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Agenda
� W hy  I P v 6
� T o day ’s  ne t w o r k s  and s e r v ic e s
� I P v 6  Ro u t ing  P r o t o c o ls  O v e r v ie w

EIGRP
IS IS
O S PF v 3
B GPv 4

� D u al S t ac k
IGP c o n si d er a t i o n s

� I S P  ne t w o r k  ar c hit e c t u r e
� M P L S
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W h y  IPv6

B r ie f  Re v ie w
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I P v 6  Ado p t i o n D r i v er s
� Address Space

I P v 4  G lo b al A ddr e s s  S p ac e  de p le t io n
I P v 4  P r iv at e  A ddr e s s  S p ac e  de p le t io n

� N ew  Serv i ces an d Appl i cat i o n s
D e s ig n o r  Re -D e s ig n s e r v ic e s  le v e r ag ing  I P v 6  r e s o u r c e s  
N e w  S e r v ic e  m o de ls
I m p r o v e  m anag e ab ilit y  o f  e x is t ing  s e r v ic e s  and ne t w o r k s

� G o v ern m en t  P o l i ci es
M andat e s
T ax  I nc e nt iv e s
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G l o b al  I P v 4  Addr ess Sp ac e E x h au st i o n
IP Address Allocation HistoryF u l l  d i sc u ssi o n  a t :  w w w . c i sc o . c o m / i p jT h e Internet Protocol J ou rnalV o l u m e 8 ,  N u m b er  3 ,  S ep t em b er  2 0 0 5
� C o n su m p t i o n  i s a c c el er a t i n g  d esp i t e i n c r ea si n g l y  i n t en se c o n ser v a t i o n  ef f o r t s

PPP / DHCP (temporal address sharing)
CI DR  (c lassless inter-domain rou ting) 
N A T  (netw ork  address translation) 
plu s some address rec lamation

� Gr o w t h  i s o c c u r r i n g  i n  a l l  r eg i o n sW hile grow th as seen in the rou ting sy stem is strongest in A sia,  the alloc ation grow th is strongest in E u rope
� “A R I N  B o a r d  A d v i s e s  I n t e r n e t  C o m m u n i t y  o n  M i g r a t i o n  t o  I Pv 6”Posted: Mon, 21 May 2007 (http://www.arin.net/announcements/20070521.html)

P r o j e c t i o n  b a s e d  o n  I A N A *  d a t a  f r o m  20 0 0

IANA Allocations  to RIR's
Sliding-window 24 month average
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P r i v at e I P v 4  Addr ess Sp ac e E x h au st i o n
� R F C  1 9 1 8  i s n o t  su f f i ci en t  f o r l arg e en v i ro n m en t s

M S O s
M o b ile  p r o v ide r s  ( f ix e d/ m o b ile  c o nv e r g e nc e )
L ar g e  E nt e r p r is e s

� AR I N  t u rn ed do w n  t h e req u est  t o  i n crease R F C  1 9 1 8  
pri v at e address space;  t h e g u i del i n e i s t o  u se g l o b al  
addresses i n st ead.  T h i s l eads t o  an  accel erat ed 
depl et i o n  o f  t h e g l o b al  address space
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N ew  Ser v i c es—C o nt ent  D el i v er y
N T T -E ast  ro l l ed o u t  n at i v e I P v 6  m u l t i cast  serv i ces 
i n st ead o f  I P v 4  o f f eri n g  I P  T V ,  M u si c an d g am es:
h t t p:/ / w w w . i pv 6 st y l e. j p/ en / act i o n / 2 0 0 4 0 9 0 2 / i n dex . sh t m l
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N ew  Ap p l i c at i o ns
T o d a y ,  a l l  O . S .  
A r e  D u a l -S t a c k

N e w  G e n e r a t i o n  o f  I n t e r n e t  A p p l i a n c e s

C a l l  f o r  A p p l i c a t i o n s —Pr o t o c o l  A g n o s t i c
As soon as the infrastructure is IPv6 
cap ab l e…IPv6 integ ration can fol l ow  a 
non-d isrup tive “p er ap p l ication” m od el
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N at i o nal  St r at egi es o n I P v 6
G o v e r nm e nt  e nc o u r ag e m e nt  +  f inanc ial and le g al inc e nt iv e s
G o v e r nm e nt  e nc o u r ag e m e nt  +  s u p p o r t  f o r  r e s e ar c h p r o j e c t s
L e ad b y  e x am p le
A dj u s t  g o v e r nm e nt  ac c e p t anc e  p o lic ie s

ht t p : / / w w w . c is c o . c o m / e n/ U S / p r o du c t s / p s 6 5 5 3 / p r o du c t s _ w hit e _ p a
p e r 0 9 0 0 ae c d8 0 3 2 b 2 ad. s ht m l

V ari o u s Appro ach es
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T od a y ’s  ne tw or k s  
a nd  s e r vic e s  
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I SP  D ep l o y m ent  
Ac t i v i t i es

� Several Market segments
I X ,  C ar r ie r s ,  Re g io nal I S P ,  W ir e le s s

� I SP  h ave to  get an I P v6  p ref i x  f ro m th ei r R egi o nal R egi stry
ht t p : / / w w w . r ip e . ne t / r ip e nc c / m e m -
s e r v ic e s / r e g is t r at io n/ ip v 6 / ip v 6 allo c s . ht m l

� L arge c arri ers are ru nni ng tri al netw o rks b u t
P lans  ar e  lar g e ly  dr iv e n b y  c u s t o m e r ’s  de m and

� R egi o nal I SP  f o c u s o n th ei r sp ec i f i c  markets
J ap an is  le ading  t he  w o r ldw ide  de p lo y m e nt
T ar g e t  is  H o m e  N e t w o r k ing  s e r v ic e s  ( dial,  D S L ,  C ab le ,  E t he r ne t -
t o -t he -H o m e , …)

� N o  easy  R etu rn o n I nvestment ( R o I )  c o mp u tati o n
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A T o day ’s N et w o r k  I nf r ast r u c t u r e

� S e r v ic e  P r o v ide r s  c o r e  inf r as t r u c t u r e  ar e  b as ic ally  f o llo w ing  2  
p at hs .

M PL S  w i t h  i t s a sso c i a t ed  ser v i c es
MPL S / V PN , L 2 ser v i c es ov er  MPL S , T E , Q oS ,…

N a t i v e IPv 4  c o r e w i t h  a sso c i a t ed  ser v i c es
L 2 T Pv 3 ,  Q o S ,  M u l t i c a st , …

� I P  s e r v ic e s  p o r t f o lio
E nter p r i se: L ease L i nes
H om e U ser s/ S O H O : A D S L , E T T H , D i al
D ata C enter : W eb  h osti ng , ser v er s,…

� N ex t  – T h e I n t eg rat i o n  o f  I P v 6  serv i ces
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Al l o c at i o n R ec o m m endat i o ns
� B ey o n d t h e I SP  b o u n dary  t h ere are al l o cat i o n  
reco m m en dat i o n s an d n o t  po l i ci es

� I t  i s reco m m en ded t h at  I SP  assi g n  / 4 8  t o  t h ei r 
cu st o m ers:

ht t p : / / w w w . r ip e . ne t / r ip e / do c s / ip v 6 p o lic y . ht m l
ht t p : / / w w w . ic ann. o r g / anno u nc e m e nt s / ip v 6 -r e p o r t -0 6 s e p 0 5 . ht m

� I n  pract i ce,  i t  i s m o st  l i k el y  t h at  t h e al l o cat i o n s b el o w  
I SP  w i l l  b e b et w een  / 4 8  an d / 6 4 .



