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Superfluous Area Area of Interest
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6~e�BN?�d~e:h ÏÔe(Þ´CDÏÔe�Ejh}e�?GCFh�×�e:b�?GCF7:B¾C ×�e�EDE ?Gdr@
;A@!b!@�CDÕn@!H¾Hre�?}e�CFh 9rhA@�× 9<E �nCDB�hG6<CD?A@
7�×�h}7:Ï&@=9rhA@�× 9<E8Hre�?}e
?Gd~e�?Rd~e:hGBÙQ ?R>8@!@�B¾;A@!b!@�CDÕ¨@!HÔH´9r@Æ?A7$?Gdr@ÆBr@�?&%�7:;('Ôe�BrHÔb!7:Ï�6<9<?GCDB<ÊJEDCDÏ�CD?}e�?GCF7:Brh�7�×?Gdr@Æ6~e�;G?GCFb�CD6~e�BN?uÜ
ÛK@�;A@ %�@,bue�B�;A@�ÏÔe�;('¾?Gd~e�?*Br7 7:?Gdr@�;=e�EDÊ¨7:;GCD?Gd<Ï 7:;*Ê�;A7:9<6<CDB<Ê&hAb}dr@�Ï&@,b!7:9<EFH�e�EDEF7�%�e�6~e�;G?GCFb�CD6~e�BN?
?A7�;A@!b!@�CDÕ¨@Ke�BrHÔ6<;A7Nb!@!hAh Ï&7:;A@
Hre�?}e$?Gd~e�B¾CD?Ah bue�6~e�><CDEDCD?GCF@!h�Ü�V^BÔ?Gdr@=?Gd<CD;AH#e�6<6<;A7¨e:b}d �<e56~e�;G?GCFb�CD6~e�BN?
CFh*× 9<EDEDÖ�h}e�?GCFh #~@!H�C ×'e�EDEÙ?Gdr@59rhA@�× 9<ECDB´×�7:;GÏÔe�?GCF7:B�d~e:hÆ>8@!@�B�;A@!b!@�CDÕ¨@!H�e�BrH�6<;A7Nb!@!hAh}@!HÜ'V^B�?Gd<CFh=bue:hA@
%�@$H<7:BÙQ ?=b!7:BrhGCFH<@�;Ke�BNÖ#hA9<68@�; /r9r7:9rh=Hre�?}e %`d<CFb}d�?Gdr@,6~e�;G?GCFb�CD6~e�BN?
Ï�CDÊ�dN?Æd~euÕn@,;A@!b!@�CDÕn@!HÜ

