MDT padrao multicast de proxima geracao: Perfil
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Introduction

Este documento descreve como o pacote Multicast atravessa com o uso do nucleo Multiprotocol
Label Switching (MPLS) no Multicast de Proxima Geracgao.

Informacgdes de Apoio

MDT padrao - PIM C - sinalizacido mcast

O Draft Rosen usa o Generic Routing Encapsulation (GRE) como um protocolo de sobreposigéo.
Isso significa que todos os pacotes multicast sdo encapsulados dentro do GRE. Uma LAN virtual
€ emulada com todos os roteadores de Borda do Provedor (PE - Provider Edge) no grupo de
juncéo de VPN. Isso é conhecido como Arvore de distribuicdo multicast (MDT) padrdo. O MDT
padréo € usado para a saudagao do Protocol Independent Multicast (PIM) e outra sinalizagédo de
PIM, mas também para o trafego de dados. Se a origem envia muito trafego, € ineficiente usar o
MDT padrao e um MDT de dados pode ser criado. O MDT de dados incluira apenas PEs que
tenham receptores para o grupo em uso.

Rascunho Rosen é bem simples de implantar e funciona bem, mas tem algumas desvantagens.
Vamos dar uma olhada nestes itens:

Overhead - O GRE adiciona 24 bytes de sobrecarga ao pacote. Comparado ao MPLS, que
normalmente adiciona 8 ou 12 bytes, ha 100% ou mais de carga adicional adicionada a cada
pacote.

PIM no nucleo - Rascunho Rosen requer que o PIM esteja ativado no nucleo porque os PEs
devem se unir ao MDT padrao e/ou de dados, o que € feito através da sinalizacao PIM. Se o PIM
ASM for usado no nucleo, um RP também sera necessario. Se o PIM SSM for executado no
nucleo, nenhum RP sera necessario.

Estado principal - O estado desnecessario € criado no nucleo devido a sinalizagao PIM do PE. O
nucleo deve ter o menor estado possivel.



Adjacéncias de PIM - Os PEs se tornarao vizinhos de PIM entre si. Se for uma VPN grande e
muito PEs, muitas adjacéncias de PIM ser&o criadas. Isso gera muitos sinais de hello e outros
sinais que aumentam a carga do roteador.

Unicast vs multicast - O encaminhamento unicast usa MPLS, o multicast usa GRE. Isso aumenta
a complexidade e significa que o unicast usa um mecanismo de encaminhamento diferente do
multicast, que n&o é a solugao ideal.

Ineficiéncia - O MDT padrao envia trafego para todos os PEs na VPN, independentemente de o
PE ter um receptor no (*,G) ou (S,G) para o grupo em uso.

- O MDT padrao sera usado para conectar multicast a todo o PE em um VRF.

- Padrao significa que ele conecta todos os roteadores PE.

- Por padrao, ele transporta todo o trafego.

- Todo o trafego de controle do PIM e o trafego do plano de dados. Por exemplo, trafego (*,G)
e trafego (S,G).

- Isso representa multiponto para multiponto.

- Qualquer um pode enviar e todos podem receber da arvore.

PIM como sinalizagao de sobreposi¢ao
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Tarefas de configuragdo

. Ative o roteamento multicast em todos os nés.

. Ative o PIM Sparse Mode em toda a interface.

. Com o VRF existente, configure o MDT padréo.

. Configure o VRF na interface EthernetO/x.

. Ative o roteamento multicast em VRF.

. Configure PIM SSM Default em todos os nés dentro do nucleo.
. Configure o RP BSR no n6 CE.

. Pré-configurado:

o ~NOO O WOWN -

VRF m-GRE
MBGP: Endereco da familia VPNv4
Protocolo de roteamento VRF

Configurar

1. Ative o roteamento multicast em todos os nos.

(config)# ip nulticast-routing
2. Ative o PIM Sparse Mode em toda a interface.



(config)# interface ethernet0/x

(config-if)#ip pimsparse-node

(config)# interface | oopbackO

(config-if)#ip pimsparse-node
3. Com o VRF que ja existe, configure o MDT padréo.

(config)#ip vrf mCRE

(config-vrf)# mdt default 232.1.1.1
4. Configure o VRF na interface EthernetO/x.

Em PE1, PE2 e PES.

(config)# interface ethernet0/x
(config-if)# ip vrf forwarding m CGRE

(config-if)# ip address 10.x.0.1 255.255.255.0

5. Ative o roteamento multicast em VRF.

Em PE1, PE2 e PES.

(config)# ip nulticast-routing vrf m GRE
6. Configure o RP para o nucleo do provedor de servigos.

Em né PE1, PE2, PE3 e RR-P.

(config)# ip pimrp-address 11.11.11.11
7. Configure o RP BSR no n6 CE (receptor).

No Receptor2.

(config)# ip pimbsr-candi date | oopback0

(config)# ip pimrp-candi date | oopbackO

Verificar

Use esta segao para confirmar se a sua configuragao funciona corretamente.

Tarefa 1: Verificar a conectividade fisica

- Verifique se toda a interface conectada esta "UP"



Tarefa 2: Verificar unicast da familia de enderegos VPNv4

- Verifique se o BGP esta ativado em todos os roteadores para unicast AF VPNv4 e os vizinhos
BGP estédo "UP"
- Verifique se a tabela unicast do BGP VPNv4 tem todos os prefixos do cliente.
Tarefa 3: Verifique o trafego multicast de ponta a ponta.

- Verifique a vizinhanga do PIM.

- Verifique se o estado multicast é criado de ponta a ponta.

