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[Toyemy Unified MPLS



[Touemy Unified MPLS

- Ha cerogHsIlLLHMW OeHb NaKeTHbLIE TPAHCMOPTHbIE TEXHOMNOIMMN
ABNATCA Hanbdonee adPMEKTUBHLIM PeLLEHNEM (TEXHOMNOMNMU,
LeHa, poCT Tpadouka...)

- TpeboBaHMe K TpaHCNOPTHOW NHPPACTPYKTYpE — MakCcUManbHas
yTUNn3auna ontu4eckon MHPacTpyKTypbl, pagmno-penemHon
NHMPACTPYKTYPbl — HEODXOAMMOCTb BUPTYyanusauum
TPaHCMNOPTHbIX CEPBNUCOB

- EgnHaga TpaHcnopTHaa MHdpacTpykTypa anga mobile n wireline
ycnyr

- Legacy TDM n ATM Oyaoert cylwiectBoBaTb Ha NPOTSXEHUN
ONUTENbHOro nepuoga BpeMeHu

- MPLS BbIOpaH Kak TpaHCnopTHas TEXHOMOMMs — BO3MOXHOCTb
BupTyanusauun, nogaepxkn TDM/ATM TexHonorun,

CTatTnucTtn4eckoe MyJsibturniekcnpoBaHme

- Unified MPLS npepnoctasngetr macwtadupyemoe pewieHume
= dﬂ _py.h



TeHaoeHUMN B COBPEMEHHbIX OMepaToOPCKNX CETAX

- CeTun cTaHoBATCA DonbLue
Quad-play (Video, Voice, Data & Mobility)
ObbeanHeHue ceTen
YBernu4yeHune Kon-sa yarnos

+ OKCMOHEHLManbHbIN POCT NOTpebneHus Tpaduka
CepBucbl ans busHec aboHeHTOB
MobunbHble cepBUCHI
Ycnyrn ans goMalHux aboOHEHTOB

- MPLS Ha ypoBHe ceTn goctyna
Seamless MPLS
MPLS-TP

- KoHconupauuna BGP ASN




TpeboBaHUs K COBPEMEHHbBIM CETAM

- bonbluasa ceTeBasd MHPACTPYKTYypa
2000+ ycTpouncTB B ceTtun

- BoamoxxHOCTb 0becneunTb nogknoveHne ang obecneyeHns cepeuca B
nooOon ToYke ceTu

- HabniogaemocTtb 1 ynpaensemoctb End-to-End
v4/v6 Uni/Multicast ycnyru

- bbicTpasa cxognmocTb nnm BocctaHoBneHne
Uem ObicTpee, Tem nyyuwe. ©

- MacwTabupyemocTtb 1 lNponsBognTenbHOCTb

[MlpocToTa

Any Play




MacLwtabupyemocTtb — OoT Agpa go
[ paHULIbI CETU
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[lpoaBuxeHne TpaHcnopTHon TexHonorun MPLS B
. CerMeHT arperaumm un gocrtyna




The Market Points to MPLS as the Right
Choice

MPLS obecneunBaeT HageXHoe TPaHCNOPTHOE peLleHne
MBKOCTb, CTAaTUCTUYECKOE MYNBTUMNIIEKCUPOBAHNE
HeTtepMnHupoBaHHbIn MappyT - Traffic Engineering
Cratnyeckne n guHammyeckme CXembl NOCTPOEHNS 3alLnTbI
Buptyanusaumna ycnyr: L2VPN, L3VPN
Multipoint capabilities

« 74% npegnpuatumn npumeHaoT MPLS TexHonorum B cBomnx cetsx u ewe 10% nnaHunpytoTt
BHeOpeHne*

- CHuxeHue ctoumocTn obopyaoBaHusi, nogaepxusatowero MPLS.
- MPLS-TP
OAM
KoHurypauus - nogaepka CtTaTM4eckoro u guHaMmy4eckoro MeToaoB
HanbHenwee passutune B crnivaHun MPLS-TP ¢ IP/MPLS

- Unified MPLS ot goctyna kK onopHoun nHdpactpykrype from access to core has the
potential to:

EgvHbin control plane
YHudvrkaumsa B npegocTaBrieHnn ycnyr

CHMXeHne onepaumnoHHbIX 3aTpar *Nemertes Research, , May 2008



[TpumeHeHne MPLS

Operational Points

sos®"® oo =

= [lpwu BHeOpeHun cepBuca BCe y3rbl BOBMNEKAKTCS B Npouecc KoHurypuposaHua. bonbluoe
KOJS1-BO TOYEK N3MEHEHNA KOHdurypaunu. Cuctema ynpaBneHust JOrmKHa «3HaTb» BCHO
CETEBYH TOMNOOMMI0.

