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Objective for this Meeting

To measure the interest in starting a study group
to address 400 Gb/s Ethernet interconnect

— Defining “Core OTN Transport” beyond the scope of this
effort

We don’t need to
— Fully explore the problem
— Debate strengths and weaknesses of solutions
— Choose any one solution
— Create PAR or five criteria
— Create a standard or specification

Anyone in the room may speak / vote
RESPECT... give it, get it
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What Are We Talking About?

« At highest rates Ethernet is becoming dominant
traffic for client- and line-side
— “Core OTN Transport” is defined by the ITU-T
* Interdependent problems, but not interchangeable solutions
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Agenda

e Presentations

— “The Bandwidth Explosion,” David Ofelt, Juniper

— “Beyond 100 Gigabit Ethernet, Technical
Challenges,” Mark Nowell, Cisco.

— “400 Gigabit Ethernet- Why Now,” John
D’Ambrosia, Dell.

e Straw Polls
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 THE BANDWIDTH EXPLOSION
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Changes since 2007 HSSG

e Infrastructure / Devices <« Applications

— Smart Phones — Cloud-based Businesses

— Tablets — Practical Cloud Storage

— Wi-Fi Deployments — Ubiquitous Video Streaming
— 3G/4G/LTE — Social Media Explosion

— 10G Server Deployment — Video Calling Commonplace
— Internet Enabled TV — New Database Technology
— The “Cloud” — Online Gaming

Device Traffic Multiplier

Tablet
64-bit laptop
Internet Enabled TV

Compared against a 32 bit laptop*

Gaming Console
Internet 3D TV

*Source: http://www.ieee802.org/3/ad hoc/bwa/BWA Report.pdf
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Highlights since IEEE P802.3ba

g : You Are
E 40/100 CFI 802.3ba start 802.3ba end Here
& ! s
| 100GE Shipped 19 =~ 40G &
: LTE BASE-T S€rvers g
; ! =
8 ' Smart Phones Tablets |
5 : Internet TV Devices :
Sacial Media... Social Media ...Social Media... Social Media ...Social Media ;E?_cg?
‘% MMOG Streaming Video SIEETINg |
= ! Games !
< I Cloud Services : 2 o
: LHC : S 5
i Cloud Storage ! 83
: : : : : : : : — >
2006 | 2007 2008 2009 2010 2011 2012 2013 . 2014
: Year :
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2015 Global Users and Network Connections

North America Western Europe Central/Eastern Europe
[

288 Million Users | 314 Million Users g 201 Million Users
2.2 Billion Devices \ 2.3 Billion Devices 902 Million Devices

Japan

116 Million Users
727 Million Devices

\ #(.‘ al \ < 2
Latin America . \igle | Asia Pacific

260 Million Users 5 Mil e 1330 Million Users
1.3 Billion Devices 5.8 Billion Devices

- 7

Source: nowell_01_0911.pdf citing Cisco Visual Networking Index (VNI) Global IP Traffic Forecast, 2010-2015,
http://www.ieee802.org/3/ad hoc/bwa/public/sepll/nowell 01 0911.pdf
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Global Broadband Speed 2010-2015

Average broadband speed will grow 4X; from 7 to 28 Mbps

vd’
\ North America Western Europe Central/Eastern Europe

3.7-Fold growth 3.9-Fold growth 3.3-Fold growth
7.9'10 27 Mbps 9.2 to 36 Mbps 6.1 to 20 Mbps

Japan

4.1-Fold growth
15.5 to 64 Mbps

Latin America ica k Asia Pacific

2.9-Fold growth | old ¢ 4.6-Fold growth
2.8 to 8 Mbps s ( ' 9.5 to 25 Mbps

© 7

Source: nowell_01_0911.pdf citing Cisco Visual Networking Index (VNI) Global IP Traffic Forecast, 2010-2015,
http://www.ieee802.org/3/ad hoc/bwa/public/sepll/nowell 01 0911.pdf
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Global IP Traffic Growth, 2010-2015

