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�6�qX9swXc�nmjp]bØe"f6`�mjk1\ne=YRe�ê�X1\Ëê�mr\aX1hjXc�a���nX1b[�ne]\
�nëw��^aX1`Ã�Î�[ZLì]X

p=Z]mrb[XcsÃmjb[k�\aXcZ=�_mjbqp�mj`�YRe=\_^�Z"b[k1X�fÌe]\6Z
ì�Z]\nmjX�^�ëHe"f�k1mrì¼mjh+Z]b[sÃ`�mrhrí
mr^aZ"\aë�Z"YqYqhjmok1Z�^amre=b[�c��îÓmr\aX1hjXc�a��`�mok�\ae=�nX1b[�ne]\�b[X�^�ê�e]\aï¼��ê�mrhjh2Xcbwí
Z"�[hrXQ^n�qXu\nXchrmoZ"�qhjXQ`�e=bqm�^ae]\amrb[p�e"f[Z�ìLZ]\nmjX�^�ëËe"f[Z]YqYqhjmjkcZ�^amre=b[�B^a�[Z�^
\�Z"bqp=X�fÌ\ae]`Ú`�X}swmjkcZ"h�Z]b[s*�qe]`�X
�nXck�v[\nmr^�ë�^neÃ`ÃZ]k��[mrbqX�swmoZ"p=bqe"í
�nmj�HZ"b[sðk��qX1`�mok1Z]h�ñ��qmre=hre=p]mok1Z]hQswX�^aXck�^nmje]b��NòPì]Xc\
^a�qX*YRZ]�_^�fÌXcê
ë]X}Z"\��1�c^n�[X1\aXi�[Z]�2�+X1X1b��_mjp]bqmróRkcZ"bd^�\aXc�nXcZ"\�k��ËmrbHswmj�_^n\amj�qvw^nX}s
�nX1bwí
�ne]\4b[X�^�ê�e]\aï¼�c�ô�«b¼vq`4�+X1\He"f�mjbd^nXc\nX}��^amrbqpô\nX}�_v[h�^��4�[ZLì=X9�+X1X1b
Yqvq�[hrmo�_�[XcsôfÌe]\�Z*ê�mjswX�\�Z"bqp=X�e]fQ^aXck��qbqmok1Z]h�Z"\aXcZ]�c�7fÌ\ae]`õ�nmrp=b[Z"h
Yq\aewk�Xc�a�nmrbqp�Z]b[s�k�e]`�`�vqbqmok1Z�^amre=b�Y[\ne]^newk�e=hj�@�nv[k��ÃZ]�@`4v[h�^am�í¤�qe]Y
\ae]vw^amrbqp
Z]b[sÃsqZ"^aZÎfÌv[�nmje]b�^nX}k��qbqmoödvqXc�@^ae
Yq�¼ëw�_mok1Z]hqhoZLë]X1\ik1mr\�k�v[m�^
mj`HY[hrXc`HXcbd^aZ�^amre=b[�H÷�ø1ùÑ�@÷ ú�ùÑ��÷ û�ù¤���6�qX�êue=\nïJYqvq�qhjmo�_�qX}s{e]bôk�e]`Hí
`4v[bqmjkcZ�^amre=bÃYq\ne]^newk�e=hj��Z]\nX�Y[\nmj`ÃZ"\amrhjë4Z"mj`�XcsÃZ"^QmrbRk�\aXcZ]�nmjbqpË^n�qX
ü edxôZ"bRs�XcbqX1\ap]ë�X1ý9k�mjX1b[k1ë�e"f6p]XcbqX1\�Z"h�Z]swíÑ�qewkHk�e=hrhoZ"�+e]\�Z�^amrì=X
�nX1b[�ne]\�b[X�^�ê�e]\aï¼��^n�q\ae]v[p]�Îe]Yw^amr`�mjþcZ"^nmje]b[��Z"�+e�ì]X@^a�qXQhjmrb[ïËhoZLë]Xc\c�
�µb�^n�qmo�@êue=\nï7��ê�X��nY+Xck�mróRkcZ"hjhrë
hje¼e]ï
Z"^�Z]b�Z=�_ë¼`�`�X�^n\amok1Z"hw�nX1b[�ne]\
bqX1^�êue=\nï{ê��qXc\nX�k�hjv[�_^nXc\a�}ÿÌmÑ� X=�Hk1X1hjhj���ËZ"\aX4fÌe=\n`�X}s�Z"\ae]v[b[s��qmjp]�
Y+e�êuXc\nX}s��[Z]�nXc�_^aZ"^nmje]b[�c�2gQbqX1\ap]ë�k�e=b[��^a\aZ]mrb[XcsÃ�nX1b[�ne]\��ik�e=`�`4vwí
bqmok1Z"^nX{^aeN�qmjp]�ÓY+e�êuXc\nX}sÔ�[Z]�nXc�_^aZ"^nmje]bÓmjb ^n�qXcmr\�k�hjv[�_^nX1\}� ��b
X��qZ]`HY[hrX�e"f6�_vRk��ÐZJbqX1^�êue=\nï{mo�Î`ÃZ]k��qmjbqXÃswmoZ"p]b[e=�nmj�ËmjbÐZ]bômjbwí
swv[�_^n\amoZ"h��nX�^_^amrb[p[�
�6�qX
k�e=b[��^a\aZ]mrbd^��ue]f2^a�qXc�nX
�nX1b[�ne]\��6Z"\aXÎödvqmr^nX
sqm��7X1\aX1bd^�fÌ\ae]`

^n�[e=�nXQe"f[k1e]b¼ì]Xcbd^nmje]b[Z]h"ê�mr\aX1hjXc�a���RZ"b[s¼í¤�qXchjs
sqX1ì¼mjk1Xc�2mrb�Z]sqswmr^nmje]b
^ne�^n�[X1mj\6�n`ÃZ"hjh+�nmjþ1XÎZ"b[sÃv[h�^a\aZ�hre�êÓY+e�ê�X1\uk1e]b[�nvq`�Yw^amre=b����2mj\���^
e"f�Z]hrhÑ�i�nX1b[�ne]\��
�[ZLì=X�Z�`�v[k��%hje�êuXc\�sqZ"^aZ�\aZ"^nX�ÿ	��ïd�[Y[�
�4Z"b[s
Y[Z=k�ï]X�^��nmjþ1XNÿÌ^nX1bR��e]fÎ�[m�^��
�9ê��qX1b
k1e]`�Y[Z]\nX}sN^ae%`4v[h�^amr`�XcsqmjZ
^n\�Z�ý9k]�Fx¼X}k�e]bRsB��^n�qX�k1e]`�`4v[bqmjkcZ�^amre=bÔhjmjbqïðmo�Ã�qmjp]�[hrëÔZ]�nëd`Hí
`�X�^a\nmok�ÿ§m�� X]��^a\aZ"ý9k�mj��`�e=�_^nhjë*vqY[hrmjbqïJfÌ\ne=` ^a�qX��nX1bR�_e=\�^ne�^n�qX

