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. . . ,it seemed like a very democratic way to use up the coordinates

that you have, and to distribute the ’cost of living’, the noise,

evenly among everyone. (C. Shannon, a comment about CDMA

[1])
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We thought multiplying a signal with a pseudo noise before trans-

mitting was a great idea. We even bragged about the capacity

gain. Now we have to take all users into account even if we just

want to receive one. (The author’s thought, May 2001)
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Discovery and invention, it could be said, is nothing more than

putting a couple of old things together in a new relation. [17]
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Discovery consists of looking at the same thing as everyone else

and thinking something different (Albert Szent-Gy�rgy)
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It is usually possible to prove a property in more than one way.

Such alternate proofs are always valuable in the engineering pro-

cess, for they reaffirm the unity that knits together so many of

the physical and mathematical properties which the engineer must

master as part of his trade. [33]
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Nothing is more dangerous than an idea when it is the only one

we have (Emile Chartier)

The best way to get a good idea is to get a lot of ideas (Linus

Pauling)
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0
�$5� $ �
�7����
��� *$�@ ������
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8��� ���������� ��0��� 
� 	5� ������� F�� �
@/*$�@ 
� ���

���� ����= ������� ��� �
8��� �@* ����� �� ��� ���
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����� ��� ����= ���� 0
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�$ �
8����"= ��� �
@ �
�7�� ��� �$5
��
���0 �6 ��0��6 �B����!��� ��� �������� F�� ��������� ����
�
0���?��6 
� �
�� �B����!��� �� �����07����� �6 ����
�0��� ���
�B����!���
� �� ��� ���B����6 �
0����

F�� ���������
� 
� ��� �
@ �� �
�$ �+����= 
� ��� 
����
����= �� �
� ���� ���������
�8���� @��� ����R� ������= 8���� ��/
��7�� �� ��� ���� �����
� �� �
�$ �����"= 8��� ���
��� ��I�����
0�������� ��������� @B����!��� ����� �����" �������� ��0����/
��
���6 �� ��� �����7�� �� �B��7����� �
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�0��� � 0��������
�������
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@B����
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� ������6
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� �� �����7���� ���
 ��� �������
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 ��� ��� ���/�
@= ��� �B����!���
� �� �
�� �� ���� ����R�
�����0�����= ���
�� ��� �������� 0�? �� ��� ������� 
� ��� ������
F�� ������ �
 �� ����= �� ����
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��� �� ���� � 8�6= �
 ���� ����� ��� �
�7
����
� 8��� ��� �������
8� 
����� ��� ������
���� 
������� ���� �60�
��� F��� ����
��� ��
������ +��0�>����3���	�� 5� � ��������= 8��� ��� ���/�B����!��= ���
�B����!���
� ���
����0 �� 0
7�� �
 ��� �����0������ F�� �����/
���� 
� � �
�$ �6���0 �����!��� ���/�
@ �� ��
8� �� ������
)�.�
������ )��1 ����������� 8��� ������� �� ��� �����" 
� � �
�$

�6���0 ����� ���/�
@� @��� �����0����� ���/�B����!�� ��� 
8�
������ ���
����� �
 ��� 0
���� ������� ���� �� ����� F�� �I����

� +��06�� ��� ��� 5������ ������ ���� 
���� 
��= �
 ���� 
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� ��0��� ����������� ���
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�H������ ���� 8��� ��B����� �6 ��� ������� ����0���
�
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8����"� F��� �� �
������ ��
7���� ���� ��� �������
�� �������� ��
8�6 ��
��� ��� ���� ��� �
�������� �6���0 �� �
F

 �6���0= 8���� ���� ��� ��0� ���B����6 ���� �
� �����" ���
�
8����"�
$��
����� �
 ��� �
����
� ����
����� �� ������� �= ��� �����/

0����� ���� �6 ���/F
@ ��� �� 8������ ���

d������� = H�(HH�)−1Cd, D)��E

8���� Cd ���
��� ��� ������ �60�
��� $� ��� �����7��= ����� ���
�
�7
����
� 8��� ��� ������� 8� ����

r������� = HH�(HH�)−1Cd + n = Cd + n, D)��E

��� ��� ���� 7���
� d ��� �� ������7�� 8��� � ��0��� ������������
;
���� ���� ����� �� �
 �
��� �������0��� ������ �6 ��� �B���/
�!���
� ��
���� D��� D���1E ��� D)��EE= ������� ��� �B����!���
�
�

" ����� ���
�� �
��� �� ����� �6 ��� ��������
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Pre-FDEChannel #2

Pre-FDE

Channel #K

Pre-FDE

Channel #1

Despreading

�����
 ?C:" J����" 
� � �
�$ �6���0 8��� ���/�
@

F�� ���/�
@ ����
�0� ��� �B����!���
� �� ��� ���B����6 �
/
0���� F�� ���/�B����!�� ���� D�� ��� �����0�����E ��� �� �?/
������� ���

d����
�� = F−1Λ−1FCd D)��E

F ���
��� ��� �
����� 0����? ��� Λ �� � ����
��� 0����? ����7��
��
0 ��� ������� �
�H������= �� ��������� �� ������� #�

����� "��
� ���	��$ ��� %
�� "�����$

F�� ���/�B����!���
� ����
��� �7
��� ��� �
��� �������0��� ��
�/
��0 �� ��� ����� 
� �
�����6 ��7��� �
 �����0�� �� ������ �
8��
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�7
�7�� 8��� ��� �
�����
����� ������� ���� �

������ ��� 
������� �) ����� F�� �7����� ���
� D@�������� ���/
�����E ���8��� ��� �������� ���� ��� ��� ����
0�6 ���������

������� ���� �� ���� ������6�� �� ������ )���� F�� �7������� ��
�
�� 
7�� �1111 ������� �����!���
���
;
�� ���� ��� ���
� ��"�� ����� �� ��� K��� � ����= ��� ��

��� ��?� � ���� �
��
8��� ��� ���� D�)��E 7�����  ��� ���� ��
0���= �� �� ����
������ �� ��� !��
� ��� ����� �� ��� ����� 
� ����
��
�" D��� K��� � ���� �� ������ )���E= 8���� ��� ���
� �� �?����/
������ �������0
�� ��� ���
� �
��
8��� ��� ���� 7���� D��� �)��
7����E 8��� ����� 
7�� �
 ��� ��?� ���� ��
�" D�������
�" �����/
�������E� �
8�7��= �� ��� K��� 7����� 
� ��� ��?� ��
�" ��� ���


��������6 !��
�= ���� �������
�" ������������ 8��� ����� 
7�� �
 ���
!��
/������� ���� 
� ��� ��?� ��
�"= 8���� ��� �� �����6 �������
����� �������
� D������ )���D�EE�

(n-1)th data block (n+1)th data blockn-th data block

(b)

(n-1)th data block (n+1)th data blockn-th data block

After pre-FDE
(before transmission)

Before pre-FDE
(data + zeros)

At the receiver
(after transmission)

(a)

Values caused by pre-FDE filter

Data

Interblock interference + error caused
by the pre-FDE and data-blocking

Zeros

After pre-FDE
(before transmission)

Before pre-FDE
(data + zeros)

At the receiver
(after transmission)

�����
 ?C:! :��
/������� �������0��� �
� ���/�
@ D�E ��������
!��
� �� ��� ��� 
� � ���� ��
�"= D�E !��
�� �� ��
�� 
� � ���� ��
�"

$� K��� ������= �� ���0� �0�
������ ���� � ������ K������� �
�/
�
8�� �6 ��� �
�7
����
� 8��� ��� ������� 8
��� ����������� ���/
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Being wireless just for the sake of being wireless is not a valid

goal. . . . subscribers care little about networks and technologies;

they just want new stuff [50]
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But all this technology is theory, not practice. In practice, the

spectrum is full of legacy devices, blasting energy in the old ways

over spectrum bought and owned by watchful tenants. After pay-

ing billions for the right to use a small slice of spectrum, owners are

unlikely to embrace new invaders having nonstandard formats....

So is wireless capacity limited and expensive, or is it infinite and

free? And how do we get from here to there? [61]
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Whether in science or in art, then, the ability to judge that a work

is finished is more an act of commitment to the continuousness of

the creative process than it is a sign of having expressed the last

word [66]

I realize now that knowledge itself is transitory and often of ques-

tionable validity. . . Knowledge won’t sit still, and it isn’t just the

forging of new frontiers but the continual rewriting of the old

frontiers as well [67]
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