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IPv6 B Bawewun IPv4 cetn?

1. Jlerko npoBepuTtb!
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Protocol 41: IPv6 nosepx IPv4 nnnéto4 tyHHenu
IPv4 address: 192.88.99.1 (6to4 anycast server)
UDP 3544, - Teredo

3. ISATAP’ B norax DNS 3anpocos
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IPv6 B ceTsAX onepaTtopoB CBA3MU:

OBnXxyuwiune cunbil

1. BHewHune

KNWEeHTbI, KOTOpbIM Heobxoamm goctyn K IPv6 pecypcam
(paspaboTka 1 aKkcnepMMeHTarnbHbIE Lienn)

KIMEHTbI, KOTOPbIM HeobXxoaMmMo obecnevynTb B3auMogeNCTBMNE Yy3MoB C
nogaepxkoun IPv6

KNWEHTLI, KOTOPbIM HEODXOAMMO B3aMMOAENCTBME CO CBOMMM 3aKa3ymKamMmin no
IPv6 (Hanpumep B CLUA nogpsgumkn MunH.OB0poH®kI)

2. BHyTpeHHue

[Mpobnembl KOTOpbIE CMIOXHO pewunTs ¢ IPv4
(ynpaBrneHune 60sbLLINM KONTMYECTBOM YCTPOMUCTB)

PeopraHmsau,Mﬂ ornpenerneHHbIX cepBncoB

3. CTpaTernyeckune
[lonrocpoyHble nnaHbl pasBuTua U cTpaTernm npegoctaBrieHns yenyr
nOJJ,FOTOBKa K npeanocrtaBrieHNO HOBbIX TUMOB CEPBUNCOB

KoHKypeHTHOEe NpenmMyLecTBo



Kak nogoutun K atTomy Bonpocy?

1. IPv4 v IPv6 byayt
cocyulecTBoBaTb B 0003pMMOM
Oynyuiem

[eHb [1 He ob6o3HayeH (noka)

2. [loaroTtoBka u akKypaTHOe
nnaHupoBaHMe KPUTUYHDI

CKONbKO BPEMEHMN 3aUMET 3TOT
npoLiecc B Ballen cetn?

3. IPv4 n |Pv6 peanusayuu
OOJKHbI ObITb
MacLwTabupyembiMu,
HageXHbIMN, 6e30nacHbIMU




UHTerpauun IPv6 n cocywiectBoBaHue

1. CyuwecTtByeT MHOro cnocobos gocrasku |IPv6 cepBucos
aboHeHTaMm, Hanbonee BaXkHbIM ABNaeTca obecne4vyeHne End to
End IPv6 cBA3HOCTH

2. O0OLwwme warn Kak ans ceten onepaTtopoB CBA3N Tak U AN
KopnopaTuUBHbIX ceTeun
Cxema agpecauun |IPv6
[MpoToKONbI MapLUpyTU3aLMn
Cepsuceol IPv6 (QoS, Multicast, DNS,...)
besonacHocTb
Network Management

3. Pecypchl pasgendaiotca mexay AByMs 3TUMU NPOTOKONAaMK Kak
O5N49 NNOCKOCTU ynpaBneHnsa Tak U Ans nNyI0CKOCTU nepeaaydn
OaHHbIX. Heobxoanmo oueHnTb 3arpy3Ky npoLeccopoB U
TpeboBaHusl N0 onepaTuBHOW NaMsATH

4. Ha cerogHsILLHUA MOMEHT OOJSbLUMHCTBO MPOU3BOAUTESEN
obecneuvunBatoT 0bpaboTky IPv6 Tpaduka Ha annapaTHOMY
ypOBHe, obecneynBasi XOpOoLUY MPOU3BOAUTENBHOCTb



T
MHPpaAaCTPYKTYyPpa

1. VIHQpacTpykTypa maructpanm onepaTtopoB CBA3M
OObI4YHO OBYX TUMOB:

MPLS n cBsi3aHHbIE C HUM CEPBUCHI

MPLS/VPN, L2 cepucbl noBepx MPLS, QoS, ...
IPv4 agpo n cooTBeTCTBYOLLNE CEPBUCHI

L2TPv3, QoS, Multicast, ...

2. |P cepBucbl — [locTtyn

bu3Hec-knuneHTbl: BbigeneHHble nuHun
douns. nuua: ADSL, FTTH, Cable

3. Cneaywowmn war — NHterpauua IPv6 cepsucos



BHegpeHue IPv6 B Maructpanu

1. IPv6 B cnyyae Native IPv4 nHdpacTpyKTypbl
TyHHenupoBaHue IPv6-in-IPv4
Native |IPv6 c BblgeneHHbIMN pecypcamMmu (BblaeneHHada ceTb)

[Mogoepxka AByx cTekoB npoTokonoB IPv4-1Pv6 (Dual-stack)

2. IPv6 B pamkax MPLS nHdpactpykTypsbl
6PE
6VPE



TyHHenupoBaHue IPv6 B IPv4

1. BapuaHTbl TYHHENNPOBAHUS

Ctatuyeckume TyHHenn (RFC
2893)

GRE TyHHenu (RFC 2473) IPv6 Site A
IPv6 SP
L2TPv3

2. B cnyyae onepartopa cBa3u

TyHHENn B Mmarncrtpanu
oneparopa

TyHHenu unn Native IPv6 gnsa
IPv6 3aka3uymkos

y goooooooooobpooy
MP-BGP4 nnpuHr aajaaia " ** Naleleia

NopgkntoyeHune K IPv6 IX

IPv6 IX IPv6 Site B




Dual-Stack




IoBounHou ctekK IPv4-IPv6 B aape

- f, Enterprise
------- -Stack or
cated L2 Circuits

oooooo

DSL, Cable

ourtegy Service

Aggregation Dual-Stack Core

IPv6 Broadband Users

802.11 Hot-Spot
TpaH3uT IPv6

IPv6 BKNtOYEH Ha marncTpanbHbix mapwpyTtusaTtopax (IGPve, MP-BGP)
MNopkntoyeHune knueHTos no IPv6

hr w0 bd =

[lononHUTenbHbIE CEPBUCHI
IPv6 multicast



[MpoTokonbl MmapwpyTtusauum IPv6

1. IPv6 — aBontoymoHHoe passutue IPv4.

XopoLlo BUOHO Ha NpuMepe MapLupyTusauum, Kotopas
npeTepnena MMHUMarnbHbIE U3MEHEHUS (XOTS camu
NPOTOKONbI B psae crnyyaeB Obifin CyLLLECTBEHHO
nepepaboTtaHbl):

