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Typical Carrier Portfolio for Ethernet Service to Enterprise Ethernet Wire Service / Ethernet Private Line



Ethernet Relay Service



Carrier Ethernet Network



Carrier Ethernet Network VLAN Based



Port Based



Ethernet Multipoint Service



Carrier Ethernet Network



Carrier Ethernet Network



BRKIPM-2013
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Carrier Ethernet for DSLAM aggregation  Strong evolution in making residential DSL more than a best effort service Lower initial cost of entry and incremental revenue through value added services Dynamic bandwidth services – bandwidth on demand Differentiated services support voice, broadcast TV, video telephony, Video-on-demand



 Number of catalysts DSL Forum TR-59 (ATM aggregation) and now TR-101 (Ethernet Aggregation) Ethernet to the Home deployments IPTV Service Delivery Maturing MPEG-4 Part 10 / Media Player 9 broadcast quality video at ~1.2Mbps BRKIPM-2013
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VLAN Architecture : VLAN per User (1:1) • VLAN use similar to ATM i.e. connection oriented i.e. configuration intensive • IEEE802.1ad – Inner Tag = Port Identifier, Outer Tag = DSLAM Identifier • Multicast replication inside Single BNG, not inside Ethernet Aggregation Network • Multi-homing to 2 BNGs is complex • Good for p2p business services ; less ideal for Triple-Play Services BRKIPM-2013
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VLAN Architecture : VLAN Per Service/SP (N:1) • Single tagged (802.1Q or 802.1ad) VLANs – Double tagging not needed • Connectionless provisioning benefit ; Access Node inserts Line ID (DHCP Opt 82 , PPPoE Intermediate Agent) • Network Elements take care of subscriber MAC isolation through ‘split horizon forwarding’ • Multiple injection points per VLAN (BRAS AND Video Service Router) possible • Multicast replication within access/aggregation BRKIPM-2013
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Next Generation Broadband Services Have Different Transport and Operational Needs



Internet Access



Service Type



Transport Driven Service



Managed Application Service



SLA Type



Transport SLA



Application SLA



–Access Behavior –Bandwidth Access Rates –Drop, Delay, Jitter per Service –Service Level Destinations and Accounting



Operational Intensive, Transport SLA



Triple Play (Voice, VoD, TV) Transport Intensive, Application SLA



Subscriber Control



Network Based



SLA Enforcement



Network Based



QoS



Subscriber & Service Class Level



Wholesale Services Aggregate Transport SLAs,



Ethernet to the Business Operational Intensive, Transport SLA



BRKIPM-2013
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–Service and Session Gateway –PPPoE, IPoE Session Management –PPPoE LineID VSA, DHCP Option 82, Username, MAC….



–Enforced by Service Gateway –Traffic Policies per Subscriber Session



–Different Service Classes –Per subscriber service classification, queuing and shaping Cisco Confidential



–Video: # of Set Tops, TV Package, PVR, HDTV vs SDTV –Voice: # of Voice Calls, # of Phones, Telephony Services, Telephone Numbers, etc.



Application Based –SIP Proxy –Video Middleware



Application Based –Based on Application Signaling



Service Aggregate Level –Single Queue per Service Class –Differentiated Service QOS Model –Network Connection Admission Control
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Next Generation Broadband Architecture Portal



Monitoring



Billing



Subscriber Database



Address Policy Mgmt Definition



Identity



Policy Control Plane (per subscriber)



Content Network



Business Corporate



Access



L2/3 Edge



VoD



TV



SIP



Aggregation Node Business Si



Corporate



Distribution Node



BRAS Business



Si



Corporate



Residential



Ethernet Access Node



Si



Core Network IP / MPLS



Aggregation Network MPLS, Ethernet, IP



Aggregation Node



Si



DSL Access Node



SCE



Distribution Node Si



Aggregation Node



MPLS PE



Content Network



STB VoD



TV



SIP



Note: for smaller deployments, Distribution and Aggregation could be collapsed. BRKIPM-2013
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Slide 8 YH1



CHANGE FOR VOD Yves Hertoghs, 1/8/2007



Aggregation Network Transport Options Content Network Business Corporate



Aggregation Node



Access



L2/3 Edge



VoD



SIP



TV



Distribution Node



Business Si



Corporate



BRAS Business Corporate Residential



Ethernet Access Node



Si



Aggregation Network MPLS, Ethernet, IP



Aggregation Node



Si



SCE



Si



DSL Access Node



Distribution Node Si



Aggregation Node



MPLS PE Content Network



STB



Layer 3 - IP, MPLS



VoD



Layer 2 – Ethernet IEEE 802.1q / 802.1ad



802.1q



„Distributed L3 Service Edge“ BRKIPM-2013
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Core Network IP / MPLS



