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timing mismatch: 0          
timing mismatch: 0.2Tc      
timing mismatch: 0.5Tc      
timing mismatch: Tc         

MDD:  no dot highlight                           
RDD :  large dot highlight                 

�=��/�L���L����#DP�I� '1�A4A���	4,!C'1?1��(*)B'	��4A��2�/i!"2�)A��2~'1(*�	3�(*�1(*�1�R�1(*?*(*�  ~(*),�I� '	�("!<$�!">�%Ø�@��(*�0G$#&%('~J

0 2 4 6 8 10 12 14 16 18 20
10

−4

10
−3

10
−2

10
−1

10
0

SNR (dB)

B
E

R

timing mismatch: 0           
timing mismatch: 0.2Tc       
timing mismatch: 0.5Tc       
timing mismatch: Tc          

MDD:  no dot highlight                           
RDD :  large dot highlight                 

�=��/�L�'ÊL����#DP�I� '1�A4A���	4,!C'1?1��(*)B'	��4A��2�/i!"2�)A��2~'1(*�	3�(*�1(*�1�R�1(*?*(*�  ~(*),�I� '	��*) )��Ã4A���1(
%&�´�#(@�0G+#�%('~J
þàfÕ}+I�M"�(M0��PYfWgåM«��OY~�|W�xM�e�}+I�M�|9M�p(�ÜPYp+~_O�fW��M0��PY�,§9P�}+IÔg%M«ô

}(M0�«}(P�p+��Jxf�}(I�M:|�p+M0�(M�fW��M PY��|�IWOY�(M M���}+Jx~_O�}(JLPYf ~�J��6~_O¨}b�bI
O�p+MÛ�«P�fW�6J�g%M0p(M�g�n þ°}�J��"OY�+�(��~�M0g:}(I'O¨}Z� oCo h � � o h � � o e� o � h±� �C� hÆ�,� � OYfWgå}(IWO�}�O��L�\}+I�M�|�I'OY�(M_JL�=~�J��(~�O�}+�bI�M�gM M �WO��L�LkYe,J¤n MYnLe Î� o´o h Î� � o h Î�-� o e Î� o � h Î� �C� h Î�,� � OYfWgÎ� e o q¿� e o h Î� e � q¿� e � ÷�ú5¼ c�¼ ��ø�nå�,I�M�o,�B� P��D}(IWM��{�{ OYfWgR}(IWM�N�{�{ KDJÈ}+I�JLf�}+M�p(�ÜM�p+M�pb��p+M0��M�JLsYM0géKDJx}(I�M M �WOY�



0 2 4 6 8 10 12 14 16 18 20
10

−4

10
−3

10
−2

10
−1

10
0

SNR (dB)

B
E

R

phase estimation mismatch: 0                    
phase estimation mismatch: 22.5 degree          
phase estimation mismatch: 45 degree            

MDD:  no dot highlight                           
RDD :  large dot highlight                 

�=��/�L/.ÊL0���#D��I� '	�P4A���14,!C'	?F��(*)¯%���!"�1(¦(*�g'1��4,!C'	����2�!"2�)���2.'	(*�	3�(*�1(*�1��1(*?*(@�  ~(*):��� '	�¦("!.$7!">×%&�´�#(@�iG+#�%('~J

0 2 4 6 8 10 12 14 16 18 20
10

−4

10
−3

10
−2

10
−1

10
0

SNR (dB)

B
E

R

phase estimation mismatch: 0                     
phase estimation mismatch: 22.5 degree           
phase estimation mismatch: 45 degree             