2. Unicast mapwpyTtunsaynsa ona IPvo6 -
CtaTtnyeckasa mapLlpytm3auus
RIPng & RIPv2
IPv6 EIGRP & EIGRP
IPV6 IS-IS
OSPFv3 <& OSFPv2

IPv6 extensions for BGP



Ctatuyeckasa mapwpytumsayus

ipv6 route ipv6-prefix/prefix-length {ipv6-address |
interface-type interface-number [ipv6-address]}
[administrative-distance] [administrative-multicast-
distance | unicast | multicast] [tag tag]

[Tpumepsi:

1. OtnpaBnatb naketbl ans cetn 2001:DB8::0/32 Ha
agpec 2001:DB8:1:1::1 c agm. auctaHuuen 10

Router(config)# ipv6 route 2001:DB8::0/32 2001:DB8:1:1::1 10

2. MapuwpyT no ymonyaHuto ¢ NH 2001:DB8:1:1::1
Router(config)# ipv6 route ::/0 2001:DB8:1:1::1
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Integrated IS-IS ansa IPv6

1. RFC 5308: Routing IPv6 with I1S-IS

2. [obasneHbl gea TLVs ansg nogaoepxku IPv6:

IPv6 Reachability TLV (OxEC)— OnucbiBaeT ceTeBytO0 AOCTYMNHOCTb
(IPv6 npedomkc, meTpuky n omutel napameTpoB). buTel napameTpos
yKasbIBalOT Ha NPOUCXOXAEHNE aHOHCA: peaucTpudyuma us gpyrmx
NPOTOKOSIOB USTN U3 BTOPOro ypoBHA nepapxum (Level-2).
OksuBaneHTHo IP Internal/External Reachability TLV, onucaHHbIX B

RFC1195.

|Pv6 Interface Address TLV (OXE8)—Copepxut 128-0uTtHbin agpec.
Hello PDU pomxHbl cogepxath link-local agpec, a LSP gomxHsbl
BKIoYaTh TONbKO He link-local agpeca.

3. Hosbin Network Layer Protocol Identifier (NLPID) -
nosposnideT IS-IS mapwpyTtnsatopam ¢ nogaepxkomn IPv6
aHoHcuposaTtb |IPv6 npedukcenl (prefix payload) ncnosnbsys
3HayeHun Ox8E (ansa IPv4 n OSI ucnonbayoTtca apyrme
3HAYEHMNA)




Integrated IS-IS—IPv4 u IPv6

1. OpgHa Tononorunsa (No ymosn4aHuio ang scex
nogaepXXnBaembix NpoTokonos). [loTeHunansHoe
npenmMyLLecTBO B 9KOHOMUK pecypcoB (ogHa
Tononorusa, oanH SPF)):

Bce mapLupyTtusatopbl 4OSKHbI NOAOEPXKMBATb OOHU U TE Xe
address family. NpoBepka adjacency gomkHa ObITb
OKTIHOYEHA BO BPEMSI MUrPpaLUN.

MeTpukn ana nHtepdencoB NPUMEHAOTCA oaUHAKoBO K IPv4 n
IPv6

2. Multi-topology (RFC5120)

Hes3asucumblie Tononorun ans Pv4 nlPve

B0O3MOXHOCTbL 3a4aHua pasHbiX METPUK OANA UHTepdenca ans
IPv4 v onsa IPv6e

3. Pexunm murpaummmn— aHoHcupyrotcs oba tmna TLV



IS-IS (EanHan Tononorus)

Routerl#fshow isis database verbose level-1
IS-IS Level-1 Link State Database:

LSPID LSP Seqg Num LSP Checksum LSP Holdtime ATT/P/OL
Router2.00-00 0x0000000B 0xAB35 1020 0/0/0
Area Address: 49.0001
NLPID: 0xCC O0x8E

router isis example-area

Hostname: Router2

TP Aéd?ess: 10.7.1.34 !net 49.0001.0000.0000.0001.00
Metric: 10 IPv6 2001:db8:FFFF::/64 %p address.19.7.1.33 255.255.255.252
Metric: 10 IS Router2.01 1D BRI M0k CEER B

ipv6é address 2001:db8:FFFF::1/64
ipvé enable

ipv6é router isis example-area

Router1#show clns is-neighbors detail
System Id Interface State Type Priority Circuit Id Forma —
Router2 Fa0/1 Up L1L2 64/64 Router2.01 PhaseV . — 7
Area Address(es): 49.0001 Router1
IP Address(es): 10.7.1.34*
IPv6 Address(es): FE80::2B0:4AFF:FE5C:ACA9 FEO0/1 2001:db8:ffff::1/64
Uptime: 00:01:25 10.7.1.33
NSF capable

rea 49.0001

EO0 2001:db8:ffff::2/64

FE80::2B0:4AFF:FESC:ACA
10.7.1.34

==



IS-IS (Multi Topology)

Routerl#fshow isis database verbose level-1
IS-IS Level-1 Link State Database:

LSPID LSP Seq Num LSP Checksum LSP Holdtime
Router2.00-00 0x00000014 Ox8B3E 1086

Area Address: 49.0001

Topology: IPv4 (0x0) IPv6e (0x2)

NLPID: 0xCC Ox8E

Hostname: Router2

IP Address: 10.7.1.34

Metric: 10 IP 10.7.1.32/30

IPv6 Address: 2001:db8:FFFF::2

IPv6 (MT-IPv6) 2001:db8:FFFF::/64
IS (MT-IPv6) Router2.01

Metric: 10
Metric: 10

Routerl#ishow clns is-neighbors detail

System Id Interface State Type Priority Circuit Id Format o
Router2 Fa0/1 Up L1L2 64/64 Router2.01 Phase V -
Area Address(es): 49.0001 Router1
IP Address(es): 10.7.1.34%*
IPv6 Address (es): FES80::2B0:4AFF:FE5C:ACA9 FEO/1 2001:db8:ffff::1/64
Uptime: 00:00:14
NSF capable rea 49.0001 | 10-7-1.33
Topology: IPv4, IPv6