�[Z=�_X}��^�Z�^nmje]b��l�@�6�qmr\�sB�wZ4k1X1hjh+k1e�ì]Xc\a�uZ4�n`�Z]hrh7Z"\aXcZÃÿ	��ø
�]`��QZ"b[s
^n�[X��
�������������������"ÿ§m�� X]�ib¼vq`��RXc\�e"f��_Xcb[�ne]\��uY+X1\Pk�X1hjh��6k1Z"bJ�[ZLì=XËZ
hoZ"\ap]XÃ�_YRZ�^nmoZ"hQìLZ]\nmoZ�^amre=bÐZ]b[sØ�_`ÃZ]hrh�^amr`�X9ì�Z]\nmoZ�^amre=b��*�6�[Z"^
mj�c�
e]b[XÎk1X1hjh7`�ZLë��[ZLì]XËZ4fÌXcê
�¼vqb[sq\nX}sq�6e"f@�_Xcb[�_e=\a�uê��qmjhrX�Z]bqe"^a�qX1\
k�XchrhPe]bqhjëÔ�[Z]�9ZÒfÌX1ê�b¼vq`4�+X1\*e"f
�_Xcb[�ne]\��1� �2mjb[Z]hrhjë]��\aX1hjmjZ]�qmjh�í
mr^�ë�ÿÌhje�êÓY[Z]k�ï=X�^uXc\n\ae]\u\aZ"^nX!�QZ]b[sÃhoZ�^nXcb[k�ëÃ\aXcödvqmj\aX1`�X1bd^a�ue"f�^n�qX
^n\�Z"bR�_`�mr^_^nX}sÒY[Z=k�ï]X�^�Z"\aX�Z"ho�ne�mr`�Y+e]\n^aZ]b=^�swXc�nmjp]b%Y[Z]\aZ]`�X�^nXc\a�
mjb{^n�qXHmj`HY[hrXc`HXcbd^aZ�^amre=b�e"fiXcbqX1\ap]ëJX�ý9k1mrXcb=^Ë`�mjk1\ned�_Xcb[�_e=\�bqX1^_í
ê�e]\aï+�Ã�6�qmo�ÎY[Z]YRXc\
X��wYqhje]\aXc�P^nX}k��qbqmoödvqXc�Î^ae�hre�ê�X1\Ë^n�[XÃYRe�ê�X1\
k�e=b[�nvq`�Yw^nmje]b�fÌe]\i�nv[k��HX1b¼ì¼mr\ae]bq`�Xcb=^@`�e]bqmr^ne=\nmjbqpÎZ"YqY[hrmok1Z"^nmje]b[�
�[Z=�_X}sØe]bÒ`�ewswX1ho�4ê��[mjk��%Z]\nX9X��¼^n\�Z]kl^aXcsÐfÌ\ae]` Yq�¼ëw�_mok1Z]hQhoZLë]X1\
X1hjXck�^n\ae]bqmok1�c�
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�µbÎ^n�qmo���nXck�^nmje]b��}êuX�hjmj`Hmr^2e=vq\�k��qe=mjk1X�e"f¼`�XcswmoZ�Z]kck�X}�n�Bk1e]bd^n\ae]h

ÿ§y���t?�6Yq\ae"^newk1e]h7^ne�^amr`�X4sqmrì¼mo�_mje]b�`4v[h�^amrYqhjX4Z=k1k�X}�n��ÿ���WPy��@�
Z"bRs9fÌ\aXcödvqXcb[k�ëJswmrì¼mo�_mje]bJ`4v[h�^amrYqhjX
Z]kck�X}�n�Îÿ>�@WËy��@���
�
�jøBA�Z]swmjeÃy{ewswX1h
�6�qXuZLì=X1\�Z"p]X@Y+e�êuXc\2k1e]b[�nvq`�Yw^nmje]b�e]f[Z��nX1b[�ne]\�\aZ=swmre�mj�2p]mjì]Xcb

�¼ë�^a�qX�fÌe=hrhje�ê�mrb[p�Xcödv[Z�^amre=b��Lê��qX1\aXDC/EGF!H
IJF6mo�B^a�qXuZLì=X1\�Z"p=X2b¼vq`Hí
�+X1\�e]fw^nmj`�Xc��Y+X1\@�nXck�e=b[sP^n�[Z"^�^a�qXu�nX1b[�ne]\�^n\�Z"b[�n`�m�^n^nX1\�ñL\aXck1X1mjì]Xc\
mo��v[�nXcs��Rê��qmok���mo�P�nY+Xck�mró[X}s{�¼ë*^a�qX�Z]YqYqhjmjkcZ�^amre=b��nk1X1b[Z]\nmje9Z"b[s
k�e=`�`4vqbqmok1Z"^nmje]bJYq\ae"^newk1e]hÑ�LK,EGF!H
IJF�mo�6^n�[X�YRe�ê�X1\�k1e]b[�nvq`�Yw^nmje]b
e"f�^a�qXô^n\�Z"b[�ak�Xcmrì=X1\}�7MONJPRQ�EGFSH
I
FÒmj��^n�[X�^a\aZ]b[�_`�mr^lñ�\nX}k�X1mjì]X�e]bwí
^nmj`�XÃÿ§Z]k�^nv[Z]hBsqZ�^�Z4^a\aZ]b[�n`Hmo�a�_mje]b+ñ�\nX}k�XcYw^nmje]b�^amr`�XS���TMVU E>W�IJEGX�Y mo�
^n�[XP�_^aZ"\n^QvqY9^nmj`HX�e"fB^n�[X�^n\�Z"bR�nk1X1mjì]X1\}�]Z]b[s�K NJXSE mj�Q^n�qXPe]vw^aYqvw^
^n\�Z"bR�_`�mr^6Y+e�ê�X1\�ê��qmok��Jsq\nmjì]X}��^n�qX
Z]b=^aX1bqbRZq�

K W�Z�[]\ C EGF � K EGF ÿGM NJPRQ(EGF&^ M U E>W�IJEGX�Y � ^ K N	XSE M N	PRQ�EGF �^ C I
F K IJF ÿGM NJPRQ�I
F_^ M U E>W�IJEGX�Y � ÿ_øS�`uX1fÌe]\aX{ZÒswX�^�Z"mjhrX}sÔy���t Yq\ae"^aewk�e]h�mo�9swXcì]Xchre=YRX}sB�Q^a�qX�fÌe]hrí
hje�ê�mrbqp4mj�a�_v[Xc��`�v[��^��RXËk�e=b[�_moswXc\nX}sB����mj\a�_^c�dmr^��n�qe]vqhos��+X�bqe]^nXcs
^n�RZ�^�YRe�ê�X1\�k1e]b[�nvq`�Yw^nmje]bJe"f2^n�qXË^a\aZ]b[�nk1X1mjì]Xc\�swe=`�mrb[Z"^nX}�6e�ì]X1\
^n�[X9e]vw^aYqvw^�^a\aZ]b[�_`�mr^
YRe�ê�X1\Lÿ>K%EGF!HJI
FbacK NJXSE �l��îÓ�[X1bØ^n\�Z"bR��í
`�m�^n^nmjbqp�s[Z�^aZÎe�ì=X1\QZ��n�qe=\_^usqmj�_^aZ]b[k�Xdÿd��ø
�]`e��YRe�ê�X1\Qk1e]b[�nvq`�Ywí
^nmje]bÓe]fP^a�qX�\�Z]swmjeØX1hjXck�^n\ae]bqmok1�Ãmo�9swe=`�mrb[Z"^nX}s �dëN^n�qXôZ"b[Z]hre=pA_�Òk1mr\�k�vqmr^n\aë�ê��qmok��9^�ë¼Yqmok1Z"hjhjë�k1e]b[�nvq`�Xc�ËøS�]�gf ø
�h�=�ie]f�`�mrhjhrmrí
ê6Z�^_^��cÿ§`�îi�u÷ j"ù¤�[÷ kLù¤��òPb4^n�qX�e]^n�qXc\@�[Z"b[s4^n�[X�e=vw^nY[vw^@^n\�Z"b[�n`�m�^
Y+e�êuXc\}ÿ�K NJXSE �Îk1e]b[�nvq`�Xc�
hrX}�n�Î^a�[Z"bÓøc`�î fÌe=\l`6gmA Z]�
hre�ê Z]�
ø
� Q�n ÷ o�ù¤�Õ�µbÙZ=sqswmr^nmje]b��6^a�qX{^n\�Z"bR�_`�mr^_^nXc\9Y+e�êuXc\}ÿ�K EGF �9swe¼Xc�
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Data rate=1Mbps, Tstartup=450us, Ptx=81mW, Pout=0dBm
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bqe]^�ì�Z"\aë
`4vRk�� e�ì]X1\�s[Z�^aZ \�Z�^aXØ^ne
ZÔóR\a�_^�e]\�swXc\�Z"YqYq\ae!�wm�í
`ÃZ�^amre=b����µb6�1��þ9fÌ\aXcödvqX1bRk�ëÐ�[Z"b[s[�1�@Y+e�êuXc\�k�e=b[�nvq`�Yw^nmje]bÒe]f
^n�[X4^a\aZ]b[�nk1X1mjì]Xc\�mo�Ësqe]`�mrbRZ�^nX}s��¼ë�^n�[X4fÌ\aXcödvqXcb[k�ë{�nëdbd^a�qXc�nmrþcX1\
ê��qmok��9p]XcbqX1\�Z�^aXc�i^n�qXËk1Z"\a\amrXc\�fÌ\nX}ödvqX1b[k1ëÃZ"b[sÃmr^6mj�ubqe"^�X��7Xck�^nXcs
�¼ëH^n�qXÎsqZ�^�Z
\�Z�^aX�^ne4^n�qXPó[\���^�e]\�swX1\Ë÷ �LùÑ����X1b[k1X�fÌe=\uhje�ê YRe�ê�X1\
e]Y+X1\�Z�^amre=b��"mr^imj��sqXc�nmr\�Z"�qhjXu^ne
�nX1b[s4^n�qX�s[Z�^aZÎZ"^i`�Z8�wmr`�vq` \�Z�^nX
mjb{e]\�swX1\6^aeÃ\nX}swv[k�XÎ^a�qXÎ^n\�Z"bR�_`�mr^�e]bwíÑ^nmj`�X9ÿGM NJPRQ(EGF ����x¼X}k�e=b[sB�
^n�[XË�_^aZ]\_^avqYÃ^nmj`�XHÿ>M U E>W�IJEGX�Y �u�_�[e]vqhosÃ\aXck�Xcmrì=X��nYRX}k�moZ"h7Z�^_^aX1bd^nmje]b
swvqX�^aeP^a�qX��n�qe]\n^�YRZ]k�ï]X1^@�nmjþ1X]���µbHe]\�swX1\�^ne��aZLì]XuYRe�ê�X1\}�L^n�qX6\�Z�í
swmjeP`�ewswvqhjXQb[X1Xcs[��^aeP�+Xu^nvq\abqXcs
e]b+ñ�e8�Ãswvq\amrbqp�^n�qX6Z]k�^nmjì]X�ñLmoswhrX
Y+X1\amrewsq�Ãÿ§m�� X]��swvw^�ëÐk�ëwk�hjXcs�������bwfÌe]\n^nv[b[Z�^aX1hjë{^n\�Z"b[�ak�Xcmrì=X1\���^ae"í
sqZLë�\aXcödvqmj\nX
mjbqmr^nmoZ"h@��^�Z"\n^nvqY�^nmj`HX}��e=b{^n�[X�e=\aswXc\�e]fi�dv[b[sw\aXcsq�
e"fÎ`�mjk1\ned�_X}k�e=b[sq��^neØp]eÐfÌ\ae]` ^a�qX��nhrXcX1Y ��^�Z�^nX�^aeÐ^n�qX�Z=kl^nmjì]X
�_^aZ�^aX]���qe=\
�_�[e]\n^ÎYRZ]k�ï]X1^Î�nmjþ1Xc�c�B^a�qX�^n\�Z"b[�nmjX1bd^ËXcbqX1\ap]ëôswvq\amrbqp
^n�[Xô�_^aZ"\n^_í¤vqYÙkcZ"bÓ�+Xô�nmrp=bqm�ó+k1Z"bd^ahrëÔ�qmjp]�qXc\9^n�RZ"b ^n�[X�X1b[X1\ap]ë
\aXcödvqmj\nX}s��dë*^n�[X4X1hjXck�^n\ae]bqmok1��swvq\amrbqp�^n�qXHZ]k�^nv[Z]h�^n\�Z"bR�_`�mo�n�nmre=b
ÿÌmÑ� X]��M U E>W�I	EGX�Y�� M NJPRQ(EGF ���Ð�6�[mj��X��7Xck�^He]f���^�Z"\n^nvqYÒ^a\aZ]b[�nmrXcb=^
mo���_�[e�ê�b*mjbb�2mjp]v[\nX�ø]�wê��[X1\aXËXcbqX1\ap]ë*k�e]bR�_vq`�Yw^amre=b*Y+X1\��qm�^�mo�
Yqhje"^n^nXcs%ì]X1\��nv[�
Y[Z=k�ï]X1^4�_mjþ1X=���6�qmo�4mo��Z=k��qmjX1ì]X}sôfÌ\ne=`)Z�k�e]`Hí
`�X1\�k�moZ"hBhje�ê
Y+e�êuXc\�^n\�Z"b[k1X1mjì]X1\Î÷ j"ù�ê��qmok��Jmj��kcZ"Y[Z]�qhrXÎe]f�^n\�Z"bR��í
`�m�^n^nmjbqp�s[Z�^aZ
vqYÃ^ne�øcy{�qYR�iê��qmjhrXËk�e=b[�_v[`Hmjbqpl�[ø1`�î �]îÐXP�nX1X
^n�RZ�^�Z]�Q^n�qXÎY[Z=k�ï]X�^��_mjþ1XËmj��\aXcswvRk�Xcs��=^a�qXËX1bqXc\np=ëHk1e]b[�nvq`�Yw^nmje]b
mo��sqe]`�mrbRZ�^nX}sÃ�¼ëH^n�qXÎ��^�Z"\n^nvqY9^n\�Z"b[�nmrXcbd^}ÿGMVU E>W�I	EGX�Y �QZ]b[sÃbqe]^��¼ë
^n�[X{^n\�Z"b[�n`�m�^*e]bÔ^nmj`�X=ÿGM NJPRQ(EGF �l����Xcb[k�X�mr^�mo�9mj`�YRe=\_^�Z"bd^Ã^ne
^aZ]ï]XÃ^a�qmo�4mjbqX�ý9k1mrXcb[k�ëØmjb=^aeôZ=k1k�e=vqbd^
ê��qX1bðswXc�nmrp=bqmjbqp�X1b[X1\ap]ë
ZLê6Z"\aX�k�e]`�`�vqbqmok1Z�^amre=b9Yq\ae"^ae¼k1e]ho�1����Z=��^ahrë=�dZ]h�^a�qe]v[p]�Ã^a�qXËs[Z�^aZ
^n\�Z�ý9k�mo��`�e=�_^nhjëHvqYqhjmrbqï�fÌ\ae]`�^n�qX��nX1bR�_e=\a��^ae�^n�qX��[Z]�nXc�_^aZ"^nmje]b��
swe�ê�bqhjmjbqï�`ÃZLë
Z"ho�_eË�RX6bqX}k�X}�n�aZ"\aëËfÌe]\�k�Xc\_^�Z"mjb4Yq\ae"^ae¼k1e]ho�1�2�6�[Z�^
mo�1��C EGF mj��p]e�ì]Xc\nb[XcsJ�¼ë�^a�qX�Z]YqYqhjmjkcZ�^nmje]b��ak�Xcb[Z"\amje9Z"b[sbC IJF mo�
swX1^nX1\a`�mrb[Xcsô�dë�^n�qX�Yq\ae"^ae¼k1e]hÑ�4�¤^
�n�qe]vqhosÐZ"ho�_eJ�RX�bqe]^nX}s�^a�[Z�^K IJF mo��v[�nv[Z"hjhjëJú/fÕû�^nmj`HX}���qmjp]�[X1\6^n�RZ"bbK EGF mrbJ^�ë¼Yqmok1Z"h2k�e]`Hí
`�X1\�k�moZ"h¼\�Z]swmje=��Z"b[s4�qX1bRk�X6y���tÐYq\ae"^ae¼k1e]h¼�_�[e]vqhos
^a\nëÎ^aeËZLì=e]mos
�qmjp]��\aXck�Xcmrì=X1\�Z]k�^nmjì¼m�^�ë=�
�
�ÄúÔ��WPy���íx��WËy��
�µbÕ^a�qmo���_X}kl^amre=bFê�XÒswX1\amjì]XÒZ hre�ê×YRe�ê�X1\{y���tõYq\ae"^ae¼k1e]h