+ ;A7:Ï²?Gdr@�6~e�;G?GCFb�CD6~e�BN?uQTh¾687:CDBN?¾7�×5ÕNCF@4% ��?Gdr@�CFH<@ue�E
hGCD?G9~e�?GCF7:B¬7Nb!b�9<;Ah %`dr@�B¬e�EDE=?Gdr@�?G;}e��Ôb
;A@!b!@�CDÕn@!H�CFhK9rhA@�× 9<E�?G;}e��Ôb�Ü5Y�Õn@�B-?Gdr7:9<Ê�d¤eÔEfe�;GÊ¨@JBN9<ÏJ>8@�;57�×RÏJ9<ED?GCFbue:hA?,b}d~e�B<Br@�EFh$e�;A@�euÕ:e�CDEfe�><EF@
CDBw?Gdr@�[<[\Ø Ï&7NH<@�E � CD?JCFh hG?GCDEDE�e�ÏÔe(ÑG7:;J6<;A7:><EF@�Ï ?A7�;A@ue�EDC u@¾?Gd<CFhJ68@�;�× @!b�? #rED?A@�;GCDB<ÊªH´9r@Ô?A7�?Gdr@
H´C �Ôb�9<ED?GCF@!h=?A7�ÏÔe�6�?Gdr@ /~7�%�7:B�ÏJ9<ED?GCFbue:hG?ÆÊ�;A7:9<6rhKe�BrH�?A7�ÏÔe�B~e�Ê¨@$?Gdr@5hA9<>rhAb�;GCD>8@ � 9<BrhG9<>rhAb�;GCD>8@
7:68@�;}e�?GCF7:BrhK7:B�e0#rBr@$Ê�;}e�CDB�EF@�Õn@�E�Ü ]*dr@56<9<;G687�h}@�7�×R[\b!7:;A@�c�[<[\Ø CFhÆ?A7Ôe�EDEF7�%�?Gdr@$6~e�;G?GCFb�CD6~e�BN?Ah
?A7
#rED?A@�; 7:9<?J?Gdr@Ô;A@!b!@�CDÕn@!Hº?G;}e��ÔbÔCDBÇ7:;AH<@�;J?A7�hGCDÊ�B<C #~bue�BN?GEDÖ¤;A@!H´9rb!@¾?Gdr@¾hG9<68@�; /r9r7:9rh�Hre�?}e´Ü�YRe:b}d
6~e�;G?GCFb�CD6~e�BN?�d~e:h e�B3e�;A@ue�7�×ÆCDBN?A@�;A@!hG? �t× 7:; @ue:b}dÇbue�?A@�Ê¨7:;GÖº7�× /~7�%�CD?�ÏÔeuÖ¤;A@!b!@�CDÕ¨@ 5CDBw?Gdr@ÔW,Y �
H<@ #rBr@!H-e:hKeÔb�CD;Ab�9<Efe�;,e�;A@ue¾e�;A7:9<BrH�?Gdr@�6~e�;G?GCFb�CD6~e�BN?uÜ=S
hGCDB<ÊÔ?Gdr@ e�;A@ueÔ7�×�CDBN?A@�;A@!hG?,e:hKe�Ï&@ue�B�?A7
H<@ #rBr@¾?Gdr@¾6~e�;G?GCFb�CD6~e�BN?uQTh #rED?A@�;GCDB<Ê � %�@#e:h}hA@�;G?J?Gd~e�? ?Gdr@¾><CDÊ�Ê¨@�;�e�;A@¾?Gdr@#b}d~e�Brb!@!h ?Gd~e�?�e�Br7:?Gdr@�;
6~e�;G?GCFb�CD6~e�BN?#@�BN?A@�;&CD?AhÔe�;A@ue©7�×,CDBN?A@�;A@!hG?�� ?Gdr@�><CDÊ�Ê¨@�;&?Gdr@�Õ�e�ED9r@�?A7©Ê¨@�?&?Gdr@�Hre�?}e©h}@�BN?�>NÖÇ?Gd~e�?
6~e�;G?GCFb�CD6~e�BN?uÜ�VXBª?Gdr@�h}e�Ï&@�?GCDÏ&@�� %�@&e:hAhA@�;G?,?Gd~e�?,×�7:;$e¾6~e�;G?GCFb�CD6~e�BN?$CDB©?Gdr@�WKY �8C × ?Gdr@�b}d~e�Brb!@!h
?Gd~e�?ÔhA7:Ï&@�6~e�;G?GCFb�CD6~e�BN?Ah¾@�BN?A@�;&CD?AhÔe�;A@ueª7�×KCDBN?A@�;A@!hA?Ôe�;A@�EF7�% �R?Gdr@�B0?Gdr@�6~e�;G?GCFb�CD6~e�BN?uQThÔCDBN?A@�;A@!hG?
CDBa?Gdr@�Hre�?}e /~7�%Æh¾hA@�BN?Ô>NÖ¢?Gdr@!hA@�6~e�;G?GCFb�CD6~e�BN?Ah#CFh&EF7�%$Ü¦]*dr@!hA@ '\CDBrH<hÔ7�× /~7�%Æh#e�;A@�?Gdr@�CFH<@ue�E
bue�BrH´CFHre�?A@!h=?A7�>8@ #rED?A@�;A@!H�7:9<?Æ>NÖ�e 6~e�;G?GCFb�CD6~e�BN? %`dr7�?G;GCF@!hÆ?A7�;A@!H´9rb!@5CD?Ah=hG9<68@�; /r9r7:9rhÆ?G;}e��Ôb�Ü

Ëº@�b!7:BrhACFH<@�;&?Gdr@�h}e�?GCFh�×�e:b�?GCF7:B0Ï&@�?G;GCFb ��×�7:;�?Gdr@�6~e�;G?GCFb�CD6~e�BN?Ah#H<@ #rBr@!H3×�7:;¾[\b!7:;A@�e�BrH %�@
hG?G9rH´Ö#CD?Ah`CDÏ�6<EDCFbue�?GCF7:Brh=× 7:;
[\b!7:;A@�c�[<[\Ø bue:hA@��

S =
Ur

min(Ut, C)

Ë¬dr@�;A@��
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c Ur

CFh`?Gdr@,9rh}@�×p9<EÙHre�?}e�;A@!b!@�CDÕ¨@!H�e�BrH�6<;A7Nb!@!h}hA@!H �
c Ut

CFh�?Gdr@5e�Ï&7:9<BN?Æ7�×�9rhA@�× 9<EjHre�?}e �p;A@!b!@�CDÕn@!H�7:;�Br7:?*;A@!b!@�CDÕn@!H RCDB %`d<CFb}d�?Gdr@
6~e�;G?GCFb�CD6~e�BN?ÆCFh
CDBN?A@�;A@!hA?A@!H

c ��CFh`?Gdr@56~e�;G?GCFb�CD6~e�BN?Kbue�6~e:b�CD?^Ö �rC�ÜT@�Ü�?Gdr@5ÏÔe(Þ\CDÏJ9<Ï e�Ï&7:9<BN?
7�×�Hre�?}e�?Gdr@56~e�;G?GCFb�CD6~e�BN?
bue�B
;A@!b!@�CDÕn@�e�BrH�6<;A7Nb!@!hAhÆCDB�;A@ue�E c�?GCDÏ&@�Ü

