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The Twisted Road of BASE-T
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802.11ac Transitions Drive Wired Bandwidth Needs

With 802.11ac, wireless crosses a gigabit 11n to 11ac is a rapid transition

Enterprise AP Radio Bandwidth Enterprise AP 802.11n/11ac Transition
Source: Dell’Oro Group Jan 2017
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The Applications Spaces of BASE-T
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NBASE-T Alliance & IEEE - Timeline of Success

JANUARY 2015
First switch
products
announcad
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MBASE-T Alliance
launchad

3-8 2015 @1 8o+ J o5 B o7 os B

BicsI 7~

Ll CONFERENCE & EXHIBITION }J
L

SEPTEMBER 24-28 | LAS VEGAS, NV .

MAY 2015

802.2bz Technical
Basslines adoptad,
compsatible to NBASE-T
specification

AUGLUIST 2015

First NBASE-T
technology plugfest

JULY 2015

B02.3bzr Task Forca
Rewview bagins

MARCH 2015

802 3bz

Task Forca

authorized
NOVEMBER 2014
MBASE-T Physical Layar
Spacification 1.0 ewvailable
NMOVEMBER 2014 APRIL 2015
IEEE BDZ2.3 Ca=all First multivendor
for interest

intercperability demos
for MBASE-T technology
at Imterop Las Vegas

NOVEMBER 2015
MBASE-T Alliance
miambearship hits
45+ compani=s

---- 2016 Jif}-

APRIL 2076

1% companies showcasa
MBASE-T interoperability
damos &t Interop Las Wegas

SEPTEMEER 2016
802 _3bz standard
approwvead

- —————? 2017

OCTOBER 2016
MBASE-T and
Ethernat Alliance
joimt plugfest

APRIL 2016
802.3bz Sponsor
Ballot opeaned

FEERUARY 2016

First machine vision
products announced

JAMNUARY 20716

First access points and
tast equipment products announced

DECEMEBER 2018
MBASE-T Physical Layer

MARCH 2017
MBASE-T and Etharnat
Alliamce joint webinar
on plugfest results

MAY 2017
Gold sponsor
Intarop ITX
Las Vegas

Specification version

JANUARY 2016

B02.3 Working Group
Ballot initieted
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NBASE-T and 802.3bz Technology — Based on 10GBASE-T

* PAM-16 with the same LDPC code for good performance

— Good interoperability, improved robustness
— Upper frequency of % (5G) and % (2.5G) that of 10GBASE-T

* NBASE-T and 802.3bz are interoperable with each other
— Joint Ethernet Alliance/NBASE-T Alliance plugfest in late 2016

— Auto Negotiation enables multi-mode PHY operation

* Supports PoE!

ALLIANTECE
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|EEE 802.3bz or NBASE-T?

* Since they are interoperable with each other, how do they differ?
 NBASE-T adds “Downshift” to 802.3bz

— Normal Auto Negotiation selects the fastest rate both PHYs support, irrespective of the cabling,
noise or environment
— But, in 2.5G/5GBASE-T, the speed you get may depend on other links crosstalking

— So Downshift automatically shifts the rate based on the channel noise

 w/Downshift users always get a reliable link
* Automatic {Aﬁy
w functionality

NBASE-T
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Alien Crosstalk Basics

 Modern (1000BASE-T and above) PHYs are
limited by noise from other cables — “Alien
Crosstalk”

 Worst-cases happen when cables are tightly

Fully bundled

75m bundled 20m sm
q—:-:_—[l—b

bundled over long distances, and near the q—:-:“_h

transmitter
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Catb5e Mitigation #1
65m bundled 30m 5m
] ] Catbe Mitigation #2 E

65m bundled 30m 5m
] ——

Cat5e Mitigation #3
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How BASE-T is Really Deployed

 Designers of NBASE-T recognized many
links would support rates above 1Gbps

— Wireless Access Points were installed in links that
were fanned out, allowing less than worst-case
alien crosstalk

e Alien crosstalk impacts the speed you
can get above 1Gbps

— Cat5e and Cat6 are not specified for alien
crosstalk
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What You Will Hear Today