- Verifique a entrada mRIB em PE1, PE2 e PE3

- Verifique se a entrada (S,G) mFIB, pacote sendo incrementado no encaminhamento de
software.

- Verifique se os pacotes ICMP estdo chegando de CE a CE.

Verify all the connected interface are “UP”

#sh ip interface brief

Task 2: Verify Address Family VPNv4 unicast

Address Family VPNv4 unicast and BGP neighbors

# show running-config | s r bgp
# show bgp vpnv4 unicast summary all

VPNv4 unicast table has all the Customer prefixes

PEl#sh bgp vpnv4 unicast all

BGP table wversion is 31, local router ID is 1.1.1.1

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 100:100 (default for vrf m-GRE)

*>i 22.22.22.22/32 2.2.2.2 0 100 020 1
*>1 33.33.33.33/32 3.3.3.3 0 100 030 i
#> 111.111.111.111/32

10.1.0.2 0 010 4

Check on all the PE nodes (PE1, PE2 and PE3)



Task 3: Verify Multicast Traffic end to end
Verify that multicast state is created end to end

#sh ip mroute vrf m-GRE 230.1.1.1 verbose
IF Multicast Routing Table
Flags: T - 5PT-bit set, p - PIM Joins on routa

(10.1.0.2, 230.1.1.1), 00:00:35/00:02:24, flags: Tp
Incoming interface: Ethernetl/2, REF nbr 10.1.0.2
Cutgoing interface list:

Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/Sparse,
00:00:35/00:02:54, p

Chack on all the PE nodes (FE1. PEZ and PE3)

Verify that (5,G) mFIB entry, packet getting incremented

# sh ip mfib vrf m-GRE 230.1.1.1 verbose

Entry Flags: HE - Hegate Signalling, SP - Signal Present,
A - hccept, F - Forward, RA - MRIB Rccept, RF - MRIEB Forward,
MA - MFIB Accapt

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kbits per sacond

Other counts: Total/RFF failed/Other drops
I/0 Item Counts: FS Pkt Count/PS Pkt Count
VRF m-GRE

{10.1.0.2,230.1.1.1) Flags: K DDE
SW Forwarding: 5/0/100/0, Other: 0/0/0
Ethernat0/2 Flags: RR A MA
Tunnel2, MDT/232.1.1.1 Flags: BF F NS
CEF: Adjacency with MAC: 4500000000000000FF2FDOCAOLIO010101EB0L010100000800
Pkta: 4/1

Check PIM Neighborship at the core and vrf

PEl#ish ip pim neighbor

PIM Neighbor Table

Moda: B - Bidir Capable, DR - Daesignated Router, N - Dafault DR Priority,
P - Proxy Capable, 5 - State Refresh Capable, G - GenID Capable

Haighbor Intarface Uptime/Expires Ver DR
Address Prio/Mode
10.0.1.2 Ethernat0/1 01:34:51/00:01:25 w2 1 /DRSPG

FEl§ish ip pim vrf m-GRE neighbor

PIM Neighbor Table

Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority,
P - Proxy Capable, 5 - State Refresh Capable, G - GenlID Capable

Heighbor Interface Uptime/Expires Ver DR

Addrass Prio/Moda
10.1.0.2 Ethernet0/2 01:34:32/00:01:42 v2 1/DRBFPG
3.3.3.3 Tunnell 01:32:32/00:01:41 w2 1 /8PFPG
2.2.2.2 Tunnel? 01:32:32/00:01:36 w2 1/8FPG



Multicagt Forsarding Packets

#sh ip mfib vrf m-GRE 230.1.1.1 count
Forwarding Counts: Pkt Count/Fkts per second/Awvg Pkt Size/S
Kilobits per second

L r counts:

Quando as interfaces de tunel sao criadas:
Criagédo do RP do provedor de servigos:

Depois que as informagdes de RP inundarem o nucleo. O tunel de interface 0 é criado.



= Tunnel Interface ’

SOURCE
10.1.0.2

CE
el/0

Tunnel 0

Description: Pim Register Tunnel
(Encap) for RP 11.11.11.11

Tunnel source x.x.x.x (Loopback 0),
dastinatien 11.11.11.11

PIM(0): Initiating register encapsulation
tunnel creation for RP 11.11.11.11

PIM{0) : Ahddition of register encap tunnel as
forwarding interface of (1.1.1.1, 232.1.1.1)

1.1.1.1 defered until tunnel is created.
PIM(0): Adding register encap tunnel (TunnelO)
as forwarding interface of (1.1.1.1,

232.1.1.1).

eli2

"x" Node details.
Tunnel Source : Loopback interface of node "x*

11.11.11.11

2222 3333

(config) # ip pim rp-address 11.11.11.11
(Static RP created at RR-P)

Cc
RECEIVER 2 RECEIVER 3
22.22.22.22 33.33.33.33

PIM(0): Iniciando a criagao do tunel de encapsulamento de registro para RP 11.11.11.11.
PIM(0): Criagao inicial de tunel de registro bem-sucedida para RP 11.11.11.11.

PIM(0): Adicdo de tunel encap de registro como interface de encaminhamento de (1.1.1.1,
232.1.1.1) adiada até que o tunel seja criado.

*9 de maio 17:34:56.155: PIM(0): Verifique o RP 11.11.11.11 no (¥, 232.1.1.1).

PIM(0): Adicionando tunel encap de registro (Tunnel0) como interface de encaminhamento de
(1.1.1.1, 232.1.1.1).