Ì*@�EF7�% � %�@5@�Þ´6<Efe�CDB�?Gdr@5CDÏ�6<EDCFbue�?GCF7:Brh
7�× ?Gd<CFh*×�7:;GÏJ9<Efe´Ü
+ CD;AhG?���%�@�7:>rhA@�;GÕ¨@ ?Gd~e�?KCDBª?Gdr@ bue:h}@ Ur = Ut

�8C�ÜT@�Ü %`dr@�Bª?Gdr@J6~e�;G?GCFb�CD6~e�BN?$;A@!b!@�CDÕ¨@!h$e�EDEO?Gdr@
9rhA@�×p9<E<Hre�?}eKCD? CFh CDBN?A@�;A@!hG?A@!H�CDB ��CD?Ah�h}e�?GCFh�×�e:b�?GCF7:B�CFh ÏÔe(Þ\CDÏÔe�E �¨;A@�Êne�;AH´EF@!hAh�?Gdr@Æe�Ï&7:9<BN?'7�×8hACDÊ�B~e�EDCDB<Ê
;A@!b!@�CDÕ¨@!HÜ

[\@!b!7:BrH � %`dr@�B Ur �
� ?Gdr@#6~e�;G?GCFb�CD6~e�BN?&h}e�?GCFh�×�e:b�?GCF7:BÇCFh�e�Êne�CDB3ÏÔe(Þ´CDÏÔe�E�Ü©Ì�ÖºH<@ #rB<CD?GCF7:B

Ur ≤ Ut

hA7 � C ≤ Ut

�hA7 min(Ut, C) = C = Ut => S = 1 Ü5Ëº@�7:>rhA@�;GÕ¨@ ?Gd~e�?��CDBª?Gd<CFh5bue:hA@��
?Gdr@5h e�?GCFh�×�e:b�?GCF7:B�CFh`ÏÔe(Þ´CDÏÔe�E�H<@!hG6<CD?A@$?Gd~e�?ÆBr7:?=e�EDEÙ?Gdr@59rhA@�× 9<EÙHre�?}e�d~e:h`>8@!@�B�;A@!b!@�CDÕ¨@!HÜ

Ëº@K7:>rhA@�;GÕn@K?Gd~e�?*?Gdr@�;A@,CFh�Br7 Ï&@�BN?GCF7:B�7�×�?Gdr@,hACDÊ�B~e�EDCDB<Ê�?G;}e��Ôb,CDB�?Gdr@
×�7:;GÏJ9<Efe�e�>87�Õn@�Ü�]*d<CFh
H<7N@!hGBÙQ ?$Ï&@ue�Bº?Gdr@&hGCDÊ�B~e�EDCDB<Ê�CFh$Br7:?$?}e8'n@�B¤CDBN?A7�e:b!b!7:9<BN?u��?Gdr@&hGCDÊ�B~e�EDCDB<Ê�6~e:b 'n@�?Ah$ÏÔeuÖ-9rh}@�?Gdr@
h}e�Ï&@$Br@�?&%�7:;('�b!7:B<Br@!b�?GCF7:B©e:h=?Gdr@�Hre�?}e&?G;}e��Ôb e�BrH-e�B�CDÏ�687:;G?}e�BN?,hGCDÊ�B~e�EDCDB<Ê¾?G;}e��ÔbJÏÔeuÖ�bue�9rhA@
9rhA@�×p9<E�Hre�?}e&6~e:b '¨@�?Ah=EF7�hAh}@!huÜ�]*dr@�b!7:Brh}@!În9r@�Brb!@J7�×�?Gd<CFh=CFh=?Gdr@�H´CDÏ�CDB<CFhGd<CDB<Ê#7�×�?Gdr@�6~e�;G?GCFb�CD6~e�BN?uQTh
h}e�?GCFh�×�e:b�?GCF7:BÙÜ

