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OBJECTIVE FOR THE MEETING

> To measure the interest in starting a study group to \&G

address “Beyond 400 Gb/s Ethernet” &O
Pt
> We don’t need to S\O&
> Fully explore the problem \|€R

» Debate strengths and V\@W&h ses of solutions

> Choose any or%j\/%q@ién
» Create PQI@)Q Ive criteria

> C@@h’g’standard or specification
O@\P&{/&)ne on the call may speak / vote
> RESPECT... give It, get it
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Contributors

John D’Ambrosia, Futureweli, U.S. » Shawn Nicholl, Xilinx &G
Subsidiary of Huawei > Mark Nowell, CISCO O\
Matt Brown, Huawei Canada > David Piehler @Q nolog|es
Joel Goergen, Cisco > Ted Sp nera

Mark Gustlin, Cisco ?,S\l) e, Facebook

Cedric Lam, Google ?\}NJFF\ Theodoras, HG Genuine

Mike LI, Intel Eﬂ" " » Nathan Tracy, TE Connectivity
llya Lyubomirsky, In@?N\ » Xinyuan Wang, Huawei

Osa Mok, lnng > George Zimmerman, CME

Gary Isco Consulting

>Q

IEEE 802.3 2020 Ethernet Bandwidth Assessment
> IEEE 802.3 NEA Ad hoc
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Today’s Panel

> Speakers

» Ray Nering, Cisco \IQRS\O

» Adam Healey, Broadcom
2\lag

> Addltlonal Pa 'E:éé’(
» Cedri oogle

one, Facebook
RP?R?
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AGENDA

> Introduction \&G
_ \\®,
» Presentations &?6
» Market Pressures for Beyond E)
» The Technical Roadma ond 400 GbE

» Beyond 400 Gb%ﬂ’\(\/h
» Straw Polls O?N\

> Fu%uwg}k

oRAY
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THE SCOPE OF ETHERNET TODAY

1

1

% =

2 5\0 |

@ ) g el ’ :

- Point-to-Point Ethernet Networks 80 km over DWD) stN Point-to-Point Ethernet Networks :

Q I
@)
0p)

OUR SCOPE

V- e |

X,000 km

ITU-T defined
“Core OTN Transport”
carrying Ethernet traffic

IEEE defined Ethernet

OUR SCOPE

Scenario #2
%
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Potential for Technology Reuse

Reuse of signaling rate technologies developed for higher Ethernet rates enables existing
lower speed Ethernet rate specifications (AUI, -KR, -CR, -SR, - DR, -FR, -LR, -ER
P P ( ) > 32 - 400 Gb/s ca ﬂ rts
()

» Can be c I @ support
32 - rts
. . bé configured to support
Image courtesy of David Piehler, Dell Technologies S\m‘é_ 100 GbE ports

N\2

TODAY

“It has been my experience at

N\E&" i Google that we have used

? optical and copper modules
6\’0 to support different
e\l configurations of a given port,
?’( O including applications that
require the maximum
capacity of the single port.”

A POSSIBLE FUTURE

Cedric Lam, Google
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MARKET
PRESSURES FOR ON
BEYOND 400 GbE \l\a\;{S\




THE SONG REMAINS THE SAME

» 2020 Ethernet Bandwidth Assessment (BWA) \&G
documented latest analysis of industry ?6&
bandwidth needs and driving fact Qﬁ

Increased Increased acceSSFQNI Nncreased Bandwidth

X method = i
# of users services Explosion

@ Eaernet BWA
R Report - https://bit.ly/802d3bwa2
> Tutorial — https://bit.ly/802d3bwaZ?2 tut

> Reference slides in Appendix: Backup Slides
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https://bit.ly/802d3bwa2
https://bit.ly/802d3bwa2_tut

The 2020 Ethernet Bandwidth Assessment

Data Cente \O& P
d

) ) Capaci ippe
Mobile Consumption / |>\\’