* Peter Jones will discuss the NBASE-T Alliance and a systems vendor’s

perspective
— Why you want to use it, what to look for

* Frank Straka will discuss meeting NBASE-T requirements from a cabling

vendor’s perspective
— What you can expect of Cat5e and Cat6 and how to improve performance (if
needed)
* Jim Davis will discuss what to look for and how to check your

installation for NBASE-T
— How standards relate and how to assess your existing installation

NBASE-T
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NBASE-T™ 2.5GBASE-T/5GBASE-T
Why, Where & When

Peter Jones
Principal Engineer — Cisco Systems
Chairman — NBASE-T Alliance
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802.3 Ethernet and 802.11 WLAN —Deployments Today
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Access Switch
Mostly 1000BASE-T ports
PoE PSE (15/30/60W, 4PPoE)

1000BASE-T =
Power over Ethernet e 0)//))
Cabling Access Point
Cat 5e/6/6A up to 100M Connects 802.11 to 802.3

New installs moving to Cat 6A for 10+yr life PoE PD (Powered Device)

Footprint sensitive (e.g. power, heat, etc.)
11acWave 2 drives backhaul traffic > 1 Gb/s
No easy way to get above 1Gb/s
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Why 2.5G and 5G BASE-T?

« Between 2003 to 2014 ~70 billion meters
of Cat 5e and Cat 6 cabling were sold....

— ~90% of installed base 1800
— Enormous network infrastructure investment 1600
1400

* Existing specifications supported 1Gb/s over this .,
cable, but we knew faster data rates were possible ..,

* BASE-T allows incremental upgrade 800
600

Let’s get more value from this asset! "

200

What can we enable? 0

10 meters of R
BASE-T cabling e
for every man,

woman, and child on

Earth ...

Installed Cable Plant

2014
Cat 5e Outlets 539 M
Cat 6 Outlets 743 M
Cat 6a Outlets 111 M
M
B

Cat 7 Outlets 10

Total 1.4

2003 2007 2011 2015

m Cat 5e outlets m Cat 6 outlets m Cat 6a outlets m Cat 7 outlets
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NBASE-T Alliance Application Areas
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CELL

ENTERPRISE NETWORK
with large wired and
wireless user base

Vv

WIRING
CLOSET
SWITCH

E@ COMPUTER 2
Eg COMPUTER K

l;' COMPUTER 3

ENTERPRISE

Indoor Outdoor Access Points
Workstations, Desktops, Notebooks
Enterprise NAS

Professional Audio Video Systems
Medical Imaging Systems

Video Content Editing

Small Cell

Industrial/Outdoor Access Points
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Enterprise:
Switch
Wireless AP
Desktop
Storage Server
Small Cell

Industrial:
Switch
Wireless AP
Workstation
Storage/Compute
Machine Vision

Industrial:
Switch
Wireless AP
Storage Server
Home Gateway
Streaming

Service Provider:
Small Cell
Home Gateway
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NBASE-T/802.3bz Joint Plugfest — October 2016 at UNH-IOL

Wide Industry Representation including

&P T =3
Aquantia, Aukua, Berk-Tek, Broadcom, Cisco Systems, Dell, Chediing infrom e @EHEmEAiEREand
Extreme Networks, Fluke, Huawei, Intel, Marvell, Panduit, @NBASETAlliance group test event for
_ 2.5/5Gbps @IEEE802.3bz product deployment!
Rohde & Schwarz, Tektronix #interoperability

More than 1,100 tests including

Conformance —IEEE 802.3bz and NBASE-T specifications
Linkup — ability to connect with other devices

FER — monitoring of errors in data frames

Downshift — slower data rate responding to cable noise

99+% success rate for Linkup and FER tests
Post event blog and results webinar

Blog: www.nbaset.org/99-percent-success-rate-2-5g-5gbase-t-ethernet-plugfest-shows-technology-ready-primetime/
Results Webinar: https://www.brighttalk.com/webcast/6205/245401/59-and-5gbase-t-technology-multi-vendor-interop-here-today