�[Z=�_X}s{e]b{^a�qX4\�Z]sqmre9`�ewswXch�fÌ\ae]`$gQö+��ø�fÌe]\ÎZ9�nmrb[p]hjX�k�Xchrh�bqX1^_í
ê�e]\aï9ê��qX1\aX
ZÃ�qmjp]�qíÑY+e�êuXc\nX}s��RZ]�nXc�_^aZ�^amre=b*pdZ�^a�qX1\���sqZ�^�Z�fÌ\ae]`
^n�[XÎ�nX1bR�_e=\a�c���P�n�nvq`�mjbqp�êuXË�[ZLì]XÎk�e=bd^n\ae]h+e�ì]X1\6sqZ"^aZ�\aZ"^nX]�TM NJP
mo��`�mjbqmr`�mjþ1X}sÙmjbÕ��WËy��×�nmjb[k�X�^n�qXô�[Z"b[sqê�mjs¼^a�
mo�*Z"^*`ÃZ4�¼í
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©S�
mj`4vq`��ÎZ"hjhre�ê�mjbqp%^a�qXÐ�qmrp=�qXc�_^{sqZ�^�ZN\�Z�^aX]�ª�qe=\«�@WËy��
��^n�qX
ZLì�Z"mjhjZ]�qhjXi�[Z"bRswê�mjsw^n�
mo�2Z"^2`�mjbqmr`�vq`��"\aXc�nvqh�^amrb[p�mrb
^n�qX�hre=bqp]X}��^
e]bqí�^amr`�X]�����¼ë¼�q\amjsô�nk��[X1`�X�e]fu��WËy�í¬�@WËy mj�ÎZ"ho�ne�Y+e=�a�_mj�qhjX]�
ê��qXc\nX
�+e"^a��^nmj`�X�Z"bRsJfÌ\nX}ö=v[X1b[k1ëJZ]\nX
swmjì¼mjsqXcs�mjb=^aeÃ^n\�Z"bR�_`�mo��í
�nmre=bH�nhre]^a�c�2�6�qmo��mo�@mrhjhjv[��^a\aZ"^nX}s4mjb��2mjp]v[\nX�úPê��qX1\aX��_�RZ]swX}s�Z]\nX}Z
mjb[swmok1Z�^aXc�iZÎì�Z]hrmosH^n\�Z"b[�n`�m�^Q�nhje"^�fÌe]\u�_Xcb[�_e=\m­O®n���µbÃkcZ]�nXc��ê��qXc\nX
^nmj`�X
swmjìdmo�nmre=b*mo�6X1`�Yqhje�ë]X}sB�¼êuX��n�qe]vqhos*bqe"^aXP^a�[Z�^�Z�swe�ê�b[hrmjbqï
fÌ\ae]`«^n�qX
�RZ]�nXc�_^aZ�^amre=bJ^neÃ^a�qX��nX1b[�ne]\��6mo��\aXcödvqmj\nX}s*mjb{e]\�swXc\�^ne
`ÃZ"mjbd^aZ"mjbJ^nmj`�X4�_ë¼b[k��[\ne=bqmrþ}Z�^amre=b*Z"`�e=bqpH^n�qX4�nX1bR�_e=\a�c�iW�v[X�^ne
^n�[X�ó[bqmr^nXôX1\a\ne=\9Z"`�e]b[pÒXcZ]k��Ù�nX1bR�_e=\
¯ �Ã\aX�fÌX1\aX1bRk�X�k�hjewk�ï7�6^n�qX
�[Z=�_X}��^�Z�^nmje]b�`�v[��^��_Xcb[s�e]vw^±°
²R³V´��nmrp=b[Z"ho��Z]�i^ne
ZLì]e=mjs�Z]bdëHk�e=h�í
hjmj�nmre=bÓZ"`�e]bqpÐ^a�qX�^n\�Z"b[�n`�m�^n^nX}sðYRZ]k�ï]X1^a�c�i��Xcb[k�X�^a�qX��nX1b[�ne]\
\aXck�Xcmrì=X1\�`�v[�_^��RX4^nvq\abqX}s�e]b{X1ì=X1\aë*�neÃe"f�^aX1b{^ae9\nX}k�Xcmrì=XÎ^n�qX}�_X°
²R³V´�Y[Z=k�ï]X�^��1�@�6�qXËb¼vq`4�+X1\6e"f2\nX}k�X1Yq^nmje]b[�Ëÿ>C IJF ��swXcYRXcb[sq��e]b
^n�[XPp=v[Z"\�s�^nmj`�XHÿ>M [�X4W�I�µ �iê��[mjk��*mj�u^n�[XP`�mjbqmr`�vq` ^amr`�XÎswm��7X1\ní
X1bRk�X��RX1^�êuXcX1bÐ^�ê�e*^amr`�X9�nhre]^a�ÎmjbÐ^n�qX9�aZ"`�XHfÌ\nX}ödvqX1b[k1ë��[Z]b[sB�
Z]�4�_�qe�ê�bÐmjbB��mjp]vq\aX�úw���¤f�^�ê�e{�_hje"^���mjbô^a�qX��aZ"`�X�fÌ\aXcödvqX1bRk�ë
�[Z]b[sNZ]\nX��nX1YRZ"\�Z�^nX}sØ�¼ë¶M [�X4W�I�µ �Qm�^�ê�mrhjh�^aZ]ï]X�M [�X4W�I�µS·4¸ ^amr`�X
fÌe]\
^n�qX}�_X�^�ê�e{Y[Z]k�ï=X�^��Ë^ne�k�e=hrhjmoswX]��ê��qX1\aX ¸ mo�Î^n�[X�swm¹�+Xc\nXcb[k�X
�+X�^�ê�X1X1bÐ^a�qX�^�êue�\aX�fÌXc\nXcb[k�X�k�hjewk�ï¼�c�e��Xcb[k�X�^a�qX9�nX1b[�ne]\Î`4vR��^
�+XË\aXc�në¼b[k��q\ae]bqmjþ1X}sÃZ�^6hrX}Z]�_^ ¸L· M [�X4W�I�µ b¼vq`��RXc\6e"f�^amr`�Xc��Xcì]X1\aë
�nXck�e=b[sB�J�6�qmj�4mj�4swXc�ak�\amr�+XcsØmjbÒgQö+��úq��ê��qXc\nXeº�» mj�
^n�qXÃ^ae"í
^aZ]huZLì�Z"mjhoZ"�qhjXÃ�[Z"bRswê�mjsw^n���D¼e½¿¾d½ômj�
^n�qXJ�_mjþ1XÃe]f�^n�qX9^n\�Z"b[�n`�m�^
Y[Z=k�ï]X�^umrb9�[m�^��1�¿M�À W�E mj�Q^n�[X�hoZ�^nXcb[k�ëH\aXcödvqmj\nXc`HXcbd^Qe"f7^n�[XP�nX1b[�ne]\
sqZ"^aZq��ÁJmo�6^a�qXÎbdv[`4�+X1\�e]f�k��[Z]bqbqX1ho�6mjb�^a�qX�p]mjì]Xcb«º�».�TM W�Z�W ®�À
mo��^a�qXQ^amr`�X�swm��7X1\aX1bRk�XQ�+X�^�ê�X1Xcb��_^aZ]\_^�e]fw^�êuePY[Z]k�ï=X�^��Qÿ>��mjp]vq\aXuú
Z"bRsBÂ mo�Ë^n�qX9b¼vq`��RXc\
e"f��nX1b[�ne]\��1���¤^4mo��Z"ho�ne�Z=�n�nvq`�Xcsô^a�[Z�^
^n�[X�sqZ�^�ZJ\aZ"^nXÃmo��Xcödv[Z]h@^ne�^n�[X9ewk1k�v[Ydë¼mjbqp{�_mjp]bRZ"hi�[Z]b[swê�mos¼^n�
Z"bRs��qXcb[k�X;M NJP \ ¼e½¿¾d½ · ÿ>º�» · Á��l�
C IJF \ ¸M [�X4W�I�µ \ ¸M W�Z�W ®�À�Ã�M N	P \ ¸