Subscription (Chw
Global N{( J\

 ooie?
/\@é‘gé*: N\

Peering Global IP

3
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DATA CENTERS CONTINUE AS A PRIMARY DRIVER

Note — “Dip” in

) -
measured traffi ’(
A\

Host Traffic (excluding ML)

Google 2010 2020

Courtesy - Cedric Lam, Google
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a4
Hyperscale Ethernet Deployment — Total Switch Bandwidth

Actual network deployment of higher
capacity switches is driven hy traffic
demands as well as operational
considerations:

e Cost

e Power

« Network Architecture (e.g. Radix)

Deployment can occur quite quickly
after availability

Key observation: Network needs are
driving switch capacity
developments

Courtesy of:

Rob Stone, Facebook
Cedric Lam, Google
Mark Nowell, Cisco
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-
Hyperscale Ethernet Deployment — Port Speed

Key observation:

Network capacity needs
are driving increased
max port speeds.

Beyond 400 GbE port
speed Is required to
support continued
bandwidth demand

Courtesy of:

Rob Stone, Facebook
Cedric Lam, Google
Mark Nowell, Cisco
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EXAMPLE EMERGING APPLICATION — 5G BACKHAUL
S ——

Africa

Asia & Pacific 162 &O\&zg
Eastern Europe 93 & Pé’ 14
Latin America & Caribbean O 50 8
Middle East

US & Canada \& P\\’\l 11 7

Western Eu 88 70 31

\Q&b | Totals 683 335 105
N\E Source: as of 8/14/2020, https://www.5gamericas.org/resources/deployments/

6\'6\/0 Omdia projects 91 million global 5G connections by end of 2020

5G . 4

ORP\?’( 4C IEEEEEEE— 10 # of Quarters to

3G I ] 1 ~17.8 million
2G I | 4 Connections
Source: O 5 10 15
hgtflélgvlvréwijefeeSOZ-0r9/3/810K/pub|i6/18_01/W3n9_b10k Source: https://www.5gamericas.org/5gs-year-one-fast-start-and-healthy-growth/
_01b_ -p
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https://www.5gamericas.org/resources/deployments/
https://www.5gamericas.org/5gs-year-one-fast-start-and-healthy-growth/

-
ARTIFICAL INTELLIGENCE & COMPUTE

> First Era (Before 2012) &G
» Moore’s Law — 2-year doubling 6&O\

> Uncommon to use GPUs for
machine learning

> Modern Era (2012 and later)

> 2012 — 2014: most results ?\&P\\z\l

used 1-8 GPUs rated at 1-2

TFLOPS &’( -
» 2014 — 2016: large-scal ?N\E

results used 10-10 P

rated at 5-10
> 2016@&)1@ reater

ic parallelism (huge
atch sizes, architecture
search, expert iteration),

specialized hardware (TPUs),
faster interconnects

Source — OpenAl blog post ‘Al and Compute’” addendum ‘Compute used in older headline results’ posted 7th November
2019 by Girish Sastry, Jack Clark, Greg Brockman and llya Sutskever <https://openai.com/blog/ai-and-compute/>.
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Standards

Q :
| N N
il > More networked science ]

? - 1 o
oRMT ;
1 o.9
: 283

| | : | | | | | >
2020 2021 2022 2023 2024 2025 2026 2027 2028
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-
COVID-19 TRENDS, APRIL 2020

Socialize & Learn from Home

|
1
Work from Home : 3 WhatsApp
- 7 \ ; & veChat
1 ] N e e e e e e e e e e e e e o e o e e e o e o e o o o
1 1
. a=slack : . 4
1 ¢ 1
| @®"VeChat 4 o Mz A ACIVE 1
N e e e e e o e e e e e e e e e e e Y e 2 4 62% rate AZ,OOO A)+ v St 1
. . : SOURCE: Zoom (BswiTcH eArcade :
New Virtual Experiences SOURCE: Thomson |
PR vivtetie periences __ . - Reuters; lpsos \,Asour:c)? :\ < cEFORCE /;
(T Tube] \ CNBCVerzon . T T TTTTTTTTT
?\ Stream from Home
A 50% - A Z RN