Regional contributions to the Zettabyte journey

| North Americg 1 Western Europe Central/Eastern Europe

22.3 EB/Month by 2015 B 18.9 EB/Month by 2015 3.7 EB/Month by 2015

. 26% CAGR; SX Growth 32% CAGR, 4X Growth 39% CAGR, 5X Growth
— e ‘

Japan

4.8 EB/Month by 2015
27% CAGR, 3X Growth

Latin America | ica Asia Pacific

4.7 EB/Month by 2015 it 0: 24,1 EB/Month by 2015
48% CAGR, 7X Growth ,_ t 35% CAGR, 4X Growth

© 7

Source: nowell_01_0911.pdf citing Cisco Visual Networking Index (VNI) Global IP Traffic Forecast, 2010-2015,
http://www.ieee802.0rg/3/ad hoc/bwa/public/sepll/nowell 01 0911.pdf
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Some Interesting Facts & Forecasts

e Facebook Facts:*
— Dec 2006 — 12 Million Users
— Dec 2010 - 608 Million Users
— Oct 2012 — Over 1 Billion Users

e Forecast May 30, 2012**
— By 2016 — 1.2 million video minutes traveling Internet every second
“Fixed” video users: 0.792B (2011) to 1.5B (2016)
— “Mobile” video users — fastest growing mobile service, 0.271B (2011) to 1.6B (2016)
— Desktop videoconferencing users — 26.4M (2011) to 218.9M (2016)

 Forecast Feb 2013 ***
— Mobile video to represent 66% of all mobile data traffic by 2017

 YouTube Statistics ****
— Every minute - 72 hours of video are uploaded
— Each month 4 billion hours of video are watched
— 25% of global views come from mobile devices
— Traffic from mobile devices tripled in 2011

o Netflix
— Oct 28, 2011 — “Netflix represents 32.7% of North America’s peak web traffic”

» *Facebook Newsroom, Timeline, http://newsroom.fb.com/Timeline.

» ** May 30, Press Release, “2012, Cisco VNI Forecast,” http://newsroom.cisco.com/press-release-content?articleld=888280.

« ***Visual Networking Index , Cisco, http://www.cisco.com/en/US/netsol/ns827/networking solutions sub_solution.html#~forecast, Feb, 2013.
o ¥**¥Youtube Statistics, http://www.youtube.com/t/press _statistics, data obtained Feb 15, 2013.

o *%* Techspot — “Netflix represents 32.7% of North America’s peak Web traffic, Oct 28, 2011, http://www.techspot.com/news/46048-netflix-

regresents-327-of-north-americas-geak-web-traffic.htmI.
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Science: Big Data Sources

CERN is “the tip of the iceberg”

CERN

— Atlas detector in LHC (Large Hadron
Collider) generates ~1 petabyte/sec

— Trigger farm reduces to 450MB/sec

 Tens of Gb/s of outbound traffic
to analysis centers

Genome sequencing

— Per-instrument data rate strongly 2
(~10x over 5 years)

— Data costs plummeting = vastly
increased data volume

— http://www.genome.gov/sequencingc

osts/

Belle-ll

— 250PB of experimental data in first 5
years of operation

Square Kilometer Array (SKA)
— ~2800 receivers in telescope array
— 2 petabytes/sec to central correlator

* sending @ ~100 Gb/s to
analysis centers

Source:

http://www.ieee802.org/3/ad hoc/bwa/public/decll/dart 01 1211.pdf (updated:

interview Eli Dart, August 29, 2012)
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Findings of IEEE 802.3 BWA Ad Hoc

100

[ [ / L’
Financial sector / -
_ ‘it to Figure 1

Science CAGR =95%
% fit to Figure 13
=10 ESnet 2004 to 2011
; CAGR 7 70% \ Peering
S Z . fit to Figure 39
N < HSSG tutorial AGR = 64%
S ! Cable Slide 22 core
© 1 Trigure 39 Furo-1x ! Figure 20 “AGR =58%
= historical data .~ i CAGR =50%
L HSSG tutorial
;g P traffic Slide 22 server 1/0
50.1 - " Figure2 CAGR = 36%
= CAGR = 32%

