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Figure 1. Re-ECN Adoption Framework.
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.&*+#,$)&*! -33&%-*.#! 78! '#15.)*+! $/#)'! $'-44).! 43&%,! )*! '#,2&*,#!
$&! .&*+#,$)&*9! 6$! ,/&531! 7#! *&$#1! /#'#! $/-$! $/#! Rreceiver paysS!
0&1#3! ),! $/#! &*38! &*#! 2&,,)73#! )*! 23-)*! <="A! #N2&,)*+! $/#!
'#.#)>#'!$&!1#*)-3!&4!45*1,!-$$-.(,A!7#.-5,#!$/#!.&*+#,$)&*!'-$#!&4!
-!43&%!),!&*38!(*&%*!-$!$/#!#+'#,,!&4!$/#!*#$%&'(9!

Y/-$!),!0&'#A!'#;<="!2'&>)1#,!,544).)#*$!)*4&'0-$)&*!4&'!*#$%&'(!
&2#'-$&',!$&!)023#0#*$!0&'#!#44#.$)>#!)*$#'.&**#.$)&*!-+'##0#*$,!
-$!$/#!$'5,$!7&5*1-')#,A!-,!7&$/!2-'$).)2-*$,!/->#!4533!)*4&'0-$)&*!
-7&5$!1&%*,$'#-0!.&*+#,$)&*!-*1!.-*!-+'##!&*!$/#!./-'+#,9!



4.2 Incremental Deployability 
C! (#8! -,2#.$! &4! )*.'#0#*$-3! 1#23&8-7)3)$8! ),! 7-.(%-'1,!
.&02-$)7)3)$8! %)$/! #N),$)*+! 2'&$&.&3,9! :#;<="! 75)31,! &*! 23-)*!
<="A!%/)./!),!-3'#-18!,$-*1-'1)U#1!-,!-*!-11)$)&*!$&!$/#!6*$#'*#$!
@'&$&.&3!%)$/!$%&!7)$,!)*!$/#!6@!T#-1#'!P>K!&'!>aQ!-,,)+*#1!$&!$/#!
<="! 4)#319! 6*.'#0#*$-3! 1#23&8-7)3)$8! ),! -./)#>#1! 78! ,)0238!
-1&2$)*+!-*!#N$'-!5*5,#1!7)$!)*!$/#!6@!T#-1#'!$&!,)+*-3!$/#!3#>#3!&4!
.&*+#,$)&*! #N2#.$#1! -3&*+! $/#! %/&3#! 2-$/! P-,! '#2&'$#1! 78! $/#!
'#.#)>#'!7-,#1!&*!$/#!.&*+#,$)&*!3#>#3!#N2#')#*.#1!&*#!'&5*1!$')2!
#-'3)#'Q9!C3$/&5+/! $/#!:<! 43-+! ),! -! ,#2-'-$#A! ,)*+3#! 7)$! )$! .-*! 7#!
'#-1! -,! -*! #N$#*,)&*! $&! $/#! $%&;7)$! <="! 4)#31! FXG9! :#;<="! ),!
1#,)+*#1!,&!$/-$!'#;<="!2-.(#$,!-'#!1),$)*+5),/-73#!4'&0!*&*;'#;
<="!2-.(#$,!-*1!-*!#*1!/&,$!.-*!./&&,#!%/)./!2-.(#$,!)$!,#*1,!
-,! '#;<="! #*-73#19! O/#'#4&'#A! )$! ),! 52! $&! *#$%&'(! &2#'-$&',! $&!
2'&>)1#!-*!)*.#*$)>#!4&'!$/#0!*&$!$&!$5'*!&44!'#;<="A!78!#*4&'.)*+!
-!7)$;'-$#!3)0)$!&*!*&*;'#;<="!$'-44).9!

?)*.#! '#;<="! 75)31,! 52&*! <="A! .5''#*$! ),,5#,! '#3-$#1! $&! <="!
1#23&80#*$! -'#! -3,&! '#3#>-*$! $&! $/#! 45$5'#! 1#23&80#*$! -*1!
-1&2$)&*!&4!'#;<="9!O/#,#!1#23&80#*$!),,5#,!4-33!)*$&!$%&!-'#-,9!