= 3agaya cocTonT B MMHUMN3aLUNKU TOYEK N3MEHEHUST KOHJOMTYpaLummn
= [Mpenmyuwectso guHammnku B MPLS.

= Tonbko nHterpauuns sBcex MPLS cermeHTOB no3BosfiseT MUHUMU3NPOBATb KOM-BO TOYEK
MoandmKaLunm KoHdUrypaumn.




Ob30p pelueHuns

Unicast Routing Fast
+ MPLS Restoration
* 3onauua gomeHoB * IP FRR (IGP LFA &
IGP BGP PIC)
* lNoakntoyeHune « MPLS FRR (LDP
nomeHoB |GP yepes FRR & TE FRR)
BGP
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Mapwpytnzaumsa + MPLS ansauvH
NOMKHbI obecne4ynTsb....

- PE-to-PE Routes (and Label Switched Paths)
PE HeobxoamMmo «3HaTb» /32 MapLpyT K Apyromy

MecTo pasmelueHuns PE yxxe He nMeeT 3Ha4YeHund

- Single BGP ASN

Ooctyn Anpo




MapuwpyTtnsaumna + MPLS ansaunH
TpaanUMOHHBLIN noaxon...

- ObbsaBrneHne nHppacTpykTypHbiX (e.g. PE) mapwpyTtoB B IGP
- ObbsaBrieHne nHppacTpykTypHbiX (e.g. PE) meTtok B LDP

« Cermentaumsa IGP gomeHos (i.e. ISIS L1/L2 nnn OSPF Areas)

BGP curHanusauusa gns cepsucos(L2, L3)
> 2
~ 7
End-to-End IGP & LDP ans
NMHPPACTPYKTYPHbIX NpedrKcoB
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MapuwpyTtnsauma + MPLS ansaunH
TpaanuMOHHBLIN Nogxod He Bceraa
ABNAETCA NyYlnm peLleHnemMm...

[Mpobnembl BbICTPON CXOAUMOCTH ‘
- Bonblwoii IGP nomeH *
YCTOM4YMBOCTb CETEBOMN MHAPACTPYKTYpPHI

4

- Bonbwaga 6a3a npaHHbIX IGP

- bonblwaga 6a3a gaHHbIX LDP



Mapwpytnsauua + MPLS aunsavH
‘Paspenan n enacteymn’ — HOBbI nogxona

- PaspeneHune n nsonauus gpomeHos IGP
HeTt bonbwe eanHon (end-to-end) IGP cBs3HOCTU

- Wcnonb3oeaHne BGP gnsa nHdppactpyktypHblx (i.e. PE) mapwpyTtos
A Takke n anga nHpacTpyktypHbiX (i.e. PE) metok (e.g. RFC3107)

BGP onsa ycnyr n cepucos (e.g. L2, L3)

A M

<
BGP ona MH(QEaCT%\;IKTyprlx CeTeBbIX NPEPUKCOB O
sonupoBaHHble IGP & LD~ UsonuposaHHbie IGP & LDP ©

WN3onuposaHHble IGP & LDP 7

ISIS Level 1

ISIS Level 1
Or Or ¢ Qr
OSPF Area Y 2'¢ OSPFArea0 | OSPF Area X
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MapuwpyTtmnsauma + MPLS gusauvH
Pasnenan n Bnacteyv

1. IGP ucnonb3yeTtcsa TosbKo AN pacnpoCcTpaHeHNa MapLIpyTHOW
NH(POPMaLIMM TOSbKO B paMKax M30NMpPOBaHHOIO AOMEHa

a. He HyneBble unn L1 area pacnpoCTpaHsoT MapLUpyTbl CBOEro AOMEHa
b. Backbone pacnpocTtpaHsatoT mapLupyTbl TONbKO backbone 30HbI

2. BGP+Label (RFC3107) ncnonb3syetcsa afisgs obmeHa mapLupytamu
MeXay JOMeHaMu

a. PE pe-gnctpubyuus ceonx loopback B IGP Ttakxe kak n B iBGP+Label
b. PE B3anmogenctyoT co cBoMun nokanebHbiMn ABRs ncnonb3sys iBGP