npopulyst €he Washinaton Post SOURCE: Facebook F |:| o

i
A529 '
amazon/ndle | @ S H @ n soérazc!) ! o HBONOW
M L LD L ____ - ? = GlobalWedindex : €Music amazonmusic
A e

e

Securi O """""""""""""
sroTTETEEEETEESEESESESESS == A 9 l . .
; Coaner %\/ oL A322% Shopping, Food, Meal Delivery
1 1 SOURCE: Sensor 7 X
okt KTosgft - Tower f UberEats GRUBHUB
) 1
! £ " ] | 4 Q A 50% ! 1
P\% _________ e A100%+ SO0RCE i | Rakuten |
. . . . : . ! iBi
OR Telemedicine & Virtual Fitness Teladoc Electronic Payment . % ___________________ /
:I : l Zelle :
i ; i PPayPal & Pay :
1 1 1 1
I\ /I I\ ,' CAGR data from various industry sources and Inphi estimates

______________________________________________

Source - Inphi blog post 'Bandwidth in the Age of COVID-19' posted 22nd April 2020 by Ford Tamer, President and CEO, Inphi Corporation <https://www.inphi.com/blog/>
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https://blog.zoom.us/wordpress/2020/04/01/a-message-to-our-users/
https://www.cnn.com/2020/03/24/tech/contactless-payment-limit-covid-gbr-intl-scli/index.html
https://www.statista.com/statistics/1108378/coronavirus-impact-online-traffic-usa-category/
https://about.fb.com/news/2020/03/keeping-our-apps-stable-during-covid-19/
https://ir.teladochealth.com/news-and-events/investor-news/press-release-details/2020/Teladoc-Health-Previews-First-Quarter-2020-Results/default.aspx
https://www.fiercewireless.com/wireless/networks-could-see-home-internet-traffic-remain-high-after-crisis?utm_source=internal&utm_medium=rss
https://www.statista.com/statistics/1106498/home-media-consumption-coronavirus-worldwide-by-country/
http://www.statista.com/statistics/1108469/coronavirus-impact-app-downloads-by-category-usa
https://www.statista.com/statistics/1104955/covid-19-economic-impact-workers-businesses-us/
https://www.inphi.com/blog/

SUMMARY

> Bandwidth growth continues and underlying fag@s
indicate further bandwidth growth ?6&0

»Video (recorded and live) and mobilg\()&
» Increasing delta between "pﬁf“(r d “average”

o RN
> New applications f@lﬂ& andwidth growth

> In today’s Ci’@ﬂ%\—e19 world

>C&r@€;\di ity has been critical!

ORP\?'I stantaneous” growth in multiple application spaces
»Moving to telepresence, i.e. streaming video

> “Up and to the right” continues
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THE TECHNICAL O
TOOLBOX TO o ©
BEYOND 400 GbE




The Entire Ethernet Family Needs Considered
Next Speed? Reach Medium
W
DCI I‘ > 400 GbE 80 km = \®
| N

o Qq)%*RS\ Duplex
M > 4?;) GbE? P\\ZO > s
Leaf/S -
eaf/Spine E& o

Waiayodt

OPN\ = 400 GbE to (du I\l/lel\:lfoﬁ Sg/lrI;Ilel) o
\ 6\’ 500 m P P o
Q
TOR/Leaf 0
MMF o
> 100 GbE <30m Twin Axial 9
A
Server
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THE CHALLENGES TO BEYOND 400 GBE

Forward Error Correctigij
» AUI Specific?

RECONCILIATION i ?6&

» Multiple v i\v@mchitecture impact?

E@@%{a Functions
Increase interface channel count?
» Increase interface rate?
- » Increase interface modulation order?
Optical Functions

> Increase interface channel count?
> Increase interface rate?
> Increase interface modulation order?

