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A�B�C�D�E%F%GHJILK�M8NLM0OPB�NLM�Q�B+D�F!R�M�R�Q
S�TUA�B+F�HVI.T�F"IWT7F!R�ILK�MXB;Y1M8N.T�CC
NLD�F"ILGE%MZB7O[ILK�MUT7C\+B�NLG]ILK�E^Q�M8A�B+E%M�H�_�`badc0e
f H�ILK�M8NLM&T7NLMUD�g�ILB�h0i�G�F�g�D�IXT�HjHjG\+F�E%M�F"ILH�ILB�Q�MUg�NLB"A�M�HjHjM�R

OPB7N�M,T7A0K%A8B+CD�E%F�ILK�M�NLD�F"ILGE%MW\�NLB,k�Hlk�G]ILK�ILK�MXA.K!T7F�F�M�C�k�G�R
ILK
h�T�H�mn`PhjoVc[HjB&ILK!T7I�ILK�M0NLMXGH�F�BUA�B+F"IjN.T�R�GA8ILGB+F6ILBUILK�M�M8p�g�M�A8ILM,R
M8p�g�B+F�M�F"ILG�T�C�A8B+E%g�CM8p�G]IqS�R�D�MWILBnILK�M�rns[tuA�B+E%g�C�M0ILM�F�M�HjH�B�O)ILK�M
g�NLB�Q�CM�Eve f C\+B7NLG]ILK�E%HWk�G]ILKwT�Q�M�K!T,Y
GB+D�N�CGx1MnILK�G�H�T7NLMUA�T�CCM,Ry p�M,R
tug!T7N.T7E%M8ILM8N�IjN.T7A8I.T�Q�CMUg�NLB+Q�CM�E%H�e
z K�M�k�B7NLHVIWA,T7HjM�NLD�F"ILGE%MWOPB7NWM,T�A.K6B�O{ILK�M�T�HjHjG\+F�E%M�F"ILHJg�NLB�t

A�M�HjHjM�R�G�F�TZHjGF�\+CM�A�B�C�D�E%F�GHlR�B+E%GF�T7ILM,R|Q
S&ILK�M�R�B+\�CM�\UGF�HjM8Njt
ILGB+F%g�NLB"A�M,R�D�NLM+e[}uIJE~D�HVI�M�F
D�E%M8N.T;ILMWT�F%M0p�g�B�F�M�F"ILG�T�C�F
D�E�Q�M0N
B�OWR�B+\�CM�\+H�e f C�C[ILK�M�B�ILK�M8N&g�NLB"A8M,R�D�NLM�HUA�B+E%g�CM8ILM�GF�g�B�CS�F�B�t
E%G�T�C!ILGE%M+e f F6D�g�g�M0NJQ�B�D�F!R�O�B�NWILK�MXF
D�E~Q�M8NJB7O�R�B+\�C�M8\+HWA,T7F
Q�MUA�B�E%g�D�ILM�R�T7H�O�B+CCB,k�H��f IWT y NLHVIW\�C@T7F�A�MUM�T�A.K�IjN.T�A.x%GF�T|A�B+CD�E%F(A�T�F�K�T,Y1MZB�F�MnB7O
OPB�D�NZA�B+F y \+D�N.T7ILGB+F�H�� f R�B+\�CM�\6E6T,S�B�NZE6T,S�F�B7InA�B�F�F�M�A8IXILB
ILK�MXF�M0p�IJB�N�g�NLM�Y
G�B�D�H�IjN.T�A.x)�
NLM�Hjg�M8A8ILGY1M�C]S"e z K�GHWGE%E%M,R�G@T;ILM�C]S
CM,T+R�H�ILB�T7F6D�g�g�M0N�Q�B+D�F!R%B�O/� o R�B�\+CM�\+H�e z K�G�HWQ�B�D�F�R6A�T�F6Q�M
ILG\+K"ILM�F�M,R>ILB?� o��/� Q"S>ILK�M�OPB�C�CB,k�GF�\>T7NL\�D�E%M�F"I,�|}�O�kJM%kWT�Cx
R�B,k�F�ILK�MnA�B�C�D�E%F�IjN.T7A0x6Q"S6IjN.T�A.x6kJM&K!T,Y1MnB�F�C]S6Iqk�B�A0K�B+GA�M�H
OPB7NZILK�M y NLHVI�IjN.T7A0x�eW��M|M8GILK�M8NnHVI.T;NjInT6R�B+\+CM�\6B7NZk�M~R�B%F�B�I,e
}qF�IjN.T�A.x3�'���v��h�M�T�A.K�B�OUILK�MvA�B+F y \�D�N.T7ILGB�F�H(B�OnIjN.T7A0x
H
��ILB>�J���vT�C]NLM,T�R�S�R�M8ILM0NLE%G�F�M�H�k�K�M8ILK�M8N�ILK�M8NLMvGH6T>R�B+\�CM�\
A�B�F�F�M8A8ILGB+F�Q�M8IqkJM�M�F�IjN.T�A.x
H��UT�F�R�������e z K�M(B+F�CS'A.K�B�GA�M
CM8O�I�GH�ILB%R�M�A�G�R�MUk�K�M8ILK�M8NXILK�M0NLMUG�H�T�A�B�F�F�M8A8ILGB+FvILB�ILK�MUF�M8p
I
IjN.T�A.x�e z K�GHnNLM,R�D�A�M�HXILK�M~F�D�E�Q�M8N�B�OlB+g�ILGB+F�HnO�B�N&M,T7A0K?IjN.T�A.x
ILB>�
e=��D�NjILK�M8NLE%B�NLM+�[ILK�M8NLM(G�H~F�B?A.K�B+GA�M(OPB7N�ILK�M6C�T�HVI�IjN.T7A0x��
T�F�R(ILK�MnILB�I.T�C{F
D�E~Q�M8NWB�O[R�B+\�CM�\+HXGH�T;IXE%B+HVI���ou�/�,e
z K�GH�Q�B�D�F�R'GH%F�B�I�ILG\�K
I,�JQ�M�A,T7D�HjM�ILK�M8NLMvT;NLM�O�D�NjILK�M0N�NLM8t