Figure 15 NYSE
historical data
0.01 . :
2004 2006 2008 2010 2012 2014 2016 2018

2020

Source: http://www.ieee802.org/3/ad hoc/bwa/BWA Report.pdf
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The Server Roadmap

1,000,000
Server Upgrade Path
100.000 100 Gigabit Ethgrngt Q 2014 40 GbE
Core Networking 40 Gigabi‘t E,t;ernet Q 2017 100 GbE
Doubling =18 /|
i Q Blade Servers
3 10 Gigabit Ethernet
S 10000 \ 7 0 802.3ba: 10 GbE to 40 GbE
: 0 802.3bj: 40 GbE to 100 GbE
Siqait Linermet Q Other Future Server 1/Os
1,000 f
m— 0 40GBASE-T
Zom iz 0 100GbE over MMF
100 r/

1995 2000 2005 2010 2015 2020
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10GbE Server Deployments

10GbE Server-class Adapter & LOM

8

Ports in Millions

Shipments

Ports in Thousands

QQ

2012 Results:
+50% Y/Y growth
0“9 0"° Q"q’

CREHAN RESEARCH Inc.

Server-class Adapter & LOM
10GBASE-T Shipments

=,!,!
A

m““g

CREHAN RESEARCH Inc.

o
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40GbE Server Deployment Forecast

Server-class Adapter & LOM Example: Dual port 40GbE server
40GbE Shipments — — __

Source — Shane Kavanagh, Dell DCS

2
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o o oS

CREHAN RESEARCH Inc.
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Center of the Storm — Data Centers

Demand From the North:

More Users More Devices
More Bandwidth More applications!

East / West Traffic
New Applications

East / West
Traffic from

New Databases
Next Door!

New Architectures

Demand From the South:

More Storage More Servers
Faster Storage Faster Servers

March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 18
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High Performance Computing

#1 SuperComputer: Performance Trend

1.E+10 -
1e+00 - ¢ Increased processing /
1.E+08 - capability will require
—1E+07 - bigger pipes!
D 1.E+06 -
o
(7 1.E+05 -
& 1.E+04 -
S
X 1.E+03 -
1.E+02 -
1.E+01 -
Source: Top500. ORG - http://www.top500.0rg/statistics/sublist/.
l.E+OO I I I
1992 1996 2000 2004 2008 2012 2016 2020
e=—Rmax ----- Expon. (Rmax)
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standards

devices

Applications

Highlights since IEEE P802.3ba

You Are
Beyond 100 GbE

D™
More users
More mabile
More video
More devices

More data

More applications

More networked science
Larger flows

40G & 100G servers

infrastructure

Social
networking

Science!

2012

2013 2014 2015 2016 2017 2018 2019

1 Year
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Link Aggregation

v R gy = Problem: Need to scale the Network (density & cost)

= Temporary Solution: Link Aggregation

m Pros: Addresses bandwidth requirements between
releases of faster links

= Cons:
o Non-deterministic performance
o Fastest flow limited to individual link speed
o Exponential bandwidth growth implies:
o Exponential growth in number of links
o Growth in operational & management issues
o Doesn’t scale forever.

Courtesy, David Ofelt, Juniper.

Physical Mockup: “80xN” _ . :
LAG using 80 links m Faster links address these issues and they will be

LAGGed!

o Used 25% of all front
panel ports for single
“LAG”

BW 100GbE 400GbE
OpEx Challenges

PAONRS Terabit 10 x 100 3 x 400
2020 10 Terabit 100 x100 25 x 400

March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 21
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Section Summary

=Unrelenting bandwidth growth everywhere

= End users / devices!
= Applications!
= Video!

=Core OTN Transport
= Beyond scope of this effort
= Ethernet Interconnect

= Must scale to support bandwidth growth o
= Example — Data centers pressured from all directions

Enabling bandwidth
. Enables applications

———— Drives bandwidth

March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 22
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What Are We Talking About?