* ABRs BuinonHstot ponb Route-reflectors
« ABRsreflect _only_Infrastructure (i.e. PE) routes

c. ABR, B kavectBe RR, nameHaetr BGP Next-hop Ha cBoero Loopback

3. BGP, kak n npexae, ucnonbsyetrca gna YCIYI (L3, VPN)

1. PES nmeroT otaenbHble MUMPUHIOBbIE OTHOLLEHUS A5si OOMeHa cepBUCHbIMU
npedukcamn /NLRIs



MapuwpyTtmnsauna + MPLS OusavH
Unified MPLS

IGP ncnonb3yeTtcs ToNbKO AN pacnpocTpaHeHns MapLpyTHOW nHdopmaLumm
0 TONbKO B paMKax M30n1MpoBaHHOIO AOoMeHa

He HyneBble nnn L1 area pacnpocTpaHsoT MapLUpyTbl CBOErO JOMEHA
Backbone pacnpocTtpaHatoT mappyTbl TONbKO backbone 30HbI
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ISIS Level 1

v, =

ISIS Level 1 ISIS Level 2
Or Or /l Or
OSPF Area Y O/SE’F Area 0 /i OSPF Area X

*ISIS L1->L2 (or L1->L1)
Redistribution can Be Avoided,
similar to that of OSPF Non-Zero<-
>Zero Area Redistribution.



Mapuwpytusauma + MPLS dunsavH
Unified MPLS

PE BbInonHAKOT peauctpudyuuto ceomx loopback agpecos B IGP
Takke kak n B iBGP+Label

Loopback Int
Redistributed into IGP
and BGP+Label
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MapuwpyTtnsaumna + MPLS dusavH
Unified MPLS

@ PE cTpouT cBOU NMMPUHIOBLIE B3aUMOLEWUCTBUSA C JTIOKaNbHbIMA
ABRs ncnonbaysa iBGP+label

ABRs BbinonHseT ponb Route-reflector-a
ABRs reflect _only Infrastructure (i.e. PE) routes

RRs Takke npucyTtcTtByeT B ONOPHOM UH TOVKT
S TaKKe NPUCYTCTBYET B ONOPHON UHADPACTPYKTYype <> [BGP+Label

Peering

T OSPF Area{?V
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MapuwpyTtmnsauma + MPLS OusanH
Unified MPLS

ABR, B kauecTBe poyT-pednektopa, nameHsiet BGP Next-hop Ha
CBOW ANs Kaxgoro mapwpyTta obbasnsgemoro Yepes BGP

BGP Prefix PE31: ABR Sets BGP NH to Itself ABR Sets BGP NH to
Itself

Next-Hop = P1; Label=L10

BGP Prefix PE31:
Next-Hop = PE31; Label=N

4

BGP Prefix PE31:
Next-Hop = P2; Label=L10f

ISIS Level 1 ISIS Level 2 & ISIS Level 1
Or Or f’E Or
OSPF Area Y Y, OSPF Area 0 8C OSPFE Area X

BR < A




MapuwpyTtmnsauna + MPLS OusauvH
Unified MPLS

@ PEs nmetoT otaenbHble iBGP B3anmocsssn ana YCITYT, ogHa nnu
Heckonbko AFI/SAFI (gns IPv4/6, VPNv4/6, L2VPN, etc)

Ons yBenuyeHns maclutabupyemoctn MoxHo Bblaenute RR ans kaknx-1o
CEPBMCOB UMW IPynmn CEPBUCOB.

<> iBGP
Peering
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CXoOuMOCTb

- |GP fast convergence

- Loop Free Alternate Fast (LFA FRR) BHyTpu gomeHa

- Unified MPLS BGP PIC Core and Edge

- bblcTpoe BoccTaHoBneHue cepsncos (BGP PIC Edge, PW FRR)

- 50ms for non recursive processes.
- 100ms convergence end-end.

- [1pn 3TOM MoAenb NpakTUYeCcKon peanusayumm OOoMKHA OCTaBaTbCs
npenenbHO NPoCcToun



Uto Takoe LFA FRR - 0630p?

- MexaHun3m ObICTPOU CXOAMMOCTMN, KOTOPbLI NO3BOMSAET AOCTUYb
cxogmmocTtn 0o 50 ms.

- [Ana poctumxkeHusa ObICTPOU nepe-mMapLupyTmusauum Tpagpuka
forwarding engine (CEF/FIB) cneunansHo nporpammupyetcs u
XpaHUT OCHOBHOW M1 3anacHOU MapLUpyTbl N9 KaXgoro npedukca.
Kaxabl 3anacHoOM MapLUpyT npegBapuTenbHO paccymTaH C
ncnonb3osaHnem anropmutma LFA.