T . ™
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http://www.nbaset.org/99-percent-success-rate-2-5g-5gbase-t-ethernet-plugfest-shows-technology-ready-primetime/
https://www.brighttalk.com/webcast/6205/245401/5g-and-5gbase-t-technology-multi-vendor-interop-here-today

Cu Test Validator

i
Irte] Exhemrmeet
CAN X550-T2

AN A WG

I EBundled
=== = WA
s Pigtrh Calblie
Wictim 100m

All cabling provided by PANDUIT
All cabling certified by Fluke Networks

Technical demonstration desigred and
ooordinated by UNH-IOL

See http://www.nbaset.org/showcasing-nbase-t-interoperability-2017-interop-itx//
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http://www.nbaset.org/showcasing-nbase-t-interoperability-2017-interop-itx/
http://www.nbaset.org/everything-awesome-interop/

NBASE-T — Key Analyst Messages
Y Y g _——

/ enterprises rely on wired and wireless \
networks infrastructure must evolve

maximum value
from the cable plant.
Nolan Greene, senior research analyst, IDC Network Infrastructure Group
The Newly Ratified IEEE 802.3bz Ethernet Standard: What Enterprise IT Needs to Know — December 2016
\ http://www.idc.com/getdoc.jsp?containerld=US40815516/

/ NBASE-T surged in the second half of 2016
2017 forecast to surpass five million ports

Enterprise users are hungry for multi-gigabit bandwidth

Tam Dell’Oro, founder & CEO, Dell’Oro Group
Enterprises Eager for Upgrade to NBASE-T Ethernet Switches, Wave 2 Wireless LAN —February 2017

\ http://www.delloro.com/news/enterprises-eager-upgrade-nbase-t-ethernet-switches-wave-2-wireless-lan-according-delloro-group /

4 Apple iMac Pro announcement
NBASE-T technology plays a critical role

Alan Weckel, founder and technology analyst at 650 Group
http://www.nbaset.org/catching-the-nbase-t-wave/
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http://www.idc.com/getdoc.jsp?containerId=US40815516
http://www.idc.com/getdoc.jsp?containerId=US40815516/
http://www.delloro.com/news/enterprises-eager-upgrade-nbase-t-ethernet-switches-wave-2-wireless-lan-according-delloro-group
http://www.nbaset.org/catching-the-nbase-t-wave/

802.11ac and 2.5G/5G BASE-T Forecasts

There is a rapid transition from 11n to 11ac
Wave 2 started ramping in 2016, exceeds Wave 1 in 2017

100M/1000M to 2.5G/5G transition
Source: Dell’Oro Group Jan 2017

Ports

2015

2016 2017 2018 2019 2020 2021

W 5.0 Gbps
MW 2.5 Gbps
1000 Mbps

100 Mbps

APs
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Enterprise AP 802.11ac Wave Transition
Source: Dell’Oro Group Jan 2017

—\Wave 1

—\Wave 2

S

2013 2014 2015 2016 2017 2018 2019

2.5G / 5G BASE-T Ethernet is
rapidly being adopted

2020

2021
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NBASE-T Recent Products

Tera Gtation

. http://www.buffalotech.com/products/terastation-5010-series

VisionSyszems

~Innovators
SAwards

Thunderbolt 3
(UsB-C)

https://www.apple.com/imac-pro https://www.e2v.com/products/imaging/cameras/uniiga-4k-mono-and-colour/

': CONFERENCE&;:EXHIBIT/ION :' N B A S E = T
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https://www.apple.com/imac-pro
http://www.buffalotech.com/products/terastation-5010-series
https://www.e2v.com/products/imaging/cameras/uniiqa-4k-mono-and-colour/
https://www.asus.com/us/Networking/XG-C100C/

Using Your Existing Cables

at 2.5 and 5GBASE-T

Frank Straka
Product Line Manager - Panduit
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Data Rates Above 1Gig

= Yesterday:

= 1000BASE-T > 10GBASE-T
\ ] | }
! !