MDD:  no dot highlight                           
RDD :  large dot highlight                 

�=��/�L21�L0���#D��I� '	�P4A���14,!C'	?F��(*)¯%���!"�1(¦(*�g'1��4,!C'	����2�!"2�)���2.'	(*�	3�(*�1(*�1��1(*?*(@�  ~(*):��� '	���*)B)��Z4A���1(�%&�´��(*�iG$#&%('~J
O�f'g
ú���g�o ~�P�p(MR|9P¨K1M0p�OYp(Még%M0|�JL�«}(M�g�JLf©�JLq��0nõ��OYfWg��'e
p+M0�(|'M���}(JLsYM0�xk�néþ°}�J��=�(I�P¨KDf$}(IWO�}�}(IWM"f�M�O�p(ô¤�³OYp�p(M��6J��6}+O�f'�«M_P��
}(IWM¾��{�{ g%M0qYpbOYg%M�� �³OY�6}(M0p�}(I'O�f$}(I'O¨}=PY��}+I�M"N�{�{�OY� }+I�M
O�~�P���fr} PY��|WIWOY�(M�~�J��(~�O�}+�bI$JLfW�«p+M0O��6M���n¯��P¨K�M�s�M�p�e8§'PY}(I$P��
}(IWM�~ ��OYf$�6}(JL�L�*~_O�JLfr}+O�JLfÔO�q�PrP%gå|9M�p(�ÜPYp+~�OYfW�«M_M0sYM0fåKDIWM�f
}(IWM�|�IWOY�(M M0�6}(JL~_O¨}(JLPYfR~�JL�(~_O¨}b�bIRJ�� M ��Jx}(M���O�p+qYMYn
þ°}*JL�*M0O��6JL�xk��6M0M�f��Üp+PY~2÷¤ü�ú�ø�}(I'O¨}*}+I�MiN�{�{èg%P�M0�\fWP�}*f�M0M0g

}(P�M0�6}(JL~_O¨}+M1O�~�|��LJx}(�Wg%M�JLf�}(IWM1|�p+P%�«M��(��P��Wg%M0~�P�g����LO�}(JLPYf�O�fWg
}(IWM�p+M«�ÜPYp+M<IWO���f�P�O�~�|��LJx}(�Wg%M*M0�6}(JL~�O�}(JLPYf�~�J��6~_O¨}b�bI |�p(P�§��LM�~én
ö �\}(P�}+I�M]�i{�{�exBJLq��0nz��O�fWg_¢ q�Jxs�M�JÈ}b�\|9M�p(�ÜPYp+~_O�fW��MDJxf�}+I�M
|�p+M0�(M�fW��M�PY��OY~�|W�xJx}(�Wg�MRM���}+Jx~_O�}(JLPYf ~�J��6~_O�}+�bI8n¿��M�p+MéJÈ}_J��
OY�+�(��~�M0g�}(IWO�}�}(IWM�p(M��«M0Jxs�M0gå�6JLqYfWOY�*O�~�|��LJx}(�Wg%M"P��D�W�(M�p�ú_J��
M0�6}(JL~_O¨}+M0g�KDJÈ}+I�PY�%}�M0p(p+PYp O�fWgÛ}(I'O¨}�O��L�B}(I�M_JLfr}(M�p(�ÜM�p+JLf�qR�(JLq�ô
fWOY�L�<�BOY~�|��xJx}(�'g%M0��O�p+M�~�JL�(~_O¨}b�bI�M0g$}+P�}(IWMR�+O�~�M�M��r}+M�fr}�JLf
}(IWM��(M�fW�(M�P��1g�o�n8��JL~�Jx��O�p+�xk�eä}(I�M�|9M�p(�ÜPYp+~�OYfW�«M�P��\}+I�MP��{�{
§9M0�«P�~�M0�BK1P�p+�(M,OY��}(I�MDOY~�|W�xJx}(�Wg�M�M���}+Jx~_O�}(JLPYf�~�J��(~�O�}+�bI�§'M�ô
�«P�~�M0�,��O�p+qYM�p�n

ê�3Rë54�ï�ì�ò_XrñIS0óÜï�ì
þàf�}(IWJL� |WOY|'M0p0e�K�M���}+�Wg%JLM0g�}+I�M�|�p+PY§WOY§�Jx�LJx}�kRPY�1M0p(p+PYp�O�fWg

