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Understanding 

Carrier Ethernet Throughput
Am I getting the throughput I should be getting?
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Å The Problem

ï Poor customer application performance when using Carrier Ethernet

Å MEF service basics 

ï E-Line, E-LAN, EVC, CoS, etc.

ï Bandwidth profiles/color marking: CIR/EIR, CBS/EBS, green/yellow/red, etc. 

ï OSI/datacom overview

Å Factors that influence Ethernet throughput

ï Bandwidth profiles and policing vs shaping

ï Frame size and protocol choices

ï TCP window

ï Transmission errors

Å Proving Carrier Ethernet performance

ï Choices for testing tool

ï Test procedures and methodology

ï Verifying configuration, performance to SLA,

prioritization

ï Test configurations and automated service 

provider approaches

Agenda

Bruno Giguere 

Co Chair, MEF, OAM Working Group

Advisor to the CTO, EXFO

Webinar Host
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MEF ïDefining Body of Carrier Ethernet

Mission: Accelerate the worldwide 

adoption of Carrier Ethernet 

networks and services

Membership: 170 Companies

68 Service Providers

Global Representation

MEF Technical Committee
Specifications and Liaison

MEF Marketing Committee
Marketing Carrier Ethernet

Certification Program
Enabling Standardization

Global Interconnect
Worldwide Carrier Ethernet 
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The Problem

Why am I not getting the throughput I think I should be getting?

ISP:

Acme Telecom       

File download at 339 KB/Sec utilizes 

only 6% of 50 Mbps Service?

Speedtest.net says 18.9Mb/s, only 

36% of 50 Mbps Service?
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MEF Service Basics

7

Abel Tong 

MEF OAM Representative, 

Vice President of Marketing, 

Omnitron Systems Technology, Inc.
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The Basic Carrier Ethernet Service

ÅAn Ethernet service

ïExample, 50 Mbps Ethernet service over a GigE interface

ïEthernet Virtual Connection (EVC)

ïBandwidth Profile

ÅAdditional Service Level Agreement (SLA) 

parameters that affect performance

ïFrame Delay

ïInter-Frame Delay Variation

ïFrame Loss Ratio / Availability

ENNI UNIUNI Operator 2
(OOF operator)

Operator 1
(Service Provider)

50 Mbps over

1GigE Phy



9

Ethernet Service Types

Å E-Line Service used to create

ï Ethernet Private Lines

ï Virtual Private Lines

ï Ethernet Internet Access

ï Point-to-Point upper layer 

services transport 

(IP-VPNs etcé)

Å E-LAN Service used to create

ïMultipoint L2 VPNs

ï Transparent LAN Service

ï Multicast networks

Å This presentation focuses on 

an E-Line service

E-Line Service type

Multipoint-to-Multipoint EVC

E-LAN Service type

CE UNI

CE

UNI

CE

UNI

ISP

POP

UNI

Storage 

Service 

Provider

Internet

Carrier 
Ethernet 
Network

Carrier 
Ethernet 
Network

UNI

CE

CE

UNI

CE
UNI

Point-to-Point EVC

From MEF 6
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Bandwidth Profile

Bandwidth Profile is 

a characterization of 

Ethernet frames ï

e.g., frames from a 

customer into a UNI

Bandwidth Profile attributes:
ÅFrame delivery obligated by the SLA

ÅCommitted Information Rate (CIR) [bits per sec]

ÅCommitted Burst Size (CBS) [bytes]

ÅFrame delivery based on available 

bandwidth (not subject to SLA)
ÅExcess Information Rate (EIR) [bits per sec]

ÅExcess Burst Size (EBS) [bytes]

ÅOut of Profile frames policed, discarded
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CIR vs. EIR Service Example

Conceptual example
ï3 EVCs: 3 services using bandwidth from 

a single UNI

ï3 CIRs: bandwidth that must be delivered

ï3 EIRs: usable excess bandwidth; 
bandwidth can not always be assured

Traffic offered at CIR/CBS must 

be delivered according to SLA
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Applying Bandwidth Profiles

MEF 10.2 has defined three ways in which 

bandwidth profiles can be applied:

ïIngress Bandwidth Profile Per UNI

ïIngress Bandwidth Profile Per EVC

ïIngress Bandwidth Profile Per CoS ID 
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Bandwidth Profiles and EVCs

UNI

EVC1

EVC2

EVC3

Bandwidth Profile 
Per UNI

UNI Bandwidth Profile

UNI

EVC1

EVC2

EVC3

Bandwidth Profile 
Per EVC1

Bandwidth Profile 
Per EVC2

Bandwidth Profile 
Per EVC3

EVC Bandwidth Profile

UNI EVC1

CE-VLAN CoS 6 Bandwidth Profile Per CoS ID 6

CE-VLAN CoS 4

CE-VLAN CoS 2

Bandwidth Profile Per CoS ID 4

Bandwidth Profile Per CoS ID 2

EVC2

CE-VLAN CoS Bandwidth Profile
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Open System Interconnection (OSI) Model

