seb§�.�¤`cr=`c�_�¤`G`c�vrk3�'uA�Kb r.�§sv^��7� ¨����e^G��� q¤¨,r.t
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qo\�rE�o����^�dvtc®Kb ®oqot#¯�bTw row l_`c�vr=k3k ~ f��]�<�'f«¨,qotc�e^�dv\_ser.t
`c�vr#b§serE�7�L��r.rEse�_�o���»�o^c^�dv�Z�e`cb qo\C±lK`c�vr.\�²ñ r�©e�0� 9 â<;cý
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¨��o^¸ser�Ó_\vrEs=�Cr���qotcrowÔ[]\=`c�vb§^��.�o^�rol¤^�b \_��r%`c�vr`cr.tc�1� # b \Á¯ p ±=��qo\W`��7b \_^=�Cq7`c��\vqob§^�r»�7\_s��7\W`cb �]�.�7d_^c�7�[ ~ [l7`c�vr<ïÀ�7d_^c^�b§�7\Z�G�v�vtcq�©eb ���¤`cb qo\b§^�\vq7`�r�©v�o�`EwYz�dvb `cr
^�dvtc�vtcb§^�b \v�o� �olÔ^�b �!dv�§�¤`cb qo\_^#^��vq¤¨ª`c�_�¤`#`c�vb§^=�7�v�vtcq�©eb ���¤�
`cb qo\«b§^Z®or.tc�m`cb �o�W`2�7\_sÎ�vtcrEseb§�`�^Z®or.tc�Ä�o�.��dvt��¤`cr.� �¶`c�vr
�'f%h¼�Cr.t���qotc���7\_��r3q7�!qodvt�^c���vr.�Zr²¨+b `c�A�o�`cd_�7�Àx ~ x
¯�bTw row lv¨+b `c�vqode`Gb§serE�7�ÔserE��b§^�b qo\»��r.rEse�_�o���v±w2 Ç ç Ì&7 � ¢¤Í°¥o£ � î �  EÌ � ¡E 
[]\�qot�ser.t#`cq3r.®¤�7� d_�¤`cr2`c�vr2�Cr.t���qotc���7\_��r2q7��`c�vr»�vtcq7�

�CqW^�rEs�^��e^a`cr.��lW^�b �!dv�§�¤`cb qo\_^�¨,r.tcr+�Cr.t���qotc�ZrEsb \Z`c�vr+��qo� �
� q¤¨+b \v�2��qo\_seb `cb qo\_^.w%��¨,q�[ ~ [����_�7\v\vr.�
�Zqeser.�§^G�7tcr=��qo\e�
^�b§ser.tcrEsL�*�Y^��K�!�Cqo� �]^��_�o��rEs
�<���_�¤`c�Î���_�7\v\vr.��¨+b `c�Ä`c�vr
rE¬Wd_�7�,^a`ctcr.\v�7`c�m�_�¤`c�_^!�7\_sY`c�vr»�CrEserE^a`ctcb§�7\m���_�7\v\vr.�,u
Ï yoy Ñ ��qot²`c�vr¿�+�G� ~ i,�<k3� z ï¾^a`��7\_sv�7t�sÃÏ y n�Ñ w0���vr
gG\v�or.tc�CqKrE������i,k ��qeserE^��7tcr=d_^�rEs���qotÀseb ·�r.tcr.\W`<�ZqesK�
dv�§�¤`cb qo\»^�q!�o^'`cq!b �Z�v� r.�Zr.\W`��osv�7�e`cb ®orG�Zqesedv�§�¤`cb qo\�rE�o^a�
b � �ow<u,�*b �o\vqotcb \v��`c�vr!� qW^c^�sedvr=`cq2º.r.tcq7���_�osvseb \v�_l+3 � �b§^�ser�Ó_\vrEs3�o^43 � � Bñ ü&%65ü�7 ñ � 	 68:9<;>=ü�7 ¨+�vr.tcr=¨,r=d_^�rEsð�8 ~ ñ �� � 	 68:9 = w!�¸b �_w n ��qo�Z�_�7tcrE^�qodvt<�vtcqo�CqW^�rEs3^��e^a�`cr.�³¨+b `c�Äq7`c�vr.tZ^c���vr.�ZrE^=��qot ~ ñ9n Ï �vb `�Å¤���
w d_^�r Ñ w¶¦Yr

