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M1XqS3pqf1S
pqf�ijS_S{Xje�S_U²LNij`QP�X�Xqf�PkþãUÜ`QU hA`ab��f�`�
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2�X(m×S_pqij`aeVX_]�þ�S3M²X9Sãpjf�S�igLkpjSãm×SVLEXqM�ijSVW×Lkp�iqS�e�SV`Qý�S_igX_]kü�ijSVXqS_U�pjSVWtþã`�pjfÚL{ü�ijSVe_`aXq`aPEU
PNú{'���ÿ�ù87kX���2�XãXqø�X9pqSVm&ü1LEijLEmtS_pqSVijXV]�þ�S�M1X9S�pjf�S�p"ø�ü%S¥PNú#pqigL*4de¥LNU1Wdpqf�S{b�ijLEU�M1OaLEiq`Qp"ø
PNúãOaL0ø�S_igX_]!Xq`QU²e�SCpjf�SVXqSCú LEe�pqP�ijX{L0 %S�eZpÂpjf�SÚLEW1LNü�pgLkpq`aPEUìü%S_iqúÈPEijmCLNU1e_S$�3-HSdM1XqSdOaL0ø�S_igX
þã`�pjfnS�Q�ü%PEU1S_U�pq`âLNO�ijLNpqS�X_]0þãf�`âegfnLEiqS�e�PEm×m×PEUn`QUtXqeVLNOâLNù�OaS�e_P�W�SVeVX{	 &$�*��]kLNU²W{pqf1`QUtOaL0ø�S_igX
LEXãW�`âLNb�U�P�X9pq`âe3pjP�PEO�]1X9`aU1e_S
pjf�S_øÜe_LEU�`âW�S_U�pj`�úÈø�ü1Lkpjf�PEOaPEb�`aeVLNO�ù²SVf1L0ý�`QP�ijX��

÷Jf�Sj"1igX"p5X9`amÌM1OaLNpq`aPEU{M1XqSVX�pqf�S-pqPEü%PEOaPEb�ø:9DAfo<;nPNú�hA`QbD�f�`��-HS�LN`am�pqP
Xqf�Pkþìf�PkþHpqf1S
X9M1X9pjLE`QU²LNù�OaS{ijLNpqSÌe_PEm×ü�M�pjSVWæù�øTcK23K�1i2 LNOaOaPkþ3X�cK2�R pjPdijSVLEegfTLEUTPEü�pj`QmCLNO���M1LNOa`�p"ø
OQSVýES_OM�
-ÙS�M1XqS�úÈP�M�i�XqSVXjXq`QP�U1X��KÍ Y X9ü²LNU1X�X9S�e�P�U1W�X�&$�¥pjf�iqP�M�bEf�'�&$�1]�LEU1W�Í \ ]`Í>=
LEU1WpÍ>?X9ü1LEUÕXqSVe�P�U1W�XO'��CpjPr�0U��`��c�SVXjXq`QP�U1X/Í Y ]HÍ \ LEU1W�Í>=nf1L0ýESÌPEU�SniqS�e�S_`aýESVi3SVL�egf�]�LNU1W�Í>?f1LEXãP�U�S{ijSVe�SV`Qý�S_iJM�U�pq`aO#XqSVe_PEU1W~'*�*�×LNU1Wp"1ý�S{iqS�e�SV`Qý�S_igX�LNúÅpqSViãpqf1LNp��²l-LEegfTXqSVXjX9`aPEUæf1L�X
X9`,QÚOâL0øES_igX��Epjf�S{m×P�X9pJ`am×ü²P�i9pgLNU�pãOaL0ø�S_i�]A@ Y ]�f1L�X�&��5ÿ�ù87NX�LEU1W�SVLEegfÜOâL0øES_iB@9Ì5f1L�XãLnigLkpjSS���M1LNO�pqP¥p"þã`âe�Sãpjf�S3igLkpqSJPEú>@9ÌDC Y ��c�S�XqXq`aPEU1XPÍ Y LNU1W�Í \ Xqf1LEiqS�pqf1S3OQ`aU�ÿtù²S_p"þ�SVS_U×ijPEM�pjS_igXå Y LNU²W�å \ ë êBå Y ë å \ í ]�LEU1WJÍ \ ]NÍ = LEU1WJÍ ? X9f²LNijSrêBå \ ë å = í �<E7ÌJijS_ü�ijSVXqS_U�pjX�ijSVe_S_`aýES_igX
PNúÍ3Ìx��-ÙSÂL�XqXqM�m×S�pqf1LNpi��M1S_M�S�XJf1L0ýES{L×X9`ah_S{PEú�)$U×ü1LEegÿ�S�pjXV]�þãf�`âegfÜ`âXJpjf�SÂW�S�ú LEM�OQp3ý0LEOQM1S
`QU�T�`aXje�PÜû � c�'��K�l��]!LEU1WÕW�LNpjLÜü1L�egÿES�pgX�f²L0ýESr'E] �$�$�Úù�ø�pjSVXV]�LÚm×`âW�W�OaS×ý0LEOQM1Stù%S�p"þ�S_SVU
pqf�Sõ}��*)¥ù�ø�pqS�X-Ro÷t÷7PNú�W�`âLNO � M�üde�P�U�U�SVe�pq`aPEU1X�LNU1Wtpjf�SO'�] }$�$�¥ù�ø�pqS�X-Ro÷t÷7PNú�S�pjf�S_ijU�S_pLNU1W�f�`abEfTX9ü%S_S�Wæe�PEU1U�SVe�pq`aPEU1X��

h#`ab��f&O] OQS_úÅp�_5Xqf�Pkþ3X#pqf�SJigLkpqS�pqf²Lkp�iqS�e�SV`Qý�S_igX�bES_pAþãf1S_U×X9S�XqXq`QP�U1XAf1L0ýEStT�PEU1X9pjLEU�p���`Qp
13LkpjSZ]@T���1i_JX9P�M�ige�SVX��K÷3U�pq`aO<F çHGJI X_]�Í \ `âX�pqf1S{PEU�OaøÚXqSVXjX9`aPEU�`QU�ê¼å Y ë å \ í ]1XqP×`�p3f1L�XJLX9M1X9pjLE`QU²LNù�OaS�igLkpjS�PEúd'�Roù87kX#`QUtpjf1Lkp�Oa`QU�ÿ��kû,U%ê¼å \ ë åK= í ]0pqf�SViqSãLEiqS�pqf�ijS_SJXqSVXjX9`aPEU1XV]0Í \ ]$Í<=LNU1WZÍL?$�Ec�`QU1e_S�pqf�S�X9S�pqf1iqSVSJXqSVXjXq`QP�U1XAf1L0ýES�PEU�SJijSVe�SV`Qý�S_iASVL�egf�]NcK23K�1i2éW�`âX"pjiq`aù�M�pjSVXApqf1S
OQ`aU�ÿdù1LEU1W�þã`âW�pqfÜS���M1LEOQOaøCù%S�p"þ�S_S_UÚpqf�SVmæ]�bE`aý�`aU�btSVL�egf�LtX9M1X9pjLE`QU²LNù�OaS
igLkpjS
PEú�'�RTùL7kX��



0

0.5

1

1.5

2

2.5

3

0 20 40 60 80 100 120 140 160 180 200 220 240

R
at

es
 (

M
b/

s)

Time (s)

R2
R3

R4
R1

R4 (+4 receivers)

0

0.5

1

1.5

2

2.5

3

0 20 40 60 80 100 120 140 160 180 200 220 240

R
at

es
 (

M
b/

s)

Time (s)

R2
R3

R4
R1

R4 (+4 receivers)

02143 ÒKM1Ò�Ó w_y"u�y"¡�w_y�x"ug�gug���0ujx"�#Ä�ujy#�(¡�ug|{�,uj�,�,��}V|��5¡�wZ�0u��ON Ó á ��uj~ayGâ�wV|�ÔQPBN Ó �,}V��x"�guj� á x"��Ä�¡kyGâ