ATT/P/OL
0/0/0

router isis example-area

net 49.0001.0000.0000.0001.00
metric-style wide transition
!

address-family ipvé
multi-topology transition

EO0 2001:db8:ffff::2/64

FE80::2B0:4AFF:FESC:ACA
10.7.1.34




OSPFv3 (RFC 2740) u OSPFv2

1. OSPFv3 b6as3upyetca Ha OSPFv2:
PaboTaet nosepx IPv6 (port 89)

|/|CFIOJ'Ib3yeT T€ XXEe OCHOBHbIE TUIMbI MaKeToB

MexaHnambl 0OHapYyXXeHUs1 cocenen u yCTaHOBMNEHUSI C HUMU
B3anmogenctensa naeHtudHel (Bce OSPF mapuwpytusaTtopsl
FFO02::5, sBce OSPF DR - FF02::6)

LSA flooding n aging MmexaHn3mMmbl UOEHTUYHDI

Te xe Tnnel uHTEPpdencos (P2P, P2MP, broadcast,
NBMA, virtual)

2. OSPFv3 n OSPFv2 — He3aBucumeblie npouecchl (ships
in the night)



Pasnununa V2, V3

OSPFv3 cbyHKUMoHUpyeT Ha nHTepdence

1. Kanan (link) onpenensietca kak cpega, no KoTopowu
OBa yCTpoucTBa MOryT B3aMmoOencTBoBaTh Ha
KaHarnbHOM YpPOBHe.

2. BHe 3aBUCMMOCTU OT Ha3HayeHHbIX IPv6 agpecos,
OBa yCTpoucTBa MOryT B3aMMoOenCcTBoBaTh
ncnonbay4 link-local agpeca

3. Heckonbko IPv6 npedukcoB moryT ObITb Ha 0O4HOM
KaHane



Pasnuuua V2, V3 (2)

Nopgaepkka HECKONMBLKUX NpoueccoB (instance) Ha
oaHoM uHTepdence

1. HoBoe none (instance) B 3aronoske OSPF naketa
NO3BOMSET HECKOMBbKNUM nNpoLleccam paboTtaTb Ha
KaXaoMm Htepdence

2. [lakeTtbl npuHMMaloTcsa ¢ coBnagatowmm Instance ID

3. MoxeT ucnonb3oBaTbCs AN pasgeneHns Tpaduka,
HEeCKOJIbKO 30H Ha O4HOM KaHarne
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Paznunuuna V2, V3 (3)

NameHeHuAa B LSA

1. Router LSA n network LSA cogepxaTt Tornbko
TOMONOrnMYecKyo MHPoOpPMaLUo

2. Router LSA moxeT 6bITb pa3dbunt Ha Heckomnbko LSA;
link state ID B LSA 3aronoBke 310 naeHTudgunkaTop
doparmMeHTa

3. [NpeduKchl BHYTPU 30HbLI NEepenarTcs B paMKax
HoBoro LSA - intra-area-prefix-LSA

4. Tllpedounkcel nepepatoTca B inter-area u external LSA
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Pasnuuua V2, V3 (4)

Iuana3oH pacnpocTpaHeHus

1. B OSPFv3 Tpu guanasoHa pacnpocTtpaHeHua ans
LSA (kaHanbHbIN, 30Ha, AS) 1 OHW ABHO 3a4al0TCA B

TMne LS

2. B OSPFv2 nsHayanbHO pacnpoctpaHeHue obIno
onpenerneHo ToIbKO BHYTPU 30HbI U B paMKkax AS;
nosgHee opaque LSA npuBHecnun gnanasoH
nokanbHoro KaHana



Paznunuuna V2, V3 (5)

O6paboTka HenssecTHoro LSA

1. ObpaboTka Hen3BeCTHbIX LSA 3apgaeTcsi ¢ noMoLlbio
U outa B Tune LS

2. Korpa U out BbicTaBrneH, LSA pacnpocTpaHsieTcs B
paMKax COOTBETCTBYIOLLLEro AnanasoHa Tak, Kak ecnu
Obl LSA Obin n3BecTeH

3. Ecnu U ouT He BbicTaBrneH, LSA pacnpocTtpaHsaeTcs
TOMNbKO Ha NIOKanbHOM COeQUHEHNU

4. B v2 HensBecTHble LSA oTbpacbkiBanuch



Paznunuuna V2, V3 (6)

AyTeHTudpunkaumsa He ucnonb3syetca B OSPF

1. AyteHTudumkauma B camom OSPFV3 Her,
ayTeHTUuKauna nepeknaagbiBaeTca Ha ypoBeHb |IPv6

2. Autype n authentication nonga B 3aronoske OSPF
naketa Takum obpasom He NCMNonb3yrTcH



Pasnuuua V2, V3 (7)

®Popmat OSPF naketa nomeHsiNcs

1. llone mask Tenepb HeT B hello nakeTte

2. IPv6 npeduKcbl TONLKO NPUCYTCTBYIOT B Tere nakeTta
link state update



Paznunuuna V2, V3 (8)

2 HOBbIX Tuna LSA Obinun gob6aBneHbl

1. Link-LSA pacnpocTpaHsaeTca Ha NoKanbHOM
cCoeMHEeHUN U ncnonb3yeTca Ans

[Mepenaum IPV6 link local agpeca, ncnonsayemoro ans
Bblyncrienna NH

AHOHC rnobanbHoro IPv6 agpeca gpyrum maplupytmsatopam
Ha 3TOM coeAuHeHUn (ONns NoAKNYEHNE C MHOXECTBEHHbBIM
OOCTYNoOMm)

[Mepenaya router options BbligeneHHomy mapuwpyTtusatopy (DR)

2. Intra-area-prefix-LSA aHoHcupyeT IPv6 agpec
MapLlpyTmMsaTopa BHYTPU 30HbI



Tunbl LSA

LSA Function Code LSA Type

Router-LSA 1 Ox2001
Network-LSA 2 Ox2002
Inter-Area-Prefix-LXA 3 Ox2003
Inter-Area-Router-LSA 4 Ox2004
AS-External-LSA 3) Ox4005
Group-Membership-LSA 6 Ox2006
Type-7-LSA 7 Ox2007
Link-LSA 8 Ox2008
Intra-Area-Prefix-LSA A 9 Ox2009