�_��®or �� ñ n �7\_s n ���_�¤`c�¿[ ~ [2���_�7\v\vr.�TwÙ���vrY��qotctcr��
^��Cqo\_seb \v�«qode`��7�orY�vtcqo�_�7�vb � b `a�¿b§^�^��vq¤¨+\×��qot3��qo�Z�_�7t��
b§^�qo\
w ~ b �Zb �§�7t»�Cr.t���qotc���7\_��r�b§^»qo�e`��7b \vrEs«�K�Ä`c�vr ~ �,�
u,[ci,k¾^c���vr.�ZrE^Àq7�#Ï n l |¤Ñ �7\_s²`c�vr�`ctcr.� � b§^ ~ ��iÙ^c���vr.�Zr
q7�ZÏ Û Ñ ¨+b `c�Î�vb �o�vr.t���qo�Z�v� r�©eb `a�owÎu,q7`c��`c�vrE^�r�^c���vr.�ZrE^
d_^�r*�7\mb `cr.t��¤`cb ®or»^��_�o��r��T`cb �Zr�`cdvtc�Cq3rE¬Wd_�7� b º.r.t��qo\_^�b§^a`��
b \v�Gq7�K`a¨,qG^�q7�Ý`���b \v�vde`¸^�q7�Ý`���qode`c�vde`¸k3��x3serE��qeser.t�^.w'j�\vr
��qot=`c�vr»[ ~ [#���_�7\v\vr.�%¨+b `c��?¤��l�y | �<^a`��¤`crE^À��qot*Ï n�Ñ l,Ï Ûel |¤Ñ
�7\_s¿�7\vq7`c�vr.tZ��qot�`c�vr�`ctcr.� � b§^»��qeser�¯ay | ��l zWn �]^a`��¤`crE^��qot
Ï n l�Û Ñ lÔÏ |¤Ñ tcrE^��CrE�`cb ®or.� �v±w+���vr!��qo�Z�v� r�©eb `a�»q7��uGi,ÞWh��7� �
�oqotcb `c�v�ªb§^�tcqodv�o�v� �À`a¨+b§��r+�o^'�vb �o���o^��<½�b `cr.tc�vb_serE��qeser.t
�7\_s�Û�`cdvtc�Cq#b `cr.t��¤`cb qo\_^��7tcr��Cr.t���qotc�ZrEsLw'���vr.tcr���qotcrol7qodvt
^c���vr.�ZrG¨+b `c�Z`c�vr |7} �]^a`��¤`cr+��i,kÂqode`c�Cr.t���qotc��^'`c�vr�b `cr.t��
�¤`cb ®or#^c���vr.�ZrE^�¨+b `c�*�°�7t+� rE^c^+��qo�Z�v� r�©eb `a�ow
�¸b �_w z ^��vq¤¨G^#`c�vr*�Cr.t���qotc���7\_��r2q7�Gqodvtx ~ xÙ^c���vr.�Zr

��qo�Z�_�7tcrEs�`cqÚ`c�vr�qode`��7�orA�vtcqo�_�7�vb � b `a����qot×seb ·�r.tcr.\W`
�Zqesedv�§�¤`cb qo\!^c���vr.�ZrE^
q¤®or.t } ���_�¤`c�#[ ~ [
���_�7\v\vr.�7��qot��� ñ
n w } �]^a`��¤`crZgG\v�or.tc�CqKrE������i,k b§^Àd_^�rEsLw��¨,q��7�v�vtcq�©eb �
���¤`cr+�Cqodv\_sv^��o^'¨,r.� �v�o^'`c�vrG^�b �!dv�§�¤`cb qo\tcrE^�dv� `�^'q7�Lx ~ x
�7\_s×�or.\vb r��]�7b§serEsK�]ser�`crE�`cqot2¨+b `c�Á�Cr.t���rE�`*��r.rEse�_�o���¿�o^a�
^�dv�Z�e`cb qo\Á�7tcr3�vtcq¤®Kb§serEsLw����vrYx ~ x��v� q7`�^»�7tcr���qodv\_s
�Cr�`a¨,r.r.\¶`c�vr*k3�'uÚ�7\_sY`c�vr�ïÀ��uÚ�7\_sY`c�vr.�¶��qob \_��b§ser
¨+b `c�`c�vr��or.\vb r��]�7b§serEsK�]ser�`crE�`cqot¸�v� q7`�^.w'���vb§^¸�ZrE�7\_^¸`c�_�¤`
¨+b `c�Ä�7\mb \W`cr.tc� rE��®or.t=ser.�e`c��{ ñÃ} `c�vr*serE��b§^�b qo\Y��tcqo�
^�dvtc®Kb ®oqot�^Zb§^*^�d��2��b r.\W`c� �Îtcr.� b§�7�v� r²^�qm`c�_�¤`�x ~ x���qodv�§s
r.� b �Zb \_�¤`cr��Cr.t���rE�`c� �`c�vr�[ ~ [wW¦Yr<�.�7\�qo�_^�r.tc®orG�7�§^�q#`c�_�¤`
��qot'�7\K�<�Zqesedv�§�¤`cb qo\#`c�vr,�W�7�#�Cr�`a¨,r.r.\#`c�vr,qode`��7�or��vtcqo�e�
�7�vb � b `a���7\_s¶`c�vr�x ~ xª�v� q7`�^!tcr.���7b \_^��qo\_^a`��7\W`El�¨+�vb§���
^��vq¤¨G^�`c�vr<qo�e`cb ���7� b `a�Zq7�
qodvt,�+h�� ~ �+uGiÎ��i,k�^c���vr.�Zr
¨+b `c�Z`a¨,qÀ`ct��7\_^��Zb `%�7\W`cr.\v\_�o^'b \Z`c�vr�^�r.\_^�r�q7�
�<`ct��oser.q7·
�Cr�`a¨,r.r.\�seb ®or.t�^�b `a�2�7\_s*�!dv� `cb �v� r�©eb \v��Ï y z¤Ñ w
�¸b \_�7� � �olK�¸b �_w } ^��vq¤¨G^�� �� ñ¿} �7\W`cr.\v\_�#^��e^a`cr.�Ùq¤®or.t