Media

» Increase interface channel count?
» Increase fiber count?

» Increase lambda count?

» Breakout?

PHY <

12 Oct 2020 IEEE 802.3 NEA Ad hoc - Draft Development - Beyond 400 GbE CFI Consensus Presentation



MAC/PCS Technical Feasibility

Switch Chip

NXMACSs

> The options below are very feasible in near te\rlm'c@\ Nology (as an

example, actual rate(s) are TBD) \/
AN\

MAC Rate Technology Device Type Bus Width Clock Rate
800 Gb/s 5 i) |\ ASIC 1024 b 800 MHz
e\le\a—nm ASIC 512 b 1.6 GHz
*( O 7 nm FPGA 1536 b 533 MHz
ORI?% Tb/s 5 nm ASIC 2048 b 800 MHz
5nm ASIC 1024 b 1.6 GHz
5 nm (or equiv) FPGA 3072 b 533 MHz

Source — Mark Gustlin, Cisco; Mike Li, Intel; Shawn Nicholl, Xilinx
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PCS/FEC

> Previous PCS concepts could be re-used \&G
> 64b/66b, transcoding, scrambling, AMs 6&0

> Will likely want a new stronger FEC for @/S lane (if
the project chooses to define 200 r lane)

» Multiple FEC options for direcg\ﬁh\,ﬂ:oherent light and longer
reach coherent?

» Still support end w@gc for some options?
> Optimizil%i{l& ency, power and implementation burden for chosen

FEC 6
?’X\@ile minimizing the overall number of FEC options
pRA

Source — Mark Gustlin, Cisco
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CMOS Roadmap

Comparison of Lane Data Rate and Node Label Timelines > The upper data (blue) shows g
ate

1000 0.1 evolution of electrlcabl\
over tlme

y = 3E-153e0176¢
~

7

/O,Z(;)G o I\W@ ta (red) shows the
L] R ion of node label over time.
A 1006 (802:3¢ck) ,,~"

P PV

79e0203
O/zse (802.3bj) ?% s
3 nm and 2.1 nm will be available

N a & 10
O e (G023 p\’O? 10 when 200 Gb/s per lane is

standardized.

=
(=]
o

> Current designs for 100 Gb/s per
lane are in 7 nm and are moving to
5nm.

Node label (nmm

A\

Lane Data Rate (Gb/s)

/P\? » The node label (halving every
OB 3.4 years) is progressing faster than

100 . .
the electrical lane rate (doubling
2000 2005 2010 2015 2020 2025 2030
every 3.9 years).

Source — Matt Brown, Huawei Canada
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DSP Architecture Advances

Analog DSP Coding G
oW

High Speed ADC enables FFE, DFE, and MLSD for Leverage D
DSP Architectures stronger EQ mfor her
gain FEC
—— AFE ADC »| 10-30 tap FFE m’
Baud " - E Slicer »| Mux » FEC
Rate N\E&
MLSD s
E \f —
Example ofaD Optics DSP Architecture

Courtesy of:
Re plementatlons llya Lyubomirsky, Inphi

400 Gb/s Transceiver for PAM-4 Optical Direct-Detect Applications in George Zimmerman, CME Consulting
16nm FinFET,” ISSCC, 2019 John D’Ambrosia, Futurewei Technologies

“A 460mW 112 Gb/s DSP-Based Transceiver with 38 dB Loss Compensation
for Next-Generation Data Center in 7Znm FinFET Technology,” ISSCC, 2020
» "FPGA Investigation on Error-Floor Performance of a Concatenated Staircase
and Hamming Code for 400G-ZR Forward Error Correction,” OFC, 2018
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-
Beyond 400 GbE - Leveraging 100 Gb/s Signaling

"
CD16
-
®
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i\
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/ < \\ \
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C \ | |
N | \
r' 4
0, NOM N0 N N\
2> .
]
1 10 25 50 1})/0 200 400