At highest rates Ethernet is becoming dominant
traffic for client- and line-side
— “Core OTN Transport” is defined by the ITU-T

. Interdependent problems, but not interchanqeable solutions

ITU-T defined
“Core OTN Transport™
carrying Ethernet traffic ii
‘ I A

OUR SCOPE

Economics & Optimal

Solutions are Different

March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 24
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CMOS Roadmap

CMOS IC features have shrunk by ~2x since 100Gb/s
MAC/PCS was defined in 802.3ba

CMOS International Technology Roadmap for
Semiconductors, 2011 Revision Overview:

|

] I I I I ] I I I I ] I I I I ] I l

TR 22-24

2011 ITWG Table Timing: 2007 i v 15nm £2016 2019 2021 ==
54nm 45nm 2009 32nm 2012 2015 2018 11nm 2021 5
68nm 45nm 4 32nmé 22nnf 16nm <> 11nm{_ 5

MPU/hpASIC “Node”: “45nm” “32nm”
2011 ITRS MPU/hpASIC M1: 76nm 54nm 38nm 27nm 19nm 13nm

2011 ITRS hi-perf GLpr : 54nm 47/nm 47nm 41nm 35nm 31nm 28nm 20nm 14nm
2011 ITRS hi-perf GLph : 32nm 29nm 29nm 27nm 24nm 22nm 20nm 15nm 12nm

s |ITRS Sponsoring Industry Associations (IAs): European
Semiconductor IA, Japan Electronics and Information
Technology Association, Korea Semiconductor IA,
Talwan Semiconductor IA, (US) Semiconductor IA

March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 25
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Technology Building Blocks (1 of 2)

Electrical Signaling Development
o 25Gh/s

PAM4-34GHzPJ1Tr8PN12_4by26 BER Contour with 4FFE,1DFE taps

— |EEE P802.3bj (NrRz/PAM-4)
— |EEE P802.3bm

— OIF CEI-28G

— 32G Fibre Channel

 OIF CEI-56G

Amplitude

05 04 03 02 01 0 01 02 03 04 05
Sampling Phase (in Ul)

Courtesy, Ali Ghiasi, Broadcom

Modulation

x16
Connector

Courtesy, Mark Bugg, Molex
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Technology Building Blocks (2 of 2)

GaAs
Photonics
Courtesy, Atsushi Takai, Oclaro InP L .
Photonics |
. mumm
x16 Optical — =
Connector
& Cable
Silicon
Photonics
Courtesy, US Conec
Courtesy, Tom Palkert, uxtera
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Orlando, FL, USA



Ethernet Module Electrical Interfaces
Industry Development Efforts
Past & Possible Future

Modulati
TbE (10x100G) Gen 1 ° T“B%'O“ 277 4 -

\Y lati
400G (8X50G) Gen 2 MOUMANON e 566 ysR: e m ot e e

??7?

400G (16x25G) Gen1 O @——4@ 200GbE?

CEI-28G-VSR* CAUI-4

100G (4x25G) Gen 2 Y ——— 1N

100G (10X10) Gen 1 el

XLAUI
40G (4 X10)  r—®
10G ‘L‘ ‘i‘ * - OIF specification or

work under way

802.3ba

LL
zZ
<
|
nd
L
(ol
L
<
o
O
<
|
<
zZ
o
0p)]
|
<
O
X
|_
O
LL
|
LL]

_— OO
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
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An Ethernet Overview of the Problem

PHY <

CGMI| Electrical Functions

\ * Increase interface channel count

* Increase interface rate

* Increase interface modulation order

, Optical Functions
* Increase interface channel count
* |ncrease interface rate

* Increase interface modulation order

Media
* |ncrease fiber count
* |ncrease lambda count
March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0 29
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MAC Technical Feasibility

Module I/F
16x25G

Packet I/F
40x12.5G

MAC/PCS OPTICS

100x12.5G

400 Gb/s and 1 Tb/s first generation implementation, with a separate
MAC/PCS device (1 Tb/s interface widths are very challenging)