`c�vr#�CrEserE^a`ctcb§�7\����_�7\v\vr.�
u<w_�Ôq���qo\_^a`ctcd_�`G�Z�+h�� ~ �+uGi
�7tct����ol+¨,r²��qo\_�.�¤`cr.\_�¤`crEs�y | �]^a`��¤`cr²gG\v�or.tc�CqKrE���«��i,k
�7\_sm`c�vr*t��¤`cr�� z Å } ï=j<�´Ï ?ví } í |¤Ñ Ï y }7Ñ w¶f�®or.\�qo\Î�3tcr��
�7� b§^a`cb§�*���_�7\v\vr.���Zqeser.�+¨+�vr.tcr»`c�vr�\Kdv�!�Cr.tZq7�<^�r.�_�7t��¤�
�v� r��_�¤`c�mãKJ»b§^=^����7� � r.t<`c�_�7\Y`c�vr�\Kdv�!�Cr.t#q7���v�K�e^�b§�.�7�
�_�¤`c�_^.l¤`c�vr+x ~ x²�_�o^'�7� �ZqW^a`Ô`c�vr+^c�7�Zr�^�� qo�Cr+�o^
`c�vr�qode`��
�7�or=�vtcqo�_�7�vb � b `a�*�¤`��vb �o�?3 � � lC¨+�vb§���3^��vq¤¨G^�`c�_�¤`�`c�vr���¤©eb �!dv� seb ®or.t�^�b `a�¶q7� ���ãKJ²b§^Z�o���vb r.®orEsLwÄ�Gq¤¨,r.®or.tEl
dv\v� b �or!`c�vrtcrE^�dv� `<b \Y�¸b �_w z lC`c�vrZ�W�7�3�Cr�`a¨,r.r.\�`c�vrqode`��
�7�or<�vtcqo�_�7�vb � b `a�2�7\_s»x ~ xÄb \_��tcrE�o^�rE^��o^����qo\_^a`cr.� �§�¤`cb qo\
�CrE��qo�ZrE^��§�7tc�or.tEw¸���vb§^��°�o�`�b§^�¨,r.� � ���K\vq¤¨+\Z�7\_sb `%b§^%sedvr
`cqZ`c�vr#\vqo\e��qo�e`cb ���7� b `a��q7��ï=j<�<^���qot � NA@ n Ï y z¤Ñ wB Ç � Ê É ¥ � Ì¸ EÍ°Ê É
[]\¿`c�vb§^»�_�7�Cr.tElG¨,r3�vtcqo�CqW^�rEs¿����qo\_�.�¤`cr.\_�¤`crEs¿�+h��

~ �+uGiª��i,k¾^c���vr.�ZrZ��qot=^�b \v�o� r��]�.�7tctcb r.t<��tcrE¬Wdvr.\_���Y^�r��
� rE�`cb ®or��°�oseb \v�����_�7\v\vr.�Tw¸���_�7\v�e^L`cq��'¹aqob \W`ÔrE¬Wd_�7� b ºE�¤`cb qo\
�7\_sÄserE��qeseb \v�¶�7�v�vtcqW�o���
l'qodvtZ^c���vr.�Zr��o���vb r.®orE^=�!d_���
� q¤¨,r.t���qo�Z�v� r�©eb `a�»¨+b `c�²^�b �Zb �§�7t�Å¤^�dv�Cr.tcb qot��Cr.t���qotc���7\_��r
`c�_�7\»q7`c�vr.t%�vtcqo�CqW^�rEs2^c���vr.�ZrE^�¨+b `c�2`c�vrÀ^c�7�Zr<^��CrE�`ct��7�
r4�2��b r.\_���ow���^G�7\��7�v�v� b§�.�¤`cb qo\*q7�'qodvtG�+h�� ~ �+uGi¿��i,k
^c���vr.�Zrole¨,rÀ�.�7\»r.\K®Kb§^c�7�or<�k�[ ~ j�seq¤¨+\»� b \v�»^c��r.\_�7tcb q
^�d_���¶�o^#�+�G� ~ i,�<k3�=w¸���vb§^#^��e^a`cr.�¼b§^#�_�o^�rEs²qo\¶^�� q7`��
`crEs×¬Wd_�o^�b �]^��K\_���vtcqo\vqod_^2i,�<k3���¤`²yow n ?mk3���vb ��Å¤^3¯�ê
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2Tx antenna systems over 2−path ISI channel

16 state, # iter = 5
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