HVIjNLGA8ILGB+F�H�B+F%ILK�MXR�B+\+CM�\�H�el��B�NJM8p�T�E%g�CM+�"T|R�B+\�C�M8\~Q�M�\�GF�F�GF�\
B+F�T�F>B"A�A�D�g�GM,R�IjN.T7A0xwA,T7F�B�F�C]S�M�F!R?B+F�T�F�M8E%g�IqSvB+F�M�T�F!R
Y
GA�MJY1M0NLHLT�e�}�F&E%B+HVI[A�B�CD�E%F�H{ILK�M�F
D�E�Q�M0N/B7O!g�B+HjHjGQ�C�M�R�B+\�CM�\+H
GH�C�M8HjHXILK�T�F�hj�7�

2.3 Channel width minimizationz B y F!R�ILK�MwE%G�F�GE�D�E�A0K�T�F�F�M�CXk�G@R
ILK���ILK�M?T�C\+B7NLG]ILK�E
E�D�HVI�Q�M�G�F
Y1B�x1M,R%OPB7N�M,T�A.K�A.K!T7F�F�M8C!k�G@R
ILKd��HVI.T7NjILGF�\~k�G]ILK�ILK�M
A.K!T�F�F�M�C/R�M�F�HjG]IqS"e z K�M|A8B+E�Q�GF�M,R�NLD�F"ILG�E%MUGHXILK�M&HjD�E�B�O�ILK�M
NLD�F"ILGE%M�H�B7O�T�CC{G�F
Y1B�x+T;ILGB+F�H�e
z K�M>NLD�F"ILGE%M�B�O%T�HjGF�\�C�M'GF
Y1B+x�T7ILGB�F�\7NLB;k�H�HjD�g�M0NLM8p�g�B�t

F�M8F
ILG�T7C/k�G]ILK?ILK�M&A0K�T�F�F�M�C/k�G�R�ILK{e z K�M&OPB+CCB,k�GF�\�D�F�M,�"D�T�CG]IqS
K�B�C�R�H�O�B�N&T7CC/OPD�F�A8ILGB+F�HU�wILK!T7IZ\�NLB,k T;IZCM,T7HVIUM8p�g�B+F�M�F"ILG@T7CCS)�
¡£¢ �/�¤8¥ � �/`§¦�c%�©¨Zª"�/`P�nc0e z K�M(A8B+E�Q�GF�M,R>NLD�F"ILG�E%M%B7O�T�CCWGF�t
Y1B�x+T;ILG�B�F�HZk�G]ILK�T(A.K!T7F�F�M8C�k�G@R
ILK�D�g?ILB(�«ILK�M0NLM8OPB7NLM%G�HZB+F�C]S
Q"S6TUA�B+F�HVI.T�F"I�OPT�A8ILB7N�C@T;NL\+M8NWILK�T�F6G]OdkJMZK�T+R%x
F�B,k�F%ILK�MZB�g�ILG]t
E�D�E�A.K!T7F�F�M�C"k�G@R
ILK�GF�T�R�Y�T�F�A�M+e z K�M�Q�M�F�A0K�E6T7NLx
GF�\�NLM�HjD�C]ILH
CGHVILM,R�GF z T�Q�CM�¬�HjK�B,k«ILK!T;InILK�M|B;Y1M8NLK�M�T+RwOPB�NZILK�M�G]ILM8N.T;ILGY1M
A,T7C�CGF�\�GH(F�M�\�CG�\�GQ�CM+e z K�MwC�T�HVI�A�M�CCZB7O&M,T�A.K5I.T�Q�CMwA�B+CD�E%F
K!T7H�T�E�D�A0K6K�G�\�M8NXY+T7CD�M�ILK�T�F�T�CCdB7ILK�M8N�A8M�CC�HXB�OdILK!T;I�A�B+CD�E%F
ILB+\�M8ILK�M0N,e

