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WHAT DO CUSTOMERS THINK ABOUT
COPPER<

ANSWER: THEY DON’TI
They think about how to connect to the internet and what they can do with it!
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BROADBAND VS. FIBER TO THE HOME

Knowledge of Broadband Terms

Cable modem

Broadband
Fiber to the home/ FTTH

Gigabit Internet

40% 60% 80%

Only a quarter of respondents knew the terms “FTTH" and “gigabit Internet.”

(July 2014 — Broadband Communities Magazine Top 100 issue, MDU article)
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TOP VISITED WEBSITES SEPT 2014

Search Social Media Sharing Video
730,000,000 visits per day 630,000,000 visits per day 460,000,000 visits per day
23.5 pages per visit 14.8 pages per visit 9.1 pages per visit

18:56 minutes daily 27:41 minutes daily 19:20 minutes daily

http://www.alexa.com/topsites/countries/US
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US PEAK INTERNET TRAFFIC
GENERATORS FEBRUARY 2014

NETFLIN ‘oug[e

Watch Movies Search for Stuff Shop for Apps/Ask Siri
32% of all traffic  22% of all fraffic  4.3% of all traffic
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ASYNCHRONOUS STILL DELIVERS!
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Bretsch family Sept graph Netgear App
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BRIEF PRIMER ON ADSL2+ AND VDSL2

Key Facts about using these DSL technologies
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2004 STANDARDS

(ALPHABET SOUP)
ITU 991.1 and 991.2 ITU 992.1 thru 992.5 ITU 993.1 and 993.2
« HDSL « ADSL (G.dmt) « VDSL
« SHDSL « ADSL (G.lite)  VDSL 2

« ADSL 2 (G.dmt.bis)
« Bonding
Infroduced

. ADSL 2 (G lite.bis)
. ADSL 2+
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2005 ITU INTRODUCES G.998.2
ETHERNET BASED MULTIPAIR BONDING

Ethemet Layer

Bonding Layer

Ling#1 Line®d

Figure 1. Functional Block Diagram of Ethernet Bonding.

Turning copper into Gold - www.ospmag.com
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START WITH VDSL2 REVIEW

——VDSL2

ADSL2+

—o—ADSL

atis.org presentation deck October 26, 2005



ADSL2+ WITH BONDING BRINGS
OLDER DSL INTO THE VIDEO PICTURE
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IMPACT OF GAUGE

26 Gauge 24 Gauge

e ADSL2+ Downstream
HCD net UltraSpeed Ethernet ADSL2+ Upstream DSL Performance Comparison 24 AWG

ADSL2+ Technology e ADSL2+ Dual Bond Downstream
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2004 DSL strategies white paper, Adtran
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POTS DECLINE = REVENUE
CHALLENGE

Are Landline Phones Becoming an Endangered Species?

of U.S. hou 1olds with and w (o] working landline telepl

Landline phone @ Cellphone only

2004 2005 2006 2007 2008 2009 2010 2011 20128 0SS

statista %a
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SIDE BENEFIT (LESS SURVEY CALLS)

Telephone Survey Response Rate
(% of households sampled that ylelded an Interview)

1997-2012




DECLINE = SPARE PAIRS FOR BON

Are Landline Phones Becoming an Endangered Species?

of U.S. hou 1olds with and w (o] working landline telepl

Landline phone @ Cellphone only

2004 2005 2006 2007 2008 2009 2010 2011 20128 0SS

statista %a

YATESS

DING!
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IMPACT OF CABLE SIZE

25 pair (or less) 50 pair (or more)

« NO 25-pair binder group separation « Each pairin a different binder group

« A second pair bonded to the first « A second pair bonded to the first
produces a 25% higher bandwidth produces 100% higher bandwidth,
doubling the speed

AHA?
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BUYING 2 ADSL LINES IS NOT
BONDING!

Bundling Bonding

« Shares and load balances two or « Allows multiple users or applications
more connections among many to access a single data stream at
users or applications the full throughput

« Does not transform 2 — 3 Mb circuits < Single IP address

info 1.6 Mb circuit « Bonding handles being at or near
« Multiple IP addresses cause certain full load better than single
applications to stop working connections (flooded link)

http://www.increasebroadbandspeed.co.uk/adsl-bonding
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VENDOR AND TELCO EXPERIENCE

What is happening in the “Real World”2
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Like most vendors, started with ATM
bonded ADSL2+ on the TA3000

Now, most customers have evolved
to the to Ethernet based TA5000 for
Bonded ADSL2+/VDSL2/SHDSL/
HDSL4/DS-1 type technologies.

These are used for IPTV type delivery
as well as business and residential.

