Channel, End to End & MPTL:
Topologies, Testing Methods & Standards

Presented by:
Michael Bunning RCDD
N.A. Business Development Manager
Softing IT Networks

2019 BICSI Winter Conference & Exhibition

January 20-24 = Orlando, FL, USA



Agenda

e About Softing
e Applications
— Channel Test
— MPTL
— End to End (E2E
* Wrap Up
* Questions

2019 BICSI Winter Conference & Exhibition

January 20-24 = Orlando, FL, USA



Who We Are

 Headquartered in Haar,

Germany. softﬁm@

e Run in accordance with the

principles and values of a
German medium-sized
enterprise. Automotive IT Networks Industrial
* Founded in 1979.
. Solutions for Measuring Products &
[ J
PUb“CIy traded company on ECU-diagnostics, equipment to test, technologies
the German Stock exchange. measurement qualify or certify for
~ technology, copper and fiber- industrial
[ J
400 employees (annual & related optic wirings of IT production
average). communication systems
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Where We Are

>
@ Regional Offices (R&D, Sales, =

Service)
& sales Offices
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Disclaimer

e While the standards apply to all testers; adapters and test
methods for today’s presentation are specific to the Softing
WX4500FA running firmware 7.4.

* Check with your tester manufacturer for their specific test
methods.

* Ensure to set a proper reference before all testing.
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Permanent Link & Channel Link

Permanent Link Permanent Link
Adapter I Adapter
1PP cp TOI
Permanent I i Permanent
Link < » Link

Permanent Link
Local  Test Cord : 90m manx. “Test Cord Remote

=)

Test Plane Channel Link
Ends Here Adapter I. Test Plane
; Ends Here

Channel Link
Adapter

Patch Cords in the Channel

Channel Link
100m max.
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Topologies
e Permanent link and channel link have served us well.

 New topologies (MPTL) require higher bandwidth and field
installable RJ45.

e E2E provides for multi-segment capability & flexibility.
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Higher Bandwidths

What’s prompting the need for MPTL connectors?

Design recommendation for WAP installations calls for two Cat 6A
at each location.

Additional loT applications require the increased bandwidth
provided by a Cat 6A link.

Lower costs necessitate these bandwidths rather than traditional
biscuit and patch cord.

Difficulty in crimping a traditional RJ45 onto a Cat 6A cable.
Component manufacturers have responded with a better mouse
trap.
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Crimp on
male RJ45

Crimping History

" Straight-through cable
Wiring Diagram
Standard EIA/TIA 568A

connector 1

connector 2

wiringdiagram21.com

Cat 3: easiest, small O.D., few
twists.

Cat 5e: easier, smaller O.D,,
untwisting is still easy.

Cat 6: harder, larger O.D, twist
is tighter.

Cat 6A: good luck.
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The Better Mousetrap

The industry often innovates to meet a need in the marketplace.

Sample MPTL Connectors
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Testing Requirements - MPTL Assemblies

Implications for field testers
e (lassical channel test setup CANNOT be used.
e Channel tests do NOT include the first and last connector.

4 Test plane 4
A T I | £
\
Field installed RJ45 PC Adapter

PL Adapter Test cord Patch panel

Failures due to field termination (other than simple wiremap errors) may not
be found using channel mode.
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Sample MPTL Report - Passing

Figure 1-A: WireXpert test on 45-foot Cat 6 assembly.
One end connected to a patch panel.
Remote end terminated with MPTL RJ-45 connector.

MPTL test was performed.

Cable link gets overall

pass.

Cable Label: W CHANNEL

Date & Time: ~ 7H0/2018 1:21:53 PM
———y Limit Type: TIA - Cat 6 MPTL
CableName:  CAT6UTP

Connector Narme: UTP Mod Jack 6

Operator Name:  BUTCH

Site: HOLE INTHE WALL TEST LAB Panel:

Building: Unspecified-Building
Floor: ~ Unspecified-Floor
Room:  Unspecified-Room
Rack:  Unspecified-Rack
Unspecified-Panel

Overall Result:

/

Local Ser. No.: pw20300006
—P Local Adapter: Cat 6A Channel
Local Calibration Date: Mar 12018
Device Software: 74

Remote Ser. No.: sw20301164
Remote Adapter: Cat 6A Link
Remote Calibration Date: Mar 12018
Reporting Software:

Build_#972 74 2018-04-02_10-26-38

Copper Certification Report

WrreXpert

Overall Result:

535

i
i
i

f
|

L s
=.

