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In this paper, we propose a block decision-aided (BL-DA) 
laser phase noise (LPN) estimation algorithm for 
coherent optical OFDM (CO-OFDM) systems. The 
OFDM symbols are divided into several blocks and the 
LPN estimation and compensation procedure is 
performed based on the decisions between these blocks. 
The proposed BL-DA algorithm can be applied for 
higher LPN estimation while at the same time ensuring a 
better estimation performance. Simulations are carried 
out in a 70.6 Gbit/s 16-QAM CO-OFDM system to verify 
the feasibility and efficiency of the BL-DA algorithm. 
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&RKHUHQW� RSWLFDO� RUWKRJRQDO� IUHTXHQF\� GLYLVLRQ�
PXOWLSOH[LQJ� �&2�2)'0�� KDV� EHHQ� DQ� DWWUDFWLYH�
WHFKQRORJ\�IRU�ORQJ�KDXO�RSWLFDO�FRPPXQLFDWLRQ�V\VWHPV�
GXH�WR�LWV�KLJK�VSHFWUDO�HIILFLHQF\�DQG�H[FHOOHQW�WROHUDQFH�
WR� ILEHU� FKURPDWLF� GLVSHUVLRQ� �&'�� DQG� SRODUL]DWLRQ�
PRGH�GLVSHUVLRQ��30'��>�@��+RZHYHU��GXH�WR� LWV� ORQJHU�
V\PERO�GXUDWLRQ�FRPSDUHG�ZLWK�D�VLQJOH�FDUULHU�V\VWHP��
&2�2)'0� LV� PRUH� VHQVLWLYH� WR� WKH� ODVHU� SKDVH� QRLVH�
�/31��� �
� � � 9DULRXV� DSSURDFKHV�KDYH�EHHQ�SURSRVHG� WR� HVWLPDWH�
DQG� FRPSHQVDWH� IRU� WKH� /31� >���@�� ZKLFK� FDQ� EH�
FODVVLILHG� LQWR� WZR� FDWHJRULHV�� GDWD�DLGHG� DQG� EOLQG�
DOJRULWKPV��+RZHYHU�� WKH�LPSOHPHQWDWLRQ�FRPSOH[LW\�RI�
EOLQG� DOJRULWKPV� LV� XVXDOO\� TXLWH� KLJK�� 7KH� GDWD�DLGHG�
DOJRULWKPV�LQFOXGH�SLORW�DLGHG��3$��PHWKRG�EDVHG�RQ�WKH�
SLORW� VXEFDUULHUV� >�@� DQG� GHFLVLRQ�DLGHG� �'$�� PHWKRG�
EDVHG� RQ� WKH� GHFLVLRQ� RI� SUHYLRXV� 2)'0� V\PERO� >�@��
7KH� '$� WHFKQLTXH� ZDV� LQLWLDOO\� SURSRVHG� IRU� FDUULHU�
SKDVH�HVWLPDWLRQ�LQ�VLQJOH�FDUULHU�V\VWHPV�>�@�DQG�IXUWKHU�
H[WHQGHG� IRU�2)'0�V\VWHPV� >�@��7KH�FRQYHQWLRQDO�'$�
PHWKRG�LQ�&2�2)'0�HVWLPDWHV�WKH�FRPPRQ�SKDVH�HUURU�
�&3(��RI�FXUUHQW�V\PERO�E\�XWLOL]LQJ�WKH�GHFLVLRQV�IURP�
WKH�SUHYLRXV�V\PERO��%DVHG�RQ�WKLV�LQIRUPDWLRQ��RQO\�RQH�

VWHS� RI� FRPSHQVDWLRQ� DQG� GHPRGXODWLRQ� LV� UHTXLUHG� IRU�
HDFK� V\PERO�� )RU� WKH� 3$� PHWKRG�� WR� DFKLHYH� D� EHWWHU�
/31� HVWLPDWLRQ� SHUIRUPDQFH�� PRUH� SLORW� VXEFDUULHUV�
QHHG� WR� EH� LQVHUWHG� LQWR� WKH� 2)'0� VSHFWUXP�� ZKLFK�
WDNHV� XS� XVHIXO� EDQGZLGWK�� )RU� WKH� FRQYHQWLRQDO� '$�
PHWKRG��DOWKRXJK� WKH�HIIHFWLYH� WUDQVPLVVLRQ�ELW� UDWH�FDQ�
EH� LPSURYHG�FRPSDUHG�ZLWK�WKH�3$�PHWKRG��'$�VKRZV�
OHVV� WROHUDQFH� WR� WKH� SKDVH� QRLVH� ZKHQ� WKH� YDULDQFH� RI�
/31�LV�ODUJH��GXH�WR�WKH�ODUJH�ODVHU�OLQHZLGWK�RI�ODVHU�� �
� � � ,Q� WKLV� SDSHU�� D� EORFN� GHFLVLRQ�DLGHG� �%/�'$��
DOJRULWKP� LV� SURSRVHG� WR� LQFUHDVH� ERWK� WKH� HVWLPDWLRQ�
DFFXUDF\� DQG� /31� WROHUDQFH�� FRPSDUHG� ZLWK� WKH�
FRQYHQWLRQDO� '$� PHWKRG�� ,QYHVWLJDWLRQV� RI� WKH�
SHUIRUPDQFH� LPSURYHPHQW� E\� LQFUHDVLQJ� WKH� QXPEHU� RI�
EORFNV� DQG� WKH� %(5� SHUIRUPDQFH� FRPSDULVRQ� EHWZHHQ�
3$��'$�DQG�%/�'$�DUH�FDUULHG�RXW�WKURXJK�VLPXODWLRQV��
�
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7KH� ݊�WK� UHFHLYHG� WLPH� GRPDLQ� 2)'0� VDPSOH� �ǁሺ݊ሻݎ
ZLWK� WKH� DSSHDUDQFH� RI� FDUULHU� IUHTXHQF\� RIIVHW� �&)2��
DQG�/31�FDQ�EH�H[SUHVVHG�DV�>�@�
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VSDFLQJ� ݂� DQG� ܰ� LV�WKH�VL]H�RI�)DVW�)RXULHU�7UDQVIRUP�
�))7��� 7HUP� ሺ݊ሻߠ � LV� WKH� /31� ZKLFK� LV� D� :LHQHU�
SURFHVV��PRGHOHG�E\�
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YDULDQFH� ଶߪ ൌ ሻߥሺʹοߨʹ ௦ܶ�� ZKHUH� οߥ� DFFRXQWV� IRU� WKH�
OLQHZLGWK� RI� HDFK� ODVHU� DQG� ௦ܶ � LV� WKH� VDPSOH� WLPH�
LQWHUYDO�� 7HUP� �ሺ݊ሻݓ� LV� WKH� FRPSOH[�� DGGLWLYH�� ZKLWH��
*DXVVLDQ� QRLVH� �$:*1��ZLWK�PHDQ� ]HUR� DQG� YDULDQFH�
ଶߪ �� 1RWH� WKDW� ሼڄǁሽ � UHSUHVHQWV� WKH� FRPSOH[� VLJQDO��
7HUP� ሺ݊ሻݕ� � LV� WKH� ݊�WK� WLPH� GRPDLQ� RXWSXW� VDPSOH�
ZKLFK�FDQ�EH�H[SUHVVHG�DV�
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ZKHUH� ෨ܺሺ݇ሻ� DQG� �෩ሺ݇ሻܪ� UHSUHVHQW�WKH�WUDQVPLWWHG�VLJQDO�
DQG�WKH�FKDQQHO� WUDQVIHU�IXQFWLRQ�RQ�WKH� ݇�WK�VXEFDUULHU�
LQ�WKH�IUHTXHQF\�GRPDLQ��UHVSHFWLYHO\�� �
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6XSSRVH�WKH�FKDQQHO�GLVWRUWLRQV�LQFOXGLQJ�&'�DQG�30'�
KDYH� EHHQ� UHPRYHG�� DQG� WKH� &)2� DOVR� KDV� EHHQ�
FRPSHQVDWHG�� 6LQFH� ଶߪ � LV� GHWHUPLQHG� E\� ERWK� WKH�
FRPELQHG� ODVHU� OLQHZLGWK� �&/:�� DQG� VDPSOH� WLPH�
LQWHUYDO� ௦ܶ�� IRU� RXU� H[SHULPHQWDO� WUDQVPLVVLRQ� V\VWHP��
WKH� VDPSOH� UDWH� LV� ���*6D�V� DQG�ZLWK� D� UHODWLYHO\� VPDOO�
&/:�� WKH� ଶߪ � LV� TXLWH� VPDOO�� 7KHUHIRUH�� IRU� WKH�
&2�2)'0�V\VWHP��ZH�FDQ�DVVXPH�WKH�/31�LV�D�FRQVWDQW�
ZLWKLQ�D�FHUWDLQ�EORFN�� �
� � � $IWHU� WKH� FKDQQHO� GLVWRUWLRQV� DUH� UHPRYHG�� WKH� WLPH�
GRPDLQ� UHFHLYHG� VLJQDO� LQ� ���� ZLWK� WKH� DSSHDUDQFH� RI�
/31�DQG�FRPSOH[�$:*1�FDQ�EH�UHZULWWHQ�DV�
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ZKHUH� ݅ � UHSUHVHQWV� WKH� ݅ �WK� EORFN� DQG� ZH� KDYH� �
݅ ൌ ͳǡʹǡܮڮǡ� ZKHUH� �ܮ LV� WKH� QXPEHU� RI� EORFNV� LQ� RQH�
2)'0�V\PERO��7KH�EORFN�OHQJWK�WKHQ�FDQ�EH�REWDLQHG�DV�
ܰ ൌ ܰ Τܮ ��7KH�SURSRVHG�EORFN�VWUXFWXUH�LV�VKRZQ�LQ�)LJ��

���$IWHU� WDNLQJ� WKH� ܰ�SRLQW�))7�� WKH� UHFHLYHG� VLJQDO� LQ�
IUHTXHQF\�GRPDLQ�FDQ�EH�H[SUHVVHG�DV�
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6LQFH� ZH� UHJDUG� WKH� /31� LQ� HDFK� EORFN� DV� D� FRQVWDQW��
DIWHU�WDNLQJ�WKH�')7��WKH�FRQVWDQW�SKDVH�ZLOO�QRW�FKDQJH��

� � � 6LPLODU�ZLWK�WKH�FRQYHQWLRQDO�'$�PHWKRG�LQ�>�@��ZH�
LQWURGXFH� D� FRPSOH[� SKDVRU� ܸ� EDVHG� RQ� WKH� GHFLVLRQ�
VWDWLVWLFV�RI�WKH�SUHYLRXV�EORFN��ZKLFK�LV�JLYHQ�E\�
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ZKHUH� �෩ିଵሺ݇ሻܦ� LV� WKH� UHFHLYHU¶V� GHFLVLRQ� IRU� WKH� ݇�WK�
VDPSOH� LQ� WKH� ݅�WK� EORFN�� 7KHQ� WKH� HVWLPDWHG� /31� LQ�
HDFK�EORFN�FDQ�EH�REWDLQHG�E\�WDNLQJ�WKH�DQJOH�RI� ܸ��
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� � � &RPSDUHG�ZLWK�WKH�FRQYHQWLRQDO�'$�PHWKRG��ZKHUH�
�ܮ HTXDOV� WR� RQH� DQG� ܰ� LV� DFWXDOO\� WKH� ))7� VL]H�� WKH�
SURSRVHG�EORFN�'$�DOJRULWKP�FDQ�UHDOL]H�PRUH�DFFXUDWH�
/31� HVWLPDWLRQ� HVSHFLDOO\� XQGHU� WKH� FDVH� RI� KLJK� ODVHU�
OLQHZLGWK�� 0RUHRYHU�� WKH� FRQYHQWLRQDO� '$� PHWKRG�
UHTXLUHV� D� SUHDPEOH� ZKRVH� OHQJWK� LV� HTXDO� WR� WKH� ))7�
VL]H�� ZKLFK� UHGXFHV� WKH� HIIHFWLYH� WUDQVPLVVLRQ� ELW� UDWH��
+RZHYHU�� WKH� SURSRVHG� EORFN� '$� DOJRULWKP� QHHGV� WKH�
ILUVW�EORFN�WR�EH�NQRZQ�ZKRVH�OHQJWK�LV�RQO\� ܰ� ZKLFK�
QRW� RQO\� GHFUHDVHV� WKH� OHQJWK� RI� RYHUKHDG� EXW� DOVR�
DFKLHYHV�EHWWHU�/31�HVWLPDWLRQ�SHUIRUPDQFH��
�
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7KH� &2�2)'0� V\VWHP� LV� EXLOW� E\� VLPXODWLRQV� XVLQJ�
0$7/$%�� 7KH� WUDQVPLWWHU� DQG� UHFHLYHU� EORFN� GLDJUDP�
RI� RXU� &2�2)'0� V\VWHP� LV� VKRZQ� LQ� )LJ�� ��� 7KH�
RULJLQDO� ����� *ELW�V� GDWD� LV� PRGXODWHG� RQWR� ����
VXEFDUULHUV�ZLWK����4$0�PRGXODWLRQ�DQG�WUDQVIHUUHG�WR�
WKH�WLPH�GRPDLQ�E\�WDNLQJ�WKH�����SRLQW�,))7��7KH�RWKHU�
���� VXEFDUULHUV� DUH� ]HUR�SDGGHG� IRU� RYHU�VDPSOLQJ�
SXUSRVH�� 7KH� QXPEHU� RI� WRWDO� WUDQVPLWWHG� 2)'0�
V\PEROV�LV����DQG�WKH�OHQJWK�RI�F\FOLF�SUHIL[��&3��LV����
VDPSOHV�� 7KH� 2)'0� VLJQDO� LV� WUDQVPLWWHG� ZLWK� WKH�
VDPSOH�UDWH�RI����*6D�V��
� � � 7KH� LQYHVWLJDWLRQ� RI� WKH� LPSDFW� RI� WKH� QXPEHU� RI�
EORFNV�RQ� WKH�%(5�SHUIRUPDQFH� LV� VKRZQ� LQ�)LJ�����$V�
FDQ� EH� VHHQ� LQ� WKH� ILJXUH�� WKH� %(5� SHUIRUPDQFH� LV�
LPSURYHG� E\� LQFUHDVLQJ� WKH� QXPEHU� RI� EORFNV�� 7KLV� LV�
EHFDXVH� FRPSDUHG� ZLWK� WKH� FRQYHQWLRQDO� '$� PHWKRG�
ZKLFK� XVHV� WKH� ZKROH� 2)'0� V\PERO� WR� HVWLPDWH� WKH�
SKDVH�QRLVH��WKH�GLYLGHG�EORFNV�RI�%/�'$�PHWKRG�FDQ�ILW�

�
)LJ�����7KH�VFKHPDWLF�VWUXFWXUH�RI�WKH�&2�2)'0�
V\VWHP��0RG��PRGXODWLRQ��'HPRG��GHPRGXODWLRQ��
6�3��VHULDO�WR�SDUDOOHO��3�6��SDUDOOHO�WR�VHULDO��'$&��
GLJLWDO�WR�DQDORJ�FRQYHUWHU��$'&��DQDORJ�WR�GLJLWDO�
FRQYHUWHU���
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WKH� YDULDWLRQ� RI� /31�� DQG� WKXV� LPSURYH� WKH� %(5�
SHUIRUPDQFH��0RUHRYHU��ZLWK� WKH� LQFUHDVH� RI� FRPELQHG�
ODVHU� OLQHZLGWK�� WKH� %(5� SHUIRUPDQFH� GHJUDGHV�
FRUUHVSRQGLQJO\�� 7KXV� IRU� UHDO� DSSOLFDWLRQV�� LQ� WKH� FDVH�
RI� ORZ�/31��ZH� FDQ� XVH� D� VPDOO� QXPEHU� RI� EORFNV� IRU�
HVWLPDWLRQ�� ZKLOH� ZLWK� KLJK� /31�� ZH� FDQ� GLYLGH� WKH�
2)'0�V\PERO�LQWR�PRUH�EORFNV�WR�HQVXUH�WKH�WRWDO�%(5�
SHUIRUPDQFH��
� � � )LJXUH� �� VKRZV� WKH� %(5� SHUIRUPDQFH� FRPSDULVRQ�
EHWZHHQ� WKH� FRQYHQWLRQDO� '$�� 3$� DQG� SURSRVHG� EORFN�
'$�PHWKRGV��)RU�WKH�3$�DOJRULWKP��WKH�QXPEHU�RI�SLORW�
VXEFDUULHUV��36��LQVHUWHG�LQ�WKH�2)'0�VSHFWUXP�LV����,Q�
WKLV� VLPXODWLRQ�� ZH� XVH� PRUH� EORFNV� ZKHQ� WKH� /31� LV�
KLJK�� ,W� FDQ�EH� VHHQ� LQ� WKH� ILJXUH� WKDW�ZKHQ� WKH�/31� LV�
VPDOO�� WKH� FRQYHQWLRQDO� '$� RXWSHUIRUPV� 3$�� KRZHYHU��
ZKHQ� WKH�&/:� LV�����N+]�� WKH�%(5�RI�'$�PHWKRG� LV�
TXLWH�KLJK��ZKLFK�LV�DURXQG�RQH�RUGHU�KLJKHU�WKDQ�WKH�3$�
PHWKRG��7KLV�LV�EHFDXVH�WKH�'$�PHWKRG�UHJDUGV�WKH�/31�

ZLWKLQ�D�ZKROH�2)'0�V\PERO�DV�D�FRQVWDQW��DQG�WKXV�IRU�
D�KLJK�/31�� WKH�QRLVH�YDULDQFH� LV� ODUJH��DQG� WKH�V\VWHP�
SHUIRUPDQFH� GHJUDGHV� TXLFNO\�� 7KLV� LOOXVWUDWHV� WKDW� WKH�
'$�PHWKRG� LV� QRW� WROHUDQW� WR� KLJK� /31�� %HVLGHV�� LW� LV�
REYLRXV� LQ� )LJ�� �� WKDW� WKH� SURSRVHG� %/�'$� PHWKRG�
DOZD\V� SHUIRUPV� WKH� EHVW� HYHQ� ZLWK� KLJKHU� ODVHU� SKDVH�
QRLVH�� ZKLFK� YHULILHV� WKH� IHDVLELOLW\�� HIILFLHQF\� DQG�
VXSHULRU� HVWLPDWLRQ� DFFXUDF\� RI� WKH� SURSRVHG� %/�'$�
DOJRULWKP��
�
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�
:H� SURSRVHG� D� EORFN� GHFLVLRQ�DLGHG� /31� HVWLPDWLRQ�
DOJRULWKP� E\� GLYLGLQJ� WKH� 2)'0� V\PERO� LQWR� VPDOO�
EORFNV�� %(5� SHUIRUPDQFH� FRPSDULVRQ� ZDV� FDUULHG� RXW�
EHWZHHQ�WKH�FRQYHQWLRQDO�'$��3$�DQG�SURSRVHG�%/�'$�
PHWKRGV�� 6LPXODWLRQ� UHVXOWV� VKRZ� WKDW� WKH� %/�'$�
DOJRULWKP�QRW�RQO\�KDV�D�EHWWHU� WROHUDQFH�WR�KLJKHU�/31�
FRPSDUHG�ZLWK�FRQYHQWLRQDO�'$��EXW�DOVR�FDQ�DFKLHYH�D�
PRUH�DFFXUDWH�/31�HVWLPDWLRQ�SHUIRUPDQFH��
�
�
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7KH� DXWKRUV� ZRXOG� OLNH� WR� JUDWHIXOO\� DFNQRZOHGJH� WKH�
ILQDQFLDO� VXSSRUW� RI� $F5)� 7LHU�� *UDQW�
02(�����7�������� IURP� 02(� 6LQJDSRUH�� *UDQWV�
���������� ���������� ��������� DQG� ��������� IURP�
1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD� �16)&���
DQG� *UDQW� ��=(�.� IURP� WKH� +RQJ� .RQJ� 3RO\WHFKQLF�
8QLYHUVLW\��
�
�
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�
>�@� :��6KLHK��+��%DR��DQG�<��7DQJ��³&RKHUHQW�RSWLFDO�2)'0��

7KHRU\� DQG� GHVLJQ�´� Opt. Express�� YRO�� ���� QR�� ��� SS��
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