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l 14B R K R S T -3 3 0 1
1 3 6 3 1 _ 0 5 _ 2 0 0 7 _ c 2

W h at  t o  E x p ec t ?
N o  R u l es o r St ro n g  G u i del i n es H av e B een  P o st ed f o r 
Address P l an n i n g  an d D esi g n —H en ce t h e U n k n o w n  
C h al l en g es:
� W e  do n’t  k no w  w hat  ar e  t he  c o ns e q u e nc e s  o f  r e lax e d allo c at io n 
p o lic ie s

� T he r e  is  a lo t  o f  e x p e r im e nt at io n w it h t he  m any  av ailab le  b it s

ht t p : / / w w w . ie t f . o r g / int e r ne t -dr af t s / dr af t -v ande v e lde -v 6 o p s -addc o n-
0 3 . t x t
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IPv6 Routing 
Pr otoc ol s

O v e r v ie w
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I P v 6  R o u t i ng P r o t o c o l s
I pv 6  I s an  E v o l u t i o n ary  N o t  a R ev o l u t i o n ary  St ep an d 
T h i s I s V ery  C l ear i n  t h e C ase o f  R o u t i n g  W h i ch  Saw  
M i n o r C h an g es E v en  T h o u g h  M o st  o f  t h e R o u t i n g  
P ro t o co l s W ere C o m pl et el y  R eb u i l t :
� I P v 6  E I G R P  � E I G R P
� I P v 6  I S-I S
� O SP F v 3  � O SF P v 2
� I P v 6  ex t en si o n s f o r B G P
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E IG RP f or  IPv6

C is c o  P r o p r ie t ar y  P r o t o c o l
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E I G R P  f o r  I P v 6  O v er v i ew
� J u st  an o t h er pro t o co l  m o du l e ( I P ,  I P X ,  Appl et al k ) w i t h  
t h ree n ew  T L V s:

I P v 6 _ RE Q U E S T _ T Y P E  ( 0 X 0 4 0 1 )
I P v 6 _ M E T RI C _ T Y P E  ( 0 X 0 4 0 2 )
I P v 6 _ E X T E RI O R_ T Y P E  ( 0 X 0 4 0 3 )

� O t h er si m i l ari t i es
S am e  p r o t o c o l nu m b e r  8 8
Ro u t e r  I D  s t ay s  3 2  b it s  ( m u s t  b e  c o nf ig u r e d e x p lic it ly  if  t he r e  
is  no  I P v 4  int e r f ac e  o n t he  r o u t e r )
U s e s  M D 5  lik e  f o r  I P v 4  ( I P s e c  au t he nt ic at io n w ill b e  
av ailab le  s o o n)
S am e  m e t r ic s
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E I G R P  f o r  I P v 6  Sp ec i f i c  F eat u r es
Sev eral  I P v 6  Speci f i c D i f f eren ces w i t h  R espect  t o  I P v 4 :
� H el l o s are so u rced f ro m  t h e l i n k -l o cal  address an d 
dest i n ed t o  F F 0 2 ::A ( al l  E I G R P  ro u t ers);  t h i s m ean s 
t h at  n ei g h b o rs do  n o t  h av e t o  sh are t h e sam e g l o b al  
pref i x  ( w i t h  t h e ex cept i o n  o f  ex pl i ci t l y  speci f i ed 
n ei g h b o rs w h ere t raf f i c i s u n i cast ed)

� Au t o m at i c su m m ari z at i o n  i s di sab l ed b y  def au l t  f o r I P v 6  
( u n l i k e I P v 4 )

� N o  spl i t -h o ri z o n  i n  t h e case o f  E I G R P  f o r I P v 6  ( b ecau se 
I P v 6  su ppo rt s m u l t i pl e pref i x es per i n t erf ace)
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E I G R P  f o r  I P v 6 —C o nf i gu r at i o n 
and D i sp l ay

Router2#
i p v 6  router ei g rp  1 0 0
Router-i d  1 0 . 1 0 . 1 0 . 1

i n terf a c e E th ern et0
i p v 6  a d d res s  20 0 1 : d b 8 : c 1 8 : 1 : : / 6 4  eui -6 4
i p v 6  en a b l e
i p v 6  ei g rp  1 0 0

L A N 1 :  2 0 0 1 : d b 8 : c 1 8 : 1 : : / 6 4

L A N 2 :  2 0 0 1 : d b 8 : c 1 8 : 2 : : / 6 4

Et h er n et 0

Et h er n et 1
R ou ter 1

Et h er n et 0  =  2 0 0 1 : d b 8 : c 1 8 : 1 : 2 6 0 : 3 ef f : f e4 7 : 1 5 3 0

Router1#show ipv6 eigrp neighbor
I P v6-E I G RP  neighbors f or proc ess 10 0
H    A d d ress                           I nterf a c e       H ol d  U ptim e   S RT T    RT O   Q   S eq

( sec )           ( m s)             C nt N um
0    F E 8 0 : : 2 60 : 3 ef f : f e4 7 : 15 3 0 E 0                 14  0 0 : 0 1: 4 3       1        4 5 0 0   0     1

Router1#show ipv6 eigrp topol ogy  a l l -l ink s
I P v6-E I G RP  T opol ogy  T a bl e f or A S ( 10 0 ) / I D ( 10 . 10 . 10 . 1)
C od es:  P  - P a ssive,  A  - A c tive,  U  - U pd a te,  Q  - Q uery ,  R - Repl y ,

r - repl y  S ta tus,  s - sia  S ta tus
P  2 0 0 1: d b8 : c 18 : 1: : / 64 ,  1 suc c essors,  F D  is 2 8 160 ,  serno 1

via  C onnec ted ,  E thernet0
via  F E 8 0 : : 2 60 : 3 ef f : f e4 7 : 15 3 0 ( 3 0 7 2 0 / 2 8 160 ) ,  E thernet0

N ei g h b o r  i d en t i f i ed  b y  
L i n k -l o c a l  a d d r ess

R ou ter 2
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ISIS
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I S-I S f u ndam ent al s  
� F u n dam en t al l y  3  t y pes o f  pack et

1 . H e llo
2 . L ink  S t at e  P ac k e t s
3 . S e q u e nc e  nu m b e r  p ac k e t s
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� TLV’s
I SI S F u ndam ent al s

TLV Ty p e
IP Internal R eac h ab i li ty  i nf o rm ati o n 1 2 8
Pro to c o l S u p p o rted 1 2 9
IP i nterf ac e ad d res s 1 3 2
IP E x ternal R eac h ab i li ty  Inf o rm ati o n 1 3 0
E x tend ed  IP R eac h ab i li ty  1 3 5
IPv 6  R eac h ab i li ty 2 3 6
IPv 6  Interf ac e A d d res s 2 3 2
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I SI S F u ndam ent al s

� IP Internal R eac h ab i li ty  i nf o rm ati o n ( T L V  1 2 8 )
S t o r es l i st s o f  d i r ec t l y  c o n n ec t ed  IP p r ef i x es
Ea c h  p r ef i x  i s a ssi g n ed  a  m et r i c  v a l u e,  w h i c h  i s t h a t  o f  t h e l i n k  o v er  w h i c h  
t h e IP p r ef i x  i s c o n f i g u r ed
V a l u e i s 1 2  b y t es:  4  b y t es m et r i c ,  4  b y t e IP p r ef i x ,  4  b y t e m a sk
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� P r o t o c o l S u p p o r t e d T L V  1 2 9
D ef i n es t h e su p p o r t ed  l a y er  3  p r o t o c o l s
T h i s a p p ea r s i n  L S P n u m b er  0
C u r r en t l y  su p p o r t ed  p r o t o c o l s
C L N P 0 x 8 1
IPv 4 0 x C C
IPv 6 0 x 8 E

I SI S F u ndam ent al s
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� I P  I n t erf ace Address T L V  1 3 2
� D epen di n g  u po n  t h e t y pe o f  pack et  i t s f u n ct i o n  di f f ers 
sl i g h t l y

