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Carrier Ethernet Evolution

Towards a Combined L2-Services & Transport Layer

Carrier Ethernetused to Carrier Ethernet Carrier Ethernet

provide high bandwidth employed in consumer  replaces SDH/SONET
business services broadband services/ transportinfrastructure
aggregation
Happened: Happening: Beginning but long term:
Niche application Mainstream application 1071 20 Year transition

replacing ATM solutions
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Multi-Site WAN Market Changes in the Netherlands

45,000
42,500 O Frame Relay (# Ports/Sites)

40,000 B L3 MPLS-VPN (# Ports/Sites)
37,500 - M Digital Leased Lines
35,000 B Ethernet-VPN (#Ports/Sites)
32,500
30,000
27,500
25,000
22,500
20,000
17,500
15,000 1
12,500
10,000 1
7,500 11
Vi
Vi
L

5,000
2,500

.l

iml H H B

lllllllllll

ol ol ol ol Bl ml |l Bl ®1 Sl S 79 oW1 oW1 I

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
‘03 '03 '03 '03 '04 ‘04 04 04 'O5 05 05 05 06 '06 '06 '06

Data Source: KPN quarterly reports


http://www.kpn.com/kpn/show/id=965927/contentid=20417
http://www.kpn.com/kpn/show/id=965927/contentid=20417
http://www.kpn.com/kpn/show/id=965927/contentid=20417
http://www.kpn.com/kpn/show/id=965927/contentid=20417

The Next Horizono Video

BROADCAST TELEVISION

4 180 Modes 180

VIDEO ONIDEMAND
TV ONDEMAND/ nPVR

Managec
Vicdzo
Aoolicaiions

VIDEOPHONE/
VIDEO CONFERENCING

GAMING/INTERACTIVE TV

Viclzo
Cormrunicaiions
Sarvices

== INMTERNET :-..

1"

..:: ON DEMAND ::..
VIDEO STREAMING

“Cwer the Top”
Vicdeso



The Goal: Service-Optimized Access &

Aggregation

IPNGN Service Architecture

foroperational and transport efficiency
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Architectural

Evolution of the IP
NGN




Overall IPNGN Network Requirements
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IPNGN Approaches Based on MPLS [1]

Integrated L1/L2/L3 Service Model
L3VPNSs, VPWS and VPLS

Yesterday

L2 Service Model
VPWS and VPLS



IPNGN Approaches Based on MPLS [2]
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Cisco Converged IPNGN Architecture

RAN Backhaul FTTXAggregation High Speed Internet (HSI)
APWE3or IP based oring | AHigh density Fibre * , AL2EoMPLS Backhaul
APer Service QoS @ APer Service QoS APer subscriber QoS
ADistribution of Clock ASession awareness ACentral L3and services
APPPOE & DHCP

L —

@_,@ Content Network
:’ : oD [|TV IP
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Ep—=w Accasa Nod Aggregation Network Core Network [Py
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n Pantant | N PP 1.
Video and Voice MoDbi Business VPN
ile Edge

AL3edge distributed for efficient AGGSN 9 AL2 EoMPLS backhaul

multicast and resiliency APDN, MME, Serving GW APer subscriber QoS
AVirtualization options  ALTE/SAE Evolution ACentral or distributed services
APer service QoS (L3VPN, L2 VPN, VPLS)




Technology

Alternatives




New Kids on the Block

Emerging and Revisited Ideas

1. 802.1ay Provider Backbone Bridging 1 Traffic Engineering (PBB-
TE) / PBT

2. Transport MPLS (T-MPLS) 7 ITU G.8110
These are initiativesby At r adi ti onal 6 tel ecom

Common characteristics are:
their goal is leveraging the installed base of SDH /L2 gear
force customers towards proprietary solutions

the rely on NMS/ OSS systems ( no dynamic control plane in the
network )

No multi service capabilities
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Provider Backbone Transport

1. In a sentence:

Basically using 802.1ah data-plane functionality with OSS/NMS
provisioning in lieu of IEEE control protocols (MSTP, GVRP,
etc.) to setup P2P VCs.