Main customer use is ADSL2+, VDSL2
and SHDSL.
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Figure 2. VDSL2 FTTN deployments are much less expensive than FTTH deployments

COST PERSPECTIVES

ACCESSHW M CPE CABINET B HOME/MDU CABLING CIVIL WORKS M FIBER

ALCATEL LUCENT

« Focuses on FTTN VDSL2 solutions Ty fiber investment

can be leveraged for FTTH

« Has research showing use of bonded
VDSL is about 3 times less expensive

 Hosted by 7330 ISAM FTTN
equipment

 Have xDSL modules that support
ADSL2+ (ATM) 2 pair bonding or
VDSL2 8 pair bonding

DSL CO FTTN VDSL2

Source: Alcatel-Lucent Bell Labs



80,000

CALIX

Focus is on all IP services over Ethernet
to include the large internet over
copper subscriber base.

 Bonded ADSL2+ is available over the C
and E series of equipment

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

100,000

» Port-for-Port VDSL2 cards can replace
ADSL2+ with ADSL 2+ falloack on the
C7 platform.

« Real world testing this year with VDSL2
Noise Cancellation technology called
\Cleifellgle!

20,000

« VDSL with Vectoring boosts throughput!

0

1 2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Vectoring Data provided by Jerome Day, Calix
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DSLAMS support bonding
« MAS600 - four —pair G.SHDSL.bis

« MAJS662 — any of the 48 ports can be
bonded together

« MAS603U - The VSDL2/ADSL2+
interfaces supports bondiing

« Migration strategy to G.Fast (1Gb
over copper)
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Their IP platform is the MXK

Their customers have renewed
interest in looking intfo ways to
shorten loops and provide higher
bandwidth via VDSL and/or bonded
solutions.

Zhone features single rack unit
DSLAM products for bonding

applications.

Zhone offers both the bonding line
cards as well as the modem.

(Z? ZHON E’

6728 & 78-W1 & MXK Bonding-VDSL Line Perf- ‘
6728-W1 CPE
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Install and test second line

YATESS

D NETWORK IS SIMPLE FOR
THE CUSTOMER

Bonding Modem Customer

from the CO or RT DSLAM Premise
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« All 24 Gauge

COMPANY #1 TV Service

« HD requires 8 Meg
A Rural Telephone Cooperative in Ky . SD requires 3 Meg
2,300 customers on ADSL 2+ bonded . 15% overhead expected
video
307 customers on ADSL 2+ bonded 1572 ¢ Formula = over 5,000 and > 10 MEG required
Internet BOND 2 PAIRS Same Binder Group

Longest copper loop 11,000 feet

Have Comtrend, Zytel and VisionNet Bonded
ADSL Modems in their network.
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- Adding 12 cabinets to reduce fooftprint to

6000 ft loops
COMPANY #2 | I
. . « Using all VDSL2 in their network
One wire-center company in Indiana
700 access lines « Using bonding to pick up customers that fall

outside that radius

« Spending less than if they did FITH for 70
(10%) of their customers
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Longest Bonded ADSL 2+ loop is 14Kft,
throughput delivered to customer is 9.3M
down.

Bonded pairs are in same binder group.

COMPANY #3 « Measurement data shows “line rate” at 8.8
Family owned lllinois Company M each line (7.5 M with overhead), with 4.65
Network: M usable each line.

First 1 fo 3Kft is 26 Gauge Use a 9 db Minimum standard
pressurized air core, and

rest is 24 Gauge filled. » 40 of 400 video customers are bonded
Deployed over 1000 lines ADSL2+

with ADSL, then migrated to . .
VDSL2 for short loops, and Average throughput delivered to customers

bonded ADSL2+ for longer at 4000’ on 5 tested lines.
loops.
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VDSL2 BONDING PERFORMANCE

9.0db
8db
==—\/DSL2

N w B
Q Q Q
- - -
- Q -
o o o

== Bonded
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0
2000 2400 2800 3200 3600 4000 4400
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UK/AUSTRAUA « Published testing completed in April of 2014
* Evolving Networks « Advertise Bonded ADSL 2+ services
* Fusion

 |f the cable pairis properly deployed, the
technology delivers as promised!
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DING ON THE CO SIDE
UP TO 16 PAIRS

RT3

Ed Jostes, Positron Interview/Presentation Deck, August 2014
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SUMMARY OF BONDING

« Take advantage of vacated, high-gauge copper in your distribution network

« Get with your equipment vendor and review their bonding solutions for your remote
cabinets.

« Don’ t forget to investigate pair bonding to increase speeds back to the Central
Office as well.

« Talk to Telcos that have deployed bonding successfully with your equipment vendor.
« Test every pair and expect results to vary across a route or office.

» Selling bonded ADSL services over IP increases revenue on your embedded network
to help you fund fiber build out.

» Train and Educate your customers on the Services you offer not the access method!
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Bart Bretsch, President Phone 812-333-7335
2536 W Industrial Park Dr, Suite #1 Cell 812-219-6366
Bloomington, IN 47403

Thank you for your time and attention!!