Rate per Lane (Gb/s)
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Industry Efforts - 100 Gb/s Signaling

> IEEE 802.3 G
» Standards — PE&O\&

> IEEE P802.3bs — 400GBASE-DR4 (4 x 100 Gb/s) O&
» IEEE P802.3cd — 100GBASE-DR (1 X 100 Gb/s) QRS\
> In Development \,\l
» IEEE P802.3ck 100 Gb/s, 200 Gb ,far?’&& Gb/s Electrical Interfaces Task Force
» IEEE P802.3cu 100 Gb//s@&lew b/s over SMF at 100 Gb/s per Wavelength Task Force

> 1EEE P802.3db O@Q 00 Gb/s, and 400 Gb/s Short Reach Fiber Task Force
> IEEE P80Q2; Gb/s over DWDM Systems Task Force

> Oth ﬂd Qtry Efforts
A\

CITS T11 (Fibre Channel) FC-PI1-8, 128GFC (112 Gb/s electrical and optical
iInterface specifications)

» OIF Common Electrical Interface 112 Gb/s Efforts
» 100G Lambda MSA (100 Gb/s optical interfaces specifications)
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-
800 Gb/s Industry Activities

> Ethernet Technology Consortium
> https://ethernettechnoloqvconsortium.orq/ & ?
\O

» “The 800 GbE specification introduces a new media
access control (MAC) and Physical Coding Sublayer QRS

(PCS)”
WA
> QSFP-DD800 MSA e\ P800

> http://www.gsfp-dd800.net/ &" -

» Rev 1.0 released Mar 6 O%(i\
> OSFP \l\a\,Oé

> 80&% gable MSA

//WwWwww.800gmsa.com/

OOG PSMS8 specification (Draft 1.0) - Specification OSFP
covering cost effective 8x100G transmission over at
least 100m

Source— Nathan Tracy, TE Connectivity

12 Oct 2020 IEEE 802.3 NEA Ad hoc - Draft Development - Beyond 400 GbE CFlI Consensus Presentation


https://ethernettechnologyconsortium.org/
http://www.qsfp-dd800.net/
https://www.800gmsa.com/

-
Example: 800 Gb/s OSFP Capacity Module

> OSFP Form Factor

> Targeting 2km:

E& - Tx1-4 Low Temp
> 8x100 GbE W’@?

’i ith CS connector
?P{? 1-112G-VSR interface
0~70degC 18W, 10~60C 17W

> 7nm DSP inside

TXs-s Low Temp
Source — Osa Mok, Innolight
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-
Beyond 400 GbE - Leveraging 200 Gb/s Signaling
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Beyond 100 Gb/s Research is Underway

> S.Yamaoka et al., “239.3-Gbit/s net rate PAM-4 transmission using directly modulated membrane lasers on high-
thermal-conductivity SiC” in Proceedings of European Conference on Optical Communication (ECOC), 2019/9, &

> X.Pangetal., 200 Gbps/lane IM/DD Technologies for Short Reach Optical Interconnects, &
https://core.ac.uk/download/pdf/289286726.pdf, 2019/04/24. 6

> W. Heni et al., Ultra-High-Speed 2:1 Digital Selector and Plasmonic Modulator IM/ X itter Operatlng at

222 GBaud for Intra-Datacenter Applications, https://www. osapubllshlng. ct.cfm?URI=jlt-38-9-2734,
2020/9.

> S lange et al., 100 GBd Intensity Modulation and Direct ﬁMﬂ an InP-based Monolithic DFB Laser Mach-

Zehnder Modulator, Journal of Lightwave Techn gy,
https://www.researchgate.net/publicati 9046 100 GBd Intensity Modulation and Direct Detection wit

h_an_InP-based Monolithic DF h-Zehnder_Modulator, 2017/8.

> E.Sentieri etal., "12. 2 -C @ | 200Gb/s PAM-4 BiCMOS Transceiver with Silicon Photonics Front-Ends for
Glgablt Ethern 2020 IEEE International Solid- State Circuits Conference - (ISSCC), San Francisco, CA,
USA, 2 12 d0| 10 1109/1SSCC19947.2020.9062992.