PEl#sh int tunnel 0

Tunnel 0 is up, line protocol is up
Hardware i s Tunne
Description: Pim Register Tunnel (Encap) for RP 11.11.11.11
Interface is unnunbered. Using address of Ethernet0/1 (10.0.1.1)
MIU 17912 bytes, BW 100 Kbit/sec, DLY 50000 usec,

reliability 255/255, txload 1/255, rxload 1/255

Encapsul ati on TUNNEL, | oopback not set

Keepal i ve not set



Tunnel source 10.0.1.1 (Ethernet0/1), destination 11.11.11.11 >>>>>>>>>> Tunnel Source and
destination

Tunnel Subbl ocks:
src-track:
Tunnel 0 source tracki ng subbl ock associ ated with Ethernet0/1

Set of tunnels with source Ethernet0/1, 1 nmenmber (includes iterators), on interface
<OK>

Tunnel protocol/transport PIMIPv4
Tunnel TOS/ Traffic Cass 0xCO, Tunnel TTL 255

Tunnel transport MIU 1472 bytes
Criacao de tunel MDT:

MOT Tunnel
Tunnel 2 (MT Tunnel) REYS-5-COMFIG I: Configured from console by consols
Tunnel source x.x.%.% (Loopbackd) SOURCE WLINEFROTO-%-UFDOWN: Line protocol on Interface Tumnel?, changed state to up
Tunnel Subblocks: PIM(1): Check DR after interface: Tunnell came up!
[r—— 10.1.0.2 PIN({1): Changing DR for Tunnel?, from 0.0.0.0 to 1.1.1.1 (this system)
Tunnel? source tracking subblock WPIN-5-DRCHG: VRF m-GRE: DR change from medghbor 0.0.0.0 to 1.1.1.1 on
associated with ] interface Tunnell
Set of tunnels with source

interface TunnelZ

Lospback] eVl Hhan other Junnel comes yp thev form peighborship with tunpele.
Tunnel protocol/transport multi-GRE/ID
AFIM-5-MBRCHG: VRF m-GRE: neighbor 2.2.2.2 UF cn interface Tunnel?
ali2 PIM(1): Changing DR for Tunnel?, frem 1.1.1.1 to 2.2.2.2
4PIN-5-DRCHG: VRF m-GRE: DR change from medghbor 1.1.1.1 to 2.2.2.2 on
intarface Tumnell
%PIM-5-NBRCHG: VAF m-GRE: neighbor 3.3.3.3 UP on interface Tunnel2
1.1.4.14 PIM(1): Changing DR for Tunnel?, from 2.2.2.2 to 3.3.3.3
%PIM=-5-DRCHG: VAF m-GRE: DR change from neighbor 2.2.2.2 to 3.3.3.3 on

-

AL
3333

c l
RECEIVER 2 RECEIVER 3 5
22.22.22.22 33.33.33.33

MDT Turninel

Criacao de MRIB no nucleo:



MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
acceptad for forwazding

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
sending te Tunnel2, MDT Dacap

MFIBvd (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
Tunnael?, MDT Decap skipped in this contaxt

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
continuinrg forwarding in a slower context

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
acceapted for forwarding

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
sant on Tunnal2, MDT Decap

(Fs)

FElfsh ip mrouts

IF Multicast Routing Table

Flags:
T - BPT-bit sat, J - Join SPT, M - MSDP cresatad antry, E - Extranat,
Z - Multicast Tummel, ® - MDT-data group sender,

Outgoing interface flags: H - Hardware switched, A - Assert winner, p - FIM
Jein

Timers: Uptise/Expizes

Interface state: Interface, Next-Hop or VOO, State/Mods

{3.3.3.3, 232.1.1.1), 02:43:08/00:02:06, flags: JTE
Incoming interface: Ethernet0/1, RFF nbr 10.0.1.2
outgodng interface list:

MVAF n-GRE, Forward/Sparse, 02:43:08/00:01:51

{2.2.2.2, 232.1.1.1), 02:43:13/00:01:47, flags: JTZ
Incoming imterface: Etharset(/l, RFF mbr 10.0.1.2
outgoing intarface liat:

MVRAF n-GRE, Forward/Sparse, 02:43:13/00:01:48

f1.1.1.1, 232.1.1.1), 0Z:44:16/00:03:15, flags: FT
Incoming interface: Loopback(, RFF nbc 0.0.0.0
outgoing interface list:

Etharnetl/l, Forward/Sparse, 02:43:13/00:02:34

A1
22232 3333
Cl
MDT Tunnel
PEl#sh ip mroute
I P Mul ticast Routing Table
Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
X - Proxy Join Timer Running, A - Candidate for MSDP Advertisenent,
U- URD, | - Received Source Specific Host Report,
Z - Multicast Tunnel, z - MDT-data group sender,
(3.3.3.3, 232.1.1.1), 00:10:13/00:01:01, flags: Jrz
Incom ng interface: EthernetO0/1, RPF nbr 10.0.1.2
Qutgoing interface list:

MVRF m GRE, For war d/ Spar se,

(2.2.2.2, 232.1.1.1),
Incom ng interface: EthernetO/1,

Qutgoing interface list:

MVRF m GRE, Forwar d/ Spar se,

00: 10: 14/ 00: 00: 57,

00: 10: 13/ 00: 01: 46

flags: Jgrz

RPF nbr 10.0.1.2

00: 10: 14/ 00: 01: 45



(1.1.1.1, 232.1.1.1), 00:10:15/00:03:20, flags: FT
Incom ng interface: LoopbackO, RPF nbr 0.0.0.0
Qutgoing interface list:

Et hernet 0/ 1, Forward/ Sparse, 00: 10: 15/ 00: 03: 04
Depois que o RP for criado para a rede do cliente:

SOURCE
10.1.0.2

—
PIM(l): Received v2 Bootstrap on Ethernet0/2 from 10.2.0.2 CE1

pim_add prm:: 224.0.0.0/240.0.0.0, rp=22.22.22.22, repl = 0, 8010

ver =2, is neg =0, bidir = 0, arp = 0

prm_rp->bidir moda = 0 vs bidir = 0 (224.0.0.0/4, RP:

22.22.22.22), PIMwi

FIM{1): Initiating register encapsulation tunnel creation for eli2

RP 22.22.22.22

PIM(l): Initial register tunnel creation succeeded for RP i

22.22.22.22 1144

FLINEPROTO-5-UPDOWN: Line protocol on Interface Tunnel3,
changed state to up

Tunnel3
Description: Pim Register Tunnel (Encap) for RF 22.22.22.22 on VRF m-GRE
Using address of Ethernet0/Z (10.2.0.1)
MTO 1751Z bytes, BW 100 xbit/sec, DLY 50000 usec,
reliability 255/255, txload 1/255, r=load 1/255
Encapsulation TUMMEL
Tunnel source 10.2.0.1 (Ethernet0/2), destination 22.22.22.22

«0i0

11411111

Register tunnel created when customer RP
information flooded across the core.

ReceER 2 _ REcEER 3
22222222 33.33.33.33

) F1™ Register Tunnel '

*May 9 18:54:42.170: prmrp->bidir_node = 0 vs bidir = 0 (224.0.0.0/4, RP:33.33.33.33), PIMW2

*May 9 18:54:42.170: PIM1): Initiating register encapsul ation tunnel creation for RP
33.33.33.33

*May 9 18:54:42.170: PIM1): Initial register tunnel creation succeeded for RP 33.33.33.33
*May 9 18:54:43.173: %.1 NEPROTO 5- UPDOMN: Li ne protocol on Interface Tunnel 2, changed state to

up
A interface de tunel é criada para transportar as informagdes de RP do cliente.

PIM(1): Iniciando a criagao do tunel de encapsulamento de registro para RP 22.22.22.22.

Eo tunel criado para fazer o encapsulamento Register para RP.

Para cada RP de modo esparso descoberto, um tunel de encapsulamento de registro é criado. No
proprio RP de modo esparso, ha uma interface de tunel de desencapsulamento criada para

receber pacotes de registro.

Vizinho PIM:



SOURCE
10.1.0.2

4 ® % PIM Neighbor over Tunnel

4 ® ¥ PIMNeighber in core

Control Plane Scalability:
For Example:

=> PE anticipating 100 MVPH services which distributed
across 100 PEs.

=» Each PE maintains 9900 (99x100) PIM adjacencies in
addition to the adjacency.

=>» In order to preserve 9900 PIM adjacencies, the PE
would be sending approx 330 FIM adjacencies per second
(Using default 30s PIM helle timer)

=» The numbar will get worse as the number of MVFN

services or PEs increases.

2222 3333

RECEIVER 3

RECEIVER 2 33.33.33.33

wara 2

PE1#sh ip piminterface
Addr ess Interface Ver/ Nbr Query DR DR
Mbde Count Intvl Prior
1.1.1.1 Loopback0 v2/ S 0 30 1 1.1.1.1

10.0.1.1 Et hernet 0/ 1 v2/S 1 30 1 10.0.1.2

PE1#sh ip pimvrf m GRE nei ghbor
Pl M Nei ghbor Tabl e
Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority,

P - Proxy Capable, S - State Refresh Capable, G - Genl D Capabl e

Nei ghbor Interface Upti me/ Expires Ver DR

Addr ess Pri o/ Mode
10.1.0.2 Et her net 0/ 2 03: 08: 34/ 00: 01: 43 v2 1/ DRSPG
3.3.3.3 Tunnel 1 01: 44: 24/ 00: 01: 41 v2 1/ DRSPG
2.2.2.2 Tunnel 1 01: 44: 24/ 00: 01: 38 v2 1/ SPG

Fluxo de pacote:

O fluxo de pacote do plano de controle divide-se em duas partes.

1. O receptor esta online.



2. A origem esta ativa.
Quando o receptor esta ativo:

QDI(I}: Received vZ Join/Prune on Ethernet0/0 from 10.3.0.2, to us

PIM(1l) : Add Ethernet0/0/10.3.0.2 te (%, 224.1.1.1), Forward state, by PIM *G Join
PIM(1l) : Upstream mode for (*, 224.1.1.1) changed from 0 to 1

PIM(l): Adding v2 (22.22.22.22/32, 224.1.1.1), WC-bit, RPT-bit, S-bit Join

PIM(l): Send v2 join/prune to 2.2.2.2 (Tunnel2)

oﬂ!‘-h ip mroute vrf m-GRE

IP Multicast Routing Table
C - Connected, J - Join SPT,
Incoming interface: Tunnel?, RFF nbr 2.2.2.2

Outgoing interface list:
Ethernet0/0, Forward/Sparse, 00:00:22/00:03:07

Flags: D - Denss, S - Sparse, B - Bidir Group, s - SSM Group,

(*, 224.1.1.1), 00:00:22/00:02:46, RP 22.22.22.22, flags: SJC

QZI sh ip mroute vrf m-GRE

Incoming interface: Ethernet0,/2, RPF nbr 10.2.0.2
Cutgoing interface list:

01:03:26/00:02:57, p

(*, 224.1.1.1), 01:03:26/00:02:57, RP 22.22.22.22, flags: Sp

0
2222 3333
Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/Sparse, PEZ

-
=
]
=
o
=
=

10.3.0.0124

‘ RECEIVER 3
RP | 33.33.33.23

22.22.22.22

1. O receptor entra online, envia PIM JOIN (*,G) para PES3.

2. PE3 encapsula o PIM JOIN (*,G) no pacote GRE e envia pelo tunel 2 (tunel MDT), que é
verificado na Interface de Entrada de show ip mroute vif m-GRE.