}(IWM�f�M�O�p(ô¤�³OYp*p+M0�(JL�6}+OYfW�«MiP��8}+I�M¦�i{�{ O�f'g_}(IWM�N�{�{ Jxf�~�JL�6ô
~_O¨}b�bI�M0g��Üp+M M ��M�f'�«krô°�(M��LM0�«}(JLsYMå~=���x}(JL|WO�}(IÈ��Olk��LM�JLqYI��³OYg%JLf�q
�bIWOYf�f�M��Unz����~�M�p+J���O��%p+M0�(���x}+�<�(I�P¨KÕ}+IWO¨}�e�O��x}(IWPY��q�I=}+I�M,��{�{
IWO���Oé§'M�}6}+M�p=|9M�p(�ÜPYp+~_O�fW��M�}(IWOYf$}(I�M"NÛ{�{·§WOY�(M0gåPYf$|9M�p(ô
�ÜM0�«}"�bIWO�fWf�M��,M0�6}(JL~_O¨}+JxP�f8e*Jx}�JL��~�P�p(Mé�6M0fW�(JÈ}+Jxs�M"}+P$�bI'O�f�f�M0�

0 2 4 6 8 10 12 14 16 18 20
10

−4

10
−3

10
−2

10
−1

10
0

SNR (dB)

B
E

R

amplitude estimation mismatch: 0           
amplitude estimation mismatch: 3.5dB       
amplitude estimation mismatch: 6dB         
amplitude estimation mismatch: 14dB        

�=��/�L76ÊL����_D��"3_D,8-85�I� '1�E4A���	4,!C'1?1��(*)E!"4A%�>�� '	$�)�(0(*�	'	��4,!C'	����2½!"2�)��2~'1(*�	3�(*�1(*�1���	(@?*(*�  ~(*)¦�I� '1�:("!<$�!">�%Ø�@��(*�³G+#�%('~J

0 2 4 6 8 10 12 14 16 18 20
10

−4

10
−3

10
−2

10
−1

10
0

SNR (dB)

B
E

R

amplitude estimation mismatch: 0           
amplitude estimation mismatch: 3.5dB       
amplitude estimation mismatch: 6dB         
amplitude estimation mismatch: 14dB        

�=��/�L79ÊL����_D��"3_D,8-85�I� '1�E4A���	4,!C'1?1��(*)E!"4A%�>�� '	$�)�(0(*�	'	��4,!C'	����2½!"2�)��2~'1(*�	3�(*�1(*�1���	(@?*(*�  ~(*)¦�I� '1���*)t)��¾4A���1(
%&�´�#(@�iG+#�%('~J
M0�6}(JL~�O�}(JLPYfåM�p+p(P�p0n ö ��}(I�M�O�~�PY�Wf�} P��1}(I�M_�bIWOYf�f�M0�BM���}+Jx~_O�ô
}(JLPYf
~�J��6~_O�}+�bIÿJLfW�«p+M0O��6M���e,}+I�M�|9M�p(�ÜPYp+~_O�fW��M�P���}+I�M5�i{�{
g%M�q�p+O�g%M0��~�PYp+M p+OY|�JLg��xk_}+IWO�fR}+IWO¨}�PY��}(IWM�N�{�{�n