2. It Consists of the following three components:
Data-plane based on 802.1ah
OAM based on 802.1ag

A protection switching mechanism similarto MPLS TE Path
Protection (protection path switching between two edge
switches)



How Does It Work ?

1.Use OSS to configure B-MACs and B-VLANs manually in the bridge
along both primary and backup paths

2.Use CFM Continuity Check Messages to monitor the primary and the
backup paths

3. UEon failure of the primary path, configure the edge switches (BEB1 &
BEB2) to switch to the backup path

Network Provisioning and Management System

Backup
SA: BEB1
DA: BEB2
B-VLAN: 20

Primary

SA: BEB1
DA: BEB2
B-VLAN: 10

/CE

BCB: Backbone core bridge = BEB: Backbone Edge bridge
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Some Pending Questions Regarding PBT

1.What is the applicability?

2.Does it satisfy the requirements of a wide range of
services?

3.If multipoint transport requires 802.1ah, what is the
operational complexity of running PBB and PBT
simultaneously?

4.What is the protection scalability? What are the target
restoration times? For how many trunks?

5.What are the real benefits compared to other existing
Ethernet transport alternatives?



. ________________________________________________
T-MPLS (which is ended up in MPLS-TP by

IETF)

Network Provisioning and Management System

T-MPLS Backup

v ]
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T-MPLS between PEs

Adaptation layer on the PEs to enable transport of specific payload

Ethernet connection between CEs
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T-MPLS

1.Connection oriented packet switched transport over an
optical transport network

Architecture based on ITU-T G.805

2.Its main characteristics are:
Data plane: Ethernet (today), no load balancing, same EtherType as MPLS
OSS/NMS based model: Static assign label, no control plane
OAM : Complete framework need to be review by IETF and ITU-T

Protection switching and Survivability based on ITU-T Y.1720/G.8131 (end-
end protection) and Y.mrps (ring protection switching)

3.No or difficult interworking with MPLS Suite



IETF MPLS transport draft
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IETF MPLS transport draft

1.Connection oriented packet switched transport over an optical
transport network

|ETF draft-bryant-pwe3-mpls-transport
Based on ITU requirements and IETF pseudowire definitions

2.lts main characteristics are:

Data plane: Multi-protocol, load balancing in option.
Integrated or OSS/NMS based model:
External/Static configuration
Dynamic contr ol plane (GMPLS, MPLS TE,
OAM : Two VCCV profiles
BFD without IP/UDP headers
BFD with IP/UDP headers
Protection:
Local and End-to-end repair
proactive repair

3.Interworking with MPLS protocol suite



Control Plane Comparison

PBT and T-MPLS IP/MPLS

Network Management System

Control Plane for PT2PT Services Network Management Sy stem

IP/MPLS IP/MPLS

IP/MPLS
Control Control Control

Plane Plane

Plane

MR E=-ER I CHES-ER-ERI
Tables |[gmll Tables [l Tables Tables [l Tables [al Tables
1.NMS based Control Plane 1.Integrated Control Plane

2.Long term support integrated control plane? 2 Multi-service Control Plane
PBT and T-MPLS A G-MPLS L1 L2 L3

G-MPLST Link state Protocol, RSVP etc .
_ _ Pt2Pt, Multipoint
3.Single Service Control Plane
Pt2Pt Only

PBT/T-MPLS: Simply moves complexityto the Network

Management layer ( )
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Forwarding Plane Comparison

Edge Forwarding Forwarding Forwarding Edge
Functions“ Tables Tables Tables “Functions

IP/MPLS

Customer packet encapsulated in an MPLS
label stack )
Forwarding based on a label switch A SerViPe Instance mapping
> PBT/PBB-TE : functions (VLAN acrobatics)
Customer packet encapsulated in 802.1ah A Security/anti'SpOOfing
Forwarding with modified Ethernet switching functions
3 VLAN-XC A QoS/Shaping/Scheduling
Customer packet encapsulated in 802.1ad dotlq functions (Often hierarChicaI)
orQinQ A Provisioning/Policy
Forwarding with VLAN tag Swapping Enforcement functions

4. T-MPLS (now aligned with IETF!)

Customer packet encapsulated in MPLS label
Forwarding based on a label switch

Strong Similarities, Hence Associated Costs Should Be Similar
(Assuming Edge Functionality Is Similar!)