NMpumep HacTpoukm OSPFv3

Router2#

interface P0OS3/0 Area 1

ipvé address 2001:db8:FFFF:1::1/64 —

ipvé enable g Router2

ipv6é ospf 100 area 1
POS3/0
ipv6é router ospf 100 2001:db8:ffff:1::1/64

router-id 10.1.1.4

Routerl#
interface POS1/1 ggﬁ%%g% ]
ipvé address 2001:db8:EEEE:1::1/64 .
—

ipv6 enable

ipv6é ospf 100 area O U Router1
interface P0S2/0 POS1/1
ipv6é address 2001:db8:FFFF:1::2/64 2001:db8:eeee:1::

ipv6 enable
ipv6é ospf 100 area 1

1::2/64

164

Area 0

ipv6é router ospf 100
router-id 10.1.1.3



NMpumep HacTponkn OSPFv3 (2)

Router2#show ipvé ospf int pos 3/0
POS3/0 is up, line protocol is up
Link Local Address FE80::290:86FF:FE5D:A000, Interface ID 7
Area 1, Process ID 100, Instance ID 0, Router ID 10.1.1.4
Network Type POINT TO_ POINT, Cost: 1
Transmit Delay is 1 sec, State POINT_ TO_POINT,
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
Hello due in 00:00:02
Index 1/1/1, flood queue length 0
Next 0x0(0) /0x0 (0) /0x0 (0)
Last flood scan length is 3, maximum is 3
Last flood scan time is 0 msec, maximum is 0 msec
Neighbor Count is 1, Adjacent neighbor count is 1
Adjacent with neighbor 10.1.1.3
Suppress hello for 0 neighbor(s)
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NMpumep HacTponkn OSPFv3 (3)

Router2#show ipvé route
IPv6é Routing Table - 5 entries
Codes: C - Connected, L - Local, S - Static, R - RIP, B - BGP
U - Per-user Static route
I1 - ISIS L1, I2 - ISIS L2, IA - ISIS interarea
O - OSPF intra, OI - OSPF inter, OEl - OSPF ext 1, OE2 - OSPF ext 2
OI 2001:db8:EEEE:1::/64 [110/2]
via FE80::2D0:FFFF:FE60:DFFF, P0OS3/0
C 2001 :DB8:FFFF:1::/64 [0/0]
via ::, POS3/0
L 2001:DB8:FFFF:1::1/128 [0/0]
via ::, POS3/0
L FE80::/10 [0/0]
via ::, NullO
L FF00::/8 [0/0]
via ::, NullO



]
PacwupeHnnsa BGP-4 ansa IPv6 (RFC 2545)

BGP-4 ucnonb3yet Tonbko 3 napameTpa,
KoTopble cneunduyHbl gna IPv4:

1. NLRI B coobuweHnun UPDATE copepxut IPv4
npedukc

2. NEXT_HOP aTtpubyTt B coobuweHnn UPDATE
coaepxut IPv4 agpec

3. BGP unpeHtudumkaTtop B coobuieHnm OPEN u
aTpnoyte AGGREGATOR



Pacwupenuna BGP-4 ona IPv6

MHoronpoTtokosnbHble pacwumpeHusa aonsa BGP-4
(RFC 2858)

1. TlossonsatotT BGP-4 nepegaBaTtb MHpOpMaLUMO O
apyrux npotokonax (MPLS, IPv6, un 1.4.)

2. Hoble BGP-4 onunoHanbHble U HETPAH3UTUBHbIE
napameTpbl

MP_REACH_NLRI
MP_UNREACH_NLRI

3. lNpoTokonbHo-He3aBucumbln napameTp NEXT HOP

4. [lpoTokonbHO-He3aBucumbin napameTp NLRI
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Pacwupenuna BGP-4 ona IPv6

1. HoBble onuMoHanbHbIe U HeTpaH3uTUBHbIe BGP
aTpuoyThI:
MP_REACH_NLRI (kog: 14)

CopepxuT Habop OOCTYMHLIX HA3HAYEHU BMECTE C NapamMeTpamu
next-hop

MP_UNREACH_NLRI (attribute code: 15)
CoaepXxut Habop HeLOCTYNHbIX HA3HAYEHNN
2. ATpnbyTbl c kogamun 14 n15 copgepxart ogHy Unum
HeCKOJIbKO COBOKYMHOCTEN U3 Tpex napamMeTpoB:
Address Family Information (AFI)

Next-Hop Information
(n3 Toun xe AFI)

NLRI



Pacwunpenuna BGP-4 onsa IPv6

Address Family Information (AFl) ansa IPv6

1. AFI =2 (RFC 1700)
Sub-AF| = 1 unicast
Sub-AFI = 2 (mulitcast for RPF check)
Sub-AFI = 3 anga unicast n mulitcast
Sub-AFI =4 meTka
Sub-AFI= 128 VPN



Pacwupenuna BGP-4 ona IPv6

1. Next-hop contains a global IPv6 address or potentially
a link local (for iBGP update this has to be changed to
global IPv6 address with route-map)

2. The value of the length of the next hop field on
MP_REACH _ NLRI attribute is set to 16 when only
global is present and is set to 32 if link local is present
as well

3. Link local address as a next-hop is only set if the BGP
peer shares the subnet with both routers (advertising
and advertised)



KoHndourypauusa BGP-4 ana IPv6 nupuHra
(Non-Link Local)

Router A

router bgp 100
bgp log-neighbor-changes
neighbor 2001:100:3:4::1 remote-as 100
neighbor 200.10.10.1 remote-as 200
]
address-family ipvé
neighbor 2001:100:3:4::1 activate
neighbor 200.10.10.1 activate
neighbor 200.10.10.1 route-map SETNH
out
redistribute connected
!
route-map SETNH permit 10
set ipv6 next-hop 2001:100:3:1::1

200.10.10.1

AS 200
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KoHndourypauusa BGP-4 ana IPv6 nupuHra

(link local)

Router A

router bgp 200
neighbor FE80::A8BB:CCFF:FE01:F600%Ethernet0/0 remote-as 100

address-family ipvé
neighbor FE80::A8BB:CCFF:FE01:F600%Ethernet0/0 activate /~ AS 100
neighb : :A8BB:CCFF:FEOl1:F600%Ethernet oute-map SETNH out
redistribute connected \\
—

no synchronization
| .\/\\’ \'

route-map SETNH permit 10
set ipv6 next-hop 2001:100:1:1::2 ‘

FE80::A8BB:CCFF:FE01:F600

&

AS 200




BGP-4 for IPv6 « Show Command »