400 Gb/s and 1 Th/s MAC options

MAC Rate Technology Bus Width Clock Rate

100 Gbl/s 45, 40nm  ASIC 160 bits 644 MHz

100 Ghb/s 45, 40nm FPGA 512 195 MHz

400 Gb/s 28, 20nm  ASIC 400 1 GHz

400 Gb/s 28, 20nm FPGA 1024 400 MHz

1 Th/s 28, 20nm  ASIC 1024 1 GHz

1 Th/s 28, 20nm FPGA 2560 400 MHz Challenging

March 19, 2013
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A System Perspective

 Interface width is not just a
module consideration, but an
overall system issue

 Wider interfaces > more pins

Network  More pins > More traces to route
rocessor
 More power
 More cost
 More complexity

Switch

Backplane

Sample architecture highlights all places that
might be needed to support interfaces in a system

Next slide shows the impact!
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o
o

N
o

Number of Connections (k)
N w
o o

[ERN
o

The Impact of the
Electrical Interface Width

1 Port — 32 Ports

X16 Width: Historical
Maximum Module Interface

20 40 60 80 100 120 140 160
Instances of Interfaces in a System
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Example: Anatomy of an
Optical Module Implementation

Definition of these interfaces...

... drives complexity of the module implementation

~

o

3]

Andl= ics|~ | opties |
S ectronics pthS

(&)

o

\—[ Opt connector ]—/

~—
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Matching Needs with Capabilities

Technology Options

S ——r—

——

“Development”.”Bleeding edge”

The never ending balancing acts!

Cost, Power, BW
& Density

- A

It’s all going
to change Cost, Power Density
with time :
March 19, 2013 400 Gigabit Ethernet Call-For-Interest Consensus, V1.0
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Potential Technology Axes for increasing
Gbit/s in the Optical and Electrical Domains

H
N
I

(e.9. NRZ) (e.g. PAM4) (e.g. 16QAM) Modulation
() C (i-e. Bits per Symbol)
P802.3bj
—>
10 25 50 75 100
E— R Signaling Rate
(i.e. Gbls)
XLAUI CEI-28G CEI-56G
— E— Q
& 8 12 16 Space Division Multiplexing
Cmm————) =) (ie. Multiple Elecrical Channels)
XLAUI CAUI XSBI
>

16
Wavelength Division
) Multiplexing (i.e. As )
#

LR4 10 x 10
4 8 12 16
S > Space Division Multiplexing
(i.e. Multiple Optical Fibers)
-SR4 -SR10
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Example: Finding a Path to 400Gbit “ Gen 1”

1 2 4
(e.g. NRZ) (e.g. PAM4) (e.g. 16QAM) Modulation
m C (ie. Bits per Symbol)
P802.3bj
—
10 25 50 75 100
ﬁ ° Signaling Rate
(i.e. Gbls)
XLAUI CEI-28G CEI-56G
— E— Q
& 8 12 16 Space Division Multiplexing
) (x X3 (ie. Multple Electrical Channels)
XLAUI CAUI XSBI

Wavelength Division

>
4 8 12 16
0 e Muliplexing (.. As )

-LR4 10 x 10
#
4 8 12 16
m > Space Division Multiplexing
(i.e. Multiple Optical Fibers)
-SR4 -SR10
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Example: Finding a Path to 400Gbit “ Future”

g

1
(e.9. NRZ) (e.g. RAM4) (e.g. 16QAM) Modulation
M (i-e. Bits per Symbol)
P802.3bj
25 100
ﬁ h Signaling Rate

(i.e. Gbls)

XLAUI CEI-28G CEI-56G

— — — =
& 8 12 16 Space Division Multiplexing
D ——— g =) (ie. Multiple Elecrical Channels)
XLAUI CAUI XSBI
>
4 8 12 16
Wavelength Division
Y < I Cammm—) Multiplexing (i.e. As )
-LR4 10 x 10
>
4 8 12 16
m > Space Division Multiplexing
(i.e. Multiple Optical Fibers)
-SR4 -SR10
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Summary