L)',$38A!$/#'#!/->#!7##*!2'&73#0,!.&*.#'*)*+!$/#!#*-73)*+!&4!<="!
)*!,$-*1-'1!d2#'-$)*+!?8,$#0,!Pd?,Q!,5./!-,!Y)*1&%,!-*1!e)*5N9!
<="! %-,! 1),-73#1! 78! 1#4-53$! )*! Y)*1&%,! f),$-! -*1! #-'3)#'!
>#',)&*,A! 75$! )*! *#%! d?,! P)9#9! $/#! e)*5N! 0-)*3)*#! 1),$')75$)&*A!
Y)*1&%,!^!-*1!Y)*1&%,!?#'>#'!D[[_Q! )$! ),!&*38!1),-73#1!-$! $/#!
.3)#*$!#*1!%/)3#!7#)*+!#*-73#1!-$!$/#!,#'>#'!#*1!&4!-!.&**#.$)&*9!
O/#'#4&'#A!)*!$/#!45$5'#!-*8!.3)#*$!%)33!7#!-73#!$&!#*,5'#!$/-$!<="!
),!#*-73#1!0#'#38!78!5*)3-$#'-338!#*-73)*+!)$!-$!$/#!.3)#*$!#*19!O&!
0-*5-338!#*-73#!<="A!#*1!5,#',!,/&531!5,#!$/#!R*#$,/S!.&00-*1!
&*!Y)*1&%,!&'!$/#!R,8,.$3S!)*$#'4-.#!&*!e)*5N9!

T&%#>#'A! 0-,,!0-'(#$! 1#23&80#*$! ,/&531! *&$! 7#! 1#2#*1#*$! &*!
#*1! 5,#',! /->)*+! $&! 0-*5-338! .&*4)+5'#! $/#)'! d?,9! 6*,$#-1A! -!
0-*-+#0#*$! -223).-$)&*! %)$/! -10)*),$'-$&'! ')+/$,! ),! $/#! 0&,$!
3)(#38!1#23&80#*$!'&5$#!4&'!#*-73)*+!<="!&*!7#/-34!&4!$/#!5,#',9!
C! 2-$./! -3'#-18! #N),$,! 4&'! e)*5N! P-3$/&5+/! *&$! )*! $/#! 1#4-53$!
1),$')75$)&*QA! %/)./! $#,$,! 4&'! -*8! &44#*1)*+! 0)113#7&N#,! 7#4&'#!
#*-73)*+! <="! &*! $/#! 7#/-34! &4! $/#! 5,#'9! ?5./! R<="!73-.(;/&3#!
1#$#.$)&*S! ),! -3,&! 7#)*+! .&*,)1#'#1! 4&'! $/#! *#N$! '#3#-,#! &4!
Y)*1&%,9!!

?#.&*138A!-!(#8!,$#2!)*!$/#!1#23&80#*$!&4!<="!P-*1!$/#'#4&'#!'#;
<="Q!%)33!7#!$/#!4)#31!$#,$)*+!-*1!4)N)*+!&'!'#23-.#0#*$!&4!.#'$-)*!
0)113#7&N#,9!L&'!)*,$-*.#A!-!*&*;U#'&!<="!4)#31!$')++#',!-!75+!)*!
,&0#! /&0#! +-$#%-8,A! %/)./! 0-(#,! $/#0! .'-,/9! L&'$5*-$#38A!
2'&73#0,!,5./!-,! $/#,#!#>#*$5-338!4-1#! )*$&! )*,)+*)4).-*.#!-,! $/#!
*507#'! &4! '#0-)*)*+! 2'&73#0-$).! 7&N#,! 1%)*13#,9! L&'! )*,$-*.#A!
<="!1#23&80#*$!%-,!&')+)*-338!/-02#'#1!78!4)'#%-33!73&.(-+#,A!
75$!0&,$! &4! $/#0!%#'#! #)$/#'! 52+'-1#1!&'! '#.&*4)+5'#1!7#$%##*!
D[[E!-*1!.)'.-!D[[a9!