42 26.584402 3.3.3.3

224.0.0.13 PIMv2 92 Join/Prune

Generic Routing Encapsulation (IP)

4 vy vYvyvv vy

Protocol Independent Multicast
0010 .... = Version: 2
. 8011 = Type: Join/Prune (3)
Reserved byte(s): 00
Checksum: @xc@b8 [correct]
v PIM Options
Upstream-neighbor: 2.2.2.2
Reserved byte(s): 80
Num Groups: 1
Holdtime: 210
v Group @: 224.1.1.1/32
¥ Num Joins: 1
IP address: 22.22.22.22/32 (SWR)
Num Prunes: @

PE3#sh ip nroute

IP Mul ticast Routing Table

Frame 42: 92 bytes on wire (736 bits), 92 bytes captured (736 bits) on interface @
Ethernet II, Src: aa:bb:cc:00:50:30 (aa:bb:cc:@0:50:30), Dst: IPv4mcast_01:01:01 (01:00:5e:01:01:01)
Internet Protocol Version 4, Src: 3.3.3.3, Dst: 232.1.1.1

Internet Protocol Version 4, Src: 3.3.3.3, Dst: 224.0.0.13

Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,

L - Local, P - Pruned, R - RP-bit set,

F - Register flag,

T - SPT-bit set, J - Join SPT, M- MSDP created entry, E — Extranet



(3.3.3.3, 232.1.1.1), 10:20:04/00:02:56, flags: FT

Incom ng interface: LoopbackO, RPF nbr 0.0.0.0
Qutgoing interface list:

Et hernet 0/ 3, Forwar d/ Sparse, 10:20: 04/ 00: 02: 40
1. O PE2 recebeu o pacote GRE com Source como 3.3.3.3 e Destination 232.1.1.1 e 0
encaminha para o MVRF m-GRE com base no OIL.

PE2#sh ip nroute
I P Mul ticast Routing Table
Fl ags:
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

Z - Miulticast Tunnel, z - MDT-data group sender,

(3.3.3.3, 232.1.1.1), 11:47:30/00:01:01, flags: JTZ

Incom ng interface: Ethernet0/3, RPF nbr 10.0.2.2

Qutgoing interface list:

MVRF m GRE, Forward/ Sparse, 11:47:30/00:00: 29
O pacote GRE ¢ desencapsulado e o PIM JOIN envia para o RP.

Note: O Vizinho de RPF é 2.2.2.2 porque o PIM Join é destinado ao endere¢o RP para
formar o RPT através do nucleo.

Note: Bit WC e Bit RPT:Disparado pelo estado (*,G), o DR cria uma mensagem Join/Prune
com o endereco RP em sua lista de jungdes e o bit curinga (bit WC) e bit RP-tree (bit RPT)
definidos como 1. O bit WC indica que qualquer fonte pode corresponder e ser
encaminhada de acordo com essa entrada se ndo houver mais correspondéncia; o bit RPT
indica que essa juncao é enviada para a arvore RP compartilhada. A lista de ameixas esta
vazia. Quando o bit RPT é definido como 1, ele indica que a junc¢ao esta associada a arvore
RP compartilhada e, portanto, a mensagem Join/Prune é propagada pela arvore RP.
Quando o bit WC é definido como 1, indica que o endereco € um RP e que os receptores
downstream esperam receber pacotes de todas as origens por meio desse caminho (arvore
compartilhada).

PE2#sh i p nroute verbose
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,

L - Local, P - Pruned, R- RP-bit set, F - Register flag,



T - SPT-bit set, J - Join SPT, M- MSDP created entry, E -

V - RD & Vector, v - Vector, p - PIMJoins on route

(2.2.2.2, 232.1.1.1), 22:48:12/00:02:04, flags: FTp
Incom ng interface: LoopbackO, RPF nbr 0.0.0.0

Qutgoing interface list:Ethernet0/3, Forward/ Sparse, 22:48:12/00:03:12, p
1. Alcance de pacote encapsulado GRE no PE1 de origem.

PEl#sh ip nroute verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
X - Proxy Join Timer Running, A - Candidate for MSDP Advertisenent,
U- URD, | - Received Source Specific Host Report,

Z - Miulticast Tunnel, z - MDT-data group sender,

(2.2.2.2, 232.1.1.1), 22:55:50/00:02:45, flags: JTZ
Incom ng interface: Ethernet0/1, RPF nbr 10.0.1.2

Qutgoing interface |list: WRF m GRE, Forward/ Sparse, 22:55:50/00:01: 09

PIM1): Received v2 Join/Prune on Tunnel2 from2.2.2.2, to us

PIM1): Join-list: (10.1.0.2/32, 224.1.1.1), S-bit set
2. PIM JOIN (S,G) alcanga a Fonte CE.