�HT=^×T�î�T�ì�ò_TRS: �<; D0L>=x$�%7!"��!"2�)@?ØL>A�(*�1),B$DCFEG=×��2�(@!"��4B$�> '1��$Ê�1(*�N)�(¸'	(@?¸'	���1��3ÿ����	-<2�?F�Ê�1��2���$���?*�.)�(<H;)��  <���1����2Ò4 $�> '	��%�>�(<Hb!"?*?*(*�1�P?F�7!"2Ê2�(*>��GIJC�KML&L/LN ±³²PO¨®<Q K O�R"S�±<TUQ NWVJX S«±<Y CZ ~��> L .[6ZC]\���L^�[CÊ%�%xL^�*'[.�H_�*.[9ZC`�*a[b[aÊL: '�; D0LD=x$�%7!"�i!"2�)�?ØL]A�(@�	),B$WC�E_\�(@!"�cHÿ3 !"���1(*�1���g'F!"2�?*(t�"3_4 $�> '	��$��	(@��)�(<H'	(@?¸'	���1�]��2N!"�	-<2�?F�Ê�1��2���$��]?F�7!"2�2Ê(@>��cIJCdKML&L/LeN ±¤²[O¨®"Qgf2SPThTji�O7Q C ~��> L .[bZC�\I��L 1JC�%�%�L 1Pa[9�Hk6[)[bZCl�*a[a[)ÊL: .�;m��L Hg6KL�nØ��(*2�/ !"2�)>?ØLZo LZ��!"�g'1��2DClEGp=(*�	3����14,!"2�?*(�!"27!"> -<�1�����"3×2Ê(´!"�MH3ÿ!"�_�1(*�	���	'1!"2.'�6q8-rtsZ)�(¸'	(@?¸'	���1��uB��2Zv7$�(*2�?*(��"3×�	-<�	'	(*4�%7!"�F!"4A(¸'	(*�(*�	'	��4,!C'1����2:(*�1�	���1�GIJC�K fqf(w x�y C7%Ê%xL 6['[)�Hk6['z1JC`�*a[az1�L: 1z;{n=LZn� ~��27!"�I!"2�)|8³LZ�#�1!")Ê-PC}E<?<$Ê+Ø��%<'1��4B$�4Ò4 $�> '	��$��1(*�#)Ê(*'	(*?¸'1����3ÿ���3��1("!<$Ê(@2Ê?*-�H;�	(@>�(*?¸'	�  ~(
DI!@-<>�(@��/��t3ÿ!")���2�/0�g-Ê2Ê?F���1��2Ê��$��I6~8(rtsÃ?1�7!"2ZH2�(*>��GIJC}KcL/L&L�N ±³²[O¨®"Qdf2S[TjThiZO7Q C` ~��> L 1P.ZC}\I��L 'P�z.P��1JC=%�%xL^�*6z1zH_�*6P��C�*a[a[6ÊL: 6�;��³L�6KLq��$7!"2Ê/�!"2�)F?ØLI6KL~?<?F�~��!"�	'c�[CgEGs ?*��4A%7!"�1!C'1�  ~(�!"2�!"> -Ê�	����"3I>���2�(@!"� 4B$�> '1��$Ê�1(*�i)�(¸'1(*?¸'1���	�t3ÿ���i3ÿ!")���2�/½4 $Ê> '1��%7!C'	�¯?F��!"2�2�(*>��GIJC� ±MS6´ X_X_�[� O��|ScRg�~� S� X ´_S[T�w x�y CØ%�%xL^�[�<HG�*6ZC`�*a[az1�L: 9�;±�0L�?ØL<D�!"%Ê%7!"%�%&���	'*C}Ec�Ã���1(*>�(*�1��?@��4A4B$�2���?@!C'	����2��/uB%��1��2Ê?@��%Ê>�(@�_!"2�)%��1!"?*'	��?*("IJC�p_���	?´!C'1!@��!@-PC7\-�J��9��/�&��p_�	(@�	��CD�*a[a[9ÊL: ��;{?ØL�A_(*�	)-B$WC`E_rE$�> '1��$Ê�1(*��)�(¸'1(*?¸'1����2ZIJCØ6�!"4 +��	��)�/�([��6�!"4B+��1��)Ê/�((��2Ê� H ~(*�1�	� ';->p��1(*�1�*CD�*a[a[bÊL: b�;��³L[ABL�pR�.����!"2�)�?&L�A�(*�1),B$DC`EGp��1��+7!"+Ê��>�� ';-A�"3×(*�1�	���_��2Ur�r�?��¯4 $�> H'	��$��1(*�K)Ê(*'	(*?¸'1����2JIJC`KML&L&L	N ±³²PO¨®<Q K O�R<S�±<TUQ NWVZX S�±<Y C] ~��> L 1P.ZC7\���L .ZC%�%xL b[6[b�H�bP���[C`�*a[aP�<L: a�;{?ØL,8BL(�K�F!*-�C�r}L,o
�.?*��?¯!"2�)�8BL,�#�F!")Ê-PC>E_rE$�> '	��$��	(@�½)Ê(*'	(*?¸'1����2��2¦4A���	4,!C'1?1��(*)¦4 $Ê> '1��%�>�(<Hb!"?*?*(*�1��?F�7!"2�2�(*>��cIJC`KML&L/L�N ±³²[O¨®"Q-f2S[Tj�Tji�O7Q C� ~��> L 1P.ZC]\���L^�*'ZCÊ%�%xL .[)[b[)�Hk.[)[b[aZCl�*a[a[6ÊL