CE Aggregation

Reloaded i Recent
Additions




Retall Residential Services Architecture

Distributed Edge

Service

1
Internet, VolP, VoD, Mobile |
Backhaul, PSTN migration

1

N:1, 1:1 VLAN models

IP-VPN, VPNv6
(incl. half-duplex)

IP service subnets

A

IP Model
IPTV-mcast

IPIMPLS NNI

CARRIER
ETHERNET

Pkiiron:
e i

E T F

Access Node UNI and connectivity models:

ATrunk (Multi{/C) UNI, N:1 Service VLAN
1
ATrunk (MultiYC) UNI, 1:1 Internet Access VLAN

These modeld are the baselinein TR-101 and

N:1VLAN model

PIM/BGP /IGP /LSM control plane
IPmc/mVPN/ LSM data plane

Access

Aggregation/Edge

\

™~

IPIMPLS

NI

e e

presentin exi{;ting Access Nodes implementations
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Retail Residential Services Architecture s
Centralized Edge with L2 MPLS Backhaul tETEF

Service
Ethernet I-NNI

HSI, VolP, VOD Single PW per Aggregation Node

N:1, 1:1 VLAN models

Access Node UNI and connectivity models:
ATrunk (MultiVC) UNI, N:1 Service VLAN
ATrunk (MultiVC) UNI, 1:1 Internet Access VLAN

HSI/ IP service subnet

A

These models are the baselinein TR-101 and

VPLS with IGMP Snooping presentin existing Access Nodes implementations
IPTV-mcast
VPLS PW
Ethernet I-NNI
Access Aggregation Edge Core

MPLS NNI
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L3 Business Services Architecture e

. . . 1 ETF
Centralized and Distributed
Ethernet [-NNI
Service /
Centralized Port, 1:1 VLAN EoMPLS PW MPLS-VPN
Business Et_hernet QinQ
IP-VPN QinQ
IP/MPLS NNI
Distributed Port, 1:1 VLAN é — R = /
Business — o — MPLS-VPN
IP-VPN QinQ IP-VPN, VPNv6, mVPN
Access Aggregation Edge Core
MPLS NNI
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E-LAN and E-Line

Service
1
i :
1 1
1 - 1
Business Port, 1:1 VLAN !
E-LAN : VPLS Spoke PW VPLS PW H-VPLS MPLS NNI
! VPLS PW
: :
I~ 1
Port, 1:1 VLAN I
: s R VPLS MPLS NNI
: VPLS PW
) 1
i I RLe _ma_
Business \ MPLS NNI
E-LINE
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Access Aggregation/Edge Core
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Wholesale Services Architecture el
L3 and L2 Models e
Service
L3 Wholesale I :
POt 1L VIAR IP/MPLS NNI

IP-VPN, VPNV6,
mVPN

L2 Wholesale IP/MPLS NNI

[}

1

1

1

. - 1
e PwsPw B LIV

Core




Carrier Ethernet T Foundation Technologies

1. Flexible Ethernet UNI with Cisco EVC

2. Quality of Service and Admission Control

3. Unicast and Multicast Video Delivery
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Flexible Ethernet Edge Requirements

Adaptable Ethernet UNI Service functions
1. Support all Ethernet Encapsulations In/out H-Qo0S
802.1Q, 802.1ad, Q-in-Q, 802.1ah Security