Å Ethernet exists at layer 2, but is usually utilized together with 

other layers

Å Throughput issues can reside at any of these layers
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Factors Affecting Throughput

Fred Ellefson 

Co Chair, MEF, OAM Working Group

Senior Director of Application & 

Solution Management 
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Traffic Policing

Å Policing discards traffic beyond contracted Service Level 
Agreement (SLA)
ï Eg 50M Committed Information Rate (CIR) in this example

Å Most carrier Ethernet services use a combination of policing 
and shaping at the UNI hand-off
ï CIR/EIR (Committed/Excess Information Rate)

ï CBS/EBS (Committed/Excess Burst Size)

UNI

EoX

100 M

Customer site

100 BT

50 M
Service Policer

Operator 2
(OOF operator)

50 Mbps EVC over

100BT Phy

50 M
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Traffic Shaping by the End User

ÅShaping can be thought of as a buffer which 
stores traffic and releases at the contracted SLA 
rate

ÅBy shaping traffic, Carrier Ethernet users can 
minimize discarded or out of SLA traffic

EoX

100 M

50 M

Customer site

10 M
Service

ShaperPolicer

Operator 2
(OOF operator)

10 Mbps EVC over

100BT Phy

UNI
100 BT
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Frame Size Might Be Part of the Problem
Maximum Information Rate for a 100 Mb/s Line Rate at Different Frame Sizes

Sample Ethernet Frame

Preamble 

& SFD 
(8 bytes)

Ethernet Header 
(14 bytes)

Inter-Frame Gap
(12 bytes or more)

S-Tag 
(4 bytes)

C-Tag 
(4 bytes)

Payload
(46 - 1500 bytes)

CRC 
(4 bytes)

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

68 798 1522
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Ethernet Frame (Information Rate)

IEEE 802.3 MAC frame with overhead(100Mbps Line Rate)
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UDP Payload Rate
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Protocol Choice Might Also Contribute

Sample TCP/IP Frame

Ethernet Service Frame (Information Rate)
IP Rate

TCP Payload Rate

Preamble 

& SFD 
(8 bytes)

Ethernet Header 
(14 bytes)

Inter-Frame Gap
(12 bytes or more)

S-Tag 
(4 bytes)

C-Tag 
(4 bytes)

IP Header 
(20 bytes)

TCP Header 
(20 bytes)

Payload
(N bytes)

CRC 
(4 bytes)

Maximum Throughput for a 100 Mb/s Line Rate

IEEE 802.3 MAC Frame with Overhead (100Mbps Line Rate)
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TCP Window can be an issue

Å The TCP protocol provides a 

handshake acknowledgement for  

each frame sent to ensure they 

reach their destination and are in 

the correct order

TCP Segment 1 sent

TCP Segment 1 acknowledged

ENNI UNIUNI Operator 2
(OOF operator)

Operator 1
(Service Provider)
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Å In order to reduce this overhead, TCP will send multiple packets 

before waiting for acknowledgement

ï This is called TCP window flow control

Å The default size of this window is 64KBytes of TCP segments in flight 

for Microsoft Windows

TCP Segment 1 sent

TCP Segment 1 acknowledged

TCP Segment 2 sent

TCP Segment 3 sent

TCP Segment n sent
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(OOF operator)

Operator 1
(Service Provider)
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Å If round trip delay is long (and the transport speed is high), the window 

size limit can be hit, and the sender will stop sending and wait for an 

acknowledgement

TCP Segment 1 sent

TCP Segment 1 acknowledged

TCP Segment 2 sent

TCP Segment 3 sent

TCP Segment n sent

R
o

u
n

d
 T

rip
 T

im
e

T
C

P
 w

in
d

o
w

 flo
w

 c
o

n
tro

l

W
a
it T

im
e

TCP Window ïFilling the Pipe

ENNI UNIUNI Operator 2
(OOF operator)

Operator 1
(Service Provider)
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It Takes a Lot of Bits to Fill the Pipe

Bandwidth-delay product for different circuit rates with 40ms round-trip time

The 64 kB default maximum window size limits throughput to 13 Mbps!

Pipe Capacity (bits) = bandwidth (bits/s) x round-trip time (s)

Circuit Rate
Payload rate

(Mbit /s)
Capacity
(Kbits)

Capacity
(KBytes)

DS1 (1.5M) 1.536 61 7.5
E1 (2M) 1.984 79 9.68
64KB Windows TCP max 13.1 524 64
DS3 (45M) 44.21 1,768 215
100BASE -T 100 4,000 488
OC-3/STM -1 (155M) 150 5,990 731
OC-12/STM -4 (622M) 599 23,962 2,925
1000BASE -T 1,000 40,000 4,882
OC-48/STM -16 (2.5G) 2,396 95,846 11,700
OC-192/STM -64 (10G) 9,585 383,386 46,800
10GBASE -SW (WAN) 9,585 383,386 46,800

10GBASE -SR (LAN) 10,000 400,000 48,828
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TCP needs a Low Frame Error Rate

Round trip time (RTT) combines with frame error rate to limit achievable TCP throughput. 