„Centralised L3 Service Edge“ Cisco Confidential



TV



SIP



Layer 2 – MPLS EoMPLS/ H-VPLS



EoMPLS



„Centralised L3 Service Edge“ 9



Why is Multicast CAC needed Oversubscription on aggregation link to DSLAM Simply Not Enough BW for all the Triple Play Services



250-500 users per DLAM



 Sum of all Multicast Channels > Capacity Planned Bandwidth  Need to control Multicast replication Per Interface Per Set of Groups



200-250 DLAMs per 7600 DSLAM



E 1G



10GE



Per Content Provider



 IOS feature: Mroute State Replication 1GE



PE Cat7600



DSLAM



1G E



Multicast CAC = Handling Replication Limits DSLAM



BRKIPM-2013
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RSVP-based VoD CAC: Synchronization between RSVP and VoD Streaming Middleware



VoD Controller Entitlement Sys /SRM Session Mgt, EPG



VoD



RSVP Path



eg RTSP



CAC CAC



Residential



CAC



Ethernet/IP/MPLS Aggregation



BRAS



L3 IP/MPLS Core



IPoE Cisco 7600 (U-PE)



VoD Stream



IPoE



IPoE



RSVP Resv Business



IPoE



Corporate



802.1Q



CAC BRKIPM-2013
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Mixed Architectural Approaches L3 L2 PW



Central L3 Multi-edge



Distributed L3: central for all services Agg: H-VPLS for all services QoS: per sub for all services



Video



VoD Servers



IP/MPLS Core



L2 pseudo BRAS function for all services except PPPoE



BRAS H-VPLS



Voice PPPoE BRAS



BRAS



Access



BRAS



L3 L2 Bridged Centralized L3: central for all services Agg: L2 bridging all services QoS: per sub for all services



Cisco “ServiceFlex” Optimized architecture based on service type L3: distributed for video & voice, central for HSI/biz QoS: Per service for video & voice, per sub for HSI/biz



L3



Central L3 and BRAS function



L3



Bridged L2 Aggregation



BRAS



VoD Servers



L2



IP/MPLS Core



Access



L3 MPLS PE Biz VPN L3 BRAS HSI BRAS



VoD Servers



L3 for Video/Voice



L3



Per service QoS & CAC for voice/video



IP/MPLS Dist. Router Core



Access MPLS PE



L2 PW for HIS/Biz BRKIPM-2013



© 2006 Cisco Systems, Inc. All rights reserved.



Cisco Confidential



12



Agenda  Metro Ethernet Services L2 VPN usage



 L2 VPN technology Pseudo-Wires EoMPLS VPLS H-VPLS
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L2 VPN Services ATM



Frame Relay



Ethernet



VPLS



VPWS AAL5 over Pseudo Wire



FR over Pseudo Wire



Ethernet Relay Service (ERS)



Muxed UNI



Muxed UNI



Muxed UNI



Ethernet Multipoint Service (EMS)



Unmuxed UNI



Cell Relay w/ Packing over Pseudo Wire



PPP/HDLC over Pseudo Wire



Ethernet Wire Service (EWS)



Ethernet Relay Multipoint Service (ERMS)



Unmuxed UNI



Unmuxed UNI



Muxed UNI



Muxed UNI



Other Variants…



PPP/HDLC BRKIPM-2013



© 2006 Cisco Systems, Inc. All rights reserved.



Cisco Confidential



14



IETF : PWE3 - L2transport (Peudo-Wire Emulation Edge to Edge) Emulated Virtual Circuit = Pseudo-Wire



SE = Service-Edge router or switch



IP or MPLS Backbone



Attached VC PE



L2 Network



Emulated Tunnel = Tunnel-LSP



CPE Router, FRAD



BRKIPM-2013
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PE = Pseudo-wire Edge