- Backup paths are computed AFTER the primary path and so do
not delay normal convergence

- [Ana muHUMmM3auum BpemMeHun nepekrodeHns forwarding engine
(FIB) oormkeH 6bITb nepapxnyeckum.

- Heobxoanma nogaepxka MexaHM3MoB ObICTPOro AEeTEKTUPOBAHUS
OTKa30B 45 NepeknioyeHns Ha 3anacHomn mapwpyT (BFD,
IPoDWDM proactive protection, ...)



LFA HangeH

Route D
Primary: F
Backup: R1 (LFA)

mmmm Primary Path
=ssm Backup Path

© 2011 Cisco and/or its affiliates. All rights reserved.



LFA He HanaeH

Route D
Primary: F
Backup: -- (no LFA)

S

N
—_— e
>0

-—" VRS

Route D
Primary: S s

Route D
Primary: R3
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icnonb3oBaHme TyHHenNbHbIX TexHonornn gna LFA
FRR (Remote LFA FRR).

A, B,C,D, E, H, G, X: LFA

Tunnel 1




LFA FRR anga konbueBbiX TOMNONOMMu

« LFA FRR with tunnel - Remote LFA FRR

« No PQ computation - PQ computation (find first node
who is not sending traffic back)

- Manual placement
- Auto placement of tunnel

- RSVP-TE tunnel toward PQ node
« LDP tunnels



[TapameTpbl MOgenu

50x ArperaumoHHbIX JOMEHOB

AS 65000

Core

; Aggregation 1
PE4

| ABR1
1.0.0.206 el
@&_100221

1.0.0.211

Ea

Y ‘

1.0.0.209

1.0.0.210

Aggregation 2

1.0.0.201 1.0.0.205 VABR3  VABR102
1.0.0.13 0,033 133.0.1-100 1.0.0.23
'VABR1 vABR2
VvPE1 VPE2 vPE1000 @ 10034 . vPE1 VPE2 vPE1000
& & == WVPE1 vPE2 VPE1000 @@ & ==
11.01 1.1.02 1.1.33.232 S & & | 12011202 1.2.33.232
13.01 1.3.0.2 1333232
vAggregation 3 |

EJ ASR9000-XR4.1.1 &) Cisco7600 - 15.1(3)S2

ASR1000 — XE3.2.0 / 15.1(1)S
& 7200- 15.1(3)S2



Tononorua cteHaa

1000x /30 prefixes

2.31.0.0 - 2.31.31.56
Cumynauma cetn pasmepom 50,000 yanos 102 /32 Loopbacks

BGP 1.0.0.33, 1.0.0.34
1.3.0.1 —1.3.3.232
1000x /32 LoOpbaCKs | > i
1.1.0.1 - 1.1.3.232 AS 65000 |
Aggregation 1 Core Aggregation 2 PEG
1.0.0.211 ABR3
&9 1.0.0.209
@ 1.0.0.213 |
\ P3
/ BGP