4.3 Good Technical Design 
=3-'(! et al! F_G! -*1!L&'1!et al! F]G! /->#!2'&2&,#1! +5)1#3)*#,! -*1!
2')*.)23#,! $&! /#32! '#,#-'./#',! -*1! #*+)*##',! )*! 1#,)+*)*+!
,5..#,,453! 2'&$&.&3,9! 6*! $/),! ,#.$)&*A! %#! -,,#,,! '#;<="! -+-)*,$!
$/#,#!1#,)+*!2')*.)23#,9!

4.3.1 Design for Tussle 
=3-'(! 2'&2&,#,! $/-$! $/#! 6*$#'*#$! ,/&531! 7#! 1#,)+*#1! ,&! $/-$! $/#!
&5$.&0#,! -'#! 1#$#'0)*#1! -$! '5*;$)0#! F_G9! :#;<="! ),! 1#,)+*#1!
%)$/! $/),! )*!0)*1! 4&'! )$! #*,5'#,! $/-$! $/#!4)*#;+'-)*#1! )*4&'0-$)&*!

*#.#,,-'8! 4&'! $'-44).!.&*$'&3! ),! ,/-'#1!7#$%##*!#*1!/&,$,!-*1! $/#!
*#$%&'(A! %/#'#-,! 2'#>)&5,38! )$! %-,! &*38! ->-)3-73#! $&! #*1! /&,$,9!
g-,#1!&*!$/),!)*4&'0-$)&*A!*#$%&'(!&2#'-$&',!.-*!./&&,#!$&!0-(#!
5,#',!-..&5*$-73#!4&'! $/#!.&*+#,$)&*! $/#8!.-5,#! $/'&5+/!$/#! $82#!
&4! .&*$'-.$,! $/#8! &44#'! -*1! $/#)'! .&*+#,$)&*! -33&%-*.#! 2&3).89!
6*1##1A!'#;<="!),!1#,)+*#1!,&!$/-$!#*1!5,#',A!*#$%&'(!&2#'-$&',A!
-223).-$)&*!1#>#3&2#',!-*1!d?!1#>#3&2#',!.-*!./&&,#!%/#$/#'!$&!
-1&2$! )$! &'! *&$9! ='5.)-338A! *#$%&'(! &2#'-$&',! .-*! 2'&>)1#! 5,#',!
%)$/!$/#!)*.#*$)>#!$&!-1&2$!'#;<="!)4!$/#8!$/#0,#3>#,!./&&,#!$&9!
O/#'#4&'#! '#;<="! ),! 1#,)+*#1! ,5./! $/-$! )$,! 1#23&80#*$! -*1!
-1&2$)&*!),!-!$5,,3#!)*!)$,!&%*!')+/$9!

4.3.2 Information Exposure 
:#;<="! ),! -*! #N-023#! &4! $/#! -223).-$)&*! &4! $/#! 6*4&'0-$)&*!
<N2&,5'#! I#,)+*! @')*.)23#! F]G9! O/#! .&*+#,$)&*! 0-'()*+! &4!
2-.(#$,! 78! *#$%&'(! *&1#,! #*,5'#,! $/-$! )*4&'0-$)&*! &*! '#,&5'.#!
,.-'.)$8! ),!0-1#! ->-)3-73#! $&! #*1! /&,$,! -*1! .-'')#1! )*! $/#! -.$5-3!
2-.(#$!/#-1#'9!C,!-!'#,53$A! $/),!-++'#+-$#1! )*4&'0-$)&*!-3&*+!$/#!
1-$-!2-$/!+)>#,!-!4533!2).$5'#!&4!$/#!,$-$#!&4!.&*+#,$)&*!&4!$/#!2-$/A!
%/#'#! #-./! *&1#! )*! $/#!*#$%&'(! (*&%,!-7&5$! .&*+#,$)&*!&*! $/#!
2-$/!-/#-19!C3,&A!$/#!#*1!/&,$!#N2&,#,!)*4&'0-$)&*!$/-$!)$!(*&%,!
$&! $/#! *#$%&'(! P-*1! $/#! *#$%&'(! .-*! 0-(#! )$! )*! $/#! #*1! /&,$S,!
)*$#'#,$!$&!1&!$/),Q9!