2. Flexible VLAN tag manipulation and

_ High Availability
translation

OAM and SLA monitoring

3. Flexible frame to service mapping _ o
Flexible connectivity models

4. Multiple services on the same port
(multiplexed UNI)

5. Local VLAN significance (per-port)

Service instance scalability

= eyl e ey N e

Standards based

Untagged
Single tagged
Double tagged
802.1q
802.1ad

etc

L2 Pt-to-Pt native

L2 Pt-to-Pt over PW
L2 MPt native bridging
L2 MtP VPLS

L3 routed
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Ethernet Virtual Connection

Approach to ¢t

One service instance can match one
or multiple or range of VLANs at a
time

\
|
/ Flexible
VLAN

tag
matching

H-QoS
per
VLAN

Per service features

Flexible
VLAN
tag
rewrite

Security

AVLAN local port significance
ATwo VLAN tag aware
AFlexible VLAN tag matching
(combination of up to two tags)
A802.1ah (future)

@® Service Instance

EVC
(Ethernet Virtual Connection

1

Local connect (P2P)
Local Bridging (MP)

Flexible L2/L3 service mapping, one
or groups of EFPs can map to the
same EVC

AFlexible VLAN tag manipulation,
pop/push/translate

ASimple configuration




Cisco EVC Infrastructure

Overview

EVC infrastructure

Ve

A

Provides most
flexible

classification of L2
flows on Ethernet

interfaces

Supports dotlq
and Q-in-Q,
802.1ad

Supports VLAN
list, ranges &
combinations

Coexists with
routed
subinterfaces

Flexible VLAN
acrobatics
(translate, pop,
push)

Full H-QOS
support

EFP1T Ethernet Flow Point
EVCi Ethernet Virtual Circuit

(802.1q/802.1ad)

——= | Multipoint EVC

EoOMPLS P

CARRIER
ETHERNET

bl

Certified Compliant

EOMPLS K

EOMPLSR
Multipoint EVC

EFPs: VLAN
(802.19/QinQ)
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Ible Ethernet Edge Applied

Portal Monitoring Billing Subscriber

— Database Definition

FiBA GH B
Pollcy Control Plane (per subscriber)

Identity Address
Mgmt

Policy

Aggregation

Untagged
Single tagged
Double tagged

L2 Pt-to-Pt native
L2 Pt-to-Pt over PW
L2 MPt native bridging

/ 802.1q L2 MPt VPLS
8(t)2.1ad L3 routed
etc

S

oL

Content Farm
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Carrier Ethernet T Foundation Technologies

1. Flexible UNI with Cisco EVC

2. Quality of Service and Admission Control

3. Unicast and Multicast Video Delivery



-
End-to-End QoS Requirements

1. Ensure deterministic network response to guarantee
per class QoS SLAs

Min and Max Bandwidth, Latency, Jitter

Per class guarantees including under congestion

2. Simple and scalable engineering
Rely on

granular QoS conditioning at the edge and

aggregate DiffServin transit nodes

3. Streamlined operations

Per class OAM-based measurements of SLA parameters

Scalable monitoring and reporting



Ensuring QoS SLAs

UNI

Alngress and Egress

Change priority maximum/minimum b
levelsto Alngress hierarchical
Scheduling shaping/scheduling
levels

Aingress hierarchical

N

£.Apriority levels

A(e.g.Port,S-VLAN, C-VLAN, Class) AClassification on customer or

Alngress and Egress DiffServ
queuing per shaped max Bw

A2strict priorities

A3parameter scheduler (max, min,

andwidth remaining)

AService grouping for shared
policies

provider marking

ATraffic stats per VLAN interface
and per QoS class

policing

0 ' MPLS Transport
% ............Jk G):...O...0...0...00..0...0
CE-A '-ERE_
EH,__ . e
NNI/Metro-Core
A DiffServ queuing
Ethernet Virtual A 4priority levels
Circuit (EVC)T A 2strict priorities
Point-to-Point A 3classes
Ethernet
Virtual Circuit
(EVC)i
Multipoint
o Change to:
EVC - An association of two or more UNIs -Aggregate 4 ueuing