Ì*@!bue�9rhA@&7�×*?Gdr@&hGCDÊ�B~e�EDCDB<Ê�?G;}e��Ôb���?Gdr@�hACD?G9~e�?GCF7:BºH<@!hAb�;GCD>8@!Hwe�>87�Õn@�� %`dr@�;A@ Ur = C bue�B<Br7:?
7Nb!b�9<;=CDB�6<;}e:b�?GCFb!@�ÜÆÌ�Ö�Br7&Ï&@ue�Brh=?Gdr@JhGCDÊ�B~e�EDCDB<Ê¾;}e�?A@$;A@ue:b}dr@!h u@�;A7<Ü=[\7 � e�6~e�;G?K7�×�?Gdr@$Br@�?&%�7:;('
;A@!hA7:9<;Ab!@!h�e�;A@-hG68@�BN? %`CD?Gd®?Gdr@-hGCDÊ�B~e�EDCDB<ÊÇ?G;}e��Ôb�CDB¬hG6<CD?A@�7�×�Hre�?}e¤?G;}e��Ôb�Ü ]*d<CFh#Ï&@ue�Brh¾?Gd~e�?
?Gdr@�6~e�;G?GCFb�CD6~e�BN?�h e�?GCFh�×�e:b�?GCF7:B³CFh#EF7�%�@�;�?Gd~e�B³7:Br@�Ü V�×�?Gdr@�6~e�;G?GCFb�CD6~e�BN?.%*e�BN?Ah�?A7wCDÏ�6<;A7�Õn@-CD?Ah
h}e�?GCFh�×�e:b�?GCF7:B CD?OÏJ9rhG? H´;A7:6�h}7:Ï&@�7�×~CD?Ah�Br@�CDÊ�dN>87:;Ah���CDB�hG9rb}d�e %*euÖ$?Gd~e�? Ut

� �KÜ:V�×r?Gdr@�6~e�;G?GCFb�CD6~e�BN?
H´;A7:6rh�@�Br7:9<Ê�dJBr@�CDÊ�dN>87:;Ah�CD? %`CDEDE´e�;G;GCDÕ¨@'CDBJ?Gdr@RhGCD?G9~e�?GCF7:B %`dr@�;A@ Ur+signaling < C e�BrH Ur = Ut

�<7:;ÆCDB�7:?Gdr@�; %�7:;AH<h � �
�

� Ü
[\7 �jb!7:Ï�6~e�;A@!H-?A7�[\b!7:;A@��jCDB©[\b!7:;A@�c�[<[\Ø²?Gdr@�6~e�;G?GCFb�CD6~e�BN?Ah�e:Hre�6<?K?Gdr@�CD;KCDBN?A@�;A@!hG?,CDB-7:;AH<@�;,?A7

ÏÔe(Þ\CDÏ�C u@$?Gdr@�CD;=h}e�?GCFh�×�e:b�?GCF7:BrhuÜ
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6 � ���$� � �  1~� �8suM ��� ��� ��mp� �
[\b!7:;A@�c�[<[\Ø %*e:hK><9<CDED?K×�7:;
Õ\CD;G?G9~e�E @�BNÕ\CD;A7:B<Ï&@�BN?Ah %`dr@�;A@ ?Gdr@J6~e�;G?GCFb�CD6~e�BN?Ah$@�Þ<b}d~e�B<Ê¨@ Hre�?}e %`CD?Gd
?Gdr@,@�BN?GCD?GCF@!h`EF7Nbue�?A@!H�e�;A7:9<BrH�?Gdr@�Ï �pCDB�WKYÆQThÆb!7N7:;AH´CDB~e�?A@!h��Ü�[\7 �´CDB�7:;AH<@�;`?A7�b!7:Ï�ÏJ9<B<CFbue�?A@ %`CD?Gd
CD?AhJb�EF7�hA@!hG?�Br@�CDÊ�dN>87:;Ah ��e�W,Y Ï&@�ÏJ>8@�;Jd~e:hJ?A7 '\Br7�% %`d<CFb}dw6~e�;G?GCFb�CD6~e�BN?Ah&e�;A@&EF7Nbue�?A@!HÇb�EF7�hA@Ô?A7
CD?��jCDB©?Gdr@ W,Y¦b!7N7:;AH´CDB~e�?A@!h�Ü ]*dr@�b!7:Ï�ÏJ9<B<CFbue�?GCF7:BÇe�;Ab}d<CD?A@!b�?G9<;A@�d~e:h5?A7#6<;A7�Õ\CFH<@�?A7#?Gdr@�6~e�;G?GCFb�c
CD6~e�BN?Ah5e %*euÖ�?A7#;A@!b!@�CDÕ¨@ ?Gdr@J687�hGCD?GCF7:B©7�×R?Gdr@ 7:?Gdr@�;,Ï&@�ÏJ>8@�;Ah57�×R?Gdr@JÕ\CD;G?G9~e�E�%�7:;GEFH�EF7Nbue�?A@!HªCDB
?Gdr@�CD;*Br@�CDÊ�dN>87:;Gdr7N7NHÜ*[\b!7:;A@�c�[<[\Ø %*e:h*Ï&@ue�BN?`?A7�hG9<6<687:;G?ÆeJEF7:?`7�×�6~e�;G?GCFb�CD6~e�BN?Ah=hGCDÏJ9<ED?}e�Br@!7:9rhGEDÖ
b!7:B<Br@!b�?A@!HªCDBN?A7#?Gdr@ W,Y �8EF@�?uQTh5h}euÖ�7�× ?Gdr@�7:;AH<@�;$7�×RÏ�CDEDEDCF7:Brh56~e�;G?GCFb�CD6~e�BN?Ah���hA7¾CDBª?Gd<CFh,bue:h}@JCD?,CFh
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b�EF@ue�;=eJ6~e�;G?GCFb�CD6~e�BN?=bue�B<Br7:?`;A@!b!@�CDÕn@K?Gdr@,687�hGCD?GCF7:BrhÆ7�× e�EDEj?Gdr@57:?Gdr@�;*Ï&@�ÏJ>8@�;Ah=7�×�?Gdr@KW,Y �\?Gd<CFh*CFh
Br7:?`h}bue�Efe�><EF@�Ü']�7 >8@,hAbue�Efe�><EF@��´?Gdr@,WKY¢ÏJ9rhG?*>8@,H´CDÕ\CFH<@!H#CDBN?A7�hGÏÔe�EDEF@�;�u7:Br@!huÜ�ÛK@�;A@ %�@,H´CFhAb!7�Õn@�;
?Gdr@5;A7:EF@57�× ?Gdr@ #r;AhA?`EF@�Õn@�EÙ7�×9#rED?A@�;GCDB<Êr� e 6~e�;G?GCFb�CD6~e�BN?
;A@!b!@�CDÕ¨@!h=7:B<EDÖ#?Gdr@5b!7N7:;AH´CDB~e�?A@!h
7�× ?Gdr@,W,Y
Ï&@�ÏJ>8@�;AhREF7Nbue�?A@!H&CDB&?Gdr@Æh}e�Ï&@�u7:Br@Æ7�×j?Gdr@ %�7:;GEFHÜ�V�×8CD?Ah e�;A@ue57�×jCDBN?A@�;A@!hG? 7�Õ¨@�;G6~e:hAh}@!h�?Gdr@`>87:;AH<@�;
7�× ?Gdr@`b�9<;G;A@�BN?	u7:Br@Æe�BrH CDBN?A@�;AhA@!b�?Ah'7:?Gdr@�;	u7:Br@!h�7�×8?Gdr@�W,Y ��?Gdr@*6~e�;G?GCFb�CD6~e�BN?RhA9<>rhAb�;GCD>8@!h ?A7,?Gdr@!hA@
Br@4% u7:Br@!h�� CDBª7:;AH<@�;K?A7¾H<@�?A@!b�?,?Gdr@�6~e�;G?GCFb�CD6~e�BN?Ah,?Gd~e�?KÏÔeuÖ�>8@JEF7Nbue�?A@!H�CDB-CD?Ah,e�;A@ue¾7�×'CDBN?A@�;A@!hG?uÜ
]*d<CFhÆEF@�Õ¨@�E�7�×9#rED?A@�;GCDB<ÊÔCFh`;A@ue�EDC u@!H�CDB-[\b!7:;A@�c�[<[\Ø ?Gd<;A7:9<Ê�d�?Gdr@�e�Ê¨@�BN?AhuÜ