1. Show bgp IPv6

RouterA#ishow bgp ipvé 2001:100:1:1::/64
BGP routing table entry for 2001:100:1:1::/64, version 71
Paths: (2 available, best #2, table default)
Advertised to update-groups:
1
100
2001:100:1:1::1 (FE80::A8BB:CCFF:FE01:F600) from FE80: :A8BB:CCFF:FE01:F600%Ethernet0/0
(200.11.11.1)
Origin incomplete, metric 0, localpref 100, valid, external
Local
from 0.0.0.0 (200.14.14.1)
Origin incomplete, metric 0, localpref 100, weight 32768, valid, sourced, best



IPv6 noBepx MPLS




IPv6 noBepx MPLS

1. Heckonbko cnocoboB aoseaeHunsa |[Pv6 cepBrcoB Ao
KOHEYHbIX Nornb3oBaTernen

BaxxHee Bcero obecneuntb nepegavy tpaduka IPvé end-to-end

2. MHorue onepatopbl cBA3uU yxxe BHegpunun MPLS B
CBOMX MarncTparibHbIX CETAX

3. IYDIPES MOXET ObITb UCMOMNb30BaH A1 UHTErpauum
Y

4. HeckonbKo noaxonos:
IPv6 nosepx L2TPv3
IPv6 nosepx EOMPLS/AToM
IPv6 nosepx IPv4 tyHHeneun ot CE no CE
IPv6 provider edge router (6PE) over MPLS
IPv6 VPN provider edge (6VPE) over MPLS
Native IPv6 MPLS






IPv6 Provider Edge Router
(6PE) Over MPLS

IBGP (MBGP) Sessions

2001:DBS8:: @ @

- : LM Dual Stack IPv4-IPv6 Routers
2001:FO0D:: - . é
\@ '\+

CE
GPE N m - /_6E
192.76.10.0 @ @ 192.254.10.0
CE

1. IPv6 cBsasHocTb noBepx IPv4-MPLS marnctpanu
2. Ha PE mapwpyTtnsaTtopax BKro4yaeTca nogaepxka gBonHoro cteka/6PE

3. O6bwmeH IPv6 mapLupyTHOM nHdopMauunein mexay 6PE mapwpytusatopamu
ocyuwectensaeTtca rno iBGP (MCEGP)

4. |Pv6 nakeTbl nepegatotca mexay napon 6PE mapwpyTtmnsatopos no MPLS



6PE: oOMeH mapwipyTamm  MeTKamu

6PE-2 otnpaenset aHoHc 6PE-1 no MP-iBGP, o3Havatowui:
IGP nnn MP-BGP 2001:FOO0D:: goctyneH
aHOHCNPYIOT Yepes BGP Next Hop = 200.10.10.1 (6PE-2)
2001:FOO0D:: : .
npwn BGP Label to 2001:FO0D:: (*)
IPv6 Next Hop Is an IPv4 Mapped IPv6 Address Built from 200.10.10.1
IGPv4 curHanusupyeTt

= AOCTYMHOCTb npedmkca
g 200.10.10.1/32

2001:DB8::

2001:FOO0D::

200.11.11.1

LDPv4 ocyuwectBnsaeT 6PE-2
NPUBA3KY METKM A4

200.10.10.1 00
LDPv4 ocyuwecTtBnsaeT

LDPv4 ocywecTtBnsaeT npuBa3ky Implicit-Null

NPUBA3KY METKN AN (T.e. Pop) ansa
200.10.10.1 200.10.10.1 IGP unu MP-BGP

aHOHCUPYIOT
2001:FO0D::



6PE: kommyTauua Ha 6PE-1

IPv6 KommyTaumsa n nodbaBneHmne MeTOK:
= 6PE-1 nonyyaeT IPv6 nakeTt

= OcyulecTBnseTcs NoUck B Tabnuue
MapLipyTusaymu/kommytaumm (FIB)

» PesynbTar:

MPLS wmeTka Label - npusaska ocywectsrneHa MP-BGP gns
IPv6 npedukca 2001:FO0D::

MPLS meTka Label1 - npuBsaska ocywectsneHa LDP/IGPv4
N ans IPv4 agpeca BGP next hop’a (6PE-2)

2001:DB8::
2001:FO00D::

==




6PE: kommyTauusa Ha P1

MPLS kommyTaums:

» P1 nonyyaet MPLS nakeTt

» [Touck B Tabnnue kommyTtauum (FIB)
2001:DB8:: ocywlectensetcs no MPLS meTtke Label1

» PesynbTaT - MeTka Label2

2001:FOO0D::

==




6PE: kommyTauusa Ha P2

MPLS kommyTaums:

» P2 nony4yaet MPLS nakeT

= [Mounck B Tabnuue kommyTtauum (FIB)
2001:DBS:: ocywectengaetca no MPLS meTke Label2

* [1o nonyyeHHomy pesynbTtaTty Implicit-NULL —
MeTka cHumaeTtcsa (PHP) 2001:FO0D::




6PE: kommyTauusa Ha 6PE-2

MPLS kommyTaums:
"6PE-2 nonyyaet MPLS nakeTt

" [lonck B Tabnuue kKommyTaumm
(FIB) ocywectBngaetca no MPLS
meTke Label

= MeTka cHUmaeTcs u
2001:DBE8:: OCyLLeCTBIAETCS MOUCK B
Tabnuue kommyTtauum no IPv6
agpecy HasHadeHus

2001:FOO0D::




KoHdourypauuma 6PE-1

2001:DBS8::
ipv6 cef

mpls label protocol 1ldp U
' eza

iBGP ceccus @7

/ 6PE-2

6PE-1

router bgp 100
no synchronization
no bgp default ipv4 unicast

neighbor 2001:DB8:1::1 remote-as 65014 +—— 2001:DB8:1::1 appec CE
neighbor 200.10.10.1 remote-as 100 +— 200.10.10.1 yaaneHHbin 6PE
neighbor 200.10.10.1 update-source LoopbackO

!