- Connection between two or more devices




UNI SLA QOS Enforcement

Telepresence

(VoIP i Bearer + Control]—%—-@-}

| Telepresence

VolIP i Bearer + Control]

. [ InternetT Best Efm—%—-y :

1.Symmetric (ingress/egress)
enforcement of max/ min
bandwidth and DiffServ
behaviour per customer
(VLAN)

z 2.Hierarchical scheduling &

Internet T Best Effort |

shaping

. 3.Dual Priority Queue for

Voice and Video

. 4.Scalable (thousands of

customers/VLANS)



Linecards with Scalable H-QoS

3-Level Hierarchy Example

Port Subscriber Class
Level Level Level
: I SEE PP TPTPEPRPRTPEPRY Ie e et e e et ee et 3 =
i VolIP i Bearer + Control] ?
[ B\ Business Critical ): 2l
1 :
f Interneti Best Effort |: <
I \ o
/ I s Lottt o= 3
I o
I b, '. ........................................... 7
I ' ®
! .4—-——[V0IP| Bearer+ControI] Q
I ®
'] 64———[Telepresence ] S
Port #‘/ —fB—Interneti Best Effort Ji | ™
|7 1 i :
l I ----------------------- i ------------------------------------------- — _
R R R EE R | ............. | .................... — =
: (VolPi Bearer+ControI]—‘AI—-—> ?
. |Business Critical J— 8w _|—p —a| O
. (Interneti BestEffort  —[uuBil— i p : a
: I i o
RSO TR TP STUURTR = 3
1 1 =
:_...........................................-.............; .................... — L.
: ! @
: [volpi Bearer+ControI]—m—|—> 3
. |Telepresence ]-@-} —% @
. 1
\ : (Interneti BestEffort | [ Bl ®
SO SO N ZA. _
. 1 1 —
1

Class Subscriber
Level Level



Cisco0s I ntegrated VI

1. Integrated Video CAC approach combines two methods
On-path RSVP-CAC
Topology aware, handles dynamic topology changes

DSCP based implementation eliminates scale challenges experienced with Intserv
Proven scale i tested to 50-100.000 sessions with 500 set ups per second
Layer 3 required at PE-AGG to implement path-based CAC

Off-path CAC based on Policy Server for DSL line congestion
2. VOD stream will be denied if business rules of either fail

3. Prioritize blocking of Free VOD vs. Pay VOD in network failure scenarios

I3 <.

VoD Servers

PE-AGG DSLAM
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Carrier Ethernet T Foundation Technologies

1. Flexible UNI with Cisco EVC

2. Quality of Service and Admission Control

3. Unicast and Multicast Video Delivery




Video Delivery Requirements

1.Transportand Bandwidth Efficiency
I Bandwidth scale - N x GE/ 10GE -> N x 100GE

I Optimal multicast distribution trees for available
topology, incl. failure conditions

I Load balancing for multicast and unicast Video
I Admission control for multicast and unicast Video

2.Resiliency
I Network level resiliency TV
I System level resiliency
I Video service level resiliency
3.(User) Quality of Experience
I Service and user level QoS
I Video monitoring
I Video delivery management




1.Optimal and Scalable Forwarding

PIM SSM optimal multicast distribution tree for all
topologies and failure conditions

Dynamic Load Balancing on equal cost paths
Optimized ARP and IGMP tables scale through distribution
Flexible content injection, including localized content

Distributed L3 for network nodes and subscribers
scalability in any topology

Allows for on-path Video Admission Control

2.Resiliency

Consistent IGP and PIM Fast Convergence in all failure
cases: Source-, Node-, Link - Failures.

Anycast-Source model for Video Source redundancy
Fast ReRoute options also available: TE-FRR and MoFRR

PIM SSM Security & Address-Space Efficiency - Proven
architecture in many large 3Play production networks today

Cisco IP/MPLS Solution T Benefits [1]

Optimal replication

LoadBalancing
Efficient use of access bandwi

L3-Cor
IP Mcas