4.3.3 Fuzzy Ends 
Y)$/! =&*+#,$)&*! <N2&,5'#! FDGA! $/#! *#$%&'(! /-,! ,544).)#*$!
)*4&'0-$)&*! $&! 2#'4&'0!2#';43&%!.&*+#,$)&*! .&*$'&3! &*!7#/-34! &4!
$/#! #*1! /&,$9! C*&$/#'! .-,#! %/#'#! $/#! 45UU8! #*1,! 2')*.)23#! ),!
-223)#1! ),! $/#! 5,#! &4! '#;<="! 2'&N)#,9! 64! 5,#',! -'#! 5*%)33)*+! $&!
52+'-1#!$/#)'!*#$%&'(!,$-.(,!$&!-1&2$!'#;<="!2'&$&.&3!P&'!7#4&'#!
$/#8! /->#! 1&*#! ,&QA! -! '#;<="!2'&N8! )*! $/#)'! /&0#! '&5$#'! .&531!
2'&>)1#! .&*+#,$)&*! $'-*,2-'#*.8A! 75$! %&531! /->#! &*38! )*1)'#.$!
.&*$'&3! &>#'! $/#! 5,#'9! O/),! 0)+/$! 7#! 2'&>)1#1! 78! $/#! '&5$#'!
0-*54-.$5'#'A!$/#)'!6?@!&'!78!-!$/)'1!2-'$89!@'&N8!0#./-*),0,!.-*!
-,,),$!%)$/! $/#!1#23&80#*$!&4!'#;<="A!#>#*! $/&5+/!,5./!2'&N)#,!
-'#!1)44).53$!$&!1#23&89!

4.3.4 Separation of Policy from Mechanism 
:#;<="! ),! -!2'&$&.&3! $/-$! 2'&>)1#,! -!0#./-*),0! 4&'!.&*+#,$)&*!
)*4&'0-$)&*! #N2&,5'#9! ?5./! )*4&'0-$)&*! .&531! 7#! -! 5,#453! )*25$!
4&'! 6?@,! %/#*! ,#$$)*+! 2&3).89! T&%#>#'A! #>#*! %/#*! .&*+#,$)&*!
-..&5*$-7)3)$8!0#./-*),0,!-'#!1#23&8#1! P)9#9!2&3).#',QA!&2#'-$&',!
.-*!,$)33!./&&,#!$&!&>#'3&&(!$/#!)*4&'0-$)&*!$/#8!2'&>)1#!)*!$/#)'!
$'-44).!0-*-+#0#*$!2&3).)#,9!C3$/&5+/!$/),!,##0,!$&!7#!-*!#N$'#0#!
,)$5-$)&*A! $/#'#!0)+/$! 7#! .-,#,!%/#'#! ,5./! )*4&'0-$)&*! .&531!7#!
)+*&'#1!P)9#9!$/#!*#$%&'(!2'&>)1#'!$'5,$,!$/#!#*1;1#>).#Q9!O/5,A!$/#!
'#;<="!#*,5'#,!$/-$!2&3).8!-*1!0#./-*),0!.-*!7#!,#2-'-$#19!

5. DEPLOYMENT PROCESS 
6*! $/),! ,#.$)&*A! %#! 2'#,#*$! -! ,#B5#*.#! &4! ,$#2,! *##1#1! )*! $/#!
1#23&80#*$!&4!'#;<="!%/)./!4-.)3)$-$#!)$,!-1&2$)&*9!

O/#'#!-'#!4&5'!7-,).!,$#2,!'#B5)'#1!)*!$/#!1#23&80#*$!&4!'#;<="H!
)Q :#;<="! )023#0#*$-$)&*! -$! 1-$-! ,&5'.#,A! -3&*+!%)$/! -!

*#%!'-$#!-1-2$-$)&*!0#./-*),0M!