I P  int e r f ac e  addr e s s  o f  t he  o u t g o ing  int e r f ac e
O ne  o r  m o r e  I P  addr e s s  as s o c iat e d w it h t he  r o u t e r ,  in c u r r e nt  
C is c o  I O S  t his  is  hig he s t lo o p b ac k  addr e s s  o f  t he  r o u t e r

I SI S F u ndam ent al s
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� IP E x ternal R eac h ab i li ty  Inf o rm ati o n T L V  1 3 0
A l l  r o u t es r ed i st r i b u t ed  i n t o  IS IS ,  so u r c e i s f r o m  o t h er  r o u t i n g
p r o t o c o l s
O n l y  a l l o w ed  i n  l ev el  2  b u t  w e a l l o w  i s f o r  L 1  a s w el l
W e o n l y  su p p o r t  d ef a u l t  m et r i c

I SI S F u ndam ent al s
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I SI S F u ndam ent al s
� E x tend ed  IP R eac h ab i li ty  T L V  1 3 5

D el a y ,  Ex p en se a n d  Er r o r  w er e f o r  Q O S  f o r  C L N P p a c k et  h ea d er ,  t h ese 
w er e o p t i o n a l  p a t h  sel ec t i o n  ser v i c e f o r  n et w o r k
T L V  i s u sed  t o  ex t en d  t h e m et r i c  f r o m  6  t o  3 2  b i t s

D e l a y  M e t r i c
Ex p e n s e  M e t r i c
Er r o r  M e t r i c

I P A d d r e s s
S u b n e t  M a s k

D e f a u l t  m e t r i c  0       I / E
S       R
S       R
S       R

Pr e f i x  L e n g t h
Pr e f i x  (0 -4  b y t e s )

Default metric

U / D    SubT L V
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I P v 6  N ew  T L V ’s

� I P v 6  Re ac hab ilit y  T L V  2 3 6
D ef i n es b o t h  IPv 6  In t er n a l  a n d  Ex t er n a l  r ea c h a b i l i t y  i n f o r m a t i o n
M et r i c  i s st i l l  3 2  b i t s
U :  U p / D o w n
X :  Ex t er n a l  o r i g i n  b i t
S :  S u b -T L V  p r esen t
Pr ef i x  l en g t h :  L en g t h  o f  p r ef i x  8  b i t s
Pr ef i x :  N u m b er  o f  o c t et  i s c a l c u l a t ed  d ep en d i n g  o n  t h e p r ef i x  
l en g t h
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I P v 6  N ew T L V ’s
� I P v 6  address T L V  2 3 2

M o dif ie d t o  c ar r y  I P v 6  addr e s s
F o r  he llo  P D U  int e r f ac e  addr e s s  m u s t  u s e  link  lo c al I P v 6  
addr e s s  as s ig ne d t o  t he  int e r f ac e
F o r  L S P  no n-link  lo c al addr e s s  m u s t  b e  u s e d 



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l 31B R K R S T -3 3 0 1
1 3 6 3 1 _ 0 5 _ 2 0 0 7 _ c 2

I nt egr at ed I S-I S—I P v 4  and I P v 6  
� Si n g l e T o po l o g y  ( def au l t  f o r al l  pro t o co l s su ppo rt ed);  
po t en t i al l y  b en ef i ci al  i n  sav i n g  reso u rces ( sam e 
t o po l o g y  an d sam e SP F ): 

A ll r o u t e r s  m u s t  s u p p o r t  t he  s am e  addr e s s  f am ilie s  ( du al-s t ac k ,  
t o p o lo g ic ally  c o ng r u e nt  ne t w o r k );  adj ac e nc y  c he c k ing  s ho u ld b e  
dis ab le d du r ing  m ig r at io n
I nt e r f ac e  m e t r ic s  ap p ly  t o  b o t h I P v 4  and I P v 6

� M u l t i  T o po l o g y  ( draf t -i et f -i si s-w g -m u l t i -t o po l o g y )
I nde p e nde nt  I P v 4  and I P v 6  t o p o lo g ie s
I nde p e nde nt  int e r f ac e  m e t r ic s

� T ran si t i o n  m o de av ai l ab l e—b o t h  t y pes o f  T L V s are 
adv ert i sed
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M u l t i  I nst anc e I SI S
� M u lt ip le  ins t anc e s  e nhanc e s  t he  ab ilit y  t o  is o lat e  t he  r e s o u r c e s
as s o c iat e d w it h ins t anc e

W i t h i n  a  r o u t er
A c r o ss t h e n et w o r k

� Y o u  c an hav e  ins t anc e  s p e c if ic  p r io r it izat io n
� F lo o ding  p r io r it izat io n c an g iv e  ne t w o r k  w ide  r e s o u r c e  allo c at io n
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O SPF v3

RF C  2 7 4 0
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Si m i l ar i t i es w i t h  O SP F v 2
� O SP F v 3  i s b ased o n  O SP F v 2 :

Ru ns  dir e c t ly  o v e r  I P v 6  ( p o r t  8 9 )
U s e s  t he  s am e  b as ic  p ac k e t  t y p e s
N e ig hb o r  dis c o v e r y  and adj ac e nc y  f o r m at io n m e c hanis m s  ar e  
ide nt ic al ( A ll O S P F  Ro u t e r s  F F 0 2 : : 5 ,  A ll O S P F  D Rs  F F 0 2 : : 6 )
L S A  f lo o ding  and ag ing  m e c hanis m s  ar e  ide nt ic al
S am e  int e r f ac e  t y p e s  ( P 2 P ,  P 2 M P ,  B r o adc as t ,  N B M A ,  V ir t u al)

� O SP F v 3  an d O SP F v 2  are i n depen den t  pro cesses 
an d ru n  as sh i ps i n  t h e n i g h t
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V 2 ,  V 3  D i f f er enc es
O SP F v 3  I s R u n n i n g  per L i n k  I n st ead o f  per N o de 
( an d I P  Su b n et )
� A l i n k  b y  def i n i t i o n  i s a m edi u m  o v er w h i ch  t w o  n o des 
can  co m m u n i cat e at  l i n k  l ay er

� R eg ardl ess o f  assi g n ed pref i x es,  t w o  dev i ces can  
co m m u n i cat e u si n g  l i n k -l o cal  addresses t h eref o re 
O SP F v 3  i s ru n n i n g  per l i n k  i n st ead o f  per I P  pref i x

� M u l t i pl e I P v 6  pref i x es can  b e assi g n ed t o  t h e sam e l i n k
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
Su ppo rt  o f  M u l t i pl e I n st an ces per L i n k
� N ew  f i el d ( i n st an ce) i n  O SP F  pack et  h eader al l o w s 
ru n n i n g  m u l t i pl e i n st an ces per l i n k

� I n st an ce I D  sh o u l d m at ch  b ef o re pack et  i s b ei n g  
accept ed

� U sef u l  f o r t raf f i c separat i o n ,  m u l t i pl e areas per l i n k
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
Address Sem an t i c C h an g es i n  L SA 
� R o u t er an d N et w o rk  L SA carry  o n l y  t o po l o g y  
i n f o rm at i o n

� R o u t er L SA can  b e spl i t  acro ss m u l t i pl e L SAs;  L i n k  
St at e I D  i n  L SA h eader i s a f rag m en t  I D  

� I n t ra area pref i x es are carri ed i n  a n ew  L SA pay l o ad 
cal l ed i n t ra-area-pref i x -L SAs

� P ref i x es are carri ed i n  t h e pay l o ad o f  i n t er-area an d 
ex t ern al  L SA
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
G en eral i z at i o n  o f  F l o o di n g  Sco pe
� I n  O SP F v 3  t h ere are t h ree f l o o di n g  sco pes f o r L SAs 
( l i n k -l o cal  sco pe,  area sco pe,  AS sco pe) an d t h ey  are 
co ded i n  t h e L S t y pe ex pl i ci t l y