3. Agora, a origem recebeu as informacodes do receptor interessado e o trafego comeca a
enviar para o PE1 de origem.

4. Na origem PE1:

PIM1): Add Tunnel 2/2.2.2.2 to (10.1.0.2, 224.1.1.1), Forward state, by PIM SG Join

MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Ethernet0/2 (PS) accepted for forwarding
MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) fromEthernet0/2 (PS) sending to Tunnel 2, MJT/232.1.1.1

MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) fromEthernet0/2 (PS) sent on Tunnel 2, MDT/232.1.1.1



Em PE2 (RP PE):

PIM1): Prune-list: (10.1.0.2/32, 224.1.1.1) RPT-bit set

PIM1): Cancel sending Join for (10.1.0.2/32, 224.1.1.1) on Tunnel 2

PE2#sh ip nroute vrf m GRE
IP Multicast Routing Table

Flags: L - Local, P - Pruned, R- RP-bit set, F - Register flag,

(10.1.0.2, 224.1.1.1), 00:03:52/00:01:29, flags: R
Incom ng interface: Ethernet0/2, RPF nbr 10.2.0.2
Qutgoing interface list:

Tunnel 2, Forward/ Sparse, 00: 00:52/00: 02: 58
Captura PCAP de pacote multicast de PE1. Tunel no tunel padrao MDT. Encapsulado com GRE.

5. No Receptor PE3, o pacote é recebido.

PE3#sh i p nroute verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

Z - Miulticast Tunnel, z - MDT-data group sender,

(1.1.1.1, 232.1.1.1), 23:12:51/00:02:50, flags: JTZ
Incom ng interface: Ethernet0/3, RPF nbr 10.0.3.2
Qutgoing interface list:
MVRF m GRE, Forward/ Sparse, 23:12:51/stopped
PIM1): Building Join/Prune packet for nbr 2.2.2.2
PIM1): Adding v2 (10.1.0.2/32, 224.1.1.1), RPT-bit, Sbit Prune
PIM1): Send v2 join/prune to 2.2.2.2 (Tunnel 2)
PIM1): Building Join/Prune packet for nbr 1.1.1.1
MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) accepted for forwarding

MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) sent on Ethernet0/0



MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) accepted for forwarding

MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) sent on Ethernet0/0

*Jun 2 20:09:11.817: PIM1): Received v2 Join/Prune on Ethernet0/0 from 10.3.0.2, to us

PE3#sh ip nroute vrf m GRE verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

V - RD & Vector, v - Vector, p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:00:07/00:02:52, flags: Tp
Incom ng interface: Tunnel2, RPF nbr 1.1.1.1
Qutgoing interface list:

Et hernet 0/ 0, Forwar d/ Sparse, 00: 00: 07/00:03: 22, p
RPF Change at PE3 (Receiver PE)

MRT(1): (10.1.0.2,224.1.1.1), RPF change from /2.2.2.2 to Tunnel1/1.1.1.1
MRT(1): Create (10.1.0.2 ,224.1.1.1), RPF (Tunnel2, 1.1.1.1, 200/0)

MRT(1): Set the T-flag for (10.1.0.2, 224.1.1.1)

MRT(1): WAVL Insert interface: Tunnell in (10.1.0.2,224.1.1.1) Successful
MRT(1): set min mu for (10.1.0.2, 224.1.1.1) 18010->1500

Observagao: o vizinho RPF ¢é alterado assim que um Pacote Multicast do PE1 é recebido.
Anteriormente, era PE2 como RP hospedado atras dele. Depois de receber o primeiro
Pacote Multicast, ele altera o RPF e define o bit SPT.

Fluxo de trafego sobre tunel MDT padréo:

- O encaminhamento no MDT usa GRE, o pacote C torna-se um pacote P.
- Endereco S do pacote P = endereco de peering BGP do PE
G address = MDT-Group address (Padrao ou Dados)
- O TOS do IP do pacote C sera copiado para o pacote P.
. Os rétulos MPLS NAO s3o usados no nucleo, somente multicast nativo.
Fluxo de pacote:

1. Um pacote C chega em uma interface PE configurada para VRF, o mVRF é identificado



implicitamente. Verificagdo RPF normal na fonte C.

O pacote C replicou a interface de saida no OIL. Nesse ponto, essa seria uma interface PE no
mesmo VREF.

PEl#sh ip mroute vrf m-GRE verbose
IP Multicast Routing Table
Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, vV - Vector, p - PIM Joins on route
Qutgoing interface flags: H - Hardware switched, A - Assert winner, p - PIMJoin
Timers: Uptinme/ Expires

Interface state: Interface, Next-Hop or VCD, State/Mde

(10.1.0.2, 224.1.1.1), 00:00:03/00:02:56, flags: Tp
Incomng interface: Ethernet0/2, RPF nbr 10.1.0.2
Qutgoing interface list:

Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/ Sparse, 00:00:03/00: 03:26, p (Small “p”
indicates downstream PIM join)

Se o OIL contiver um MTI, o pacote C sera encapsulado em um pacote P. Se o sinalizador "y
estiver definido no destino da entrada usado é grupo DATA-MDT, caso contrario, grupo padréo
MDT. A origem € o enderego do peer do BGP do PE e o destino € o enderego do grupo MDT.

2. O pacote P € encaminhado através da rede P como por multicast normal.

O pacote chega a interface global. Entrada global (S,G) ou (*,G) para o grupo MDT referenciado.
Verificagdo RPF normal em P-Source (PE Peer).

3. O pacote P é replicado na interface OIL. Neste ponto, este é P/PE na tabela de mroute
global.

4. Se o flag "Z" definir o pacote, ele sera desencapsulado para revelar o Pacote C. O mVRF de
destino e a interface de entrada derivada do grupo MDT ¢é o destino do cabecalho
encapsulado.