address-family ipvé

neighbor 200.10.10.1 activate

neighbor 200.10.10.1 send-label <+«———— YKasblBaeT Ha OTNpaBKy METKU
neighbor 2001:DB8:1::1 activate BmecTe ¢ [Pv6 npedukcamm ¢

nomouybto MP-BGP
[MpumeyaHune: nponsonaeT
no synchronization nepeycTtaHoBKa ceccumn

exit-address-family

redistribute connected



6PE BbIBOOLI Show KkOoMaHA

6PE-1#show ip route 200.10.10.1
Routing entry for 200.10.10.1/32
Known via "isis", distance 115, metric 20, type level-2
[snip]
* 10.12.0.1, from 200.10.10.1, wvia FastEthernetl/O0
Route metric is 20, traffic share count is 1

6PE-1#show ipv6 route
B 2001:F00D::/64 [200/0]
via ::FFFF:200.10.10.1, IPv6-mpls

6PE-1#show ipv6 cef internal #CKpblTagd KOMaH4a
OUTPUT TRUNCATED
2001:F00D::/64,
nexthop ::FFFF:200.10.10.1
fast tag rewrite with FO0/1, 10.12.0.1, tags imposed {17 28}

Lpyrve nonesHble show KOMaHAbl:

show bgp i1pv6 neighbors

show bgp 1pv6é unicast

show mpls forwarding #more on this later



- 000000_00000000_]
6PE lNpeunmywectBa/HeaocTaTku

1. He TpebyeTca mogepHusaumns maructpanbHbiX P MapLupyTmnsaTtopos
(3ameHa O, annapaTHoro obecnevyeHns, NSMeHEHUS KOHdUrypauumn)

2. Bce npenmywectsa MPLS kommyTauun (wire-rate, Fast Reroute, Traffic
Engineering)

3. Bo3moxHO nocteneHHoe BHeapeHUE (T.€. Tonbko Ha Tex PE
MapLupyTM3aTopax, Ha KoTopbix Heobxoanumo obecneuntsb IPv6
CBSAA3HOCTb)

4. Kaxpabin canT MOXeT ObITb: Tonbko v4, Tonbko VPNv4, v4+v6,
v4VVPN+v6

5. P mapwpyTtunstopbl He cmoryT otnpaenaTte ICMP coobwenna (TTL
expired, traceroute)






BHegpeHue 6VPE

IBGP (MBGP) ceccuun
VPN BLUE V41 V6 VPN ( 5 ) v4 1 v6 VPN
@ VPN BLUE
VPN YELLOW@

VPN BLUE

¢

VPN YELLOW (g.é;\ MPLS VPN VPN YELLOW
1. 6VPE ~ IPv6 + BGP-MPLS 1. MP-BGP VPNv6 address-
IPv4 VPN + 6PE family:
2. Cisco 6VPE - peanusaumn4a AFT7IPvE” (2), SAFI "VPN" (128)
RFC4659 2. VPN IPv6 MP_REACH NLRI
3. VPNv6 agpec: VPNV6 next-hop (192bits)

n NLRI B doopmaTe <gnuHa,

Agnpec, cogepxawmm Route IPv6 npedukc, meTka>

Distinguisher (64 buta) n 128 6ut IPv6 _
agpeca 3. Encoding of the BGP next-hop



6VPE npumep ansaunHa

Anpecauuda/mMapLipytusauyms

10.1.1.0/24
2001:DB8:BEEF:1::/64

U%
S~
CE1-BLUE

PE1

==
&

MP-iBGP ceccus

LoO- 192.168.2.1 —

LoO- 192.168.3.1

LoO- 192.168.4.1

10.1.2.0/24
2001:DB8:BEEF:2::/64

PE2
MP-eBGP ) >
I MP-eBGP
\
172.16.1.1 172.16.3.2
_172.16.1.2‘ 192.168.11-192.168.1.2‘ J92.168.1.5 - 192.168.1.6 1492.168.1.9_— 192.168.1.10) | _ 172.16.3.1
IPv4 i IPv4 IPv4 ) IPv4 ! IPv4 !
2001:DB8:CAFE:1::1 2001:DB8:CAFE:3::2
) 1::? ) 351
IPv6 ) g

IPv6



6VPE npumep KoHdurypaumm
B3saumogeuncteune CE1-BLUE n PE1

10.1.1.0/24

: _ _ 4. router bgp 500
Ent|e(£|%nse 2001:DB8:BEEF:1::/64 bgp log-neighbor-changes

no bgp default ipv4 unicast
neighbor 2001:DB8:CAFE:1::2 remote-as 100
neighbor 172.16.1.2 remote-as 100

(= 3 !
~ @ address-family ipv4

redistribute connected

CE1-BLUE PE1 redistribute eigrp 100
neighbor 172.16.1.2 activate
ipv6 unicast-routing no auto-summary
ipv6é cef no synchronization

! exit-address-family
interface Ethernet0/0 !
description to PEl address-family ipvé6

ip address 172.16.1.1 255.255.255.0 neighbor 2001:DB8:CAFE:1::2 activate
ipv6é address 2001:DB8:CAFE:1::1/64 redistribute connected

! redistribute rip BLUE
interface Ethernetl/O0 no synchronization

description to BLUE LAN exit-address-family

ip address 10.1.1.1 255.255.255.0 !
ipvé address 2001:DB8:BEEF:1::1/64 ipvé router rip BLUE
ipv6é rip BLUE enable redistribute bgp 500



6VPE npumep KoHdurypaumm

PE1 — KoHQurypauua maructpanbHOU YacTu

ipv6é unicast-routing

.@’ ipvé cef
SN _—mpls ldp router-id LoopbackO

CE1-BLUE ]

interface LoopbackO

ip address 192.168.2.1 255.255.255.255
!