-

1000x /32 Loopbacks
1.0.0.210 1.2.0.1-1.2.3.232
VABR3 VvABR102

@ 0. @ a
10033 1.33.0.1-100 1.0.0.23

vABR1 vABR2

vPE1 VPE2 vPE1000 & &10.034 vPE1 VPE2 vPE1000
vPE1 VvPE2 VvPE1000

] ] R )
1.401 11.02 1.1.33.232 S &8 &S 1.2.0.1 1.2.0.2 1.2.33.232

1.3.0.1 1.3.0.2 1.3.33.232

ISIS L1 1
1500x /30 prefixes

vAggregation 3

ISIS L1
1500x /30 prefixes

2.31.0.0 — 2.31.46.216
1000x /32 Loopbacks
1.1.0.1-1.1.3.232

2.32.0.0 - 2.32.46.216

10308x1/§21 L?c’)gpzb;;ks | 1000x /32 Loopbacks

1.2.0.1 -1.2.3.232




Basic IGP

Configuration
KoHdpurypauma IGP
Convergence
MPLS & IGP
Yanel PEn P (10S) el
AS 65000
ISIS L1 ISIS L2 ISIS L1
ABR3 PE6
; ABR1 1.0.0.211 =d
1- 0.0. 1.0.0.206 =z RR @&7=21.0.0.209
# : gmPci2s (G0 @ i .
GKVOK3§ . . ¥ Gi2/0/ ' i 1.0.0.213: :Gi0/1
Gi2/0/5 . g i . Gi0/0/0/0 i Gi2/7
; T P t i2/0/3 E 1.0.0.202
5100203 = - S o
S e s
|
router isis .
mpls ldp igp sync holddown 10000
net 49.0001.0000.0000.0221.00 <4 mpls ldp router-id Loopback®
i1s-type level-1
ispf level-1
metric-style wide <£ interface Loopback®
fast-flood ip address 1.0.0.221 255.255.255.255
ip route priority high tag 1000 ip router isis
max-1lsp-lifetime 65535 isis tag 1000
lsp-refresh-interval 65000
spf-interval 5 20 50 interface GigabitEthernet0/2/1 ) .
pre-interval 5 20 58 % e ek R e adaress 3.906 5913 295.235.455.252
lsp-gen-interval 5 20 50 235.255,255.252 A AR I
no hello padding ;plgogter 1S1s mpls ip
mpls ldp sync iZis nthork point-to-point isis network point-to-point

isis metric 50

ASR1000 - XE3.2.0 / 15.1(1)S , =
7200 — 15.1(3)S2 S @ ciscorsoo - 15.1(3)52 E:J ASR9000 — XR 4.1.1



KoHdourypaumsa IGP

Y3nel ABR (10S)

Basic IGP

Gio/o/3

Configuration
Tuning of Sub-Second
Convergence
MPLS & IGP
Interaction
AS 65000
ISIS L2 ISIS L1
ABR3 PEG
1.0.0.211 -
&= 1.0.0.209
Gi2/4  |Gi0/0 @ ' 1.0.0.213 Gio/1
Gi0/0/0/0
. - Gi2/7
Gi2/0/3 1.0.0.202

interface GigabitEthernet2/1

ip address 2.201.206.2 255.255.255.252
ip router isis

mpls ip

isis circuit-type level-1

isis network point-to-point

interface GigabitEthernet2/4

ip address 2.204.206.2 255.255.255.252
ip router isis

mpls ip

isis circuit-type level-2-only

isis network point-to-point

Aggregation Facing Interfaces 4

Inter ABR Interface

Core Facing Interfaces
nterface GigabitEthernet2/3

ip address 2.205.206.2 255.255.255.252
ip router isis

mpls ip

isis network point-to-point

@ASRWOO —XE3.2.0/
7200 — 15.1(3)S2

15.1(1)S 4 . ==
() @ Cisco7600 - 15.1(3)S2 E2J/ASR9000 - XR 4.1.1



Basic BGP
Configuration

KoHdurypaums IGP A
Y3nbl ABR (10S) AL

announce ABRs AS 65000
ISIS L1 : ISIS L2 -
ABR1 1.0.0.211 ABR3 J access-list 100 permit ip host 1.0.0.206 any
1.0.0.206 <2 RR B access-list 100 permit ip 2.205.206.0 0.0.0.3 any
------------------- = — access-list 100 deny 1ip any any
-~
| 1 J
AT ip access-list standard ibgp_nexthops
L permit 1.0.0.33
; B ABR4 permit 1.0.0.34
=) permit 1.0.0.205
___________________ - @ permit 1.0.0.206
100205 permit 1.0.0.209
b2ty ABR2 1.0.0.210 permit 1.0.0.211
é Y R permit 1.0.0.210
' deny any

Announce ABRs -
Ensure all ABRs are in ISIS

router isis
redistribute isis ip level-1 into level-2 distribute-list 100
redistribute isis ip level-2 into level-1 route-map ibgp_nexthops

ASR1000 — XE3.2.0/ 15.1(1)S , =
& 7500 15 1(3)S2 S @ ciscore00 - 15.1(3)52 E:J/ASR9000 - XR 4.1.1



Basic IGP
Configuration

KO H m I/I rypa L'| VI ﬂ | G P Tuning of Sub-Second

Convergence
Yanbl ABR (10S XR)

AS 65000

ISIS L2

ISIS L1
1.0.0.211 ABR3 PE6

1- : 0.0. 0.0. % RR @&7=210.0.209
z ' ' s Gi24 [Gio/o @ i
Gi0/0/3  Gi o b Gi2/0/
i ] P " i