Category 5e/6 Category 6A

= Today
. \1000BASE-T - 2.5GBASE-T - SGBASE-'I} > %OGBASE-T}
| |
Category 5e/6 Category 6A

™
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TIA Cat 5e Cat 6 Cat 6A
1ISO Class D Class E Class E,

Construction

Category Comparison

UTP or STP

UTP or STP UTP or STP
Specified Bandwidth 100 MHz 250 MHz 500 MHz
Cable Wire Gauge 23/24 AWG 23 AWG 23 AWG
PoE Support Yes Yes Optimal
|Diameter (Approx) 210" 240" 275"
Gigabit Ethernet 100 m 100 m 100m

Limited distances per
10GBASE-T Ethernet Not Supported TSB-155-A 100m
25/40GBASE-T Not Supported Not Supported Not Supported
pprox. Relative

Iﬁstalled Cost LK L2 LK

NBASE-T: SAVE THE CABLES — BE A HERO!
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Focus on Alien Crosstalk

Disturbed
Channel

* Alien crosstalk
— Noise from external cables
— Not specified for Cat5e or 6
— Tightly controlled for Cat6A (5e and 6 cables cannot meet)

Disturbing
Channel

Major
over Prior Class
N/A

100MHz
NEXT, ACR-F,
6 E Zeithiliz and Return Loss
6A E, 500MHz Alien Crosstalk

Category 6A recommended for new installations

™
NBASE-T
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ALSNR

e Alien crosstalk levels were first specified for 10GBASE-T
using a worst-case configuration (6-around-1) and a

THE BELL SYSTEM TECHNICAL JOURNAL
Vol. 52, No. 8, October, 1973

limit-line for Cat 6a

— However, this disqualifies cables which will work because they

only exceed the limit line at a few frequencies Optimum Mean-Square Decision

Feedback Equalization
e Alien Crosstalk effects on receivers can be better By J. SALZ

(Manuseript received April 20, 1973)

mOdeIed With a Ca|CUIation known as the Alien Limited In this work we report new results relating to decision feedback equaliza-

tion. The equalizer and the transmitting filter are optimized in a PAM

. . data communication system operating over a linear noisy channel. We

SN R Cr|ter|0n (A LSN R) use a mean-square error criterion and impose an average power COmM-
straint at the transmitter. Assuming correct past decisions, an explicit

formula for the minimum attainable mean-square error is given. The

- WE”-knOWH theOretlca| resu |t baSEd on ”O ptlmum Mea n'Squa re possible advantages of signaling faster than the Nyquist rate while de-

creasing the number of levels to maintain the same information rate are

DeCISiOn Feed baCk Eq ua|izat|0n", J, SaIZ’ Be” System TECh nlcal investigated. It is shown that, in all cases of practical interest, signaling

faster than the Nyquist rate, while keeping fixed the information rate,

Jou rnal Vol 52 NO 8 Oct 1973 increases the mean-square error. Finally, to illustrate the use of the
7 * 4

results, application is made to a cable channel where the loss in dB varies
as the square root of frequency. Various asymptotic formulas and curves
fmax are provided to exhibit the relationships between the quantities of interest.

ALSNR, <(——) S (S()-NMAf  (dB)

max
f=fmin

i A
. . = 5 /. \‘ 3 J TM
. BICSI /4 .
] CONFERENCE & EXHIBITION J§ N B A S E -T
e o«
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ALSNR Analysis
= Alien Limited Signal-tO- Bundled cabling length --
) ) gory 5e Category 6 Category 6A
Noise Ratio e

= Key parameter for 2.5 285BAERT Assured

and SGBASET e —
_ Bundled cabling length
+ Lowrisk for bundies upto

Assured

Category 6A

20 meters, regardless of 2 5GBASE-T Assured

channel length 5GBASE-T Assured

to 75 meters 2.5GBASE-T Assured
= No risk when using SSUre

Category 6A ALSNR Risk Medium

NBASE-T M

ALLIANTCE
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Mitigation Procedures (if needed)

* Ensure your equipment is linking up at a proper rate

* |fitlinks up at less than target rate:
— Se

Re
Re
Re

0
0

D

narate cords, unbundle horizontal cable

ace equipment and patch cords with Cat6A cords

ace connectors with CatbA connectors
ace horizontal cable with Cat6A cable

-inal Step: Enjoy the extra speed!