� I n  O SP F v 2  i n i t i al l y  o n l y  area an d AS w i de f l o o di n g  w as 
def i n ed;  l at er o paq u e L SAs i n t ro du ced l i n k  l o cal  sco pe 
as w el l
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
E x pl i ci t  H an dl i n g  o f  U n k n o w n  L SA
� T h e h an dl i n g  o f  u n k n o w n  L SA i s co ded v i a U -b i t  i n  
L S t y pe

� W h en  U  b i t  i s set ,  t h e L SA i s f l o o ded w i t h i n  t h e 
co rrespo n di n g  f l o o di n g  sco pe,  as i f  i t  w as u n derst o o d

� W h en  U  b i t  i s n o t  set ,  t h e L SA i s f l o o ded w i t h i n  t h e l i n k  
l o cal  sco pe

� I n  v 2  u n k n o w n  L SA w ere di scarded
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
Au t h en t i cat i o n  I s R em o v ed f ro m  O SP F
� Au t h en t i cat i o n  i n  O SP F v 3  h as b een  rem o v ed an d 
O SP F v 3  rel i es n o w  o n  I P v 6  au t h en t i cat i o n  h eader 
si n ce O SP F v 3  ru n s o v er I P v 6

� Au t y pe an d Au t h en t i cat i o n  f i el d i n  t h e O SP F  pack et  
h eader t h eref o re h av e b een  su ppressed
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
O SP F  P ack et  F o rm at  h as B een  C h an g ed
� T h e m ask  f i el d h as b een  rem o v ed f ro m  H el l o  pack et
� I P v 6  pref i x  are o n l y  presen t  i n  pay l o ad o f  L i n k  St at e 
u pdat e pack et
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V 2 ,  V 3  D i f f er enc es ( C o nt . )
T w o  N ew  L SAs H av e B een  I n t ro du ced
� L i n k -L SA h as a l i n k  l o cal  f l o o di n g  sco pe an d h as 
t h ree pu rpo ses

C ar r y  I P v 6  link  lo c al addr e s s  u s e d f o r  N H  c alc u lat io n
A dv e r t is e  I P v 6  g lo b al addr e s s  t o  o t he r  r o u t e r s  o n t he  link  ( u s e d
f o r  m u lt i-ac c e s s  link )
C o nv e y  r o u t e r  o p t io ns  t o  D R o n t he  link

� I n t ra-area-pref i x -L SA t o  adv ert i se ro u t er’s I P v 6  address 
w i t h i n  t h e area
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L SA T y p es

LSA Function Code LSA T y p e
R outer -LSA
N etw or k -LSA
I nter -Ar ea -Pr ef ix -LSA
I nter -Ar ea -R outer -LSA
AS-Ex ter na l -LSA
G r oup -m em b er s h ip -LSA
T y p e-7-LSA
Link -LSA
I ntr a -Ar ea -Pr ef ix -LSA

1
2

4
3

5
6
7
8
9

0 x 20 0 1
0 x 20 0 2
0 x 20 0 3
0 x 20 0 4
0 x 40 0 5
0 x 20 0 6

0 x 20 0 8
0 x 20 0 9

0 x 20 0 7
N ew
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O SP F v 3  C o nf i gu r at i o n E x am p l e

2001:db 8 :eeee:1::1/ 6 4

2001:db 8 :f f f f :1::1/ 6 4

PO S 2/ 0

PO S 1/ 1

R outer 1

Area 1

Area 0

R outer 2
PO S 3 / 0

2001:db 8 :f f f f :1::2/ 6 4

Router2#
i n terf a c e P O S 3 / 0
i p v 6  a d d res s  20 0 1 : d b 8 : F F F F : 1 : : 1 / 6 4
i p v 6  en a b l e
i p v 6  os p f  1 0 0  a rea  1

i p v 6  router os p f  1 0 0
router-i d  1 0 . 1 . 1 . 4

Router1 #
i n terf a c e P O S 1 / 1
i p v 6  a d d res s  20 0 1 : d b 8 : E E E E : 1 : : 1 / 6 4
i p v 6  en a b l e
i p v 6  os p f  1 0 0  a rea  0

i n terf a c e P O S 2/ 0
i p v 6  a d d res s  20 0 1 : d b 8 : F F F F : 1 : : 2/ 6 4
i p v 6  en a b l e
i p v 6  os p f  1 0 0  a rea  1

i p v 6  router os p f  1 0 0
router-i d  1 0 . 1 . 1 . 3



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l 45B R K R S T -3 3 0 1
1 3 6 3 1 _ 0 5 _ 2 0 0 7 _ c 2

M P-B G P

RF C  2 5 4 5
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B G P -4  E x t ensi o ns f o r  I P v 6
B G P -4  C arri es O n l y  3  P i eces o f  I n f o rm at i o n  W h i ch  Are 
T ru l y  I P v 4  Speci f i c:
� N L R I  i n  t h e U P D AT E  m essag e co n t ai n s an  I P v 4  pref i x
� N E X T _ H O P  pat h  at t ri b u t e i n  t h e U P D AT E  m essag e 
co n t ai n s an  I P v 4  address

� B G P  I den t i f i er i s i n  t h e O P E N  m essag e an d 
AG G R E G AT O R  at t ri b u t e
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B G P -4  E x t ensi o ns f o r  I P v 6
T o  M ak e B G P -4  Av ai l ab l e f o r O t h er N et w o rk  L ay er 
P ro t o co l s,  R F C  2 8 5 8  ( O b so l et es R F C  2 2 8 3 ) D ef i n es 
M u l t i pro t o co l  E x t en si o n s f o r B G P -4 :
� E n ab l es B G P -4  t o  carry  i n f o rm at i o n  o f  o t h er pro t o co l s 
( M P L S,  I P v 6 ,  et c)

� N ew  B G P -4  o pt i o n al  an d n o n -t ran si t i v e at t ri b u t es
M P _ RE A C H _ N L RI
M P _ U N RE A C H _ N L RI

� P ro t o co l  i n depen den t  N E X T _ H O P  at t ri b u t e
� P ro t o co l  i n depen den t  N L R I  at t ri b u t e
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B G P -4  E x t ensi o ns f o r  I P v 6
� N ew  o pt i o n al  an d n o n -t ran si t i v e B G P  at t ri b u t es:

M P _ RE A C H _ N L RI  ( at t r ib u t e  c o de :  1 4 )
“C ar r y  t he  s e t  o f  r e ac hab le  de s t inat io ns  t o g e t he r  w it h t he  
ne x t -ho p  inf o r m at io n t o  b e  u s e d f o r  f o r w ar ding  t o  t he s e  
de s t inat io ns ” ( RF C 2 8 5 8 )

M P _ U N RE A C H _ N L RI  ( at t r ib u t e  c o de :  1 5 )
C ar r y  t he  s e t  o f  u nr e ac hab le  de s t inat io ns

� At t ri b u t e 1 4  an d 1 5  co n t ai n s o n e o r m o re t ri pl es:
A ddr e s s  F am ily  I nf o r m at io n ( A F I )
N e x t -H o p  I nf o r m at io n ( m u s t  b e  o f  t he  s am e  
addr e s s  f am ily )
N L RI
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B G P -4  E x t ensi o ns f o r  I P v 6
Address F am i l y  I n f o rm at i o n  ( AF I ) f o r I P v 6
� AF I  =  2  ( R F C  1 7 0 0 )
� Su b -AF I  =  1  u n i cast
� Su b -AF I  =  2  ( m u l i t cast  f o r R P F  ch eck )
� Su b -AF I  =  3  f o r b o t h  u n i cast  an d m u l i t cast
� Su b -AF I  =  4  l ab el
� Su b -AF I =  1 2 8  V P N
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B G P -4  E x t ensi o ns f o r  I P v 6
� N ex t -h o p co n t ai n s a g l o b al  I P v 6  address o r po t en t i al l y  
a l i n k  l o cal  ( f o r i B G P  u pdat e t h i s h as t o  b e ch an g ed t o  
g l o b al  I P v 6  address w i t h  ro u t e-m ap)