1.0.0.213 :Gi0/1

Gi0/0/0/0
Gi2/0/3 _' |

1.0.0.202

router isis core
net 49.001.000.000.209.00
address-family ipv4 unicast
metric-style wide
ispf
spf-interval maximum-wait 5000 initial-wait 20 secondary-wait 50
spf prefix-priority high tag 1000
I

interface Loopback®
point-to-point
address-family ipv4 unicast
tag 1000

< ASR1000 — XE3.2.0 / 15.1(1)S , ==
& 7500 - 15, 1(3)S2 1S @ ciscore00 - 15.1(3)52 E:J/ASR9000 - XR 4.1.1



Basic IGP
Configuration

KoHdurypauma IGP e
Yanbl ABR (10S XR)

AS 65000

ISIS L1 - lssL2 ISIS L1
1.0.0.211 ABR3
1.0.0.209

1. é RR &7
G003 Gi R i @

Gi0/0/c§/q

1.0.0.213 Gi0/1

Gi2/7
1.0.0.202

Gi2/0/3

router isis core /// \\L————— router isis core

interface GigabitEthernet0/0/0/0 router isis core interface GigabitEthernet0/0/0/1
circuit-type level-2-only interface GigabitEthernet0/0/0/4 circuit-type level-1
point-to-point point-to-point point-to-point
address-family ipv4 unicast address-family ipv4 unicast address-family ipv4 unicast
mpls ldp sync mpls ldp sync mpls ldp sync
Aggregation Facing Interfaces Inter ABR Interface Core Facing Interfaces

ASR1000 — XE3.2.0/ 15.1(1)S _ =
@7200 —15.1(3)S2 @05007600 -15.1(3)S2 EASRQOOO -XR4.11



Basic BGP
Configuration

KoHdurypaums IGP A
Yanbl ABR (I0S XR) Unified MPLS

BlockaIIL1Routes&
announce ABRs

IsIsL2 ISIS L1
.206, ABR1  1.0.0.211

prefix-set ibgp_nexthops : AS 65000
1.0.0.209, L

|
route-policy ibgp_nexthops
if destination in ibgp_nexthops then
pass
endif
end-policy

prefix-set inter_area Announce ABRs
1.0.0.209/32

I end-set Ensure all ABRs are in ISIS

route-policy inter_area

if destination in inter_area then router isis core

pass address-family ipv4 unicast
endif propagate level 1 into level 2 route-policy inter_area
end-policy propagate level 2 into level 1 route-policy ibgp_nexthops




Basic BGP
Configuration

KoHdurypaums BGP A
Yanoel PE (I0S) U

AS 65000
router bgp 65000 o e
bgp log-neighbor-changes ISIS L1 ISIS L2
neighbor 1.0.0.205 remote-as 65000

neighbor 1.0.0.205 update-source Loopback 0.0.221 1.0.0.206 ABR1 OOl

neighbor 1.0.0.206 remote-as 65000
neighbor 1.0.0.206 update-source Loopback®
]

Address-Family ipv4
bgp additional-paths install
bgp nexthop trigger delay 1

redistribute conne oute-map interlarea
neighbor 1.0.0.205 activa

neighbor 1.0.0.205 send-label : 3
neighbor 1.0.0.206 activate —— | 1.0.0.201 1.00.205
neighbor 1.0.0.206 route-map primary_weigh c}n 2600 PE 'F'é

neighbor 1.0.0.206 send-label 1sco spectyic.

no neighbor i.é.@.le activate
exit-address-family

Prefer Path via ABR1 Ensure PE is reachable from other Aggregation Areas
ip access-list standard all ip access-list standard inter_area
permit any permit 1.0.0.221
! deny any
rou:e;mqp p;émary_wiight permit 10 ! . - 10
match ip address a route-map inter_area permi
set weight 10 match ip address inter_area
ASR1000 — XE3.2.0/15.1(1)S . ==
7200 — 15.1(3)S2 () @0 Cisco7600 - 15.1(3)S2 EJJASR9000 - XR 4.1.1