L2 Network



CPE Router, FRAD
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Pseudowire— IETF Technology Adoption  Virtual private wire service (VPWS) P2P RFC3916 Pseudo Wire Emulation Edge-to-Edge (PWE3) Requirements RFC3985 Pseudo Wire Emulation Edge-to-Edge (PWE3) Architecture RFC4447 Pseudowire Setup and Maintenance Using the Label Distribution Protocol (LDP) RFC4385 Pseudo wire Emulation Edge-to-Edge (PWE3) Control Word for Use over an MPLS PSN RFC4448 Encapsulation Methods for Transport of Ethernet over MPLS Networks draft-ietf-pwe3-[atm, frame-relay etc.]  Virtual private LAN services (VPLS) P2M draft-ietf-l2vpn-vpls-ldp-xx draft-ietf-l2vpn-vpls-bgp-xx BRKIPM-2013
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PWE3: PWid FEC signaling



VC1



PE1



Directed LDP xconnect 



PE2



VC2



xconnect 



Based on xconnect command, both PE’s will create directed LDP session if doesn’t exist already



BRKIPM-2013
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PWE3: VC Label distributed through directed LDP session VC1



PE1



NH: PE1 VC: VCID Label: A



NH: PE2 VC: VCID



Circuit type: FR xconnect 



Label: B Circuit type: FR PE2



VC2



VC TLV



C



VC Type



VC Info Length



xconnect 



Group ID VC ID Interface Parameters



PWid FEC TLV BRKIPM-2013
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LDP: PWid FEC TLV VC TLV



C



VC Type



VC Info Length



PW Type



Description



0x0001



Frame Relay DLCI



Group ID



0x0002



ATM AAL5 SDU VCC transport



VC ID



0x0003



ATM transparent cell transport



0x0004



Ethernet Tagged Mode (VLAN)



0x0005



Ethernet



0x0006



HDLC



0x0007



PPP



0x0008



SONET/SDH Circuit Emulation Service Over MPLS



Interface Parameters



Virtual Circuit FEC Element



 C—control word present  VC Type—ATM, FR, Ethernet, HDLC, PPP, etc.  VC Info Length—length of VCID  Group ID—group of VCs referenced by index  VC ID—used to identify  Interface Parameters—MTU, etc. BRKIPM-2013
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PWE3: Lost of connectivity and Label Withdraw Label Withdraw NH: PE2



PE1



VC: VCID Label: B L2 loss of connection update LMI ILMI, ATM AIS OAM PE2



SDH AIS (port mode) …



BRKIPM-2013
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PWE3 : Label forwarding Vla n



From Left to Right



L27



101



L27



L27



L25



L30



L27



L20 L27 L27



BRKIPM-2013
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PWE3 : Encapsulation



0000



Label (LSP)



EXP



0



TTL



Label (VC)



EXP



1



TTL



Flags



sequence number



Length L2 PDU



Three Layers of Encapsulation



Control Word Encap.



Required



 Tunnel label—determines path through network



CR AAL5



No Yes



 VC label—identifies VC at endpoint



Eth FR



No Yes



HDLC



No



PPP



No



 Control word—contains attributes of L2 payload (optional) BRKIPM-2013
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VPWS EoMPLS— RFC 4448 Original Ethernet or VLAN Frame Preamble



DA’



SA’



0x8847



DA



SA



Tunnel Label



802.1q



VC Label



L



Payload



Ethernet Header



FCS



Ethernet Payload



FCS’



 VC type-0x0004 is used for VLAN over MPLS application  VC type-0x0005 is used for Ethernet port tunneling application (port transparency) BRKIPM-2013
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VPWS EoMPLS configuration example Interface GigabitEthernet0/0.2 encapsulation dot1q 41 xconnect 172.0.0.7 312 encaps mpls ! Interface GigabitEthernet1/0.2 encapsulation dot1q 56 xconnect 172.0.0.7 313 encaps mpls



VLAN 41



PE1 172.0.0.4



MPLS



VLAN 56



Customer Site



PE1 172.0.0.7 VLAN 41



VLAN 56



Customer Site Customer Site



BRKIPM-2013
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Interface GigabitEthernet0/0.2Customer Site encapsulation dot1q 41 xconnect 172.0.0.4 312 encaps mpls ! Interface GigabitEthernet1/0.2 encapsulation dot1q 56 xconnect 172.0.0.4 313 encaps mpls 24



Dual Homed PW SitesPseudowire Redundancy pe1(config)#interface gigabit 0/0.1 pe1(config-subif)#encapsulation dot1q 10 pe1(config-subif)# xconnect encapsulation mpls pe1(config-subif-xconn)#backup peer PE1 PE1