[\b!7:;A@�c�[<[\Ø�CFh�e�B0e�Ê¨@�BN?�c�>~e:h}@!H¢b!7:Ï�ÏJ9<B<CFbue�?GCF7:B¬e�;Ab}d<CD?A@!b�?G9<;A@ %`d<CFb}d0H<@!b!7:Ï�687�hA@!h�?Gdr@#W,Y
CDBN?A7 u7:Br@!h�e�BrHa9rhA@!hÔÏJ9<ED?GCFbue:hG?�b}d~e�B<Br@�EFh¾?A7º?G;}e�BrhGÏ�CD?�Hre�?}ewe�BrH®hGCDÊ�B~e�EDCDB<ÊrÜ�]*dr@-e�Ê¨@�BN?�e�;A@
b!7:Ï�6<9<?A@�;Ah
H<@�6<EF7�Ö¨@!H�CDB�H´C��@�;A@�BN?Æ6<Efe:b!@!h=7�×O?Gdr@$VXBN?A@�;GBr@�?��r6<;A@�× @�;}e�><EDÖ�b�EF7�hA@,?A7�?Gdr@,6~e�;G?GCFb�CD6~e�BN?Ah
�2%�@�b!7:BrhGCFH<@�;5dr@�;A@�?Gdr@ ��H<@�EfeuÖ ��e:h,Ï&@ue:hG9<;A@�7�× ?Gdr@�6<;A7uÞ´CDÏ�CD?^Ö �Ü ]*dr@�?A7:?}e�E�BN9<ÏJ>8@�;$7�×`e�Ê¨@�BN?Ah
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Z1

Z3

Z4

Z5 Z6

Z9

Z7Z2

Z8

Z0

(C7,Z7)
(Co,Zo)

(C6,Z6)
(C9,Z9)

(C2,Z2)

(C8,Z8)

(C3,Z3) (C5,Z5)

(C4,Z4)(C1,Z1)

(Agent 2, Area 2)

(Agent 0, Area 0)