Dropped Frames are same as errored frames. Traffic Policing is like a very high error rate.
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Proving Your Service Performance

Paul Marshall

Co Chair, MEF OAM Working Group

Chief Technical Officer , Sunrise 

Telecom
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Verifying Carrier Ethernet Throughput

Å Carrier Ethernet throughput and performance can be verified by either 

the End User or the Service Provider

Å Throughput and performance are verified at Layer 2 ïEthernet Service 

Frames

Å The MEF recommends testing throughput using:

Å RFC2544 or new Y.156SAM based test procedures

Å Remote Test/Monitor System for OSS, Portable Equipment for Field 

Technicians

Å Hardware-based test sets preferable to PC-based software applications 

ENNI

UNIUNI

Operator 2
(OOF operator)

Operator 1
(Service Provider)

50 Mbps EVC over

1GigE Phy
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RFC-2544 Testing for Throughput

Å Suite of tests originally for verifying Ethernet equipment

ï Also used for Ethernet services

Å Suite of tests defined:

ï Throughput

ï Latency 

ï Frame loss

ï Back to back

ï System Recovery

ïReset

Å Results generally presented in 
graphical form

ï Each test is performed multiple 
times with different frame sizes 

(64, 128, 256,é)

MEF SLA parameters

Benchmarking Methodology for Network Interconnect Devices 



29

Key Concepts of Y.156SAM

Å Introduced to ITU June 2009, Consent Scheduled Jan 2011

Å Key parameters are Max Throughput, FD, FDV, FLR

Å Round trip delay ok substitute for one-way delay

Å SLA parameters reported only for flows inside CIR/CBS

Å Configuration Test: Each service is tested one at a time to 

ramp up data rate from 0 to CIR, to max. 

Å Service Test: For all flows simultaneously the following 

measurements are made for 15 minutes to 24 hours:

Å Throughput, FTD, FDV, FLR
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Advantages of Y.156SAM over RFC2544

Å Faster method

Å Multiple streams tested, not just one

Å Tests a whole network rather than a single device

Å SLA items are only tested during subscribed throughput rates

Å Specifically tests to SLA rather than to network failure

Å Doesnôt waste time on excessive permutations

Å Latency test tremendously improved

ïMade continously on every frame

ïMeasured during normal operation when SLA should be met

Å Skips tests designed to crash the network
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Network Throughput Test Fundamentals

Verify the throughput performance of each defined service (rate limiting, 

traffic shaping, QoS)

Å Test in steps up to the CIR

ï Verify within CIR that the SLA parameters are met

ï SLA parameters (Throughput, Frame Delay, Frame Delay Variation and Frame 

Loss) are verified during those steps

Å Then Step to EIR and EIR + x% line rate 

ï This allows verification that out-of-profile frames are discarded

CIR

EIR

EIR + x%

1 to 60 sec

Performance

Unguaranteed

Verify 

SLA 

here

time

Throughput as

seen at output 

of test instrument

Verify

Traffic Policing
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Multi-Service Throughput Test

Simultaneously validate the quality of service of each defined 

service and prove SLA conformance

Å All services are simultaneously generated to their CIR and all SLA 

parameters are measured for all services

Å Test for 15 minutes to 24 hours depending on network reliability

Service 1

CIR

t

Mbps

t

Mbps

Service 2

CIR

Service 3

CIR

Transmitted traffic Measured traffic
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Service Verification Testing Summary

ENNI

UNIUNI

Operator 2
(OOF operator)

Operator 1
(Service Provider)

UNI

EVC1

EVC2

EVC3

UNI

EVC1

EVC2

EVC3

Bandwidth Profile 
Per EVC1

Bandwidth Profile 
Per EVC2

Bandwidth Profile 
Per EVC3

UNI EVC1

CE-VLAN CoS 6

Bandwidth Profile Per CoS ID 6

CE-VLAN CoS 4

CE-VLAN CoS 2

Bandwidth Profile Per CoS ID 4

Bandwidth Profile Per CoS ID 2

EVC2

EVC Bandwidth Profile

CE-VLAN CoS Bandwidth Profile

UNI Bandwidth Profile

Verify Service End-to-End According to

Bandwidth Profile of Purchased EVCs
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Service Provider Automated Testing

Å Automated test system or manual on-site testing

Å Test Equipment at network core loops back NIDs 

Å Test the network from the core to each end

Å NIDs can also be controlled by NMS to test end-to-end

NIDUNI UNINID

INNI INNI

Ethernet Services Layer Terminology

ETH
UNI - C

ETH
UNI - N

ETH
UNI - N

ETH
UNI - C

INNI

Access Network Access NetworkMetro/LH Network NMS

Test Head 

remote control link

CE CE

ETH
INNI

ETH
INNI