@ interface Ethernet0/0
description to CEl1l-BLUE

vrf forwarding BLUE

P1 ip address 172.16.1.2 255.255.255.0
1. CtanpapTHad ipv6 address 2001:DB8:CAFE:1::2/64
!
KOH(bV”-ypaL"MH interface Ethernet2/0
MPI—S description to P1
Mexay PEuP ip address 192.168.1.1 255.255.255.252
mpls ip
2. Bappe-IGP ! .
t £
(OSPF) routcter osp

log-adjacency-changes

redistribute connected subnets
passive-interface LoopbackO

network 192.168.1.0 0.0.0.255 area O



6VPE npumep KoHdurypauum
PE1 — cosnaHune VRF

VRF BLUE
vrf definition BLUE
— rd 200:1
CE1-BLUE ’
VRE route-target export 200:1
BLUE route-target import 200:1
(RD - 200:1) !
PE1/PE2 copepxat address-family ipv4
CE1 Routes exit-address-family
CE2 Routes !

address-family ipvé6
exit-address-family

1.  Onsa murpaumm ¢ VPNv4 oo mHoronpoTokoneHoro VRF
CYLLECTBYIOT cneunasnbHble KOMaHabl

(config)#vrf upgrade-cli multi-af-mode {common-policies | non-
common-policies} [vrf <name>]

2. KomaHpga BKIo4aeT nepexon Co CTaporo pexxmma KoHdurypauumm
c nogaepxkoun Tonbko |IPv4 Ha HoBbIM VRF ¢ nogaepkkon

HeckoJibknx Address-Family



6VPE npumep KoHdurypaumm

PE1 — HacTpouka BGP

VRF BLUE

CE1-BLUE MCF;E;P
172.16.1.1 PN
CAFE:1:1 ~ @ '
PE2
192.168.5.1

router bgp 100

bgp log-neighbor-changes

neighbor 192.168.5.1 remote-as 100
neighbor 192.168.5.1 update-source
Loopback0

!

address-family ipv4

neighbor 192.168.5.1 activate

no auto-summary

no synchronization
exit-address-family

!

address-family vpnv4

neighbor 192.168.5.1 activate
neighbor 192.168.5.1 send-community
extended

exit-address-family

address-family vpnvé

neighbor 192.168.5.1 activate

neighbor 192.168.5.1 send-community

extended

exit-address-family

address-family ipv4 vrf BLUE
redistribute connected

neighbor 172.16.1.1 remote-as 500
neighbor 172.16.1.1 activate

no auto-summary

no synchronization
exit-address-family

!

address-family ipv6é vrf BLUE
neighbor 2001:DB8:CAFE:1::1 remote-as

500

neighbor 2001:DB8:CAFE:1::1 activate
redistribute connected

no synchronization
exit-address-family



6VPE npumep KoHdurypaumm

KoHurypaumna marnctpanbHbIX MapLUpyTU3aTopoB

(==

(==

mpls 1ldp router-id LoopbackO
!

interface LoopbackO

ip address 192.168.3.1 255.255.255.255
!
interface Ethernet0/0

description to PEl

ip address 192.168.1.2 255.255.255.252
mpls ip

!

interface Ethernetl/0

description to P2

ip address 192.168.1.5 255.255.255.252
mpls ip

!

router ospf 1

log-adjacency-changes

redistribute connected subnets
passive-interface LoopbackO

network 192.168.1.0 0.0.0.255 area O

mpls 1ldp router-id LoopbackO
!
interface LoopbackO
ip address 192.168.4.1 255.255.255.255
!
interface Ethernet0/0
description to P1
ip address 192.168.1.6 255.255.255.252
mpls ip
!
interface Ethernetl/0
description to PE2
ip address 192.168.1.9 255.255.255.252
mpls ip
!
router ospf 1
log-adjacency-changes
redistribute connected subnets
passive-interface LoopbackO
network 192.168.1.0 0.0.0.255 area O



Tabnuubl mapwpyTtusauum IPv6

CE1-CE2

Default Table
BEEF:1::/64
9999::/64

Routing
Table BLUE

VRF BLUE

CE1-BLU 'n

MP-iBGP TvHHenb — il

yymn

cel-blue#show ipvé route

Cc

L

2001 :DB8:BEEF:1::/64 [0/0]

via Ethernetl/0, directly connected

2001 :DB8:BEEF:1::1/128 [0/0]

via Ethernetl/0, receive

2001 :DB8:BEEF:2::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F600, Ethernet0/0
2001 :DB8:CAFE:1::/64 [0/0]

via Ethernet0/0, directly connected
2001:DB8:CAFE:1::1/128 [0/0]

via Ethernet0/0, receive
2001:DB8:CAFE:3::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F600, Ethernet0/0
8888::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F600, Ethernet0/0
9999::/64 [120/2]

via FE80::A8BB:CCFF:FE01:9000, Ethernetl/O0
FF00::/8 [0/0]

via NullO, receive

BGP Table

Default Table
BEEF:2::/64
8888::/64

Routing
Table BLUE
§ PE2

o .

g CE2-BLUE

VRF BLUE

ce2-blue#show ipvé route

B

Cc

2001:DB8:BEEF:1::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F901, Ethernet0/0
2001 :DB8:BEEF:2::/64 [0/0]

via Ethernetl/0, directly connected

2001 :DB8:BEEF:2::1/128 [0/0]

via Ethernetl/0, receive

2001 :DB8:CAFE:1::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F901, Ethernet0/0
2001 :DB8:CAFE:3::/64 [0/0]

via Ethernet0/0, directly connected
2001:DB8:CAFE:3::1/128 [0/0]

via Ethernet0/0, receive

8888::/64 [120/2]

via FE80::A8BB:CCFF:FE02:5800, Ethernetl/O0
9999::/64 [20/0]

via FE80::A8BB:CCFF:FE01:F901, Ethernet0/0
FF00::/8 [0/0]

via NullO, receive



Tabnuubl mapwpyTtusauum IPv6
PE1-PE2

Default Table _
BEEF:1::/64
VRF BLUE TR Table BLUE

_ Default Table
Routing BEEF:2::/64
Table BLUE 8888::/64 VRF BLUE

BGP Table PE2
\ N\ < EE

CE1-BLUE ‘ - A > CE2-BLUE
pel#ishow ipvé route vrf BLUE P pe2#show ipv6 route vrf BLUE
B 2001:DB8:BEEF:1::/64 [20/0] B 2001:DB8:BEEF:1::/64 [200/0]

via FE80::A8BB:CCFF:FE01:F400, Ethernet0/0 via 192.168.2.1%Default-IP-Routing-Table,
B 2001:DB8:BEEF:2::/64 [200/0] indirectly connected

via 192.168.5.1%Default-IP-Routing-Table, B 2001:DB8:BEEF:2::/64 [20/0]
indirectly connected — via FE80::A8BB:CCFF:FEO1:FA00, Ethernetl/0
C 2001:DB8:CAFE:1::/64 [0/0] B 2001:DB8:CAFE:1::/64 [200/0]