� T h e v al u e o f  t h e l en g t h  o f  t h e n ex t  h o p f i el d o n  
M P _ R E AC H _ N L R I  at t ri b u t e i s set  t o  1 6  w h en  o n l y  
g l o b al  i s presen t  an d i s set  t o  3 2  i f  l i n k  l o cal  i s presen t  
as w el l

� L i n k  l o cal  address as a n ex t -h o p i s o n l y  set  i f  t h e B G P  
peer sh ares t h e su b n et  w i t h  b o t h  ro u t ers ( adv ert i si n g  
an d adv ert i sed)
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B G P -4  E x t ensi o ns f o r  I P v 6
� T C P  I n t eract i o n

B G P -4  r u ns  o n t o p  o f  T C P
T his  c o nne c t io n c o u ld b e  s e t u p  e it he r  o v e r  I P v 4  o r  I P v 6

� R o u t er I D
W he n no  I P v 4  is  c o nf ig u r e d,  an e x p lic it  b g p  r o u t e r -id ne e ds  t o  
b e  c o nf ig u r e d
T his  is  ne e de d as  a B G P  I de nt if ie r ,  t his  is  u s e d as  a t ie  b r e ak e r ,  
and is  s e nt  w it hin t he  O P E N  m e s s ag e
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Se l e c ting a n IPv6 
IG P
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T h e Q u est i o ns Ar e t h e Sam e as f o r  I P v 4  
… Al m o st
� I s  o ne  r o u t ing  p r o t o c o l b e t t e r  
t han any  o t he r  r o u t ing  
p r o t o c o l?

� D e f ine  “B e t t e r ! ”

� C o nv e r g e s  f as t e r ?
� U s e s  le s s  r e s o u r c e s ?
� E as ie r  t o  t r o u b le s ho o t ?
� E as ie r  t o  c o nf ig u r e ?
� S c ale s  t o  a lar g e r  nu m b e r  o f  
r o u t e r s ,  r o u t e s ,  o r  ne ig hb o r s ?

� M o r e  f le x ib le ?
� D e g r ade s  m o r e  g r ac e f u lly ?
� O p e r at io nal e x p e r ie nc e
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I P v 6  I G P  Sel ec t i o n…i n T h eo r y
I n  T h eo ry :
� T h e si m i l ari t y  b et w een  t h e I P v 6  an d I P v 4  ro u t i n g  
pro t o co l s l eads t o  si m i l ar b eh av i o u r an d ex pect at i o n s

� T o  sel ect  t h e I P v 6  I G P ,  st art  b y  u si n g  t h e I P v 4  I G P  
ru l es o f  t h u m b
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I P v 6  I G P  Sel ec t i o n…i n P r ac t i c e
I n  P rac t i c e:
� T h e I P v 6  I G P  i m pl em en t at i o n s m i g h t  n o t  b e f u l l y  
o pt i m i z ed y et  so  t h ere i s a b i t  m o re u n cert ai n t y

� N o t  al l  F ast  C o n v erg en ce o pt i m i z at i o n s m i g h t  b e 
av ai l ab l e

� O perat i o n al  ex peri en ce w i t h  l arg e scal e I P v 6  n et w o rk s 
i s b ei n g  dev el o ped
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C o nc l u si o ns
� Sam e t o po l o g y  co n si derat i o n s as f o r I P v 4
� C o n v erg en ce t i m e

W he n c o m p ar ing  ap p le s  t o  ap p le s  t he  c o nv e r g e nc e  t im e s  ar e  
v e r y  s im ilar
O t he r  t o o ls  ar e  als o  le v e r ag e d:  B idir e c t io nal F o r w ar ding  
D e t e c t io n ( B F D )
T he r e  ar e  H W  and S W  de p e nde nc ie s
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T h e Q u est i o ns Ar e Al m o st
t h e Sam e as f o r  I P v 4
� M o s t  lik e ly  t he  I P v 6  I G P  w ill 
no t  b e  de p lo y e d in a b r and 
ne w  ne t w o r k  and j u s t  b y  it s e lf

� M o s t  lik e ly  t he  I P v 4  s e r v ic e s  
ar e  m o r e  im p o r t ant  at  f ir s t  
s inc e  t he y  ar e  g e ne r at ing  m o s t  
o f  t he  r e v e nu e

� Re de f ine  “B e t t e r ! ”

� W hat  is  t he  im p ac t  o n t he  
c o nv e r g e nc e  o f  I P v 4 ?

� H o w  ar e  t he  r e s o u r c e s  s har e d 
b e t w e e n t he  t w o  p r o t o c o ls ?

� A r e  t he  t o p o lo g ie s  g o ing  t o  b e  
c o ng r u e nt ?

� …
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N o t h i ng I s f o r  F r ee
� R eso u rces w i l l  b e s h ared b et w een  t h e t w o  I G P s an d 
t h ey  w i l l  c o m p et e f o r pro cesso r cy cl es i n  a w ay  t h at  
ref l ect s t h ei r rel at i v e co n f i g u rat i o n

� T h i s h as i m pl i cat i o n s o n :
E x p e c t e d c o nv e r g e nc e  b e hav io r
S ing le  p r o c e s s / t o p o lo g y  v s  M u lt i p r o c e s s / t o p o lo g y  s e le c t io n
Re s o u r c e s  ( M e m o r y ,  C P U ) p lanning
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C o nv er genc e C o nsi der at i o ns
T h e I G P s W i l l  C o m pet e o v er P ro cesso r C y cl es B ased o n  
T h ei r R el at i v e T u n i n g
� I f  y o u  co n f i g u re t h e I P v 4  an d I P v 6  I G P s t h e sam e w ay  
( ag g ressi v el y  t u n ed f o r f ast  co n v erg en ce),  n at u ral l y  
ex pect  a do u b l i n g  o f  t h ei r st an d al o n e o perat i o n  
co n v erg en ce t i m e

� I f  t h e I P v 6  I G P  i s o perat i n g  u n der def au l t  set t i n g s,  t h e 
co n v erg en ce t i m e f o r t h e o pt i m al l y  t u n ed I P v 4  I G P  i s 
n o t  si g n i f i can t l y  af f ect ed
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So m e P r el i m i nar y  T h o u gh t s…
� R eq u i ri n g  pari t y  i s n at u ral  b u t  t h at  do es co m e at  
a co st  so  i t  i s w o rt h  co n si deri n g  i f  pari t y  i s n eeded 
o r w o rt h  t h e co st

� T h e I P v 6  I G P  co n f i g u rat i o n  can  ch an g e as depl o y m en t  
pro g resses f ro m  t ri al  t o  l arg e scal e pro du ct i o n

� M o st  co m m o n l y  I P v 6  i s depl o y ed o n  a serv i ce b y  
serv i ce b asi s so  i t  i s po ssi b l e t o  h av e di f f eren t  
co n v erg en ce req u i rem en t s f o r I P v 6  t h an  I P v 4
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Multi Process/Topo

• C l ear separat i o n  o f  t h e 
t w o  co n t ro l  pl an es

• N o n -co n g ru en t  
t o po l o g i es are v ery  
co m m o n  i f  n o t  desi red 
i n  depl o y m en t s

• R eq u i res l ess reso u rces
• M i g h t  pro v i de a m o re 
det erm i n i st i c co -
ex i st en ce o f  I P v 4  
an d I P v 6

S in g le Process/Topo*

R ev i si t i ng I SI S Si ngl e T o p o l o gy

* T o d a y  m o st  IPv 6  IGPs a r e d i st i n c t  f r o m  t h ei r  IPv 4  c o u n t er p a r t s a n d  w i l l  r u n  
a s sh i p s i n  t h e n i g h t .  T h e o n l y  ex c ep t i o n w a s IS IS .
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ISP inf r a s tr uc tur e
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� Major routing information more then 
few  1 0 0  K  v ia B G P

� L arge I G P  routing tab l e are ~ 6 –7 K  
ex p ec ted to grow  farther

� 6 K / 1 1 7 K  ~  5 %  of I G P  routes  in an 
I S P  netw ork

� A  v ery  s mal l  fac tor b ut has  a huge 
imp ac t on netw ork  c onv ergenc e!

