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� �� �� �� �  
�� � � � � 2�  (two-dimension, 2D) �  !
OFCDM(orthogonal frequency and code division 
multiplexing, OFCDM)" # $ % 
�& ' �( ) �*  
-+,- . (frequency and time selective fading)/0 1
2 3 4 5(Doppler effect)6!7 5,OVSF(orthogonal 
variable spreading factor) 8 9 : �
;< = > ? @ A B
C D & ' (fuzzy inferring system)�EF GH	$ % I
!1 2 3  J C D K7 L !2-D �  8 9 : M N OF
G�EA P Q R S �< = TK!� �A B & ' !7 5

,OVSF 8 9 : UV W X Y Z [ \ ](multiple access 
interference, MAI)^T_ 
` !a b c d (diversity 
gain)�efTg & ' 4 h ; 
����������������i j a  X k �2-D �  �OFCDM�*  -
+,- . �a b ,c d �X Y Z [ \ ](MAI)�A B
C D & ' ; 
Abstract 
In this paper, we investigate the multiuser performance 
in a 2-D spreading orthogonal frequency coded division 
multiplexing (OFCDM) communication system over 
frequency and time selective fading channels. To 
compromise between the diversity gain and the multiple 
access interference (MAI), we propose an adaptive fuzzy 
logic to infer adequate 2-D spreading codes and to assign 
the OVSF codes to active users for OFCDM mobile 
communication systems. Simulation results show that the 
proposed fuzzy-based code allocation (FBCA) scheme 
can not only suppress the MAIs induced by the 
non-orthogonality but also exploit the diversity gain over 
time and frequency selective fading channels and then 
outperforms the conventional sequential code allocation 
(SCA) scheme and orthogonal code allocation (OCA) 
scheme at all system load. 
Key words: OFCDM, 2-D spreading code, diversity gain, 
MAI, frequency and time selective fading channel�
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multiplexing, OFDM)UTl m _ n o p q �rs t 5
F �$ % 
�& ' u[1];vp ' w x y a 8 X k p q
�z �{ �  8 � | �+} �F ~ @  � e$ p q �

� � � � � � a 8 X k Z [ (direct-sequence 
code-division multiple-access, DS-CDMA)�� 0 � � _
F G� � !� � �r� ��� � $ % 
�& ' !X Y

Z [ �z [2];�vX F G� � 6�X Y Z [ \ ]
(multi-access interference, MAI)�� � V W & ' 4 h �
f X x y a 8 X k (multi-carrier code-division 
multiple-access, MC-CDMA) & ' �� F �  8 �{ �
p q n o a � � | � } ��UTg  � � F 4 d
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̀
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(two-dimensional, 2D) �  �£ TK5F � OFDM & '
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�& ' �§Uh ¨
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��u�< = Q Ù A B Ã Ä (fuzzy logic)/7 5,i j
Ú8 9 : (orthogonalized code allocation, OCA)[10]�T
KÒ� �A B Ã Ä !7 5,8 9 : (fuzzy-based code 
allocation, FBCA)»�E�TKªÛ »¥* Ü §7 L ª
�  8 9 : M Ý OF G�f¬ � m Þ !g & ' µ ß Ñ

à J (bit error rate, BER) 4 h ; 
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���¨ F ªè é �z �¢ µ ß ´ µ í ¶ è é �â ã

� 1,...,2,1,0,, −= Njb jk ; Te î ï � � 4 ª @ O

OFCDM ì ß ð ñ +³ �¡ /ò ó OFCDM ì ß ð ñ
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ì ß � �÷ Eø ^�ªê ë É ù �{ EUé Úª

2-D �  & ' ú Ë �û î ü ý �+} ³ ª�  8 þ
�� ¡ / ú Ë  } � � ªOH � � U î ï � 
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mSF
SFN

j
i +⋅


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A. ����� �� �� �� � � � �� � �� � �� � � ����(OCA) 
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� 2. FBCA-OFCDM 
 � � m� 4  
Number of sub-carriers, Nc 1024 

Data modulation BPSK 

Spreading factor, SF 16 

2-D spreading code OVSF code 

Doppler shift, fD 10-100 (Hz) 

OFDM symbol duration 1 ms 

Combining techniques MRC 
Number of users 1-16 

  
   & ' �§ � �� n o » �A \ ´ �� - H ß à
MRC[11]%� � �́ �MRC ß à �� �� á × Ã Ä �
� mn o � fD=10Hzx	 â �ã 	 ä � 9(dB)�5¡ �
FBCA å æ F ç Ä è ª � é 2-D d a e%� 8� FBCA
�� �� OCA �� m� � �� �y� Sª ê �§ ´
� FBCA � � f�� � � � ¤ G ¥ k l ^ _ ` a b S
] § f�� 4 �V W 5� é � 2-D d a e�ë ì í C
� î �� �Sè ª � é �
 � Ã Ä %� 9 �p 7 2-D
d a e�	 â �ã 	 ä ï h � 9dBx� mn o ^ _ `
a b � 10� 100Hz �� � � ð ñ Þ b � FBCA��
� @ ä ò %� �y� Só ô��� � � ^ _ ` a b n

o y�� � � ´ � FBCA�� � ���� 4 � 4f�
� Sª õ ä ´ � OCA � ë ì ö � ÷ � � ð ñ Þ b �
ô�Ú ��ø Ë � n o » �5� é � 2-D d a e¥ �
C ø Ë �Ú ù�ø Ë � n o » �FBCA ¥ k l �� 4
S] ^ _ ` a b ¥ V W 5ú � 2-D d a e�cû ü ^
´ V �� é � 2-D d a e�C S� � � ð ñ Þ b �ô
�� ÷ % 

 

� 8. FBCA� OCA�� �� Ã Ä ä ò ��� 4 � 8�
SNR=9dB 

 

� 9. OCA� FBCA�� �� Ã Ä ä ò �fD=10-100Hz 

   � � 10-11 � � m� � � Sª ê ��ø Ë � ^ _ `
n o » �ï h 5ý �� 4 �� Só ô�C þ 0 � FBCA
� Sk l ø Ë �^ _ ` a b » �V W � ð ñ Þ b �ô

� é � 2-D d a e�� 10 � �ï h 	 â �ã 	 ä
� 9(dB)��� 4 � 4�́ �MRC ß à %� �y� S
ª ê ��̂ _ ` a b 40 S» �S{C16,4, C16,4}ù 2-D
d a eC è ª � � ð ñ Þ b ò é �ø � § ^ _ ` n o

� 8 £ 80Hz f�5�ô� é � 2-D d a e�{C16,8, 
C16,2}%̂ _ ` a b � � � 100Hz�S{C16,16, C16,1}2-D
d a e� Ã Ä � ÷ �� � � C þ 0 � FBCA�ï h 5
�� 4 � 4f��ø Ë � ^ _ ` n o » �¥ � � OCA
� é � 2-D d a e� C � 8 � � V W � é 2-D d a
e�cè ª � é �Ã Ä %� 11��� 4 � 8�ï h 	
â �ã 	 ä � 9(dB)�� � m� � � Sª ê ��^ _
` a b 80Hz S» �2-D d a e�{C16,8, C16,2} � �ô
�� é �c FBCA ² � Ä k l OCA �ô� é �d a
e��ø Ë � � mn o » �V W � é � 2-D d a e% 

 

� 10. OCA� FBCA�� �� Ã Ä ä ò ��� 4 � 4 



���� �� � � � 	 
 � � 
 � � �

2008 International Conference on Advanced Information Technologies (AIT) 

 

� 11. OCA� FBCA�� �� Ã Ä ä ò ��� 4 � 8 
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