Verificagdo RPF do Pacote C em mVRF concluida, Pacote C replicado em OIL em mVRF.

PE3#sh ip mroute verbose
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM Group, C - Connected,

L - Local, P - Pruned, R- RP-bit set, F - Register flag,



T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

Z - Multicast Tunnel, z - MDT-data group sender,

(1.1.1.1, 232.1.1.1), 1d01h/00:02:47, flags: JTZ
I ncomng interface: Ethernet0/3, RPF nbr 10.0.3.2

Qutgoing interface |ist: MVRF m-GRE, Forward/ Sparse, 1d0lh/stopped
5. Alcance do pacote C nativo no receptor 3.
Encapsulamento de pacotes:

)

o ()
" psT224110

" psT: 224111

mao

DST: 232.1.11

MDT de dados:
O que é MDT de dados?

Eopcional. Ele é criado sob demanda, transporta trafego especifico (S,G). Na ultima verséo do
IOS®, o limite configurado é "0" e "infinito". Sempre que um primeiro pacote atinge o VRF, o MDT
de dados € inicializado e, se infinito, 0 MDT de dados nunca sera criado, e o trafego avanga no
MDT padrao. O MDT de dados é sempre a arvore de recebimento, eles nunca enviam nenhum
trafego. O MDT de dados € apenas para o trafego (S,G).

PMSI seletiva:



SOURCE
10.1.0.2

MULTICAST
TRAFFIC

11.11.11.11
3.3.33

s PIM JOIN
e0/0

RECEIVER 3
33.33.33.33

2222

el/2

SELECTIVE PMSI
0/0 DATA MDT

<

RECEIVER 2
22.22.22.22

- Eopcional. Ele é criado sob demanda, transporta trafego especifico (S, G).
- Sempre que um primeiro pacote atinge o VRF, o MDT de dados ¢ inicializado e, se infinito, o
MDT de dados nunca é criado, e o trafego avanga no MDT padrao.
- O MDT de dados é sempre a arvore de recebimento, eles nunca enviam nenhum trafego. O
MDT de dados € apenas para o trafego (S, G).
- A mensagem PIM transporta C- (S, G) e P-Group.
Como o MDT de dados é criado:



SOURCE
10.1.0.2

Once the threshold cress, Selective PMSI
(Data MDT) triggered.
mdt data 232.2.2.0 0.0.0.255
threshold 1
- mdt data thresheold 1

Once threshold trigger cross the configured
value it generates UDF (SRC 3232; DST 3232)
SRC 1.1.1.1 DST 224.0.013

om[l): Set the y-flag for (10.1.0.2,224.1.1.1)
PIM(l): MDT next hop change from: 232.1.1.1 to
232.2.2.0 for (10.1.0.2, 224.1.1.1) Tunnel2

Y c0i3
q‘b?: roevd sre=1.1.1.1(3232), dst=224.0.0.13(3232)|,
length=24 .

PIM(l) : Receive MDT Packet (1418) from 1.1.1.1 PE2
(Tunnel2), ( udp: 24), ttl: 1

PIM(l): TLV type: 1 length: 16 MDT Packet length: 1
MRT (1) : Set the ¥-flag for (10.1.0.2,224.1.1.1)

RECEIVER 2 | RECEIVER 3
22222222 33.33.33.33

1. Quando o trafego multicast entra no VRF e quando a taxa de trafego atinge o limite. Gera
um pacote MDT.

2. O pacote MDT é encapsulado em UDP com Source e Destination 3232. E envia-lo para o
receptor interessado.

252 23.108432 1.1.1.1 224.9.0.13 upp B2 3232 -+ 3232 Len=16

- Frame 252: 82 bytes on wire (656 bits), 82 bytes captured (656 bits) on interface @

+ Ethernet II, Src: aa:bb:cc:90:30:20 (aa:bb:cc:00:30:208), Dst: IPvdmcast_©1:01:01 (01:00:5e:01:01:01)
- Internet Protocol Version 4, Src: 1.1.1.1, Dst: 232.1.1.1

- Generic Routing Encapsulation (IP)

- Internet Protocol Version 4, Src: 1.1.1.1, Dst: 224.6.0.13

- User Datagram Protocol, Src Port: 3232 (3232), Dst Port: 3232 (3232)

- Data (16 bytes)

3. Depois de enviar o pacote UDP ao receptor interessado, ele define "y" flag e altera o proximo
salto MDT para o novo enderecgo do grupo MDT.

Na origem PE1:

MRT(1): Set the y-flag for (10.1.0.2,224.1.1.1)

PIM1): MT next_hop change from 232.1.1.1 to 232.2.2.0 for (10.1.0.2, 224.1.1.1) Tunnel 2

PEl#sh ip nroute vrf m GRE verbose
IP Multicast Routing Table

Fl ags:



T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
Y - Joined MDT-data group, y - Sending to MDT-data group,

p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:08:09/00:02: 46, flags: Typ
Incom ng interface: Ethernet0/2, RPF nbr 10.1.0.2
Qutgoing interface list:

Tunnel 2, GRE MDT: 232.2.2.0 (data), Forward/ Sparse, 00:08:09/00:03:27, A p (Small “p”
i ndi cat es _downstream Pl M j oi n)

Note: O salto seguinte do OIL muda para 232.2.2.0.