(Agent 3, Area 3)

(Agent 1, Area 1)

Main Agent

Agent 0

Agent 3

Agent 1

Agent 2

 ( Ci , Zi ) = (Channel i, Zone i)

area 1

area 2 area 3

area 0
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its area of interest

a participant ’P’ in the VE

3 zones of different sizes
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position flow 

audio flow  

video flow 

zone mapping

zone of VE

Agent

Participant ’P’

participant positions in zone 

low−rate position 
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Area of interest

The average data traffic received by the participants according to their capacities

participants capacity = 10
participants capacity = 50
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Area of interest

The traffic received by the participants according to their speed

zone-cut frequency = 6, V = 5
static zone-cut, V = 5

zone-cut frequency = 6, V = 50
static zone-cut, V = 50
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zone-cut frequency = 6, V = 5
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Area of interest

Mean number of packets/participant received

zone-cut frequency = 6, V = 5
zone-cut frequency = 6, V = 50
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)=1Q9H]<16"�3HI@A=>?KJL8M<1=s8;=e= D 658;VIVI@A?KJL8;=>?KQMZb@K68$r6F@
QM:z8;=�= D 65:1QMHI=>?AZ�
	@K68$r6F@0�rRIHI=s= D ?K< �b8(%CJUQMZ\=>:>?ARIHI=1698;=s= D 65?AZ]JF:168�C6FZ\=O8;@|PI6FVI@KQ,% �C6FZ\=zQ��B= D 6
�3HI@A=>?KJL8M<>=L��H]<16F:1< !ED ?KJ D ?AZI?A=>?^8;@A@�%C:>HIZd= D 65nho}Q,$r6F:s= D 6h8;VIVI@A?KJL8;=>?KQMZm_�@K68$r6F@ �3HI@A=>?KJL8M<>=��\@^8;=16F:
= D 68% �b8(%�< ! ?A=1J D =1Qq= D 6G:1QMHI=>?AZ�
M_�@K68$r6F@ �3HI@A=>?KJL8M<>=(�

•
>z6F=>=16F: D 6FHI:>?K<>=>?KJU<-8;Z]P�8;@�
XQM:>?A= D �C<-JL8;ZWRT6)PI6U<>?�
kZ]6UP � QM:E= D 6 �]@A=16F:>?AZ�
tQ��2= D 69V48;:>=>?KJF?AV48;Z\=1<
RT6F= ! 6U6FZgPm?��|6F:16FZ\=5= %\VT6U<NQ���?AZ]JUQ)�q?AZ�
tP]8;=O8 6 Q ! <��]<16FZ\=NR&%dPm?��~6F:16FZ\=NV48;:>=>?KJF?AV48;Z\=1<,�
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•
� D 6/H]<O6/Q��e= D 6S�I� � �CQ\PI6F@�@K6L8MPI<-=1Qb@^8;:�
X6�3HI@A=>?KJL8M<1=-:1QMHI=>?AZ�
�� QM: ! 8;:1Pm?AZ�
t=O8;RI@K6U<h?AZ�= D 6
:1QMHI=16F:1<hQ,$r6F:5= D 6/Y[Z\=16F:>Z]6F=(�E� D 6 ��� ��\ � � QM: ! 8;:1Pm?AZ�
t=O8;RI@K6U<Lu{6FZ\=>:>?K6U<h8�
�
k:168
r8;=>?KQMZiVI:1QMRI@K68�
?K<t<>=>?A@A@5HIZ]PI6F:t:16U<16L8;:1J D � � 8;:�
X6�:1QMHI=>?AZ�
!=O8;RI@K6U<t:O8;?K<16�<OJL8;@^8;RI?A@A?A= % JUQMZ]JU6F:>Z]<�8;Z]P V48MJ �X6F=
� QM: ! 8;:1Pm?AZ�
�PI6F@^8(%a<��BPmH]6S=1Qd@KQMZ�
X6F:)<O6L8;:1J D =>?��C6U<,� �h<>?AZ�
W8;Z 8MPIPm:16U<O<>?AZ�
W<1J D 68�C6q6L8M<�%g=1Q
8�
�
k:168
r8;=16��a?A=-�b8(%q@A?��q?A=�= D 6-<1JL8;@^8;RI?A@A?A= %q?K<1<>H]6U<�:O8;?K<16UPCR&%S= D 65@^8;:�
X6`_[<1JL8;@K6+$a?A:>=>H48;@{6FZ&$a?A:1QMZm_
�C6FZ\=1<,� 	4QM:G621]8��qVI@K6�� D 6F:16 ! 6	JL8;ZpH]<16S8;ZiHIZI? .\H]6 �3HI@A=>?KJL8M<>= 
k:1QMHIV 8MPIPm:16U<1< �yQM:98;@A@2= D 6
8;H]Pm?KQbJ D 8;ZIZ]6F@K<5Q��e8;Z�8;VIVI@A?KJL8;=>?KQMZ��{QMZI@�%d= D 6)<1QMHI:1JU6/8MPIPm:16U<1<NRT6F?AZ�
bPm?��~6F:16FZ\=(�

•
� D 6zH]<O6zQ��T= D 65�I� � �CQ\PI6F@48M<eP]8;=O8GPm?K<>=>:>?ARIHI=>?KQMZ'�CQ\PI6F@{8M<1<>H��C6U<�V48MJ �X6F=1<�@KQk<1<ePmH]6z=1Qh= D 6
H]<O6	Q�����
���8M<G= D 6	=>:O8;Z]<>VTQM:>= _�@K68$r6F@�VI:1QM=1Q\JUQM@ �yQM: �3HI@A=>?KJL8M<>=(�	�aQ)�C6S:16F@A?^8;RI@K6 �C6UJ D 8;ZI?K<��
�b8(%dRT69?AZ\=168
k:O8;=16UPW?AZ�QM:1PI6F:N=1QS=>:O8;Z]<��q?A=5= D 6)P]8;=O8 6 Q ! < !ED ?KJ D PIQMZBu =-8MP��q?A=-8;Z&%d@KQk<1<16U<(�

� HI:EQMVI?AZI?KQMZf?K<l= D 8;=z?AZd= D 6 ��HI=>HI:16 %r6L8;:1<l= D 6h@^8;:�
X6`_[<1JL8;@K6 $\?A:>=>H48;@~6FZ&$a?A:1QMZ��C6FZ\=1< ! ?A@A@TRT6GJUQ)�S_
�CQMZW8;VIVI@A?KJL8;=>?KQMZ]<5Q,$X6F:z= D 6GYjZ\=16F:>Z]6F=(��� D 6GZ]6F= ! QM:���8;Z]Pd= D 6hVI:1Q\JU6U<1<>?AZ�
qVTQ ! 6F:58($M8;?A@^8;RI?A@A?A= % � QM:
8)@^8;:�
X6hZ\H��3RT6F:EQ�� YjZ\=16F:>Z]6F=lH]<O6F:1<�� ! ?A@A@T@K6L8MP�8;=l= D 6hPI68$r6F@KQMV��C6FZ\=EQ�� Z]6 ! = %aVT6U<lQ��28;VIVI@A?KJL8;=>?KQMZ]<
Q,$X6F:G= D 6	YjZ\=16F:>Z]6F=(� � 6 ! H]<16U<GQ���= D 6 $a?A:>=>H48;@�6FZ&$\?A:1QMZ��C6FZ\=1< ! ?A@A@�JUQ)�qVI@K6F=16S= D 6	JFHI:>:16FZ\=)6��~QM:>=1<
JUQMZ]PmH]JF=16UP!<>VT6UJF?^8;@A@�%p?AZ = D 6CZ]6F= ! QM:�� 
r8��C6U<	8;Z]P �q?A@A?A=O8;:�%�=>:O8;?AZI?AZ�
gPIQ)�b8;?AZ]<(� 476CJL8;Z76L8M<>?A@�%
?��b8�
k?AZ]6N8 � 
 $\?A:>=>H48;@]< D QMVCPm?K<>=>:>?ARIHI=>?AZ�
��3H]<>?KJE8;Z]P �CQ,$a?K6U<�� !ED 6F:16z= D 6zH]<16F:1<�JL8;Z ! 8;@ �3@A? �X6l?AZb8
:16L8;@]<>=1QM:16��X= D 68%	JL8;ZbJ D 6UJ �	= D 6E< D 6F@�$r6U<e8;Z]Pq= D 68% D 8($r6z= D 6zVTQk<1<1?ARI?A@A?A= %3=1QGVI:168$a?K6 ! 8*32$\?KPI6UQ\JF@A?AV 3
QM:�=1QG@A?K<>=16FZb8G<1QMZ�
/8;Z]Pq= D 68%	JL8;Zt8M<���yQM:�8MP�$\?KJU6"��:1Q)��8 $r6FZ]Pm?AZ�
)VT6F:1<1QMZCQM:eQM= D 6F:�JF@A?K6FZ\=1<eRT62�yQM:16
RIH�%\?AZ�
C= D 6)PI6U<>?A:16UPf?A=168�C<(�

9568
r8;:1Pm?AZ�
�= D 6SJUQ)�*�3HIZI?KJL8;=>?KQMZ78;:1J D ?A=16UJF=>HI:16SH]<O6UP � ! 63RT6F@A?K68$X6	= D 8;=G6L8MJ D nho�8;VIVI@A?KJL8;=>?KQMZ
! ?A@A@ D 8($X69= D 69VTQk<O<>?ARI?A@A?A= %d=1QCJ D Q\Qk<16��{8MJUJUQM:1Pm?AZ�
b=1Qq= D 69= %aVT6U<NQ�� 6 Q ! <N?A=5<>HIVIVTQM:>=1<��]= D 6)PI6U<>?A:16UP
P]8;=O8qPm?K<>=>:>?ARIHI=>?KQMZ#�CQ\PI6F@��eVT6U6F: _�=1Q;_�VT6U6F:����3HI@A=>?KJL8M<1=��48;VIVI@A?KJL8;=>?KQMZm_�@^68$X6F@ �3HI@A=>?KJL8M<>=-6F=1J������
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YjZd= D ?K<zV48;:>= ! 6GPI6U<OJF:>?ART6UP�= D 6GP]8;=O8	<>=>:>H]JF=>HI:16U<NJUQMZ]<>=>:>H]JF=16UPfR&%b= D 698�
X6FZ\=1<N8;Z]P�R&%b= D 6hV48;:>=>?KJ`_
?AV48;Z\=(�	4 6)8;@K<1QCPI6U<1JF:>?ART69= D 6��C6U<1<'8�
X6U<N621IJ D 8;Z�
X6UPf?AZi�aJUQM:16`_��I� � �
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� <q8iJUQMZ]<O6/.rH]6FZ]JU6fQ��h= D 6 �C6U<O<O8�
X6U<q621IJ D 8;Z�
X6UP �s6L8MJ D 6FZ\=>?A= %}Q��-= D 6�nGo�JUQMZ]<>=>:>H]JF=1<C?A=1<qQ ! Z
<>=>:>H]JF=>HI:16b:16FVI:16U<16FZ\=>?AZ�
i= D 6 �aZ]Q ! @K6UP�
X6b?A= D 8M</Q��E= D 6CV D %m<>?KJL8;@sPI6F=O8;?A@K<	Q��E= D 6CnGo 8;Z]P7Q��E= D 6
QM= D 6F:d6FZ\=>?A=>?K6U<dJUQMZIZ]6UJF=16UP0� 476�Pm?K<>=>?AZ�
kHI?K< D = D :16U6�= %aVT6U<tQ��)6FZ\=>?A=>?K6U<dJUQMZ]<>=>:>H]JF=>?AZ�
}= D 6F?A:dQ ! Z
<>=>:>H]JF=>HI:16U<L�e= D 6 �i8;?AZg8�
X6FZ\=��I= D 69V48;:>=>?KJF?AV48;Z\=1<h8;Z]Pf= D 6)QM:1Pm?AZ48;:�%W8�
X6FZ\=1<(�
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� D 6 �p8;?AZi8�
X6FZ\=GJUQMZ]<>=>:>H]JF=1<-= ! Qb= %aVT6U<-Q���P]8;=O8b<>=>:>H]JF=>HI:16U<L�z= D 6��]:1<>=h<>=>:>H]JF=>HI:16/?K<5= D 6	8�
X6FZ\=1< u
VTQ\QM@0�]JUQMZ\=O8;?AZI?AZ�
b= D 6)8�
X6FZ\=1< u��b8MJ D ?AZ]6U<-8;Z]Pf= D 69<O6UJUQMZ]Pf<>=>:>H]JF=>HI:16)?K<z= D 6��b8;VIVI?AZ�
t8�
X6FZ\=1< _�nGo
8;:16L8M<(�e� D 6/8�
X6FZ\=1<LuIVTQ\QM@ JUQMZ\=O8;?AZ]<5?AZ��yQM:��b8;=>?KQMZi8;RTQMHI=5= D 6/8;@A@~= D 69nGo 8�
X6FZ\=1< �
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� D 6)<16UJUQMZ]PW<>=>:>H]JF=>HI:16)?K<E= D 6��b8;VIVI?AZ�
bRT6F= ! 6U6FZW= D 6/8MJF=>?�$r6/8�
X6FZ\=1<-8;Z]Pf= D 69nhov8;:16L8M<(�
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o�8MJ D 8�
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b= D ?K<58;:16L8��
� D 6S8�
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X6��
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� � � �
��������� �"!�#"$"%��&���'���(��!�#"$ %'�&�����'�(�"!�#�$ %��&�
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)
/ 18@ ���8I&9.=(02?�?;@434A8A �2N�NJA2327 / /
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)
/ ��K��0�6@<?OL.54067J3 ? � � 5 * P�32N87�K��2@85J36@ /
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)
/ ��K��0�6@<?OL.54067J3 ? � � 5 * P�32N87�K��2@85J36@ /
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)
/ ��K��0�6@<?OL.54067J3 ��I8IJ36@ * @-L>1 � 7&K��2@85432@ /
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)
/ ��K��0�6@<?OL.54067J3 ��I8IJ36@ * @-L>1 � 7&K��2@85432@ /
)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)-*.)-*,)+*,)+*,)-*.)

� � � ��# ��# * � ( � � � ��� 
� � 
�'%����
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