ÿ
Ä!Å�Æ	ÇÈ Ã�É W�E>WÊ�Ë �JÁ ÿÑúh��q\ae]`«^n�qXHZ"�+e�ì]X
X}ö=vRZ�^nmje]b��[ê�X4�_XcX
^a�[Z�^ÎZ]��^a�qX4b¼vq`��RXc\�e]f
k��[Z]bqbqX1ho��swX}k�\aXcZ]�nXc�c��p]vRZ"\�s�^nmj`�X��RX}k�e=`HX}�@hjZ]\np=X1\�Z"bRs4\aXck1X1mjì]X1\
Z]k�^nmjì¼m�^�ëÔmj�*\aXcswv[k1XcsB� �¤^Jmj�JZ"ho�ne%Z"YqY[Z]\nXcbd^9^n�[Z"^�^a�qXôZ=swì�Z"bwí
^aZ]p]XPe"f�Yqv[\nX|��WËy��Fmo�Q^a�[Z�^6mr^6swe¼X}�ub[e"^ub[X1Xcs*Z4\aXck1X1mjì]Xc\PÿÌmÑ� X]�M [�X!W�I
µ|ÌÎÍÐÏ C I
F \ �����`uë�Y[hrvqp=p]mjbqp�mjb�gQö+�"ú�mjbd^neÎgQö+�}û[�"ê�X�kcZ"b�ó[bRs�Z]b�Z"bRZ"hjë=^amjkcZ"h
fÌe]\a`4v[hjZ*fÌe]\Î^a�qXÃe]Yq^nmj`4vq`×bdv[`4�+X1\�e"f�k��[Z]bqbqX1ho�Îê��qmok��ôp=mrì=Xc�
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Ptx=81mW, 100bit packet , Different (Tstart,Prx)

(450us,100mW)

(450us,300mW)

(150us,100mW)

(150us,300mW) o: hopt

�����!�!ÒS�Ã���S�	����Ó_Ô%� ��¨|©S� ���d���	���mÕ¹Ö�×¬ØÚÙ�Û	ØÚÜ�Ý8Þ�ßTÛdà!á
^n�[X�`�mrb[mr`�vq` YRe�ê�X1\}�@�6�qmj�umo�ip]mjì]Xcb9mjb�gQö+�=û[�=ê��[X1\aX�mrbJZ]sqsqm�í
^nmje]b4^neP^n�qX�Yq\aX1ì¼mje]v[�2bqe"^�Z�^amre=b[�1�hÁ NxY�E \aX1Y[\nX}�_Xcb=^���^a�qX�e]Yw^amr`�vq`
b¼vq`4�+X1\�e]f@k��RZ"bqbqXchj��^aeÃZ]k��qmjX1ì=XËhje�ê�Xc�_^�Y+e�êuXc\�k�e=b[�_v[`HYq^nmje]b��

Á N¬Y�Ec\ â ã K IJF ÿGM N	PTQ�I
F7^ M U E>W�IJEGX�Y!Q�IJF �ÿ Ä4Å�ÆdÇÈ Ã É W�E>WÊ�Ë �dC EGF ÿ>K EGF@^ K NJXSE � É W�E>WÊ�Ëä å K IJFC EGF K EGF ÿ�û��
îôXÃ�nX1XH^n�[Z"^lÁ NxY�E mj��swX1^nXc\n`�mjbqXcsô�¼ë�^n�qX�Y+e�êuXc\Îk1e]b[�nvq`�Ywí

^nmje]b4\aZ"^nmje=���+X�^�ê�X1Xcb�^n�[Xi^n\�Z"bR�_`�mr^_^nXc\2Z]b[sÎ^n�[XQ\aXck�Xcmrì=X1\}�����2X��¼í
Y+Xckl^aXcsB�7\aXck1X1mjì]X1\���ê��qmok���k�e=b[�nvq`�X
hrX}�n��YRe�ê�X1\�f§ZLì]e=\a����WËy��
ê�mr^n�NhjXc�a��bdv[`4�+X1\He"fPk��[Z]bqbqXchj�c�@ê��qmrhjXJ\nX}k�X1mjì]Xc\a�
ê�m�^a�NhoZ"\ap]X1\
Y+e�êuXc\�Yq\nX1fÌX1\��?��WËy�� ê�mr^n��hoZ"\ap]Xc\�b¼vq`��RXc\�e"f�k��[Z"b[bqX1ho�1�
��bNX��qZ"`�YqhjX�e"f�^a�qXJYq\nXcì¼mre=v[�4Z]b[Z"hjëw�_mo�
mo�4Y+X1\nfÌe]\a`�XcsÒmjbðZ