2. AT PES3, quando recebe o pacote MDT encapsulado na porta UDP SRC 3232 e na porta
DST 3232.

UDP: rcvd src=1.1.1.1(3232), dst=224.0.0.13(3232), |ength=24
PIM1): Receive MDT Packet (1418) from1l.1.1.1 (Tunnel2), length (ip: 44, udp: 24), ttl: 1
PIM1): TLV type: 1 length: 16 MDT Packet |ength: 16

MRT(1): Set the Y-flag for (10.1.0.2,224.1.1.1)

PE3#sh ip nroute vrf m GRE verbose
IP Multicast Routing Table
Fl ags:
T - SPT-bit set, Y - Joined MDT-data group, y - Sending to MDT-data

p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:08:27/00:00:20, flags: TYp
Incom ng interface: Tunnell, RPF nbr 1.1.1.1, MDT:232.2.2.0/00:02:15
Qutgoing interface list:

Et hernet 0/ 0, Forward/ Sparse, 00:08:27/00:03: 21, p

A mensagem S-PMSI Join é uma mensagem encapsulada em UDP cujo enderego de destino é
ALL-PIM-ROUTERS (224.0.0.13) e cuja porta de destino &€ 3232.

A mensagem S-PMSI Join contém estas informagdes: Um identificador para o fluxo multicast
especifico que deve ser vinculado ao tunel P. Isso pode ser representado como um par (S,G). Um
identificador para o tunel P especifico ao qual o fluxo deve ser associado. Este identificador € um



campo estruturado que inclui estas informacgdes:

Fluxo de trafego multicast no tunel de dados MDT:

After threshold reach,

Scurce PE sends UDP packet (MDT DATA) and set the y-flag
in mroute table.

PEl{ish ip mroute vrf m-GRE verbose
IP Multicast Routing Table
Flags:
T - SPT-bit set, J - Join SPT, M - MSDP created entry,
¥ - Joined MDT-data group, y - Sending to MDT-data group,
p - PIM Joins on route

(10.1.0.2, 224.1.1.1), 00:08:09/00:02:46, flags: Typ
Incoming interface: Ethernet0/2, RPF nbr 10.1.0.2
Cutgoing interface list:

Tunnel?, GRE MDT: 232.2.2.0 (data),
Forward/Sparse, 00:08:09/00:03:27, A, p

QEZ#uh ip mroute vrf m-GRE verbose

IP Multicast Routing Table
Flags:

T - SFT-bit set, Y - Joined MDT-data group, ¥y -
Sending to MDT-data group,

p - PIM Joins on route

(10.1.0.2, 224.1.1.1), 00:08:27/00:00:20, flags: T¥Yp
Incoming interface: Tunnell, RPF nbr 1.1.1.1, MDT:
232.2.2.0/00:02:15
Outgoing interface list:
Ethernaet0/0, Forward/Sparse, 00:08:27/00:03:21, p

CE2
RECEIVER 2 RECEIVER 3

22222202 33.33.33.33
PEl#sh ip pimndt send
MDT-data send list for VRF: m GRE
(source, group) MDT-data group/ num ref_count
(10.1.0.2, 224.1.1.1) 232.2.2.0 1

PE3#sh ip pimndt receive

Joi ned MDT-data [group/ndt nunber : source] wuptinme/expires for VRF: m GRE

[232.2.2.0 : 1.1.1.1] 00:00: 41/00: 02: 18
- Se o0 OIL contiver uma interface de tunel, o pacote sera encapsulado com o uso do GRE,

sendo a origem o endereco de peering BGP do roteador PE local e o destino o endereco do
grupo MDT.

- A decisao que o grupo Data-MDT é selecionado depende se o sinalizador y é definido na
entrada (S, G) no mVRF.

- Se aentrada (S, G) ou (*, G) tiver o sinalizador Z definido, entado este € um padrao ou um
Data-MDT com um mVRF associado.



- O pacote P deve ser desencapsulado para revelar o pacote C.

Flag Name Description

Z Multicast Tunnel Indicates that this entry is an IP multicast group that belongs to the
Default or Data MDT tunnel. All packets received for this IP multicast
state are sent to the MDT tunnel for decapsulation .
Set on receiving PE.
Global mulitcast routing table

Y Joined MDT-data group Indicates that the traffic was received through a Data MDT tunnel
that was set up specifically for this source and group.
MVRF multicast routing table

i MDT-data group sender Set on sending PE.
Global mulitcast routing table

y Sending to MDT-data group Indicates that the traffic was sent through a Data MDT tunnel that
was set up specifically for this source and group.
MVRF multicast routing table

vV RD & Vector

v Vecor

E Extranet source mroute entry | Indicates that a (*, G) or (S, G) entry in the VRF routing table is a
source Multicast VRF (MVRF) entry and has extranet receiver
MVRF entries linked to it

- Como apenas um MTI unico existe no mVRF por dominio multicast, tanto o Data-MDT quanto

o Default-MDT usam a mesma interface de tunel para o trafego do cliente.

- Os flags Y/y sdo necessarios para distinguir o trafego Default-MDT do trafego Data-MDT e
garantir que as entradas de roteamento multicast do cliente usem o grupo MDT-Data correto
e se referem a uma tabela interna que contém os mapeamentos (S, G, Data-MDT).

Troubleshoot

Atualmente, ndo existem informacgdes disponiveis especificas sobre Troubleshooting para esta

configuragao.




	MDT padrão multicast de próxima geração: Perfil 0
	Contents
	Introduction
	Informações de Apoio 
	PIM como sinalização de sobreposição
	Tarefas de configuração

	Configurar
	Verificar
	Troubleshoot