[ B 8 w7
Fonpuaney (Metx] 4435 TE200 3980 3

Weatceh, Comphisnce: 1IASET. TOORASE-T. WOOORASET

Figure 1-A

Proenct 5
SO TG

“Faae &

2019 BICSI Winter Conference & Exhibition

January 20-24 = Orlando, FL, USA




® Copper Certification Report WFEXPEI"IZ
Sample MPTL Report - Fail | =& == =
Figure 1-B: Cable link immediately re-tested with Patch SE P
Cord Adapter & PL Adapter. = -
e Cable Fails Return Loss test. i f e
=l e 4
Cable Label: W PC ADAP Overall Result: HoRE P’“m% s =/
Date & Time: ~ 710/2018 1:23:50 PM Building: Unspecified-Building T TR T = Sl
Limit Type: ~ TIA-Cat6MPTL Floor:  Unspecified-Floor Pt £ Hie 0w o R N O L
CableName: ~ CAT6UTP Room:  Unspecified-Room PONEXT PA2S i s oo S e
Connector Name: UTP Mod Jack 6 Rack:  Unspecified-Rack (oD T S T I
Ste: HOLE IN'THE WALL TEST LAB Panel: ~ Unspecified-Panel . EE B R HE HE
Qperator Name:  BUTCH Mincok Complnee WASE T, WOUASET. 10600ASE T
Local Ser. No.: pw20300006  Remote Ser. No.: sw20301164 .
Local Adapter Cat 6 Patch Cord Remote Adapter: Cat 6A Link Fi gure 1-B
Local Calibration Date: Mar 12018 Remote Calibration Date: Mar 1 2018 Baseg s 2120 - —
Device Software: 74 Reporting Software: Build #972 74 2018-04-02_10-26-38 —
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How to Test MPTL

The TIA 568-2-D states:

e Tester shall use a PL (Permanent Link) adapter on the patch panel side.
e Tester shall use a patch cord adapter on the field RJ45 side.

Note: patch cord adapters are category specific, you will need to match the adapter to the
type of assembly under test.
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How to Set Up MPTL

* Permanent link adapter installed on
the local side.

e Terra to RJ45 TRC (test reference
cord) plugged into the patch panel.

* Proper category rated patch cord
adapter installed on remote side.

* Field installed MPTL will plug directly
into patch cord adapter.
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WireXpert with MPTL Adapters
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Advanced Test Set Up

e Tester will give you an error message if
you have dissimilar adapters installed.

* Process:
Advanced Test Option Screen
Direct Attach — turn on

2019 BICSI Winter Conference & Exhibition

January 20-24 = Orlando, FL, USA




Select your Test Limits

e Patch cord adapters are category
specific. Be sure to install proper

Recent Limit Cat3 Channel

T o adapter for assembly under test.

- Cat 3 Permanent Link

TIA - Cat 5 Permanent Link e Process:

- Cat 5e Channel

TIA - Cat 6 Permanent Link Test Ilmlt drop down

- Cat5e MPTL

e — asePermameni Tk TIA standards

<5 = CateiCharel Test limit for assembly testing
pplication Standards e TIA - Cat 6 MPTL Autotest

BSINZ 3080 - Cat & Permanent Link | Save the results

Cenelec EN - Cat 6A Channel Send to Xport software

Produce certification reports

13-10-2018

13-12-2018

(scroll down for Cat 6A MPTL)
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WireXpert MPTL Set Up

* Side plugs into the patch panel
(simulated with green connector).

* Remote side male MPTL/RJ45 plugs
directly into the female patch cord
adapter.

* Process:
Autotest
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eXport Reporting Software