I P  B ac k b o n e

POP

POP POP

POP

A r e a  1/ L 1
B G P 1

POP POP

A r e a  6/ L 1
B G P 1

A r e a  5 / L 1
B G P 1 A r e a  4 / L 1

B G P 1

A r e a  2/ L 1
B G P 1

A r e a  3 / L 1
B G P 1A r e a 0 / L 2

B G P 1

S S e r v i c e  P r o v i d e r  n e t w o r k s r k s
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Acces s

R R W AN

R eg iona l  
Cor e

PE
PE PE

N M S

CE CE

I G P

� Y ou c an red uc e the I G P  s iz e to 
ap p rox  the numb er of ex it routers  
in y our netw ork

� T his  w il l  b ring real l y  fas t 
c onv ergenc e 

� O p timiz ed  w here y ou mus t and  
s ummariz e w here y ou c an

� S top s  unnec es s ary  fl ap p ing

CE

S e r v i c e  P r o v i d e r  n e t w o r k s t w o r k s
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Addr essi ng

� The link between PE-C E 
need s  to  be kno wn f o r  m a na g em ent 
p u r p o s e

� B G P nex t-ho p -s elf  s ho u ld  be d o ne o n 
a ll a c c es s  r o u ter s —u nles s  PE-C E a r e 
o n s ha r ed  m ed ia  ( r a r e c a s e)

� This  will c u t d o wn the s iz e 
o f  the I G P

� F o r  PE-C E link d o  r ed is tr ibu ted  
c o nnec ted  in B G P

� Thes e c o nnec ted  s u bnets  s ho u ld  
O N L Y  be s ent thr o u g h R R  to  N M S  f o r  
m a na g em ent p u r p o s e;  this  c a n be 
d o ne thr o u g h B G P c ommunities

Acces s

R R W AN

R eg iona l  
Cor e

PE
PE PE

N M S

CE CE

I G P

CE
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Addr essi ng
� D iv id e the ad d res s  into tw o 

p arts
1.Physical links
2 . L o o p b ack int e r f ace s

� P hy s ic al  ad d res s  s houl d  b e a 
c ontagious  

� L oop b ac k  s houl d  b e from p ub l ic  
ad d res s s p ac e

� O p timal  p ath to the nex t hop  is  
nec es s ary

Acces s

R R W AN

R eg iona l  
Cor e

PE
PE PE

N M S

CE CE

I G P

CE
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Addr essi ng

� A s s ig n : : / 5 6  p er  p o p  f o r  p hy s ic a l 
links

� O nc e o u t g r o w a d d  a no ther  
c o ntig u o u s  : : / 5 6

� W hen a s s ig ning  a d d r es s  to  
a no ther  PO P keep  f ew c o ntig u o u s  
a d d r es s  o p en

� S u m m a r iz e p o p  a d d r es s  a t the 
W A N  r o u ter s

� L ea k lo o p ba c k a s   s p ec if ic
� C u r r ent tr end  within I S P’s ,  a r e 

p u blic  a d d r es s  f o r  lo o p ba c k a nd  
p u blic  o r  p r iv a te f o r  inf r a s tr u c tu r e

Acces s

R R W AN

R eg iona l  
Cor e

PE
PE PE

N M S

CE CE

I G P

CE
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IPv6 ove r  M PL S



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l 69B R K R S T -3 3 0 1
1 3 6 3 1 _ 0 5 _ 2 0 0 7 _ c 2

IPv6 over MPLSD ep l oy m en t  Sc en a ri os
• Many ways to deliver IPv6 services to End Users

Most im porta n t is E n d  to E n d  I Pv 6  tra f f ic f orw a rd in g  
• Many S ervice Providers h ave already dep loyed MPL S  in th eir IPv4  b ack b one f or variou s reasons

MPL S /V PN ,  MPL S /Q oS ,  MPL S /TE ,  A TM +  I P sw itch in g ,  L 2  serv ices ( A ToM,  E oMPL S )
• MPL S  can b e u sed to f acilitate IPv6 integ ration
• Mu ltip le ap p roach es f or IPv6 over MPL S :

I Pv 6  C E -to-C E  I Pv 6  ov er I Pv 4  Tun n els
I Pv 6  ov er “C ircuit_ ov er_ MPL S ”
N a tiv e I Pv 6  MPL S
I Pv 6  Prov id er E d g e R outer ( 6 PE ) ov er MPL S
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O C 4 8 / 19 2
P

P

P

P
PE

PEPE

PEI Pv 4

I Pv 4

I Pv 6

I Pv 6

v 6

I Pv 4v 4

v 6

v 4

v 4

v 6

v 6

I Pv 6 o v e r  I Pv 4  T u n n e l s

D u a l  S t a c k
I Pv 4 -I Pv 6
C E  r o u t e r s

D u a l  S t a c k
I Pv 4 -I Pv 6
C E  r o u t e r s

D u a l  S t a c k
I Pv 4 -I Pv 6
C E  r o u t e r s

D u a l  S t a c k
I Pv 4 -I Pv 6
C E  r o u t e r s

IPv6 T u n n el s c on f i g u red  on  C E

N o  i m p ac t o n ex i s ti ng  IPv 4  o r M PL S  C o re ( IPv 6  u naw are)
O nly  C E s h av e to  b e IPv 6 -aw are ( D u al s tac k )
M es h  o f  IPv 6  o v er IPv 4  T u nnels  C E -to -C E
O v erh ead :  IPv 4  h ead er +  M PL S  h ead er
M PL S / V PN  s u p p o rt IPv 4 -nati v e and  IPv 6  tu nnels
S erv i c e Pro v i d er c an’t d eleg ate h i s  IPv 6  p ref i x  to  th e C E  ro u ters
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C i r c u i t _ o v e r _ M PL S  
(e g .  A T M  V C ,  F R  PV C ,  Et h e r n e t , …)

I Pv 6 
r outer s
I Pv 6 

r outer s
P

P

P

P
“Cir cuit”

I Pv 6 I Pv 6

I Pv 6

v 6

v 6

v 6

v 6
I Pv 6 I Pv 6

• N o  i m p ac t o n ex i s ti ng  IPv 4  o r M PL S  C o re ( IPv 6  u naw are)
• E d g e M PL S  R o u ters  need  to  s u p p o rt “C i rc u i t_ o v er_ M PL S ”
• M es h  o f  “C i rc u i t_ O v er_ M PL S ” PE -to -PE
• PE  ro u ters  c an als o  b e reg u lar IPv 6  R o u ters  ( IPv 6  o v er A T M ,  IPv 6
o v er F R ,  IPv 6  o v er E th ernet, …)  to  ag g reg ate C u s to m er’s  IPv 6  ro u ters

IPv6 over “C i rc u i t _ over_ MPLS”

G SR

Ca t6K

PE

PE PE

PE

720 0 -N PE-G 1
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M i ni m u m  I nf r ast r u c t u r e U p gr ade f o r 6 P E

GE

GE GE
I P v 6  S e r v e r

6PE router

Cisco 7600
S u p . 72 0 a s 6P E

D a t a  Ce n t e r  I P v 6 N e t w or k

M PL S / I Pv 4

MPLS Core
u p  t o O C-1 9 2

GE

I P v 4  S e r v e r

NAT-P TO n l y  I P v 6  
s e g m e n t

• MPL S /I Pv 4  C ore I n f ra structure is I Pv 6 -un a w a re
• PE s a re upd a ted  to support D ua l S ta ck /6 PE  
• I Pv 6  rea ch a b ility  ex ch a n g ed  a m on g  6 PE s v ia  iB G P ( MP-B G P)
• I Pv 6  pa ck ets tra n sported  f rom  6 PE  to 6 PE  in sid e MPL S