Site1



x



P1



P2 PE2



PE



PE3



P4



Site2 PE4



CE2



CE1



 Attachment circuit failure can be caused by interface condition (up/down/LOS) or integrated LMI notification  Pseudowire failure for AToM is discovered by LDP timeout  Radar: expedited PW failure detection by using an automated BFD over VCCV BRKIPM-2013
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L2 Pseudowire Tunnel Selection  Tunnel defined as preferred path in pseudo-wire class  Pseudo-wire class applied to attachment circuit xconnect



L2 Service Transported over a TE Tunnel (Point-To-Point Tight SLA) MPLS



 Fallback can be disabled if TE tunnel unreachable



PE



PE



CPE



CPE CPE



CPE



pseudowire-class pseudowire-class PPP-PW PPP-PW encapsulation mpls encapsulation mpls preferred-path preferred-path interface interface Tunnel1 Tunnel1 disable-fallback disable-fallback !! interface interface Serial2/0:0 Serial2/0:0 encapsulation encapsulation ppp ppp xconnect 172.16.255.1 xconnect 172.16.255.1 100 100 pw-class pw-class PPP-PW PPP-PW !! BRKIPM-2013
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PW Connectivity Across different ASes LDP LDP Mapping Mapping Message Message:: LSRID=PE1, LSRID=PE1, FEC FEC Type=128 Type=128 VC VC Type=0x4, Type=0x4, VCID=20 VCID=20 MTU=1500, Label MTU=1500, Label Value Value =32 =32



Back-to-back Interconnect ASBR11



AS #1



PE-1



ASBR21 End-to-End PW b/w PEs - IPv4 BGP+Label PW Stitching at ASBRs



AS #2 PE



CE



CE-1



VPN-A VPN-A



149.27.2.0/24



• PW can be extended across AS boundaries using Back-to-Back Pseudo wire interconnect between ASBRs End-to-end Pseudowires between Provider edge Router Tunnel Stitching BRKIPM-2013
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Inter-AS PW using Tunnel Stitching – Reference Model VC 201



PE11



PE-22 VC 101



eBGP IPv4 + Labels



VC 201/404



VC 404/101



ASBR-11 AS 1 VC 202



Attachmentcircuit



ASBR-21 AS 2 VC 202/303



Pseudowire AS1 PW–AS1



PE-22



VC 303/102



Tunnel Stitch PW



Pseudowire-AS2 AS2 PW



VC102



Attachmentcircuit



• ASBR uses VFI to perform stitching • Per-AS Pseudowire control and encapsulation independence • Reduces pseudo wire control plane burden on PE as well as the number of required Inter-AS pseudowire control channels • Re-coloring of EXP value inside or at AS boundaries • ASBR nodes must store ALL L2VPN end-point NLRIs as well as maintain attachment circuit state for each pseudowire domain that it connects. BRKIPM-2013
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Inter-AS PW using Tunnel Stitching – Packet Flow Tunnel Label



37



VC Label



24



24



38



34



34



L2 Frame



Frame



Frame



Frame



Frame



Frame



22



PE1



ASBR1



ASBR2



PE2



AS 1



AS 2



P11



Attachmentcircuit BRKIPM-2013



P21



• Tunnel/IGP Label Entry



• VC Label



•VC Label



- Label 36 (24)



- Label 56 (38)



-Label 55 ( 37)



- Exp = 0



- Exp = 0



-Exp = 0



- S=1



- S=1



-S = 0



- TTL = 254



- TTL = 255



• Tunnel Label Entry - Label 34 (22) - Exp = 0 -S=0 - TTL = 254



• VC Label



• VC Label



- Label 36 (24)



- Label 52 (34)



- Exp = 0



- Exp = 0



- S=1



- S=1



- TTL = 255



- TTL = 255



Pseudowire AS1 PW–AS1



TunnelStitch StitchPW PW Tunnel



Cisco Confidential



•VC Label - Label 52 (34) - Exp = 0 - S=1 - TTL = 254



-TTL = 254
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Pseudowire-AS2 AS2 PW
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BRKIPM-2013
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VPLS Reference Model PE



Customer Site



PE



Customer Site



MPLS



PE



Full Mesh of Pseudowires



Attachment VCs are Ethernet



Customer Site



A full mesh of Pseudowires (PWs) is used to connect all Provider Edge (PE) devices which support a given VPLS VPN BRKIPM-2013
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VPLS Components CE