X eXport - New Project — ] *
File Import Export Settings Tocls Help Languages

ECITEE™

B GASTON LA B
< 2 Copper | | BICSI-F1-ERD1-R1-PP01-03 | | 26/09/20M8C
v ™ 3 Copper _WMSN IBlCSI-F'IEFID'IR'IFPEI'I-O] v IZE.-'DB."ZEI'IS{
P SOFTING 4 Copper Wix4500 | XYZFO1-TRI-RO1-PPIOT | | 270972018
E 5 Copper _WMSOO _BICSI-F‘I-ERD‘I-R‘I-PPDHB_X _15!101‘2013(
& -9 6 Copper WX4500 | BICSIF1-ERD1-R1-PPO1O1 | | 1571072018 ¢
- 7 Copper | WX4500 | BICSI-F1-ERD1-R1-PPO1-02 | | 260972018
w o 8 Copper _WMSOO IBlCSI-F'IERD'IR'IFPEI'INI o IES/D‘S-QCI]E{
B oo 9 |Copper  WeSD0  |Ad [x |z7092018¢
. 10 Copper _WKASOO _KYZ-FD‘I-TR‘I-RD‘I-PPLO! | X | 1 _2?/091‘2013(
5 ™G . F— e T T T . Tk rarn——— i s a0 P Fep—
: <
” MASS ELEC TEST SITE G — P
? s y ~ f-' Owerall Result l—w
” MASS ELECCOPPER TESTS Loeal Ser. No. 20301219 A, Valia/M:
E ARMORY Remote Ser. No. sw20301220 Length f) 262
w TEST Cable Manufacturer Genenc UTP Delay (ns) 520
s Cable Name CATGUTP Cable NVP (%) 680
v i Cable Type Unshielded Resistance (Ohms) 0.0
ulm o T r— Genenc Unshielded
u Heaalth o Net Connector Name UTP Mod Jack &
s MISCALL Connector Type Unshielded
Limnit TIA-Cat6 Permanent Link

Total R is: 300 Sel IR

O Type here to search
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I L I Cable Label: W PATCH RED 6A Overall Result:
Dot & Time: 1namu|snu7m m ur-nr.ihddu'ldw
Lireit Type: - Cat BA
‘Cable Name: CATGAUTP Bwrm Urwhd‘hxm
Connl:l: Nerne: UTP Mod Jack § Rack: Unspecified-Rsck
NﬂE N THE WALL TEST LAB. Pmd Unspecified-Pansl
wl\hml:
. . . Local Ser. No.: w2 Remota Ser. Na.: mmmml
Limit Type is Cat 6A MPTL e PR k. B
Davice Saftware: T4 Reporting Seéwara: Bt.ﬂ #IT2_T.4_2018-04-02_10-26-38
. ‘Wiremap: P:
' WaluaLimit Margin
Adapters are PL (Permeant Link) and Cat 6A Patch Cord -. o g
?22 mmmy( ;ﬂ.aaaznmo
£ ] Rasistanca (Ohms): as zm ns
Wiremap: TS6EE
Insertion Loss: Pass @B Lacal
S ks
Local: Local:
12 ko
Eew & B e
Ml (B e 2 A T
Return Loss: Pass o8 Lacal dB Remotn
I . “‘ |
B B h 2R T
I’,“'“"“m(‘m T T iy a =5 seaMHz| %0 260 00 Mz
NEXT:Pass 8 Lacal a8 Remots
s g i 1
- - 3578 35-TE 3645 50 504
Copper Certification Report Wi t e BOET O -
Ire pEf P ey 3600 1625 46600 43500 a 0 oMHz[0F T EOMK:
ACFFF:PESSWWN i Wiorst Valua: -: Locel -54;' Femcta
Cable Label: W PATCH RED 6A Overall Result: L e L8 e il o
Diate & Time: FHOM201E 1:50:07 P Buumg: Unspecified-Building ey
Limit Typae: T = Cat 6% MPTL Urspaecified-Floar ey 250 bon s dson L
Cable Hama:; CAT 68 UTP Flm:l'rl: Urspecified-Foam { —
Connector Nesne: UTP Mod Juck 6 Rock  Unspecified-Rack P P s o E"E@RF 'Ei;: -
HOLE [N THE WALL TEST LAE Panel:  Urspecified-Panal - o o Lot emom
Qp-u-auum BUTCH magme 431 B2 2 ﬁi ‘L‘t? 2‘:3 ?‘;‘ i
Mangin (B 104 73 06 80 12 120 178 174
Froguancy (MHz): 2500 255.00 496.00 467.00 220 220 458,00 461.00
Local Ser. Moo 20300005 Remow Sar. Ha.: m Natwork Complianca:0BASE.T, 100BASE.T, 1000BASE.T, DGBASE-T, menufschurer shouid siba AXT compikance
Lescaatl Cat B4 Petch Cord mm'
Lescaatl Datec Mar 12018 Ciesbar: “1“‘!!
Durvion Software: 14 Build_r972_7.4_2018-04-02_10-26-38

Printod: 1032018 121201 PM
SOFTING.
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End to End

End-2-End (E2E) is well-known in industrial settings, particularly in Europe.
US growth as industrial ethernet replaces proprietary networks.