F T T H

M P-i B GP sessi o n
6PE router v 6

v 4 / v 6

v 4

C E
POPD S L

POP
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P

P

P

Pv 6

v 4

v 6

v 4

v 4

v 6

v 6

M P-B G P s e s s i o n s

6PE

6PE 6PE

6PE

19 2 . 2 5 4 . 10 . 0

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 7 6 . 10 . 0

14 5 . 9 5 . 0 . 0

2 0 0 1: 0 6 2 1: :

2 0 0 1: 0 6 2 0 : :

I G Pv 4
M PL S  V 4 :
- L D Pv 4  
- ( T E  v 4 )

D u a l  S t a c kD u a l  S t a c k
I Pv 4

I Pv 4

I Pv 6

I Pv 6 I Pv 6

I Pv 6

I Pv 4

V 6:
I G P/ B G P

V 6:
I G P/ B G P

I Pv 6 una w a r e
N o cor e up g r a de
I Pv 6 una w a r e

N o cor e up g r a de

6PE  O vervi ew
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6PE R ou t i n g

6PE-2

6PE-1

P1 P2

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 2 5 4 . 10 . 17

19 2 . 7 2 . 17 0 . 13

• T r a n s l a t i o n  o f  v 6 B G P 
N e x t _ H o p i n t o  v 4 a d d r e s s
• R e c u r s i o n  o f  t h i s  a d d r e s s  
v i a  I G Pv 4

I G Pv 4  a d v e r t i s e s  I G Pv 4  a d v e r t i s e s  
r e a c h a b i l i t yr e a c h a b i l i t y o f  o f  
19 2. 25 4 . 10 . 1719 2. 25 4 . 10 . 17

L D Pv 4  b i n d s  l a b e l  L D Pv 4  b i n d s  l a b e l  
t o  19 2. 25 4 . 10 . 17t o  19 2. 25 4 . 10 . 17

M PM P--B G P a d v e r t i s e s  20 0 1: 0 4 21: :B G P a d v e r t i s e s  20 0 1: 0 4 21: :
a n d  b i n d s  a  (2n d  l e v e l ) l a b e la n d  b i n d s  a  (2n d  l e v e l ) l a b e l
I Pv 6 N e x t  H o p  i s  a n  I Pv 4  m a p p e d  I Pv 6 a d d r e s s  I Pv 6 N e x t  H o p  i s  a n  I Pv 4  m a p p e d  I Pv 6 a d d r e s s  
b u i l t  f r o m  19 2. 25 4 . 10 . 17b u i l t  f r o m  19 2. 25 4 . 10 . 17
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6PE F orw a rd i n g

6PE-2

6PE-1
2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

I Pv 6  p a c k et
t o 20 0 1 : 0 4 21 : :

19 2 . 2 5 4 . 10 . 17

19 2 . 7 2 . 17 0 . 13

P1 P2

C E1

C E2
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6PE-2

6PE-1
2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 7 2 . 17 0 . 13I Pv 6  p a c k et
t o 20 0 1 : 0 4 21 : :

6PE F orw a rd i n g ( 6PE -1 )
I Pv 6 F o r w a r d i n g  a n d  L a b e l  I m p o s i t i o n :I Pv 6 F o r w a r d i n g  a n d  L a b e l  I m p o s i t i o n :
•• 6P6PEE--1 r e c e i v e s  a n  I P1 r e c e i v e s  a n  I P v 6v 6 p a c k e tp a c k e t
•• L o o k u p  i s  d o n e  o n  L o o k u p  i s  d o n e  o n  I Pv 6 p r e f i xI Pv 6 p r e f i x
•• R e s u l t  i s :R e s u l t  i s :

L a b e l  L a b e l  b i n d e db i n d e d b y  M Pb y  M P--B G P t o  B G P t o  
20 0 1: 0 4 21: :20 0 1: 0 4 21: :
L a b e l 1 L a b e l 1 b i n d e db i n d e d b y  L D P/ I G Pv 4  t o  t h e  b y  L D P/ I G Pv 4  t o  t h e  
I Pv 4  a d d r e s s  o f  B G P N e x t  H o p  I Pv 4  a d d r e s s  o f  B G P N e x t  H o p  
(6PE(6PE--2)2)

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 1  t o 6 PEl a b el 1  t o 6 PE --22 19 2 . 2 5 4 . 10 . 17

P1 P2
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6PE F orw a rd i n g ( P1 )

6PE-2

6PE-1

P1 P2

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 7 2 . 17 0 . 13I Pv 6  p a c k et
t o 20 0 1 : 0 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 1  t o 6 PEl a b el 1  t o 6 PE --22

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 2 t o 6 PEl a b el 2 t o 6 PE --22

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

IPv 6 -U N aw are M PL S  L ab el 
S w i tc h i ng :
•P1 r eceiv es  a n M PLS p a ck et
•Look up  is  done on La b el 1
•R es ul t is  La b el 2

19 2 . 2 5 4 . 10 . 17
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6PE F orw a rd i n g ( P2 )

6PE-2

6PE-1

P1 P2

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 7 2 . 17 0 . 13I Pv 6  p a c k et
t o 20 0 1 : 0 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 1  t o 6 PEl a b el 1  t o 6 PE --22

IPv 6 -U N aw are M PL S  L ab el 
S w i tc h i ng :
•P2 r eceiv es  a n M PLS p a ck et
•Look up  is  done on La b el 2
•R es ul t incl udes  Pop  l a b el  (PH P)

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 2 t o 6 PEl a b el 2 t o 6 PE --22

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

19 2 . 2 5 4 . 10 . 17
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6PE-2

6PE-1

P1 P2

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

19 2 . 7 2 . 17 0 . 13I Pv 6  p a c k et
t o 20 0 1 : 0 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 1  t o 6 PEl a b el 1  t o 6 PE --22

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

LD P/ I G Pv 4LD P/ I G Pv 4
l a b el 2 t o 6 PEl a b el 2 t o 6 PE --22

MPMP--B G P l a b elB G P l a b el
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

6PE F orw a rd i n g ( 6PE -2 )

19 2 . 2 5 4 . 10 . 17

M PL S  L ab el Po p  and  IPv 6  M PL S  L ab el Po p  and  IPv 6  
F o rw ard i ng  :F o rw ard i ng  :

•• 6P6PEE--2 r eceiv es  a n M PLS p a ck et2 r eceiv es  a n M PLS p a ck et
•• Look up  is  done on Look up  is  done on La b elLa b el
•• R es ul t is :R es ul t is :

Pop  th e l a b el  &  s w itchPop  th e l a b el  &  s w itch

I Pv 6  p a c k etI Pv 6  p a c k et
T o 20 0 1 : 4 21 : :T o 20 0 1 : 4 21 : :

C E2
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6PE  B en ef i t s

F o r  S P s  a l r e a d y  r u n n i n g  M P L S ,  6 P E  a p p r o a c h  h a s  m a n y  
b e n e f i t s :

• C o r e In f r a st r u c t u r e n eed s n o  u p g r a d e a n d  n o  c o n f i g u r a t i o n  c h a n g e
• U p g r a d e o n l y  o n  t h e r eq u i r ed  ed g e r o u t er s ( i e u p g r a d e o f  ex i st i n g  PEs 
t o  6 PE,  o r  a d d  sep a r a t e 6 PEs) 

• IPv 6  su p p o r t ed  si m u l t a n eo u sl y  w i t h  ex i st i n g  M PL S  ser v i c es ( M PL S
v 4 _ V PN s,  Q o S ,  A T M ,  v 4  In t er n et ,  …)