�ak�X1bRZ"\amreÐê��qX1\aX�ZÐ�nX1bR�_e=\�e=bÔZLì=X1\�Z"p]X*�_Xcb[sq�H^�ê�X1bd^�ëÓø
����í¤�qm�^
Y[Z=k�ï]X�^���ñ"�_X}k9ÿ>C EGF«\ ú8� · °Sæ!´ Ï ¼�½�¾d½ \ øS�h�¿ç�è¬¾	°S��ê�m�^a�Bk8éê°HhoZ�í
^nXcb[k�ë*\nX}ödvqmr\aX1`�Xcb=^
ÿ>M�À W�E \ k8éê°!�l�u�6�qX��[Z"bRswê�mjsw^n��ZLì�Z"mjhjZ]�qhjX
^ne�^a�qX
k�Xchrh�mj��øS�]yë��þÃÿ>º~» \ ø
�¿Â�ìëí¿���qZ"b[s�^n�[X
b¼vq`4�+X1\�e]f
�nX1b[�ne]\��Ëmj�
û��h�[�9�6�qX�\nX}�_vqhr^nmjbqp�ZLì=X1\�Z"p]X�YRe�ê�X1\�k1e]b[�nvq`�Yw^nmje]b
mo�iYqhje"^n^nXcs�mjbe��mrp=vq\aX�ûq�dê��qX1\aX�ZLì]Xc\aZ]p]X�YRe�ê�X1\Qk1e]b[�nvq`�Yw^amre=bHmo�
Yqhje"^n^nXcs�ì=X1\��_vR��^n�qX�b¼vq`��RXc\ie"fBk��[Z"b[bqX1ho��ÿÌmÑ� X]�j�RÁ \ øhî���WPy��4�Á \ ûh���LîV�@WPy��@�l�"�6�[Xup=\aZ]Yq�
�_�[e�ê���Y+e�êuXc\2k1e]b[�nvq`�Yw^nmje]b4fÌe]\
swm¹�+Xc\nXcbd^?K IJF · K EGF Z]b[seMVU E>W�I	EGX�Y ���¤^6kcZ"b��+X��_XcX1b�^n�[Z"^7Á N¬Y�E mjbwí
k�\aXcZ=�_X}�ufÌe]\��qmjp]�qXc\�\nX}k�Xcmrì=X1\6YRe�ê�X1\}�wZ]��^aeH\aXcsqv[k�XÎ^a�qXÎbdv[`4�+X1\
e"fP\nX}k�X1Yq^nmje]b[�c�Ð��p=Z]mrb��i^n�qXJ\nX}Z]�ne]bÒê��¼ëÒ��WPy��«ê�mr^n�ð`�mrbqmrí
`4v[` e]bwíÑ^nmj`�X�swe¼Xc�ubqe"^6Z]k��qmjX1ì=X�^n�[XPhje�êuX}��^uYRe�ê�X1\umj�u�RX}k1Z]v[�_X
e"fQ^n�qXH\nX}k�Xcmrì=X1\�Y+e�ê�X1\Pk1e]b[�nvq`�Yw^amre=b�fÌ\ae]`�bqX�^�ê�e]\aï��_ë¼b[k��q\ae"í
bqmjþcZ"^nmje]b�������^n�[X�b¼vq`��RXc\Ëe]fQk��[Z"b[bqX1ho��mjb[k1\nX}Z]�nX]�+p]v[Z]\as�^amr`�X
Xck1e]`�Xc�P�_`ÃZ]hrhjX1\ËZ"b[s�^a�qX4\aXck1X1mjì]Xc\�YRe�ê�X1\Ë��^�Z"\n^a��^ne��+Xck1e]`�X�Z
�nmrp=bqm�ó+k1Z"bd^�Y+e]\n^nmje]bJe"f@e�ì]X1\�Z"hjh+YRe�ê�X1\�k�e=b[�nvq`�Yw^nmje]b��
�
� ûðïiZ"\amjZ]�qhjXP�[Z]b[swê�mos¼^n�{Z]hrhjewk1Z�^amre=bJ�ak��qXc`HX
�6�qXð\aXc�nvqhr^Ðe]f�Yq\aX1ì¼mje]v[�ôZ"b[Z]hrëw�nmj�ôp]mjì]X}��v[�ô�[Z=�_mokðsqXc�nmrp=b

`�X�^a�qewswe]hje]p=ë4fÌe=\Q`�mrb[mr`�mjþ1mjbqp4Y+e�êuXc\Qk�e=b[�nvq`�Yw^nmje]bÃe]f��_Xcb[�_e=\a�
mjbôZ�óL�wXcs�k1X1hjh�swX1b[�nmr^�ë�Z"b[s��[Z"b[sqê�mjs¼^a�����¤fQ^a�qXHbqX�^�ê�e]\aï��[Z]�
`�e]\aX�^n�RZ"b�e=bqX4k�XchrhÑ�7YRe�ê�X1\Pk�e]bR�_vq`�Yw^amre=b�k1Z]b{�RXH`�mrb[mr`�mjþ1Xcs
�¼ëØe]Yw^amr`�mjþ1mjbqp�XcZ=k��%k�Xchrh6Z]kck�e]\�swmjbqp�^neôm�^��4Xcb¼ìdmj\ae]bq`�X1bd^LÿÌmÑ� X=�r�
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(a) Variable bandwidth allocation

(b) Fixed bandwidth allocation, reuse factor= 1/7
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b¼vq`4�+X1\�e]f2�nX1b[�ne]\��1�wZLì�Z"mjhoZ"�qhjX��[Z]b[swê�mos¼^n���l�m��e�êuXcì]X1\u^n�[mj�6\aX�í
ödvqmj\nX}�Ã^n�RZ�^{�_Xcb[�_e=\a�9mrbFswm��7X1\aX1bd^�k�X1hjho�9^aeN�+Xôk�e=bwó[p=vq\nX}sÔ^ne
swm¹�+Xc\nXcbd^Ë�nYRX}k�mróRk1Z"^nmje]b[�
ÿ§m�� X]�j� k��[Z"bqb[X1h@�_Y[Z=k�mjbqp[�Rbqe]mo�nX�\nX}ö=v[mr\aX�í
`�X1bd^a�c�ËX�^ak]� ���«�6�qmo�J�RX}k�e=`HX}�J`He=\nXÐ�_mjp]b[m�óRkcZ"bd^�m�f�^n�qXÒ�nX1bwí
�ne]\usqmj�_^n\amr�[vw^nmje]b*mj�ubqe]bqíÑvqb[m�fÌe=\n` e�ì]Xc\i^a�qX�bqX1^�êue=\nï7����bwfÌe=\_^avwí
b[Z"^nX1hjë]�]^n�qX�\�Z]sqmreÎ`�ewswvqhjXc�iZ]\nX�bqe]^�ø[X��wmj�qhjX�X1bqe=vqp]��^ne
k��[Z]bqp]X
mr^a��k�e=bwó[p=vq\aZ"^nmje]b
Z=k1k�e=\asqmrbqp=hrë�Z]b[s
�qXcb[k�X�ZPp]hje]�[Z]hdy���tØhoZLë]X1\
`4vR��^Ë�RXHswXc�nmrp=bqXcs{fÌe]\�`�vqhr^nmrí¤k1X1hjh2bqX1^�êue=\nï��nv[k��{^n�RZ�^ËZ]hrh@�nX1bwí
�ne]\��u�RZLì]XË^n�qX
�aZ"`�X��nYRX}k�mróRk1Z"^nmje]b��
�µb�^a�qmo���_X}kl^nmje]b��]ê�X�X��wYqhre=\nX��qe�êð�[Z"b[sqê�mjs¼^a�ÃZ"hjhrewk1Z"^nmje]bHk1Z"b