NBASE-T: SAVE THE CABLES — BE A HERO!
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Using Cat5e and Catb6 at 2.5 and 5Gig

* [Internal crosstalk (NEXT, return loss) has low risks
= Category 5e will likely meet 5GBASE-T requirements
= Category 6 has no risks of meeting 2.5 and 5GBASE-T internal
requirements

= Alien crosstalk has elevated risks
= Vast majority of links have very low risks
= Risk with Category 5e and 6 cables on long bundled (> 75 meters) runs
= Refer to SNR risk matrix

Cable Bundle: A group of cables that are tied together or in contact with one
another in a closely packed configuration for at least 1 m.

NBASE-T

ALLIANTECE
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Testing Your Cables for Best
NBASE-T Success

Jim Davis

Regional Marketing Engineer — Fluke Networks

NBASE-T: SAVE THE CABLES — BE A HERO!




Outline

* Cabling Standards and Application Standards

* Will my cabling support NBASE-T?
— Certified to Category 5e? Category 67

* Things we did not consider
— ALSNR

 What to do moving forward
— Follow the Cabling Standards to be ready for the future

NBASE-T: SAVE THE CABLES — BE A HERO!




TABLE 16 Highway Overpass Specification

Ranges for Minimum Vertical Clearance

Type of Roadway ARAN 8

Freeway

Arterial

Collector

Local

NBASE-T: SAVE THE CABLES — BE A HERO!
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The Benefits of Standards — Future-Proofing

* The Cabling Standard Specifies the ‘Shape’ of the
road

— The Appl ehicles

O O

™
NBASE-T
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The Benefits of Standards — Future-Proofing

* The Cab f the
road
— The Aj nicles
 Did you -.'. . lled

your cab...g .
— Upgrading your application should be easy

ALLIANTECE
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The Benefits of Standards — Future-Proofing

® ThaAarAlhlina CtranAdavA ChhnAanifiar +hhA ‘ClhAannA? AF -|-he

your capiings

les

— Upgrading your network should be easy

______— Will your network support NBASE-T?

ALLIANTECE




Category 5e Cabling Supports NBASE-T

 NBASE-T limits are the same as Category 5e for NEXT and Return Loss
— However — 5 Gigabit limits are based on

Extended

Category 5e limits extrapolated out to 250 MHz nstalled Catroe v frequencies required
Installed Cat 6 v v
Installed Cat 6A v v

* To be sure that your existing cabling will support 2.5 and 5 Gigabits you
need to compare your test results to limits out to 250 MHz
 How was your cabling certified? To What Standard?
— Not certified?
— Continuity?
— Application Test?
— Did you store your test data?

™
NBASE-T
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Cabling Performance Requirements for NBASE-T

/" VireMap | PairData | Insetionloss” NExT | PSnEXT | acRN | psacrRN | acrF | psacre | AL |

——aaraaa—————

i Graph | NEXT - (COPPER 00

R e — T —— % — NEXT Limit Line Comparison

120 — — —

NEXT Limit Line Comparison

o  so 100 150 10
MHz (0]

0 50 100 150 200 250 300
Frequency

—&#—2.5GBASE-T =—5GBASE-T —8—Catb

% o NBASE-T: SAVE THE CABLES — BE A HERO!
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5GBASE-T Limits vs 1000BASE-T

1000BASE-T Vs. NBASE-T/Category 5e
65

More Stringent «
Requirement

55
50

45

dB
&

—e— 5 GBASE-T

35 —— 10008ase-T

30
25
20

15
1] 50 100 150 200 250 300

Frequency - MHz

s S o

ot ICSI /:»»é e | ™
¥ conrnhctd commmon NBASE-T
NBASE-T: SAVE THE CABLES — BE A HERO!
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Alien Crosstalk & Visual Inspection
* Would your cabling win a

& R\
beauty contest? &~ f\ \I
— You might have a problem O\ O\

* How long is your existing
cabling in a bundle?