6 P E  a l l o w s  I P v 6  t o  b e  d e p l o y e d  o v e r  e x i s t i n g  M P L S  M u l t i s e r v i c e  
i n f r a s t r u c t u r e  w i t h  m a r g i n a l  o p e r a t i o n a l  i m p a c t / c o s t / r i s k�
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P

P

P

Pv 6

v 6

v 4

v 6

v 6

M P-B G P s e s s i o n s

6PE

6PE 6PE

6PE

19 2 . 2 5 4 . 10 . 0

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

v 4

19 2 . 7 6 . 10 . 0

14 5 . 9 5 . 0 . 0

2 0 0 1: 0 6 2 1: :

2 0 0 1: 0 6 2 0 : :

I Pv 4
M PL Sv 6I G P 

M P-B G P
v 4

I Pv 6 CE onl y  h a s  a  s ing l e R outing  Peer  (PE)  r eg a r dl es s  of  h ow  m a ny  
r em ote I Pv 6 CEs it com m unica tes  w ith

N o ch a ng e on a n I Pv 6 CE w h en r em ote CEs a r e a dded/ r em ov ed 
(r ea ch a b il ity a utom a tica l l y  l ea r nt)

N o tunnel / ”cir cuit” to b e conf ig ur ed
��6PE of f er s  s ca l a b l e a nd f l ex ib l e s ol ution (b enef its  a r e a na l og ou6PE of f er s  s ca l a b l e a nd f l ex ib l e s ol ution (b enef its  a r e a na l og ous  to s  to 

R FC2547b is  l a y er  3 V PN  s ol ution f or  I Pv 4)R FC2547b is  l a y er  3 V PN  s ol ution f or  I Pv 4)

6PE  B en ef i t s
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P

P

P

Pv 6

v 6

v 4

v 6

v 6

M P-B G P s e s s i o n s

6PE

6PE 6PE

6PE

19 2 . 2 5 4 . 10 . 0

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

v 6

19 2 . 7 6 . 10 . 0

14 5 . 9 5 . 0 . 0

2 0 0 1: 0 6 2 1: :

2 0 0 1: 0 6 2 0 : :

I Pv 4
M PL Sv 6

C E

C E
C E

C E

�6PE solution can be easily extended to support same 
V PN  serv ices f or I Pv 6 as currently supported f or I Pv 4  
w ith  R F C 2 5 4 7 bis ( isolation,  I nternet access,  Q oS …)

6PE  B en ef i t s
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P

P

P

Pv 6

v 6

v 4

v 6

v 6

M P-B G P s e s s i o n s

6PE

6PE 6PE

6PE

19 2 . 2 5 4 . 10 . 0

2 0 0 1: 0 4 2 1: :

2 0 0 1: 0 4 2 0 : :

v 4

19 2 . 7 6 . 10 . 0

14 5 . 9 5 . 0 . 0

2 0 0 1: 0 6 2 1: :

2 0 0 1: 0 6 2 0 : :

I Pv 4
M PL S

C E
C E

C E

v 4
C E

6PE  C on s

• O nly mak es sense w h ere netw ork  already runs M PL S
• R eq uires k now ledg e of  M PL S  and B G P tech nolog ies
• R eq uires dual-stack  and sof tw are upg rade on 
existing  PE or deployment of  dedicated 6PE routers
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W h y C i s c o IO S 6V PE ?
� F o r  V P N  c u s t o m e r s ,  I P v 6  V P N  s e r v i c e  i s  e x a c t l y  t h e  s a m e  

a s  I P v 4  V P N  s e r v i c e
� C u r r e n t  6 P E  i s  “l i k e  V P N ” b u t  t h i s  i s N O T  V P N – i . e :  g l o b a l  

r e a c h a b i l i t y
� F o r  I S P  o f f e r i n g  M P L S / V P N  f o r  I P v 4  t h a t  w i s h  t o  a d d  I P v 6  

s e r v i c e s  a s  w e l l
• N o  m o d i f i c a t i o n  o n  t h e M PL S  c o r e
• S u p p o r t  b o t h  IPv 4  a n d  IPv 6  V PN ’s c o n c u r r en t l y  o n  t h e sa m e 

i n t er f a c es
• C o n f i g u r a t i o n  a n d  o p er a t i o n s o f  IPv 6  V PN ’s ex a c t l y  l i k e IPv 4  V PN ’s
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C i s c o IO S 6V PE  A rc h i t ec t u re
� S i m i l a r t o  I P v 4 -V P N  p e r R F C 2 5 4 7 b i s
� 6 V P E  d e f i n i t i o n :  E a c h s i t e  i s I P v 6  c a p a b l e  a n d c o n n e c t t o  S P  b a c k b o n e o v e r a n  I P v 6  i n t e r f a c e  

v i a  a  6 V P E
� S i t e s  m a y b e b o t h I P v 4  &  I P v 6  c a p a b l e
� 6 V P E  i s a  d u a l  s t a c k r o u t e r
� 6 V P E  m a i n t a i n s I P v 6  V R F s a n d e a c h I P v 6  V P N  h a v e  t h e i r o w n a d d r e s s s p a c e
� R o u t e s  e x c h a n g e d v i a  M P -B G P  :  u s i n g N L R I  ( a f i = 2 ,  s a f i = 1 2 8  +  l a b e l ) . N H  e n c o d i n g « a  l a  

6 P E » w h e n a p p l i c a b l e . C a p a b i l i t y n e g o t i a t i o n « a s  u s u a l ».
� F o r w a r d i n g o v e r M P L S
� R D  u s e d t o  c r e a t e d i s t i n g r o u t e s  t o  c o m m o n I P v 6  p r e f i x e s
� R T  s i m i l a r t o  I P v 4
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P

P

P

P
N a t i v e  I P o r  
M PL S  6 PE  
n e t w o r k s ?

M P-i B G P s e s s i o n s

V PN  B

V PN  A

V PN  B

V PN  B

V PN  A

V 4  a n d  v 6  V PNV PN  A

• C ustomer C onnectiv ity D eployed on a S h ared 
I nf rastructure w ith  th e S ame Policies as a Priv ate 
N etw ork

• I Pv 6 V PN  can co-exist w ith  I Pv 4  V PN  – same cov erag e 
• 6V PE is added only w h en and w h ere th e serv ice is 
req uired

6 V P E  D ep l o y m ent

V 6  o n l y
V 6  o n l y

V 6  o n l y

V 4  a n d  v 6  V PN

V 4  a n d  v 6  V PN
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Q  a nd  A
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R ec o m m ended R eadi ng
� C o n t i n u e y o u r  N et w o r k er s a t  
C i sc o  L i v e l ea r n i n g  ex p er i en c e w i t h  
f u r t h er  r ea d i n g  f r o m  C i sc o  Pr ess

� C h ec k  t h e Rec o m m en d ed  Rea d i n g  
f l y er  f o r  su g g est ed  b o o k s

A v a i l a b l e  O n s i t e  a t  t h e  C i s c o  C o m p a n y  S t o r e



© 2 0 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a l 89B R K R S T -3 3 0 1
1 3 6 3 1 _ 0 5 _ 2 0 0 7 _ c 2

C o m p l et e Y o u r  O nl i ne 
Sessi o n E v al u at i o n
� W i n  f a b u l o u s  p r i z e s ;  g i v e  u s  
y o u r  f e e d b a c k  

� R e c e i v e  t e n  P a s s p o r t  P o i n t s  
f o r  e a c h  s e s s i o n  e v a l u a t i o n  
y o u  c o m p l e t e

� G o  t o  t h e  I n t e r n e t  s t a t i o n s  
l o c a t e d  t h r o u g h o u t  t h e  
C o n v e n t i o n  C e n t e r  t o  c o m p l e t e  
y o u r  s e s s i o n  e v a l u a t i o n

� W i n n e r s  w i l l  b e  a n n o u n c e d  
d a i l y  a t  t h e  I n t e r n e t  s t a t i o n s
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