Time is not on our side:
— 2015 Capacity Requirements: 10x 2010: 1 Terabit
— 2020 Capacity Requirements: 100 x 2010: 10 Terabit

Technology for 400 Gigabit Ethernet

— Leverage 100GbE building blocks
-~ Plausible implementations for today and next generation
— Fits with dense 100GbE technology roadmap

Not “can it be done” but “can it be done at right cost!”
— Power, cost, density

We believe there is a path forward to cost-effective
400 Gb/s Ethernet!
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Findings of IEEE 802.3 BWA Ad Hoc

100

[ [ / L’
Financial sector / -
_ ‘it to Figure 1

Science CAGR =95%
% fit to Figure 13
=10 ESnet 2004 to 2011
; CAGR 7 70% \ Peering
S Z . fit to Figure 39
N < HSSG tutorial AGR = 64%
S ! Cable Slide 22 core
© 1 Trigure 39 Furo-1x ! Figure 20 “AGR =58%
= historical data .~ i CAGR =50%
L HSSG tutorial
;g P traffic Slide 22 server 1/0
50.1 - " Figure2 CAGR = 36%
= CAGR = 32%

Figure 15 NYSE
historical data
0.01 . :
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2020

Source: http://www.ieee802.org/3/ad hoc/bwa/BWA Report.pdf
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The Future I1s Here...

_ After First Round of
2012 Summer Olymplcs
Euro 2012 Matches
linx-gb traffic on Fri amsienl traffc on 20120609
13507 — -
1.150T T T T T T 2012-07-06 m\Is ::;Lc —
1.100T 2012-07-13
2012-07-20 -
1.050T 2012-08-17
2012-07-27 ——
1.000T 2012-08-03 o R
950.000G 2012-08-10 —— o Hm
; s
a 900.000G | 4 12007 |
D : ‘—LJJ L‘Lr L
850.000G |
800.000G 180T 7]
750.000G }
1,007 ‘
700.000G |
650.000G : : : i 1.050T
08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 1200 13:00 1400 1500 16:00 1700 1800 19:00 2000 21:00 2200
time of day (UTC) e o cay UTC)
Source: https://labs.ripe.net/Members/fergalc/internet- Source: https: //labs.ripe.net/Members/fergalc/internet-
traffic—during—olympics—201 2 traffic-after-first-round-of-euro-201 2—matchcs/AMSIXNL.png
Thanks to Bijal Sanghani, Euro-IX.
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The Need for 400 Gb/s Ethernet

e Traffic is growing everywhere
— More Internet users
— More ways to access the internet faster
— Higher bandwidth content
— New applications enabled
— And it goes on

 |EEE 802.3 BWA Forecast

— 2015 Capacity, 10x requirements of 2010 - Terabit
— 2020 Capacity 100x requirements of 2010 — 10 Terabit

e Timeis not on our side...
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Summary

« Bandwidth —exponential growth continues!

« New bandwidth generating applications constantly
being introduced

 Higher Speed @ lower cost per bit needed by
Ethernet Interconnect

 Past efforts took 3to 4 years
— 10 Gigabit Ethernet
— Ethernet First Mile
— 40 Gigabit and 100 Gigabit Ethernet

« We need to begin the process to study the problem

 “The Next Speed is not the Last Speed”
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STRAW POLLS




Call-For-Interest

e Should a Study Group be formed for “ 400 Gb/s
Ethernet”?

Y: N: A:
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Participation

e | would participate in the “400 Gb/s Ethernet”
Study Group in IEEE 802.3.

Tally: xx

« My company would support participation in the
“400 Gb/s Ethernet” Study Group in IEEE 802.3

Tally: xx

400 Gigabit Ethernet Call-For-Interest Consensus, V1.0
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Future Work

« Ask 802.3 on Thursday
— Form 400 Gb/s Ethernet SG

o If approved, on Friday
— Request 802 EC informed of 400 Gb/s Ethernet SG

— First 400 Gb/s Ethernet SG meeting, week of May 2013
IEEE 802.3 Interim.
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-~ THANK YOU!
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