— The longer the cables are run

together, the more susceptible they
are to Alien Crosstalk

NBASE-T
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Did You Save Your Test Results?

Find your longest links

Sort them by length to ic

entify any links that may be vulnerable

=] T N B W kI =

— D o
=

—r
g =

—
(%]

Cable ID

TR-1A-117

TR-1A-18

006

LOBBY ENTRANCE PP-H47 SW-00A5-41
E02

"

005

LOBBY ELEVATOR PP-H48 SW0O0ASW-42
INDIGO PPA-16 SW-41

E05

EO1

SRTOHK13

E06

1 °
BicsI 7~

e °
o »
i\ CONFERENCE & EXHIBITION J¢
Ml SEPTEMBER 24.28 | LASVEGAS, NV _ g

Date / Time:
05/14/2015 01:30:42 PM
05/14/2015 01:33:18 PM
07/20/2015 12:23:06 PM
11/03/2015 02:02:15 PM
02/17/2015 08:58:17 AM
07/20/2015 02:42:10 PM
07/20/2015 12:28:29 PM
11/03/2015 01:45:45 PM
11/04/2015 12:15:34 PM
02/17/2015 08:56:30 AM
02/17/2015 08:58:47 AM
08/03/2015 11:33:37 AM
02/17/2015 08:55:43 AM
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Status
PASS*

PASS
PASS
PASS
PASS
PASS
PASS
PASS

PASS®

PASS
PASS
PASS
PASS

79.7
75.3
724
66.2
62.7
62.3
60.6
57.7
56.7
56.3
55.9
55.9

Headroom
7 0.9 (NEXT)

5.1 (NEXT)

12.1 (NEXT)
20.8 (NEXT)

7.5 (NEXT)
5.0 (NEXT)
6.7 (NEXT)
7.5 (NEXT)
5.7 (NEXT)
7.4 (NEXT)
6.4 (NEXT)
5.3 (NEXT)
6.6 (NEXT)

EEREEEEEEEEEERE F

Test Limit

TIA Cat 6A Pem. Link
TIA Cat 6A Pem. Link
TIA Cat 5e Channel
TIA Cat 5e Perm. Link
TIA Cat 5e Perm. Link
TIA Cat 5e Channel
TIA Cat 5e Channel
TIA Cat 5e Perm. Link
TIA Cat 5e Channel
TIA Cat 5e Pem. Link
TIA Cat 5e Perm. Link
TIA Cat 6 Permn. Link
TIA Cat 5e Pem. Link

NBASE-T

ALLIANTCE




Sheaths on Ladder Rack — Pretty, but...
Alien Crosstalk not Considered

. e
\' -
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How to Test Alien Crosstalk
e Power Sum Alien Near End Crosstalk

— Main Tester on ‘Disturbed’ or ‘Victim” Cable
— Remote Tester on ‘Disturber’ — Cycle through all disturbers

Channel under test
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Mai I I
[ | [ |
k] .
b H FEL ™
5 3 1]
] i — Termination Plugs
! ! 100 &2 Diff and
I I 50 & Common mode
H—i) [ -
[ |
I I
Emo [ | [ |
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PS ANEXT Measurement in Motion
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Testing Your Cables Checklist

Follow and Certify to Category 5e Cabling Limits
— Category 6 is better

Re-certify as needed

Visual Inspection on links for ALSNR susceptibility

Follow today’s standards for ability to support tomorrow’s
applications

— ANEXT testing for Category 6A
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NBASE-T Alliance Wrap-up

* NBASE-T provides 2.5Gbps and 5Gbps over installed cabling

— Interoperable with IEEE 802.3bz (2.5GBASE-T and 5GBASE-T)
— NBASE-T Downshift adapts to cabling to achieve the best performance

* Interoperable NBASE-T products are providing Wave 2 802.11ac wireless
and other needs at > 1Gbps wired access

* Cabling standards and guidelines are in their final stages to support
NBASE-T and 802.3bz rollouts

* Field test procedures to maximize performance are available

™
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Thank You!
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