Basic BGP
Configuration

KoHdurypaums BGP A
Y3nbl ABR (10S) AL

,,,,,,,,,,,,,,,,,,,,,,, AS 65000 router bgp 65000
bgp cluster-id 10
- ISIS L2 bgp log-neighbor-changes
R neighbor 1.0.0.209 remote-as 65000
| o — 1.0.0.221 1.0.0.206 1 100211 neighbor 1.0.0.209 update-source Loopback®
- - neighbor 1.0.0.210 remote-as 65000
neighbor 1.0.0.210 update-source Loopback®
neighbor 1.0.0.221 remote-as 65000
Ll neighbor 1.0.0.221 update-source Loopback®
\ !
address-family ipv4
bgp nexthop trigger delay 1
neighbor 1.0.0.209 activate
------------------- : neighbor 1.0.0.209 route-reflector-client
P neighbor 1.0.0.209 next-hop-self all
neighbor 1.0.0.209 route-map primary_weight in
neighbor 1.0.0.209 send-label
,,,,,,,,,,,,,,,,,,,,,,,,,,,, neighbor 1.0.0.210 activate
neighbor 1.0.0.210 route-reflector-client
. neighbor 1.0.0.210 next-hop-self all
Prefer Path via ABR3 neighbor 1.0.0.210 send-label
. EE neighbor 1.0.0.221 activate
1geg;$§szn;15t STl L neighbor 1.0.0.221 route-reflector-client
I neighbor 1.0.0.221 send-label

route-map primary_weight permit 10
match ip address all
set weight 10

ASR1000 — XE3.2.0 / 15.1(1)S , s=
7200 — 15.1(3)S2 @50 Cisco7600 - 15.1(3)S2 E-JJASR9000 - XR 4.1.1



KoHdourypaumna BGP
Y3anel ABR (I0S XR)

router bgp 65000
bgp cluster-id 20
ibgp policy out enforce-modifications
address-family ipv4 unicast
nexthop trigger-delay critical 1000
allocate-label all
|
neighbor 1.0.0.205
remote-as 65000
update-source Loopback@d
address-family ipv4 labeled-unicast //////
route-reflector-client
next-hop-self
|
neighbor 1.0.0.206
remote-as 65000
update-source Loopbackd
address-family ipv4 labeled-unicast

Basic BGP
Configuration

Redundancy and

<1s Convergence

Unified MPLS
specific

AS 65000

Core Aggregation 2

1 0.0.204 ¢

dz’

1.0.0213

1.0.0.202

1.0.0.210

route-policy primary_weight in
route-reflector-client

next-hop-self
! ’ —

route-policy primary_weight

set weight 10
end-policy

neighbor 1.0.0.213
remote-as 65000
update-source Loopbackd
address-family ipv4 labeled-unicast
route-reflector-client

ASR1000 — XE3.2.0/ 15.1(1)S

. (==
7200 — 15.1(3)S2 @5 Cisco7600 - 15.1(3)82 E2J/ASR9000 - XR 4.1.1



KoHurypauma cepeuca
[Mpnmep noctpoeHnss EOMPLS

Targeted LDP (PWE3)

Only 2 Touch-points to bring up the

Service between any two Nodes !!

Service AC E i AC
S e NHS oep NHS  map ot
Loopback BGP | IBGP | iBGP : Loopback
Loopback E ISIS L1 & Link LDP |: ISIS L2 & Link LDP i ISIS L1 & Link LDP i Loopback
Infrastructure ! | | |

Aggregation 1

Gio/0/3

100206 ABR1 ~ 1.0.0.211

ABR3

Gi0/0/0/0
Gi2/0/3

1.0.0.209

@ i - Gio/M |

Gi2/7
(5 1.0.0.202

interface GigabitEthernet@/0/3.146
encapsulation dotlQ 146

xconnect 1.0.0.213 213221146 pw-class mpls

Access Circuit (AC) Configuration

@ASRmOO - XE3.2.0/15.1(1)S

7200 - 15.1(3)S2

interface GigabitEthernet@/1.146
encapsulation dotlQ 146
xconnect 1.0.0.221 213221146 pw-class mpls

Access Circuit (AC) Configuration

. (=<
&P Cisco7600 — 15.1(3)S2 E-JASR9000 - XR 4.1.1



KoHdourypaumsa cepBuca

VPNv4 Layer is independent of

[Tpnmep noctpoeHnsa L3VPN

Infrastructure BGP Layer !!