PW Tunnel LSP



CE



PW



PW



Red VSI Blue VSI Green VSI



Tu nn el



SP



Directed LDP Session Between Participating PEs



L el



Red VSI Blue VSI Green VSI



CE



LS P



nn Tu



CE



CE



Full Mesh of PWs Between VSIs



CE



Legend CE n-PE VSI PW Tunnel LSP



BRKIPM-2013



Customer Edge Device Network-Facing Provider Edge Virtual Switch Instance Pseudowire Tunnel Label Switch Path That Provides PW Transport
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VPLS: Layer 2 Forwarding Instance “VFI” A Virtual Switch MUST operate like a conventional L2 switch! Flooding / Forwarding:  MAC table instances per customer and per customer VLAN (L2-VRF idea) for each PE  VSI will participate in learning, forwarding process  Uses Ethernet VC-Type defined in pwe3-control-protocol-xx



Address Learning / Aging:  Self Learn Source MAC to port associations  Refresh MAC timers with incoming frames  New additional MAC TLV to LDP



Loop Prevention:  Create partial or full-mesh of EoMPLS VCs per VPLS  Use “split horizon” concepts to prevent loops  Announce EoMPLS VPLS VC tunnels



BRKIPM-2013
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VPLS L2signalling and forwarding aka Transparent-Bridging



A B A



Ea



VFI VPN 1



VFI VPN 1



- Ea : A



-- VCID 111 : A - Eb : B



- VCID 111 : B



VCID 111



A B



A B



B



Eb A B



B A



B A



VCID 222



VCID 333 A B



VFI VPN1 -- VCID 333 : A



BRKIPM-2013
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VPLS : MAC Address Withdrawal LDP Address Withdrawal



X



 Primary link failure triggers notification message  PE removes any locally learned MAC addresses and sends LDP address withdrawal (RFC3036) to remote PEs in VPLS  New MAC TLV is used BRKIPM-2013
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VPLS Split-Horizon A packet will never be bridged from a PW to an other PW in the VFI Assuming PW full-mesh in a VFI: Full reachability Core link back-up No core L2 loop  No need for a loop prevention core STP



Remark: Split-Horizon does not protect against loops on L2 parallel networks built for edge N-PE protection BRKIPM-2013
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VPLS implementation versus STP



VPLS may work in two modes: 1. STP transparency with extension Core is tunneling BPDU (plain or QinQ) Core is not L2 loop-free End to End STP is preventing loops



2. STP isolation Core is filtering BPDU Core & DC to DC must be L2 loop-free DC independance / Small STP size More complex with QinQ



BRKIPM-2013
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VPLS design concepts



PW (Pseudo-Wire) full-mesh



MPLS Cloud



Cloud Split-Horizon Virtual Forwarding Interface



VFI-1



VFI-1



VFI-2



VFI-2



VFI-1



VFI-2



Xconnect VLAN



VLAN



VLAN



VLAN



VLAN



BRKIPM-2013
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Access VLAN



VLAN



VLAN



802.1Q



VLAN



N-PE



N-PE



N-PE



802.1Q Access VLAN



VLAN



Access VLAN



802.1Q
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VPLS: Configuration Example PE  PE Create a L2 VFI with a full mesh of participating VPLS PE nodes 1.1.1.1 / 32 PE-1



PE-2 2.2.2.2 / 32



l2 vfi PE1-VPLS-A manual



MPLS



vpn id 100



Network l2 vfi PE2-VPLS-A manual



neighbor 2.2.2.2 encapsulation mpls



vpn id 100



neighbor 3.3.3.3 encapsulation mpls !



neighbor 1.1.1.1 encapsulation mpls



Interface loopback 0



neighbor 3.3.3.3 encapsulation mpls



PE-3 3.3.3.3 / 32



ip address 1.1.1.1 255.255.255.255



! Interface loopback 0



l2 vfi PE3-VPLS-A manual



ip address 2.2.2.2 255.255.255.255



vpn id 100 neighbor 1.1.1.1 encapsulation mpls neighbor 2.2.2.2 encapsulation mpls ! Interface loopback 0 ip address 3.3.3.3 255.255.255.255 BRKIPM-2013
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VPLS: Configuration Example PE  CE PE-1



CE1



PE-2



FE0/0



FE0/0



MPLS Network



Interface fastethernet0/0



PE-3



CE1



Interface fastethernet0/0



switchport switchport mode dot1qtunnel



switchport



switchport access vlan 100



switchport mode dot1qtunnel



FE0/1



switchport access vlan 100



! Interface vlan 100



CE1



no ip address xconnect vfi PE1-VPLS-A



switchport



vlan 100



switchport mode dot1qtunnel



state active



switchport access vlan 100



(not supported for plain VLAN xconnect) BRKIPM-2013
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Interface vlan 100 no ip address



Interface fastethernet0/1



!