P?t et aI "Beyond 200 Gb/s PAM4 transmission using Tomlinson-Harashima precoding," 45th European
o erence on Optical Communication (ECOC 2019), Dublin, Ireland, 2019, pp. 1-4, doi: 10.1049/cp.2019.0834.

> Net 212.5 Gbit/s Transmission in O-band With a SiP MZM, One Driver and Linear Equalization, Maxime Jacquesl,
Zhenping Xingl, Alireza Samanil, Xueyang Lil, Eslam El-Fiky1, Samiul Alam1, Olivier Carpentierl, Ping-Chiek Koh2,
David Plantl; IMcGill Univ., Canada; 2Lumentum, USA. OFC-2020, Post deadline paper Th4A.3
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https://core.ac.uk/download/pdf/289286726.pdf
https://www.osapublishing.org/jlt/abstract.cfm?URI=jlt-38-9-2734
https://www.researchgate.net/publication/319259046_100_GBd_Intensity_Modulation_and_Direct_Detection_with_an_InP-based_Monolithic_DFB_Laser_Mach-Zehnder_Modulator

-
Industry Efforts Targeting Signaling Beyond 100 Gb/s

> 1EEE 802.3 @G
WO
> IEEE P802.3cw 400 Gb/s over DWDM Systems N Pe
> ITU-T O

» Recommendation ITU-T G. 698 2, tw)\l& 200 Gb/s and
400 Gb/s application codes

> %
OIF O?N\Eﬂ

» 400ZR

h‘;% .oiIforum.com/wp-content/uploads/OI1F-400ZR-
reduced?2.pdf

ORP\ » CEIl 224G Development Project

> https:/ /www.businesswire.com/news/home/20200826005437/en/
OIF-Approves-CEIl-224G-Development-Project-Reviews-Co-packaging
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https://www.oiforum.com/wp-content/uploads/OIF-400ZR-01.0_reduced2.pdf
https://www.businesswire.com/news/home/20200826005437/en/OIF-Approves-CEI-224G-Development-Project-Reviews-Co-packaging

800 Gb/s Single Wavelength Transmission

) ) 800 Gb/s single wavelength transmission
The Future of Coherent is emerging .... over 730km in real world long-haul network
» Successful trial of 800 Gb/s
single-wave transmission over
950 km - https://bit.ly/2Wdkh8e

» Platform supporting 200 Gb/s to
800 Gb/s single-carrier -

https://bit.ly/2KLpWO05 ? l |
» “Industry’s first 800G t " 50 | | | | | | | | |

UItra_high_Speed dUIe Frequency (THz)

https://bit.lv@ FK

> “VeFriz \yls It has successfully

lg\ mitted an 800-Gb/s
DRw

avelength on its live network” -

https://bit.ly/3d2GX1M 8 subcarrier constellation
- - https://www.lightreading.com/optical-ip/infinera-windstream-
POtentla“y app“cable to Duplex SMF tout-optical-networking-milestone/d/d-id/761738

and DWDM systems!

Source — Ted Sprague, Infinera
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https://www.lightreading.com/optical-ip/infinera-windstream-tout-optical-networking-milestone/d/d-id/761738
https://bit.ly/2Wdkh8e
https://bit.ly/2KLpW05
https://bit.ly/2yTYNFK
https://bit.ly/3d2GX1M

SUMMARY

> Path to Beyond 400 GbE exists &O\&G

> Leverage 100 Gb/s building blocks \O& ?6
> 800 GbE building blocks and ey e avallable now

» Plausible implemen'getj@r\@l?%’r today and next
generation N\E&

» 800 Wya single wavelength for duplex SMF
apd M systems IS emerging now
RN
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BEYOND 400 GbE O