÷Jf�S_ijS�úÈP�iqS�]RE \ ]JES=ãLNU1WTEU?ãiqS�e�SV`Qý�SJL{XqM1X9pjLE`QU1LEù�OaSãijLNpqSJPNú�'�RTù87NX�`aUnpjf�St"1igX9p(iqSVü²P�i9p��÷Jf�`aX�LNOaOaPkþ3XJpqf�SVm pqPO�"PE`aUTúÈPEM�i
m×PEijSÂOaL0ø�S_igX_]1iqS�LEegf�`aU�bÚLCigLkpjSÂPNú������5ÿ�ù87NX_]²LEX�Xqf�Pkþ
`QUÀh#`ab��f&�] OQS_úÅp�_��P2�pVF çWGXI XV]�Í \ X9pjLEi9pgXnXqf1LNij`aU�bqêBå Y ë å \ í þã`�pjfÀÍ Y �5÷Jf1S_ijS�úÈPEijSE]#pqf1SX9M1X9pjLE`QU²LNù�OaS¥ijLNpqS¥PNúPÍ \ `âX3W�`amt`aU�`âX9f1SVWÜù�øÚf1LEO�ú"]�ù%SVe_PEm×`aU�b^}0�$�(ÿ�ùL7kXV]�pjf�SÂXjLNm×S¥ý0LEOQM1SPNú�pqf�SdXqM1X9pjLN`aU1LEù�OQSCigLkpjS×PNú|Í Y �N2
XÂLTe�P�U1XqS���M�S_U²e�SE]<E Y �"PE`aU1X¥úÈP�M�iÂOâL0øESVijXV]�iqS�LEegf�`aU�bU��$�(ÿ�ùL7kXV]�LNU²WYE \ OaSVL0ý�SVX�PEU�S�OaL0ø�S_i�]�W�S�e�ijSVL�X9`aU�bÌ`QpjX�igLkpjS�úÈijPEm �����5ÿ�ù87NX5pqP�U�����ÿ�ù87kX��
E = LEU1WZE ? b�S�p3L×U�S_þ�iqSVü²P�i9p3Xq`QU²e�S¥pqf1SÂX9M1X9pjLE`QU²LNù�OaS¥ijLNpqS¥PNú#pqf�SV`Qi�XqSVXjXq`QP�U1X�`QU1e_iqS�LEXqS
mtP�iqSÌpqf1LEU
�$}
î W�M�SnpqP�pqf�StW�SVe_iqS�LEXqSÌPNú�pjf�S×X9M1X9pjLE`QU²LNù�OaSÌigLkpjSÌPNú{Í \ �!^3Pkþ�S_ý�S_i�][E =LNU1W\E]?{W�PtU�PNp��"PE`aU\@_^E]�mCLN`aU�pgLN`aU�`aU�bÂpjf�S_`aiJijLNpqS�PNúd�����5ÿ�ù87NX���÷Jf�`aX�f1LEü�ü%S_U1X�ù%SVe_LEM1XqS
pqf�SJU�SVþÖXqM1X"pgLN`aU1LNù1OQS�ijLNpqS�`aXAOaPkþ�SVi�pjf1LNU��K� �`'�)(RTù87NX_]_pqf�S�pjPNpjLEO�ijLNpqS�PNú²pqf�SãXq`!QÂOâL0øESVijX��
2�p`F çbaKGJI X_]>E Y OQS�L0ýESVX¥LEU1Wopjf�SdXqM1X"pgLN`aU1LNù1OQStijLNpqS×PNútÍ \ `aU1e�ijSVL�X9S�X3úÈijPEm }$�$��ÿ�ù87NX
pqP '�RTùL7kX���÷Jf1S_ijS�úÈPEijSE]cE \ bES_pjX3LtU�SVþ�ijS_ü%PEiqp3LNU1W�bEigLNù²X�pqf�S{ù1LEU1W�þã`âW�pqfæU�PEp3ù²SV`QU1bM1X9S�WÚù�ø�Í Y `aU~êBå Y ë å \ í ]�iqS�LEegf�`aU�bnLEb�LE`QUÚLtigLkpjS
PEúd�$�
�5ÿ�ù87kX��
2�pdF çeagfgI XV]�úÈPEM�iJm×PEijSiqS�e�S_`aýESVijX��"PE`aU�ÍL?E]!`aU1e�ijSVL�X9`aU�bÚpqf�SCXqM1X"pgLN`aU1LNù1OQStijLNpqStPNú(pjf�SdXqSVXjX9`aPEUTúÈijPEm '�RTù87NX3pjP
�K�('�U
�(RTù87kX��k÷Jf�S_ijS�úÈP�iqS�]�pqf�St"²ýESJiqS�e�SV`Qý�S_igX#PEú3Í>?3iqS�e�SV`Qý�S�L¥U�SVþÖijS_ü%PEiqpV]kþãf1`aegfCLNOaOaPkþ3X
pqf�S�úÈPEM�iAU�SVþëiqS�e�SV`Qý�S_igX�pqP{�"PE`aUÌXq`!QÂOâL0øESVijX�LEU1W{pjf�S-ü1iqSVý�`aPEM²X�ijSVe_S_`aýES_i�pqP��"PE`aUÌPEU1S-m×PEijS
OaL0ø�S_i�]�iqS�LEegf�`aU�btSVLEegfæPEú#pjf�S_m L×ijLNpqS{PEúj�`� ��'�)(RTùL7kX���÷Jf1`aX
X9f�Pkþ3X�pjf1Lkp
c`2�R8LNOaOaPkþ3X
OaLNpqS � �"PE`aU<ijSVe�SV`Qý�S_igX
pqPob�S�pÂpjf�SÚXjLNm×S���M1LNOa`Qp"øÙLEXÌü�ijS_ý�`QP�M1X¥m×S_mnù²SVijXÌPNú3LNUìS5Q�`âX"pj`QU1bX9S�XqXq`QP�UH�$R
M�SãpjP{pqf�S�f�`Qb�f�S_i�LNM1W�`QSVU1e�S3Xq`QhVS3PNúNÍ ? ]Npjf�S�XqM1X"pgLN`aU1LNù1OQSãigLkpjSVX�PEúHÍ \ LNU1W^Í =W�SVe_iqS�LEXqS-pjP7U��0��ÿ�ù87NX�S�LEegf�]kþãf�`âegft`aX5`aU1XqMK4de�`aS_U�p5pqP¥mCLN`aU�pgLN`aUÂpjf�S_`ai���M1LNOa`Qp"ø{OQSVýES_OM�RE \`aX(pqf�Si"1ijX9p(pjPÂiqS�LEe�p�pqPÌOaP�XjXqSVX�OaSVL0ý�`aU�b`@_hãþã`Qpqfp�`� }0U�î�PEú!OQP�XqXqSVX(LEU1W×OaSVL0ý�`QU1b`@ ? }0����mCX
LkúÅpqSViãpqf²LkpV]1þã`�pjfk�`� )$�
îàPEúAOaP�XjXqSVX��`R�M�SÂpqP×pqf1S{iqS�LEeZpj`QP�U�PEúOE \ ]�pqf�SÌXqM1X9pjLE`QU1LEù�OaS�igLkpjSPNú�Í<=n`aU1e_iqS�LEXqSVX
pqP��*)���ÿ�ù87kXV]1þãf1`aegfH`aX{XqMK4de�`aS_U�p¥pqPæmCLN`aU�pjLE`QUi@j?$��÷Jf�`âX{Xqf�Pkþ3X
pqf1LNp
þã`�pjfTc`2�R<]1e_PEm×ü%S�pq`Qpq`aPEUÜúÈP�iãù1LNU1W�þã`aW�pjfTW�P�SVXJU�PEp3`QU1e_iqS�LEXqS7��M1LEOQ`Qp"ødP�Xqe_`QOaOaLNpq`aPEU1X��

h#`ab��f&k]Èij`abEf�p�_�X9f�Pkþ3X�cK2�R ù²SVf1L0ý�`QP�i3þãf�SVUÙXqSVXjX9`aPEU1X3f1L0ýESÌL��/��1=XqPEM�ige�S��1l-L�egf
OaL0ø�S_iAf1LEX5L�m×SVLNUnijLNpqS�S���M1LEO�pjP¥`�pgX5ijLNpqS�þã`�pjf�T���1{]NL
mCL*Q�`QmnM�m LEU1WÂm×`aU�`QmnM�m igLkpjS
'$�l}¥pq`am×SVX�f�`abEf�SVi�LEU1WCOaPkþ�SVi(pqf²LNUCpjf�S
m×S�LNUdigLkpjSE]�iqS�X9ü%SVe�pq`aýES_OaøE]�LNU²WdLÂù�M1ijX9p-pj`Qm×S�PNú
��Xãþã`QpqfoLCW�SVý�`âLkpj`QP�UæPNúj�`�l}�X��`13SVXqM�O�pgX�Xqf�Pkþépjf1Lkp¥cK2�R `âX�LEù�OQS¥pjPdLEW��"M²X"p3ú LE`QijOaødpqf1S
iqS�e�S_ü�pq`aPEU^��M1LNOa`Qp"øtSVýESVUCþãf�S_UÚXqSVXjXq`QP�U1X�f1L0ý�S3P�Xje�`aOQOâLkpjPEijøÌigLkpjSVX��$-HS
e_LEUdPEù²X9SViqý�SJpqf1LNp
Í \ LNU1W�Í>=×f²L0ýESCLæf�`abEf�SVi{ijLNpqS×þã`�pjf��/��1àpqf1LEUìþã`�pjfqT���1	LkúÅpjS_i`F çkagfgI X��!÷Jf�`aX
f1LNü�ü%S_U²X�ù%SVeVLNM1XqS{pqf1S_øæf1L0ýESÂLÚf�`abEf�SVi
XqM1X"pgLN`aU1LNù1OQSÂigLkpjSE]%X9`aU1e�S�ÍL?Ìf1L�X�LÚijLNpqSÂOaPkþ�SVi
þã`�pjfr�7��17pjf1LNUæþã`Qpqf�T���1��

÷Jf�SãX9`amÌM�OâLkpj`QP�UÌþã`QpqftpqP�ü²P�OQP�bEøl9DAfo>;dPNú�h#`ab����
S_ýkLNOaM1LkpjSVX#pqf1S�P�ü²SVijLNpq`aPEUnPNú�c`2�R��
1ãSVXqM�OQpjX�Xqf�Pkþ3X3pqf1LNp�iqSVü²P�i9pgX3ü�ijPký�`aW�SVWÜù�øæcK2�K�1|2	LNOaOQPkþ�LdXq`Qm×ü�OaSnL�W�LNü�pq`aýESÂm×SVegf �



LNU�`âX9mæ]�XqM1egfÜL�XãcK2�R<]�pjPnÿ�S_SVüÚijSVe�SV`Qý�S_igX-igLkpjS�e_OQP�X9S�pqPtpqf1S¥XqM1X9pjLE`QU1LEù�OaS
igLkpjS
PEú�pqf�SV`Qi
X9S�XqXq`QP�U1XV]�bEM1LEijLEU�pjS_SV`QU�bH`aU�pjS_i � XqSVXjXq`QP�Uëú LN`aijU�SVXjXdLNU²WÖ`aU1e_iqS�LEXq`QU�bìù1LEU1W�þã`âW�pqfáM�pj`QOa`ahVL �pq`aPEUH��1ãSVXqM�OQpjXÌLEOaXqPoXqf�Pkþ	pqf1LNpnLTOaP�XjX¥pqf�ijSVXqf�P�OaWHPNú/�`� }
îêW�P�S�XÂU�PEpÌOQS�LEWHpjP���M1LNOa`�p"ø
P�Xje�`aOQOâLkpj`QP�U1X��

û,Uéþãf1LkpTe�P�U1e�SViqU²XCpqf1SHe_PEU�ýESViqb�S_U1e_Sæpq`amtS�]ãX"pgLNù�`aOQ`Qp"ø@LNU1Wéú LN`aiqU1SVXjXdþã`Qpqf�÷iT�K5]
+�S_b�PEM�pãS_p
LNOM�3	 �$�*�#Xqf�Pkþ7pqf1LNp3K�+�R ü%S_iqúÈPEijmCXJù²S_p9pqSViãpqf²LNUk1|+#R LEU1W%1|+�T/�²^3S_U²e�SE]
þ�S�e_PEm×ü1LEiqS�cK2
Rêþã`QpqfCpjf�S�ijSVXqM�OQpjX(ü1iqS�X9SVU�pjSVWtù�ø�+�S_b�PEM�p(S_p�LEOE�EúÈPEi-K{+�R���h�P�i(pqf²LkpV]
þ�STM1XqSæpqf1SoXqLEmtSoXje�SVU1LNij`aP�XtM1XqSVW*ù�øq+�SVbEP�M�p���S_p�LNOM�,��÷Jf�SVXqSTX9`amÌM�OâLkpj`QP�U1XCM1XqSæpqf1S
pqPEü%PEOaPEb�`QS�Xm9�A�o8nÙLEU1Wo9�A�oLp0ä!Xqf�PkþãUÜ`QU hA`ab��f�`�

-ÙSãM1XqSJpqf1SJpqPEü%PEOaPEb�øq9DAfo8næXqf�PkþãUn`aU^hA`QbD�f��pqP{SVýkLNOaM1LkpjS�pjf�Sãpj`Qm×S�cK2
R pjLNÿ�SVXApjP
e�PEU�ý�S_ijbES_U²e�S�pqPÌLEUdPEü�pq`am×LEOD��M1LEOQ`Qp"ønOaS_ý�S_O�]E`QpjX�LEe_e_M�igLEe�øtLNU1WCX9pjLEù�`aOQ`Qp"ø$�
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