T AC i iBGP VPNv4 only SR iBGP VPNv4 only EAC
S e NHS oep NHS  map ot

Loopback BGP | IBGP | iBGP : Loopback

Loopback ISIS L1 & Link LDP ISIS L2 & Link LDP ISIS L1 & Link LDP | Loopback
Infrastructure : | | |

AS 65000
Aggregation 1 Core . | Aggregation 2
1.0.0.211 ABR3

1.0.0.209

Gi0/0/0/0
Gi2/0/3

Gi0/0/3

100203

Gi2/7
%[ ) 1.0.0.202

Gi0/1

...................................................... mrouten.bgp.65000mm~f
neighbor 1.0.0.211 remote-as 65000
neighbor 1.0.0.211 update-source Loopback®
!
interface GigabitEthernet@/1= ip vrf vpnl address-family ipv4
encapsulation dotl1Q 200 rd 65001:1 no neighbor 1.0.0.211 activate
ip vrf forwarding vpnil route-target export 65 d
ip address 3.1.6.1 255.255/255.0 route-target import 65 address-family vpnv4
neighbor 1.0.0.211 activate
. e gk neighbor 1.0.0.211 send-community extended
AC to VRF Mapping VRF Definition bgp nexthop trigger delay 5 <- defaullt!
!
address-family ipv4 vrf vpnl
iBGP VPNv4 toward RR redistribute connected



AHann3 oTkasoycTon4nBOCTH
Otka3s Primary Path

AS 65000

Aggregation 1 P Core Aggregation 2
1.0.0.206 AB|€1 1.0.0.211 ABR3

=~ et Gi2/1 RR &=

Gio/0/0/0 Gi---

1.0.0.209 ciors

vABR1 vABR2 vABR100 ¥

1.0.0.205§ - |

ASR1000 — XE3.2.0/ 15.1(1)S , =
&500_ 15 1 (3)S2 @5 cisco7600 - 15.1(3)82 EJ/ASR9000 — XR 4.1.1



AHann3 oTkasoycTon4nBOCTH
ABapus Ha kaHane PE1 <P1

AS 65000

Aggregation 1 Core

; , Aggregation 2
§PE4 1.0.0.211

1.0.0.205

ASR1000 — XE3.2.0 / 15.1(1)S , =
@7200 —15.1(3)S2 @ @5 Cisco7600 - 15.1(3)s2 E:3/ASR9000 - XR 4.1.1



AHann3 oTkasoycTon4nBOCTH
ABapus Ha kaHane P1 <«ABR1

AS 65000

Aggregation 1 Core

L Aggregation 2
1.0.0.206 ABR1 1.0.0.211

PE4

ASR1000 - XE3.2.0 / 15.1(1)S , =
@7200 —15.1(3)S2 @5 Cisco7600 - 15.1(3)s2 E:3/ASR9000 - XR 4.1.1



AHann3 oTkasoycTon4nBOCTH
OTkas y3na ABR1

AS 65000

Core Aggregation 2
1.0.0.211 ABR3

g O cin AR @%

Gi0/0/0/0 (G-

Aggregation 1

1.0.0.205

ASR1000 — XE3.2.0/ 15.1(1)S , ==
7200 - 15.1(3)S2 @ @50 cisco7600 - 15.1(3)52 EJ/ASR9000 - XR 4.1.1



CurHanusaunsa Multi-Path

OnTumMmn3sauuns

- BGP Add-Path
draft-ietf-idr-add-paths-06

- BGP Accumulated IGP
draft-ietf-idr-aigp-08.txt
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CurHanu3saums Multi-Path
|IOS XE 3.7.0S
BGP Add-Path

RR1 NH .1 Path .2 Add-path 1

NH .1 Path .5 Add-path 2

- BGP Add path :
- add-all-path:

- RR1 forward all path without best path selection for backup path
- add-1-path:

- RR do backup best path selection and send one backup path.
D BN [ D | O D |



CurHanusauua Multi-Path
Unified MPLS sub-optimal path

= > Desired behavior Acc2
—> |IGP + BGP : sub-optimal

Reason: BGP cost is unchanged.
D . HEE BN 4§D n



Accumulated IGP Attribute for BGP

RR1

Prefix .1 NH .2
Prefix .1 NH .5

Acc1

CurHanusauma Multi-Path

cost to .1
NH .2=3

ABR4 —1__NH.5=6

ABR3

Acc?2

BGP accumulated IGP allows to carry and accumulate IGP cost
across different intra-MPLS domains, providing end-end path

optimization.
D . [ DS O S N



[Topoepkka PyHKLUMUOHANBHOCTW
Cisco I0S/IOS XR

Next Hop Self on Route Reflector for iBGP + Label

- |IOS XR —4.1.1 gana CRS and ASR9k

Unified MPLS iBGP Client

« 10S - 15.2(4)S gna 7600 Sup720/MSFC3 RSP720/MSFC4
IPv4 BGP Label Distribution

« 10S - 12.0S, 12.2S, 12.3 n BbiWwe

« 10S XE — 2.2 n Bblle

« 10S XR - 3.5 v BbIWwe