))Q <="!)023#0#*$-$)&*!-$!1-$-!,)*(,M!

)))Q <*-73)*+!&4!<="!)*!*#$%&'(!#B5)20#*$!78!6?@,M!

)>Q 6*$'&15.$)&*!&4!2&3).#',!-*1!1'&22#',!78!6?@,9!



O/#! 4)',$! ,$#2! ),! $/#! )023#0#*$-$)&*!&4! '#;<="! )*! ,#*1#'S,!d?,9!
C3&*+,)1#!$/#!2'&$&.&3!$/#'#!05,$!7#!-!'-$#!-1-2$-$)&*!0#./-*),0!
$/-$! ),! -73#! $&! '#,2&*1! $&! $/#! #N.#,,)>#! .&*+#,$)&*! 0-'()*+! &4!
2-.(#$,!78!'#15.)*+!$/#!3#>#3!&4!$'-44).!&44#'#1!$&!$/#!*#$%&'(!&>#'!
$)0#! -*1! -33! 43&%,! P)*! .&*$'-,$! $&! O=@A! %/)./! 2'&>)1#,!
)*,$-*$-*#&5,!2#';43&%!'-$#!-1-2$-$)&*Q9!!

6*! $/#! ,#.&*1! ,$#2A! $/#! '#.#)>#'! /-,! $&! )023#0#*$! -$! 3#-,$! <="!
P-*1!2'#4#'-738!'#;<="Q!)*!)$,!O=@W6@!,$-.(9!C3$/&5+/!'#;<="!),!
*&$! #,,#*$)-3A! $/#! ,#*1#'S,! .&*+#,$)&*! 0-'()*+,! %)33! 7#! 0&'#!
2'#.),#! )4! $/#!'#.#)>#'!/-,!7##*!52+'-1#1! $&! )*.&'2&'-$#!'#;<="9!
=5''#*$38A! $/#! '#.#)>#'! *##1,! $&! 7#! -$! 3#-,$!<=";#*-73#1! 4&'! '#;
<="!$&!%&'(A!75$!-!'#;1#,)+*!&4!'#;<="!),!)*!2'&+'#,,!,&! $/-$!)$!
.-*!%&'(!)*1#2#*1#*$38!&4!<="9!O/),!)*>&3>#,!1#4)*)*+!-!*#%!,#$!
&4!'#;<="!.&1#2&)*$,!$/-$!-'#!&'$/&+&*-3!$&!<="E9!

<>#*!)4! $/#!'#.#)>#'! ),!&*38!<="!.&02-$)73#A!$/#!,#*1#'!.-*!,$)33!
)*4#'! #*&5+/! 4'&0! $/#! .&*+#,$)&*! )*4&'0-$)&*! #./&#1!7-.(! 4'&0!
$/#!'#.#)>#'!$&!7#*#4)$!4'&0!$/#!'#;<="!2'&$&.&3!'#-,&*-738!%#339!
O/),!),!7#.-5,#!)*!<="!.&*+#,$)&*!.&*$'&3A!$/#!,#*1#'!&*38!*##1,!
$&! (*&%! )4! -$! 3#-,$! &*#! &4! $/#! $'-*,0)$$#1! 2-.(#$,! 15')*+! -!:OO!
%-,!.&*+#,$)&*!0-'(#1! $&!'#15.#! $/#! ,#*1)*+!'-$#9!T&%#>#'A! $/#!
'#;<="! 2'&$&.&3! 2'#4#',! $&! '#.#)>#!0&'#! )*4&'0-$)&*A! -,! )1#-338!
$/#! ,#*1#'! /-,! $&! 7#! )*4&'0#1! &4! $/#! #N-.$! *507#'! &4! 0-'(#1!
2-.(#$,9!