WHY NOW? \I‘ERS\O&P
. E2\\

Presen @9@6&

j\j@)@\l&mbro&a

oRAY




CONSIDERING THE NEXT ETHERNET RATE STANDARD

This is only
an estimate

of standard

completion

Source: https://bit.ly/802d3bwa2
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http://www.ieee802.org/3/ad_hoc/bwa/BWA_Report.pdf
https://bit.ly/802d3bwa2

The Work Needs to Begin...
Next Speed? Reach Medium

I DCI I‘ > 400 GbE 80 km . &Dﬁfﬂ@&
M > 400 Gb;\ﬂp\\;:%f’g Duplex

ESE] ole

OPN\ = 400 GbE to (du I\l/lel\:lfoﬁ Sg/lrI;Ilel) o
\ e\ 500 m PEeerp 0
5,
TOR/Leaf 0
MMF O
> 100 GbE <30m Twin Axial @
A
Server
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SUMMARY

> Bandwidth —
» Underlying factors all indicate continued growth O\&G

» Exponential growth continues! (Q%&
: C

> New bandwidth generating applications constantly bein @
» Mobile (5G) 7/ Video i

S
» Artificial Intelligence €R
N

> Virtual / Augmented Reality ﬁp\
> Today’s world stressing the nee fg&s nectivity and bandwidth

> Last two “Higher Speed@{s (from CFI1 to standard ratification)

» 40 / 100 GbE — 3 onths
> 200 / 4oo\j \,Qears, 9 months
> There i Ime between standard ratification and product introduction

E\@h bandwidth problem will only continue to grow
OQ e need to begin the process to study the problem!
> Big questions to consider

» Next speed or speeds?
» What physical layer specifications?
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Proposed Study Group Chartering Motion

Approve the formation of a Beyond 400 Gb/s Ethernet Study Gr G
to consider development of a Project Authorization Req ¢s )
and Criteria for Standards Development (CSD) r ﬁg\@ for:

1. Beyond 400 Gb/s Ethernet; &P\\’\l

2. Physical Layers spea @ﬁons or existing Ethernet rates based
on any S|gnal sed for (1).
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Call-for-interest

400 Gb/s Ethernet”
\oN
> YES RO
©
> NO
» Abstain
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Participation

> | would participate in the “Beyond 400 Gb/s O\&G
Ethernet” Study Group in 1EEE 802.3 &96&

. O
> Tally: \l@RS\
WA
> | believe my affiliati n&/ould support my
participatio p “Beyond 400 Gb/s Ethernet”

Stud %{@p Nn IEEE 802.3
é: (Resul

I ts to be processed after call
0‘3&? a P )
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Future work

» Ask 802.3 WG for approval O\&G

> If approved, request formation of “B E)O Gb/s
Ethernet” Study Group by 80 \IFéRS

> If approved, ?\&P\\’

» Creation of Stﬁ@'ﬂoup page /reflector
>F|rst St meeting [teleconference?]

%@é for Jan 21 Interim
o‘?‘“ﬁ
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-
LINK AGGREGATION WILL NOT SUFFICE

« Problem: Need to scale the Networ
(density & cost)

W
- Temporary Solution: Li%@&%gation
- Pros: RS\O

« Addres ba\llg’width requirements
bet g releases of faster links

S:
O?N\E « Non-deterministic performance
6\,  Fastest flow limited to individual link speed
« Exponential bandwidth growth implies:
? « Exponential growth in number of links
ORP\ « Growth in operational & management issues
« Doesn’t scale forever.