X��7Xck�^P^a�qXHYRe�ê�X1\Îk�e=b[�_v[`HYq^nmje]b�ê��[X1b�^a�qX1\aX4mo�ÎZ9hoZ"\ap]X�ìLZ]\nmoZ�í
^nmje]b�mjbJ^n�qX
k1X1hjh�swX1bR�_mr^nmjXc�c�Q�6ê�e��ak�Xcb[Z"\amje=��k1Z"b��+X
k�e=b[�_moswXc\nX}s
e]b��qe�ê%�[Z]b[swê�mos¼^n�Hmo��Z]hrhjewk1Z"^nXcs�^neP^n�qX�k�Xchrho�c����mj\a�_^�mo�2^n�qX�k1e]bwí
ì]Xcbd^nmje]b[Z]hRó��¼X}sJ�[Z"b[sqê�mjs¼^a�{Z"hjhrewk1Z"^nmje]b�ÿ���`��|���nk��qXc`�X]�qê��qXc\nX
XcZ=k��Jk1X1hjh�mo��Z"hjhrewkcZ�^nX}s*Z�óL�wX}sJZ]`�e]vqbd^�e"f@�[Z"bRswê�mjsw^n��\nXcp=Z]\as¼í
hjXc�a��e]fQm�^��ÎswX1b[�nmr^�ë]��Z]�Ë�n�qe�ê�b�mjbù��mrp=vq\aX~j+ÿÌ�(�P���Ëe]Y[YRed�_X}s�^ne
^n�[X~��`6�
�7êuX�k1Z"bôZ"hjhrewk1Z"^nX4sqm��7X1\aX1bd^ËZ]`�e]vqbd^a��e"fi�[Z]b[swê�mos¼^n�
^ne�X}Z]k���k�XchrhÑ���6�[mj��mo���n�qe�ê�b���mjp]vq\aX?jRÿ�Z��l�=ê��qX1\aX�ZLì�Z"mjhjZ]�qhrX�fÌ\aX�í
ödvqX1bRk�ë��RZ"b[sJmo��swmjì¼mjswX}sJmrbd^ne*�_`ÃZ"hjhjX1\6fÌ\aXcödvqX1bRk�ë*�nhje"^a��e"f��_mjp"í
b[Z]h2�[Z]b[swê�mos¼^n���ËîÓ�[mrhjX���`6���nk��qXc`�X�Z]�a�nmrp=b[��X}ödv[Z"h@Z"`�e]v[b=^
fÌ\aXcödvqX1bRk�ë4�RZ"b[sq�i^ne
Z]hrhw^a�qX�k1X1hjhj�c�=ì�Z]\nmoZ"�qhjX6�[Z"bRswê�mjsw^n�9Z"hjhje¼kcZ�í
^nmje]b2ÿGï@`6�|���nk��[X1`�XÃZ"hjhrewk1Z"^nX}�ËfÌ\nX}ö=v[X1b[k1ë��_hje"^��Îê��qmok��Ðmo�ÎYq\ae"í
Y+e]\n^nmje]b[Z]hB^neÃ^a�qX4b¼vq`��RXc\�e]f��nX1bR�_e=\a�6mjb�Z9k1X1hjh����6�qX�Yq\ne=�qhjX1`
e"f�^a�qmo�ËZ]YqYq\ae=Z=k��{�qe�êuXcì]Xc\c�Rmj��^n�[Z"^Î�ne]`�XH�_Xcb[�_e=\a��`ÃZLëJ�nvT�7X1\
fÌ\ae]` k�e"íµk��[Z]bqbqX1h�mjbd^nXc\_fÌXc\nXcb[k�X{mrf�^�êueÒb[X1mjp]�¼�Re=\nmjbqp%k1X1hjhj�ÃvR�_X
�aZ"`�XÎfÌ\nX}ödvqX1b[k1ë��[Z]b[s�Z�^�^a�qX4�aZ"`�XÎ^nmj`�X]�6�6�qmo��Yq\ae]�qhjX1`!k1Z"b
�+X��ne]hjì]XcsJmrf�^nmj`�X��nëdbRk��q\ne=bqmjþcZ�^amre=b*mo��`ÃZ]mrbd^aZ]mrb[Xcs{Z]k1\ned�n��^n�qX
X1bd^amr\aX�k�X1hjhjvqhjZ]\@bqX�^�ê�e]\aï7��îÐX��[ZLì]X6swX1ì=X1hje]Y+XcsHZ|ï@`6� �nk��qXc`�X]�
ê��qXc\nX��nX1b[�ne]\��uZ]\nXÎZ"hjhje¼kcZ�^aXcs�^n\�Z"b[�n`�m�^��_hje"^����_vRk���^a�[Z�^�p]vRZ"\�s
^nmj`�X
mo��`ÃZ4�wmr`�mjþ1X}sB�6xwmr`�vqhjZ"^nmje]b�\aXc�nvqh�^Pe"f�ï@`6� Z"bRs�tg`���mo�
�n�qe�ê�b�mrbe��mjp]vq\aX&kw�=ê��qX1\aX6^ne]^aZ"h+ZLì]Xc\aZ]p]X�YRe�ê�X1\ik1e]b[�nvq`�Yw^nmje]b
e"f�^n�[X9�_Xcb[�_e=\a�Ëmo��Yqhje"^n^nXcsÐìw�
�_^aZ]b[sqZ"\�sÐswX1ì¼moZ�^nmje]bÐe"f�^n�[X9k�X1hjh
swXcb[�_mr^�ë]���¤^imo�@�[Z]�nXcs�e]bÃZ�úhkËk�Xchrhwb[X�^�ê�e]\aï�ê��qX1\aX6XcZ]k���k�Xchrh[�[Z]�
ûh�J�nX1b[�ne]\���e=bôZLì=X1\�Z"p]X�Z"b[sôvqYô^ne{ûh�����nX1b[�ne]\��1�4îôXÃk1Z]bô�nX1X
^n�RZ�^1ï@`6��Z]YqYq\ae=Z=k���k1e]b[�nvq`�Xc�Phje�êuXc\�Y+e�êuXc\�^n�RZ"b�^a�qX#��`6�
�ak��qX1`�X�Z=��^n�[XË�nY[Z�^amjZ]h[ì�Z"\amoZ�^nmje]b�e]fB^n�qXPbqX�^�ê�e]\aï�mo�imjb[k1\nX}Z]�nXcsB�
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) Fixed vs Variable Bandwidth Allocation Scheme

VBA

FBA

�L���!��üS�|ý��	ÔO�d�(�d���!���!§7�S�������±�¹���T©!� �h�d���d�����¹���dþ
�S�	�S�dÓ±��¦�¦����	�
�������±���¬¨!�d§7�d�
�6�qX6X1b[X1\ap]ë
�aZLìdmjbqpÎk�e=`HX}��fÌ\ne=` ^n�[Xuf§Z=kl^@^n�RZ�^ip]vRZ"\�s�^nmj`�X�k1Z]b
�+XËmjb[k1\nX}Z]�nXcs��nmjb[k�XË`�e]\aXP�[Z]b[swê�mos¼^n�Jmo��ZLìLZ]mrhoZ"�[hrX�^ne�^n�qX�k�Xchrho�
^n�RZ�^��[ZLì=XP`�e]\aXÎb¼vq`4�+X1\�e]f��nX1b[�ne]\��c�ÿ . : 2 ���T�¹=8��� 2 �
y{ewswvqhoZ�^nmje]bð�nk��qXc`�X9mrbðYq�¼ëw�_mok1Z]hQhoZLë]X1\4mj�HZ"bqe]^n�qXc\4mj`�YRe=\_í

^aZ]bd^�f§Z=kl^ae]\@ê��qmok��H�_^n\ae]bqp=hrëÎmj`�Y[Z]k�^a��^n�[X�Y+e�ê�X1\@k�e]bR�_vq`�Yw^amre=b��
�2eJmjb[k1\nX}Z]�nX4^a�qXÃX1bqXc\np=ë{X�ý9k�mjX1bRk�ë]�2m�^
mo��swX}�_mj\aZ]�qhjX4^ae{\nX}swv[k�X
^n�[X�^n\�Z"b[�n`�m�^�e=bwí�^amr`�X�e]f2^a�qX�\aZ=swmjeH�¼ëJ�_Xcb[swmjbqp�`4vqhr^nmjYqhjX
�qmr^a�
Y+X1\��_ë¼`4�+e]hËÿÌmÑ� X=�ëé*í¤Z]\nëô`Hewswv[hjZ"^nmje]b(�����6�qX�k1e=�_^c�@�qe�ê�X1ì]Xc\c�
mo��^a�qX�mjb[k1\nX}Z]�nXcs{k�mj\�k�vqmr^Ëk1e]`�YqhjX��wm�^�ë�ê��qmok���\aXc�nvqhr^a��mjb��[mrp=�qX1\
Y+e�êuXc\Pk�e=b[�nvq`�Yw^nmje]b�mjb�^a�qXH`Hewswv[hjZ"^nmje]b�k1mr\�k�vqmr^n\aë�Z]�PêuXchrh@Z]�
\aXcswv[k1Xcs*X�ý9k�mjX1bRk�ë*Z"^6^n�qX�e=vw^nYqvq^�YRe�ê�X1\�Z]`HY[hrmró[X1\��_^aZ]p]X=�
�6�qX
X1b[X1\ap]ë�k�e]bR�_vq`�Yw^amre=b�fÌe]\��[mrb[Z]\në�Z"bRsêé�íµZ"\aë�`�ewswvqhoZ�í