IP address & routing is supported in add to xconnect VFI



!



xconnect vfi PE2-VPLS-A ! vlan 100 state active



! Interface vlan 100 no ip address xconnect vfi PE3-VPLS-A …etc. Cisco Confidential
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Auto Provisioning A Series of Associations Association 1: AC/CE to VPN(id)



12.2SRB 1Q2007



PE3



PE2



VPN(a) CE2



Associate an AC with a VPN(id) (and Authenticate the AC if needed)



LDP QoS ...



Association 2: PE to VPN(id)



PE4



Associate a set of PEs with a VPN(id) VPN(a)



Association 3: PWPE-VPN(id) Parameters



Associate PW transport and control parameters (p) to the corresponding AC pair PW Signaling Create and maintain PWPE-VPN(id) BRKIPM-2013
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LDP CE3 PE6



QoS PE5



...



Using BGP as an Autodiscovery Mechanism for L3 and L2 VPNs (draft-ietf-l3vpn-bgpvpn-auto-...txt) 41



VPLS: Configuration Example (BGP Autodiscovery) 1.1.1.1 / 32 PE-1



PE-2 2.2.2.2 / 32 MPLS Network



router bgp 1 no bgp default ipv4-unicast neighbor 2.2.2.2 remote-as 1 neighbor 2.2.2.2 update-source loopback0 …



PE-3 3.3.3.3 / 32



address-family l2vpn neighbor 2.2.2.2 activate neighbor 2.2.2.2 send-community extended … exit-address-family



BRKIPM-2013
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“vpn-id” is used as both RD and RT (VPN-id=RD=RT) (default)



42



VPLS: Configuration Example PE  PE Neighbor statements are no longer used to identify PE VPLS peers 1.1.1.1 / 32 PE-1



PE-2 2.2.2.2 / 32 MPLS Network l2 vfi Customer-A discovery



l2 vfi Customer-A discovery



vpn id 100



vpn id 100 !



!



Interface loopback 0



Interface loopback 0



PE-3 3.3.3.3 / 32



ip address 1.1.1.1 255.255.255.255



ip address 2.2.2.2 255.255.255.255



l2 vfi Customer-A discovery vpn id 100 ! Interface loopback 0 ip address 3.3.3.3 255.255.255.255



Do not apply to H-VPLS provisonning BRKIPM-2013



© 2006 Cisco Systems, Inc. All rights reserved.



Cisco Confidential



43



Agenda  Metro Ethernet Services L2 VPN usage



 L2 VPN technology Pseudo-Wires EoMPLS VPLS H-VPLS
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Scalability and H-VPLS  Due to nature of Ethernet and transported protocols and behaviours of applications, VPLS domain could be reduced to few numbers of sites.  To increase scalability and provide better options, solution 2 Hierarchical models has been suggested in VPLS-LDP draft - 802.1AD : L2 bridged access model - PW at edge : L3 Hub-Spoke access model
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H-VPLS : 2 approaches
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H-VPLS devices role U-PE: User facing PE QinQ encapsulation usually BPDU tunneling (L2PT) EoMPLS point to point encapsulation Per port or per VLAN



N-PE: Network facing PE VFI hosting PW full-mesh with split-horizon toward all other N-PE with same VFI Xconnect Core-VLAN to VFI Xconnect EoMPLS edge to VFI without split-horizon
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VPLS Architecture: – Ethernet Edge H-VPLS 3550s 802.3
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PW – VC Label is imposed at VSI Data 401
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VPLS Architecture: – MPLS Edge H-VPLS L2VPN Router 802.3
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VPLS Architecture: Characteristics – H-VPLS Benefits:  Best for larger scale deployment  Reduction in packet replication and signaling overhead on PEs  Full mesh for core tier (Hub) only  Attachment VCs “virtual switch ports” effected through Layer 2 tunneling mechanisms (AToM, L2TPv3, QinQ)  Expansion affects new nodes only (no re-configuring existing PEs) Drawbacks:  More complicated provisioning  MPLS Edge H-VPLS requires MPLS to u-PE Complex operational support Complex network design Expensive Hardware support BRKIPM-2013
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Flexible VPLS Logical Topology – VPLS on-a-stick
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 Cons Hub is central point of forwarding. Packet replication overhead. Not scalable
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Flexible VPLS Logical Topology – Daisy-chained H-VPLS Ring Subscriber Edge



H-VPLS & IGMP snooping
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