Courtesy, David Ofelt, Juniper.  « Faster links address these issues and
they will be LAGGed!
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-
HIGH PERFORMANCE COMPUTING

INncreased processing capability O\&G
will require bigger pipes! p"c&
ON
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WORLD INTERNET USAGE

Population 7,716,223,209 7,796,615,710 80,392,501 7,796,949,710 80,726,501 \&G
Internet Users 4,383,810,342 4,574,150,134 190,339,792 4,833,521,806 449,711,464 6&0

Internet Penetration 57% 59% 2% 62% & P

Top 20 Countries As of 3/31/19 1 | As of 12/31/19 ° RS\

Population 5,187,499,066 5,233,377,837 45,878,771 \l

Internet Users 3,117,533,898 3,241,273,512 123,739,614 P\’

Internet Penetration 60% 62% 2% \&

As of 12/31,1

Population 2,565,984,143 -2,746,270
Internet Users 1,229,0 */ 103,848,667
Internet Penetration \d@ 52% 4%
Observati

X coﬁntrles had at least 8026 connectivity
@ million users increase

596 increase in Total World Internet Penetration

since Mar 31 2019

1. IEEE 802.3 BWA, PART II
2. HTTPS://WWW.INTERNETWORLDSTATS.COM/STATS.HTM
3. HTTPS:// WWW.INTERNETWORLDSTATS.COM/TOP20.HTM
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https://www.internetworldstats.com/top20.htm

GLOBAL DEVICES /7 CONNECTIONS AVERAGE PER CAPITA

Average
Number of
Devices and
Connections
per Capita

Average Traffic
per User per

I\/IOE@,
Number of connected devices per capita is growing
The average traffic per user is growing at a much faster rate

Source: Cisco VNI Forecast Update, http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19_0624/nowell_bwa_01_190624.pdf
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http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19_0624/nowell_bwa_01_190624.pdf

-
GLOBAL DEVICE CONNECTION GROWTH (AVERAGE)

Western Europe Central & Eastern Europe
(Mb/s) 2017 | 2022 | CAGR

Fixed Fixed
(0)
Broadband e Broadizand

Asia Pacific
y (Mb/s) 2017 2022 CAGR
Fixed Fixed
Broadhanad v : : Broadband 46.2 98.8 .
Cellular 29.3% Cellular 10.6 28.8

Source: Cisco VNI Forecast Update, http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19 _0624/nowell_bwa_01_ 190624.pdf
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GLOBAL INTERNET TRAFFIC
BUSY-HOUR VS AVERAGE HOUR

Source: Cisco VNI Forecast Update, http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/|9_0624/nowell_bwa_0I_190624.pdf
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http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19_0624/nowell_bwa_01_190624.pdf

IMPACT OF “DEFINITION’ ON IP VIDEO GROWTH
29% CAGR \&G
2017-2022 350 6&0

%t‘@h\[)ef (UHD) Video (3%, 22%)

300

250 l ngh Def (HD) Video (46%,57%)
Exabytes
per 200 M Standard Def (SD) Video (50%,21%)
Month 150
100 * Device (x,y) refers to 2017, 2022
?,‘ @ traffic share

2017 2018 2019 2020 2021 2022

Growth in the adoption of HD and UHD dominate IP video traffic

Source: Cisco VNI Forecast Update, http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19 _0624/nowell_bwa_01_190624.pdf
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http://www.ieee802.org/3/ad_hoc/bwa2/public/calls/19_0624/nowell_bwa_01_190624.pdf

-
DATA CENTER CAPACITY CONTINUES TO GROW

Enterprise / Cloud Server Unit Shipments* Switch Capacity Shipments in Eb/s**
100%

50%

RIS

W10 Gbps and lower W 25+40+50 Gbps W 100 Gbps and higher H 10 Gbps and lower ®25+40+50 Gbps ® 100 Gbps and higher

*  Percent of annual server shipments categorized by speed of the attached controllers and adapters DELLORO
** Annual port capacity shipped on Data Center Ethernet Switches measured in exabits per second GRroup
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-
ESTIMATION OF MOBILE TRAFFIC

\@G
enV
N %

_ oo Global mobile traffic
é oo is expediential and
= E&" : may even be

2000 W underestimated

N

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
B China i Rest of the World Global

Source: Report ITU-R M.2370-0: IMT traffic estimates for the years 2020 to 2030, https://www.itu.int/pub/R-REP-M.2370-2015
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