via Ethernet0/0, directly connected via 192.168.2.1%Default-IP-Routing-Table,
I. 2001:DB8:CAFE:1::2/128 [0/0] indirectly connected

via Ethernet0/0, receive C 2001:DB8:CAFE:3::/64 [0/0]
B 2001:DB8:CAFE:3::/64 [200/0] via Ethernetl/0, directly connected

via 192.168.5.1%Default-IP-Routing-Table, I. 2001:DB8:CAFE:3::2/128 [0/0]
indirectly connected via Ethernetl/0, receive
B 8888::/64 [200/2] B 8888::/64 [20/2]

via 192.168.5.1%Default-IP-Routing-Table, via FE80::A8BB:CCFF:FEQ01:FA00, Ethernetl/O0
indirectly connected B 9999::/64 [200/2]
B 9999::/64 [20/2] via 192.168.2.1%Default-IP-Routing-Table,

via FE80::A8BB:CCFF:FE01:F400, Ethernet0/0 indirectly connected
L FFO00::/8 [0/0] L FFO00::/8 [0/0]

via NullO, receive via NullO, receive



Tabnuubl mapwpyTtusauum IPv6
PE1 BGP Next-Hop

Default Table : _ Default Table
BEEF:1::/64 BEEF:2:1/64
PE1 BGP Table PE?

_ — ) ﬂﬁ \ < AN —— P
CE1-BLUE \ ¢ A > CE2-BLUE

“ MP-iBGP TyHHenb "B

peli#ishow bgp vpnvé unicast all

Network Next Hop Metric LocPrf Weight Path |IPV6 ajpec,
Route Distinguisher: 200:1 (default for vrf BLUE) MnoJty4eHHbIN N3
*> 2001:DB8:BEEF:1::/64 IPv4
2001:DB8:CAFE:1::1 (YcTtaHoBneHue
0 0 500 ? LSP Ha Gase
*>i2001:DB8:BEEF:2::/64 IPv4)
::FFFF:192.168.5.1
0 100 0 506 ?
*>i2001:DB8:CAFE:3::/64
::FFFF:192.168.5.1
0 100 (0 I
*>18888::/64 ::FFFF:192.168.5.1
2 100 0 506 ?
*> 9999::/64 2001:DB8:CAFE:1::1

2 0 500 ?



MPLS kommyTauums
PE1

Default Table
BEEF:1::/64
9999::/64

VRF BLUE

(&’

@ CE2-BLUE

VRF BLUE

CE1-BLUE

MP-iBGP TyHHenb

pel#ishow mpls forwarding

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or VC or Tunnel Id Switched interface
16 Pop Label 192.168.1.4/30 0 Et2/0 192.168.1.2
17 16 192.168.1.8/30 0 Et2/0 192.168.1.2
18 Pop Label 192.168.3.1/32 0 Et2/0 192.168.1.2
19 18 192.168.4.1/32 0 Et2/0 192.168.1.2
20 19 192.168.5.1/32 (0] Et2/0 192.168.1.2
21 No Label 10.1.1.0/24[V] 0 Et0/0 172.16.1.1
22 Aggregate 172.16.1.0/24[V] 570 BLUE
25 No Label 2001:DB8:BEEF:1::/64[V] \

570 Et0/0 FE80: :A8BB:CCFF:FE01:F400
26 Aggregate 2001:DB8:CAFE:1::/64[V] \

35456 BLUE

27 No Label 9999::/64([V] 570 Et0/0 FES80: :A8BB:CCFF:FEQ01:F400



MPLS kommyTauums

2001:DB8:BEEF:1::1

Lo0-192.168.2.1

e .
-—

CE1-BLUE

Lo0-192.168.3.1
PE1

192.168.1.1- 19216812|

192 168.1.5-192.168.1.6 |

Lo0-192.168.4.1

68—

Lo0-192.168.5.1

192 168.1.9-192.168.1. 1Q

IPv4

I IPv4

pel#show mpls forwarding
Local Outgoing Prefix
Label Label

25 No Label 2001:DB8:BEEF:1:

Outgoing Next Hop
interface

:/64 Et0/0 FE80: :A8BB:CCFF:FE01:F400

pl#show mpls forwarding
Local Outgoing Prefix
Label Label
17 Pop Label

Outgoing Next Hop
interface

192.168.2.1/32 Et0/0 192.168.1.1

p2#show mpls forwarding
Local Outgoing Prefix
Label Label
18 17

Outgoing Next Hop
interface
192.168.2.1/32 Et0/0

pe2#sh ipv6é cef vrf BLUE
2001:DB8:BEEF:1::/64
nexthop 192.168.1.9 Ethernet0/0 label 18 25

192.168.1.5

IPv4

-

CE2-BLUE



6VPE 3aknouyeHue

1. RFC4659: BGP-MPLS IP Virtual Private Network
(VPN) Extension for IPv6 VPN

2. 6VPE npocto gpobasnseTt nogaepxky IPv6 kK
cywiectsyowemy cepsucy IPv4 MPLS VPN

3. Hna knueHToB: B V6-VPN coxpaHsaloTcs Te Xe
npuHuunel, 4To 1 ansa v4-VPN (QoS, hub and spoke,
internet access, etc.)

4. [Ina onepaTopos:

[Mpouenypbl No HacTpouke n ynpasneHunio v4 n vé VPN
oANHaKoBble

He tpebyeTca moaepHusauus IPv4/MPLS agpa (P
MapLLUpYyTU3aTOPOB)



3akKknrouyeHue

1. Jlyywe HayaTtb cenyac, 4em nNOToM

2. YTto cnepyet y4yecTs:
MapuTteT No dyHKUnoHanbHocTn mexay |IPv4 n IPv6 Bce elle Ha ropnsoHTe

Mnanbl IPV6 y paspaboTynkos 1O, nponssogutenen annapatHoro obecneyeHus,
Ncnonb3yemMoro B Ballen cetun?

3. CueHapuun BHeapeHUSs
ISP _IPv6 Deployment Scenarios in Broadband Access Networks (RFC 4779)
Scenarios and Analysis for Introducing IPv6 into ISP Networks (RFC 4029)
Procedures for Renumbering an IPv6 Network without a Flag Day (RFC 4192)
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www.cisco.com/go/srnd - CISCO NETWORK DESIGN CENTRAL

WWW.Cisco.com/go/fn

3
4
5
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