^nmje]bJ�nk��[X1`�Xc��Z"\aXPswX}�nk1\nmj�+Xcs9mjb*guö+�¿jHZ"b[s«kw�¼ê��qXc\nX|K,EGFhQ Ê H Èmo��^n�qXÎmo�uY+e�ê�X1\�k�e=b[�_v[`HYq^nmje]b�e]f�^a�qXË^n\�Z"b[�n`�m�^n^nX1\}�TK NJXSE mo��^n�qX
e]vq^nYqvw^u^n\�Z"b[�n`�m�^�YRe�ê�X1\Qê��qmjk��9sq\nmjì]X}��^n�[XPZ"bd^aX1bqb[Z[� M NJP mo�Q^n�qX
^n\�Z"bR�_`�mr^�e]bJ^nmj`�X]��M U E>W�I	E mj��^n�qXÎ^a\aZ]b[�_`�mr^_^aX1\��_^aZ]\_^�^amr`�X]�(³ômo�
^n�[X9b¼vq`4�+X1\�e]f��qmr^a�
YRXc\4�_ë¼`��Re=h����Ùmo�Ë^n�qX9\�Z�^amre�e]f�`�ewswvqhoZ�í
^nmje]bÃk1mr\�k�vqmr^n\aë�Y+e�êuXc\��+X�^�ê�X1Xcb#é�íµZ"\aë
Z"b[s��qmjb[Z"\aë�`�ewswvqhoZ�^nmje]b`6Z]�nmjkcZ"hjhrë��Ømo�u^n�qXËe�ì]Xc\n�qX}Z]s�XcbqX1\ap]ëHfÌ\ae]` p]e=mrb[p
^neH�qmjb[Z"\aëH^neé*í¤Z]\nëÃ`�ewswvqhoZ�^amre=b��

����® P \ K EGFhQ Ê ÿGM N	P ^ MOU E>W�I	E � ^ K N	XSE¬Q Ê M N	P ÿ>j¿�
�	� QOW�I�
 \ K EGFhQ È ÿ M NJP³ ^ MVU E>W�IJE � ^ K N	XSE¬Q È M NJP³ ÿ�kh�

� \ K EGF8Q È · K EGFhQ Ê ÿ�o��
�6�qXÓX1bqXc\np=ë k�e=`HYRZ"\amj�ne]b�e"f��qmrbRZ"\aë Z"b[s é*í¤Z]\në kcZ]�nXðmo�

�n�qe�ê�bðmjb ��mrp=vq\aXêo[�uê��[X1\aX{X1bqXc\np=ë%\aZ"^nmjeØe"f1é�íµZ"\aë%Z"b[sÔ�qmrí
b[Z]\në �nk��[X1`�X
mo�NY[hre]^_^nX}s ìw�1� ��^�Z"\n^nvqY ^amr`�XÕfÌe]\Ôswm��7X1\aX1bd^
e�ì]Xc\n�[XcZ]s[�cÿ�� \ ø�
�k Ï û���� �2mj\���^}��êuXÐk1Z"bÙ�nX1X�^n�[Z"^*X1b[X1\ap]ëNmo�
\aXcswv[k1XcsÔfÌe=\��_`ÃZ]hrhjX1\Ãe�ì=X1\a�qXcZ=sB����Z"b[s �[mrp=�qX1\eé �_mjb[k�X�^n�qX
e]bqí�^amr`�X=ÿ>M N	P �Hmo�9�n�qe]\n^nXc\c�ÓîÐX�Z"ho�neÐb[e"^nmok�X�^a�[Z�^Ã^a�qX{X1b[X1\ap]ë
�aZLìdmjbqpd��êuX*p]X1^4fÌ\ae]` é�íµZ"\aë�`�ewswvqhoZ�^amre=bNswXcYRXcb[sq�Hbqe"^He]bqhjë
e]bN^n�qXJe�ì]Xc\n�[XcZ]sØ�[vw^9Z"ho�_eôe]bN�_^aZ]\_^avqY%^amr`�X]�ð��hr^n�qe=vqp]�6é�í
Z"\aëÔ`Hewswv[hjZ"^nmje]bÙ\aXcswvRk�Xc��e]bwíÑ^nmj`�XôZ]b[sÙ�aZLì]X{X1b[X1\ap]ë swvq\amrbqp
Z]k�^nmjì]XJ^n\�Z"bR�_`�mo�n�nmre=b��u�_^aZ]\_^avqYð^nmj`HX{mo�9ZÐ�qmosqswXcb k1e=�_^Ãê��qmjk��
hjmr`�mr^a��^a�qX�Z]`He=vqbd^
e"f6X1bqXc\np=ë��aZLìdmjbqpd�1�9�¤^Hk1Z"bØ�+X��nX1X1bÐ^a�[Z�^
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(a=1.5,16−QAM)
(a=1.5,8−QAM)

(a=1.5,4−QAM)

Ptx−b=22mW, Pout=0dBm

(a=3,16−QAM)
(a=3,8−QAM)

(a=3,4−QAM)

�L���!���S�9���!�d����ÓË|S���S���S���S�2�����d��¨!�	��©¿Õ��Lá
fÌe]\�� \ ø]��kw�RM U E>W�IJEGX�Y `4v[�_^��RXÎhjXc�a�u^n�[Z]b j¿������mrbJe]\�swXc\QfÌe=\6^n�qXé*í¤Z]\nëH�nk��qXc`�X�^neHZ]k��qmjX1ì=X�hre�ê�X1\uYRe�ê�X1\�^a�[Z"b��qmrbRZ"\aëHkcZ]�nX]�@���
�%mo��mjb[k1\nX}Z]�nXcsB�qmr^��+Xck1e]`�Xc��`�e=\nX
swmrý9k�vqhr^�fÌe=\_é�íµZ"\aë*�ak��qXc`HX
^neJZ]k��qmjX1ì=X
hje�êuXc\�X1b[X1\ap]ë*^n�[Z]b��qmjb[Z"\aë{�nk��[X1`�X��nmrbRk�XlMVU E>W�I	EGX�Y
�+Xck�e=`�Xc�Ã`�e]\aX{e"f�ZÒswe=`Hmjb[Z]b=^Ãf§Z=kl^ae]\}�
îÐX��_XcX�Z"pdZ"mjbN^a�[Z�^
�_^aZ"\n^nv[YÃ^n\�Z"b[�nmjX1bd^Qmo�uZ]p=Z"mjb9Z"bÃmj`�YRe=\_^�Z"bd^Qf§Z=kl^ae]\Qê��[X1b*k��[eded��í
mjbqp�hre�êÕYRe�ê�X1\�`�ewswvqhoZ�^amre=bJ�ak��qX1`�X=�
� . � 2 �������R��� 2 �
gibqXc\np=ë9X�ý9k�mjX1bd^�Y[\ne]^newk�e=hj��fÌe=\��_�[e]\n^�\aZ]bqp]X=�qhre�ê�sqZ"^aZ�\�Z�^nX

�nX1b[�ne]\����[Z=���+X1Xcb�mjb¼ì]Xc�_^nmjp=Z"^nX}s�Z�^�y���tFZ"bRs�Yq�¼ëw�_mok1Z]h2hoZLë]Xc\c�
� ì�Z"\amoZ"�qhjXÃ�[Z"bRswê�mjsw^n�NZ]hrhjewk1Z�^amre=bÒ�nk��qXc`�XÃê�Z=��Yq\ae]Y+e=�nXcsô^ne
\aXcswv[k1X�^n�[X�XcbqX1\ap]ëJk�e]bR�_vq`�Yw^amre=b{fÌe]\Ë�_Xcb[�ne]\�b[X�^�ê�e]\aï¼��ê��qmjk��
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