3. IMPLEMENTATION
�=MWGE%g�C�M8E%M�F"ILM,R|ILK�NLM�M�Y1M8NLHjGB+F�HlB7O{ILK�M�T�C\+B7NLG]ILK�Eve�}qE%g�CM8t

E%M�F"I.T7ILGB�F f D�HjM8H[T�K�T�HjK|HjM8I�ILBXHVILB�NLMJILK�MlHjM8I�B7O�IjN.T7A0xUT7HjHjG\+F�t
E%M�F"ILH�ed}qE%g�CM�E%M8F
I.T;ILGB+Fn?D�HjM8H[TWK�M,T7gUHVIjNLD�A8ILD�NLM�ILK�T7I/T�CCB;k�H
B�O�M0p�T7A8I�Y�G�T�E%GF�G�E%G®,T;ILGB+FwT7F!R�HjB�E%M|K�M�D�NLGHVILGAUNLD�F"ILGE%MZGE�t
g�NLB;Y1M8E%M�F"ILH�eU}qE%g�C�M8E%M�F"I.T7ILGB+F?¯�D�HjM�HnE~D�C]ILGY+T7C�D�M,RwR�M8A�GHjG�B�F
R�G�T7\�N.T�E%HnILB(NLM�g�NLM8HjM�F"InILK�M�HjM0I&B�OJIjN.T7A0x?T7HjHjG\+F�E%M8F
ILHUQ"S?G]ILH
A.K!T7N.T7A8ILM8NLGHVILGAUOPD�F�A8ILGB+F{e
}qF=T�CC�GE%g�CM�E%M�F"I.T;ILG�B�F�H|TvIjN.T�A.x=T7HjHjG�\�F�E%M�F"I~GH~HVILB7NLM,R'T�H

T�FvT7NjN.T�S(B�O[h�GF"ILM�\�M8NLH�G�F(ILK�MnN.T7F�\+MUB7O�°~ILB|h�k�G]ILK�ILK�MUY�T�CD�M

± R�M�F�B�ILGF�\�T�F?M�E%g�IqS�IjN.T�A.xwT�F�R�¬|ILB%h�R�M�F�B�ILGF�\(B+F�M~B7O�D�g
ILB~h�HjG�\�F!T7C�HXA8NLB�HjHjG�F�\�ILK�Mn\�GY1M�FvA�B�CD�E%Fde

3.1 Implementation A
}�F6ILK�GHJGE%g�CM�E%M�F"I.T;ILG�B�F�ILK�M�IjN.T�A.x%T�HjHjG\�F�E%M�F"ILHWT;NLMZHVILB�NLM�R

GF�T�K!T�HjK�HjM8I&B7O�R�S�F!T7E%GA�HjG®�M+e z K�M8NLM6T;NLM�D�g?ILB�h0i/T7HjHjG\+F�t
E%M�F"ILH�G�F6ILK�MXHjM8I�T7F!R�ILK�MZT�C\+B7NLG]ILK�E©G]ILM8N.T;ILM�H�B;Y1M8N�ILK�MXk�K�B+CM
HjM8I�OPB�NnM,T�A.K?B�O�ILK�M|a=A�B+CD�E%F�H�e z K�M�R�B+\�C�M8\+H&T7NLM~\+M�F�M8N.T7ILM�R
Q"S�TnNLM�A8D�NLHjGY1M�T�C\+B7NLGILK�E²ILK�T7I�F�M�M,R�HlA�B�F�HVI.T7F
IlILGE%M�O�B�NWM�T�A.K
B�O/ILK�MU³6��� o��/� F�M8k�T�HjHjG\+F�E%M�F"ILH�e z K�Mnk�B�NLHVI�A,T7HjMnNLD�F"ILGE%M
B�O/ILK�MUT7C�\�B�NLG]ILK�E�GHWILK�M8NLM0OPB�NLM��

´,µ!¶�· _�`Ph0i � o c
}uI%GH�g�M�HjHjGE%GHVILG�A(ILB>E~D�C]ILGg�C]S=ILK�M(kJB�NLHVI6A,T7HjM�F
D�E~Q�M8N�B7O

g�B+HjHjGQ�C�M(R�B+\+CM�\�H|k�G]ILK�ILK�M�k�B7NLHVI�A,T7HjM%F
D�E�Q�M0NUB�OWIjN.T7A0x>T�HVt
HjG\+F�E%M�F"ILH�T7H�ILK�M0S5A,T7F¸F�M�Y1M0N�B"A�A8D�NvHjGE~D�C]I.T�F�M�B+D�HjCS"e£��B�N
M8p�T�E%g�CM�T(A�B+CD�E%F?k�G]ILK>h0i{IjN.T7A0x?T7HjHjG\+F�E%M8F
ILHUA�T�F�K�T,Y1M�F�B
R�B�\+CM�\�HnT7IZT�CCb�)T7F!RwT�A�B�C�D�E%F�k�G]ILK���o��d��R�B+\�CM�\+H�E�D�HVIXK�T;Y+M
CM�HjHWILK!T7F�h8i ¹
`PhL¹+��c0i�IjN.T7A0x(T�HjHjG\�F�E%M�F"ILH�e
�#G]ILKnILK�G�H{GE%g�CM�E%M�F"I.T;ILG�B�FnQ�M�F�A0K�E6T7NLx
H!k�G]ILK|D�gZILB�º�IjN.T�A.x
H

A�B�D�C�R�Q�MnNLB�D�ILM,R(G�FvT~NLM,T�HjB�F!T7Q�CM|T�E%B+D�F"IWB�O[ILGE%M+e

3.2 Implementation B
}�F�ILK�G�HUGE%g�C�M8E%M�F"I.T7ILGB+FwIjN.T�A.x?T�HjHjG\�F�E%M�F"ILHUT;NLM�HVILB�NLM,R�GF

TnK�M�T�g�D�HjG�F�\nILK�M�F
D�E~Q�M8N[B�O{Y
G�T�H�F�M�M�R�M,R~ILBUA0NLM,T7ILM�ILK�M�IjN.T7A0x
T�HjHjG\�F�E%M�F"I�T�H~ILK�M6x1M8S"e z N.T7A0x=T�HjHjG\+F�E%M�F"ILH|k�G]ILK'CM�HjH�Y
G�T�H
T7NLMZg�NLB"A�M�HjHjM�R y NLHVI,�
NLM�HjD�CILGF�\�GFvT&NLB+D�ILGF�\~k�G]ILKvT|E%G�F�GE�D�E
F
D�E~Q�M8N�B7OUY
G@T7H�e z K�GH6g�NLB
R�D�A�M�H6T�A8GNLA8D�G]I6ILK!T7I6K�T�H6CB,k�M8N
g�B,k�M8NvA�B+F�HjD�E%g�ILGB�F¸T�F!R#HjE6T7C�CM8NwR�M�C�T�S¸R�D�M�ILB'ILK�M�CB,k�M8N
NLM�HjGHVI.T�F�A�M&T�F�R�A,T7g!T�A8GI.T7F�A�MUB7O[ILK�MZk�G]NLM�HXT7HXkJM�CC/T7H�T~Q�M8IjILM8N
S�GM�C�R#R�D�NLGF�\�E6T�F
D�OPT�A8ILD�NLG�F�\�e£»�GF�G�E%G®�GF�\'ILK�M?F�D�E�Q�M8N6B7O
Y
G�T�HXE%G�\�K"IZT7CHjB(NLM�HjD�C]IZGF?T�HjE6T�CCM8NZC@T�S"B�D�I�G]OlA8B+E%g!T7A8ILGB+FvGH
D�HjM�R�T�HXT�g�B�HVIjtug�NLB"A�M�HjHjGF�\%HVILM�gdef H/TWK�M8D�NLGHVILGA�NLD�F"ILG�E%M[B�g�ILGE%G®,T7ILGB�FnILK�M�T�HjHjG\+F�E%M�F"ILH{kJM8NLM
F�B7IJg�NLB"A�M�HjHjM,R6A�B�C�D�E%F%Q"S�A�B�C�D�E%F�Q�D�IJGF(T&R�M�g�ILK�t y NLHVI�E6T7F�t
F�M0N,e z K�GH�GH[TWCB�I/ObT�HVILM0N�G�F&E6T7F
SZA,T�HjM8H[Q�M�A,T�D�HjMlILK�M8NLMlD�HjD!T7C�C]S
T7NLM~T%CB�InB7OJg�B�HjHjGQ�CM�B�g�ILGE6T�C{NLB+D�ILGF�\+HZO�B�NUT%\�G�Y+M�F?g�NLB+Q�CM�E
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