O/#! $/)'1!,$#2A!&4!(#8! )02&'$-*.#A! )*>&3>#,! $/#!#*-73)*+!&4!<="!
)*! '&5$#',! -*1! )$,! ,522&'$! )*! &$/#'! 0)113#7&N#,! )*! &'1#'! $&!
)02'&>#!$/#)'!-7)3)$8!$&!2&3).#!'#;<="9!L&'%-'1)*+!#3#0#*$,!P$/#!
1-$-! 23-*#Q! )1#-338! *##1! $/#! #N),$)*+! <="! ,$-*1-'1! FXG! $&! 7#!
)023#0#*$#1! -*1! 1#23&8#1! ,&! $/-$! 2-.(#$,! -'#! 0-'(#1! R'#1S! 78!
'&5$#',!-,!$/#8!#N2#')#*.#!.&*+#,$)&*9!!

O/#! 4)*-3! ,$#2! ),! $/#! 1#23&80#*$! &4! $/#! '#;<="! *#$%&'(!
#B5)20#*$! *##1#1! $&! 2&3).#! $/#! -..5'-.8! &4! $/#! )*4&'0-$)&*!
2'&>)1#1!78!#*1!5,#',!P-*1!&$/#'!*#$%&'(,Q!-*1!$&!2#*-3)U#!$/&,#!
5,#',! %/&! 2'&>)1#! 4-3,#! )*4&'0-$)&*9! C3$/&5+/! $/#! ,2#.)4).,! &4!
$/),! -'#! 1#2#*1#*$! 52&*! $/#! $'-44).! 0-*-+#0#*$! ,$'-$#+8! $&! 7#!
25',5#1!78!6?@,A!)$!),!3)(#38!$/-$!*#%!*#$%&'(!#B5)20#*$!%)33!&*38!
7#!*##1#1!-$! $'5,$!7&5*1-')#,9!T&%#>#'A! )$! ),! $&!7#!*&$#1!$/-$!*&!
45*.$)&*! )*! $/#! *#$%&'(! *##1,! $&! -3$#'! $/#! '#;<="! 0-'()*+,!
P5*3#,,! )$! ),! -! 2'&N8! 4&'! $/#! ,#*1#'Q9! "&$#A! -3,&A! $/-$! &*.#! -!
*#$%&'(! &2#'-$&'! 1#.)1#,! $&! 1#23&8! '#;<=";7-,#1! 2&3).)*+!
45*.$)&*,! -'&5*1! )$,! *#$%&'(A! )$!%)33!%-*$! $&! 1#23&8!<="!&*! -,!
05./! *#$%&'(! #B5)20#*$! -,! 2&,,)73#! $&! )02'&>#! $/#! -7)3)$8! $&!
>#')48! $/#! .&''#.$*#,,! &4! $/#! '#;<="!0-'()*+,! ,5223)#1! 78! #*1!
5,#',A!-*1!$&!#*.&5'-+#!&$/#'!*#$%&'(!&2#'-$&',!$&!1&!,&!-,!%#339!

6. ADOPTION 
6.1 High Level Analysis 
g#4&'#!.&*,)1#')*+!2&$#*$)-3!-1&2$)&*!,.#*-')&,A!%#!4)',$!2#'4&'0!
-!/)+/!3#>#3!-*-38,),!)*!&'1#'!$&!)1#*$)48!%/&!$/#!(#8!,$-(#/&31#',!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
E!O/#'#! ),!-*! )02&'$-*$!.-,#!%/#'#! $/#!*#$%&'(!.-*!.&02-'#! '#;
<="!0-'()*+,! $&! 1'&2,H! $/#! .-,#!%/#'#! $/#'#! ),! &*38! -! ,)*+3#!
7&$$3#*#.(! &*! -!2-$/! P#9+9! -$! -! '#0&$#! -..#,,! ,#'>#'A! ,5./! -,! -!
BRASA!)*!$/#!1&%*,$'#-0!1)'#.$)&*Q9!O/#!g:C?!.&531!.&02-'#!
$/#!'#;<="!0-'()*+,!-*1!/&%!05./!$'-44).!)$!1'&2,!-+-)*,$!#-./!
43&%9! 64! '#;<="! 0-'()*+,! %#'#! 5*1#',$-$#1A! )$! .&531! -2238!
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Figure 2. Re-ECN Adoption Routemap.
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Figure 3. Traffic Flows.
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