Industrial ethernet takes advantage of the reliability and efficiency of an End-
to-End network topology, a number of point-to-point segments in a series.
This topology is becoming more common in enterprise networks with Power
over Ethernet devices as information points with unique IP addresses.
End-to-End allows these additional points to be linked serially for signal
efficiency and with patch cord (segments) for ease of installation.

The segments can be linked by adapters, hubs, switches, and gateways.
Increasingly, E2E links support widely varying requirements in bandwidth,
PoE and reliability.
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End to End Applications

LED Lighting: Many new systems run on PoE and are segment-based topologies.
Healthcare: Many nurse call and patient room applications are segment-based.
Data Center
* Direct connection between devices, i.e. servers in the same row.
(Note: E2E not yet standardized for CAT6A / Class E,)
Professional Entertainment: Cabling “on the fly” for stage equipment
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End to End Installation

Rack Mount PSE

=

A Power over Ethernet installation reduces material
and labor cost by using a single Cat5e/6 connection
for power and communication. This plug-and-play,
low-voltage cabling approach greatly simplifies the
installation process, saving time, minimizing safety

risk and helps to alleviate resourcing constraints for
skilled labor. \

From Hubbel’s website

mh_sf;gsmﬁaj) ;
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What’s Different About End to End

e E2E is a segment-based topology.

* You can have multiple segments between the end point connecting devices.
e Quantity of RJ45 connectors will vary.

* Number of segments & connectors will determine the loss limit.
 WireXpert is already programmed with these loss limits.
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Segments
ii' 1 Sagment (5); 2 Connections (V)

=
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Testing Requirements —
End to End Assemblies

Implications for field testers

e Classical channel test setup CANNOT be used
e Channel tests does NOT include the first and last connector

Test plane

;s ‘7O

Adapter  M/F test cord M/F test cord Adapter
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End to End Practical Guidelines

 Make sure your tester supports E2E links.
 WireXpert software 7.3 or higher supports E2E link testing.
 Standards only define measurement up to CAT6 / Class E,
* Max Ethernet supported speed is 1000MBit/s.
e |f 10GBit/s performance is required, Softing recommends using hybrid cables
and CAT6A / Class E, permanent link limits.
e Hybrid cords can help to access tight or exposed locations.
* Make sure the device can handle measurement using hybrid cords.
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Cabling Requirements for loT

. . . I
E2E link configuration .
e Up to 100m on solid wires, ¥80m on !

stranded (depends on brand). : . Measure
e Permanent link — E2E has plugs at the end. - : .Lg o ~B
e Direct connect equipment plugs into patch ;

I
!
Ca bles | jH | Measurement Cable
| i
|

End-to-End Link : Measurement Cable

Permanent Link

Plug to Socket
e Field installed plugs need to be included in : .VE
test because they have been terminated. :
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Testing End to End

Currently E2E is governed by the 1SO 11801

 WireXpert should be fitted with M12 (Industrial Ethernet) or End to End
adapters.

* When testing RJ45’s on both ends, terra to female RJ45 TRC's (test reference
cords) will be used.
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Category vs. Class D & E

Class A: link/channel up to 100 kHz using Category 1 cable/connectors

Class B: link/channel up to 1 MHz using Category 2 cable/connectors

Class C: link/channel up to 16 MHz using Category 3 cable/connectors

Class D: link/channel up to 100 MHz using Category 5e cable/connectors

Class E: link/channel up to 250 MHz using Category 6 cable/connectors

Class E,: link/channel up to 500 MHz using Category 6, cable/connectors

(Amendment 1 and 2 to ISO/IEC 11801, 2nd Ed.)
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How to Set Up End to End

e Adapters are hot-swappable and
interchangeable.

e With Terra connectors, the TRC (test
reference cords) will be a Terra to
female RJ45.

-
S |

END-TO-END

* Process:
Install M12 (Industrial Ethernet)
adapters on local and remote units.
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WireXpert with End to End Adapters

—

Quick Setup
Custom

Test Settings
SO - Class D Link PL3. 3

50 -Class E Channel
SO - Class E Link PL1FL2
71
ISO-Class ELINkPL3
S0 . Class EA Channel
50 - Class EALIKPLTPLZ |
Pl

50 - Class EA Link PLS

‘REMOTE
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13-12-2018

Select your Test Limits

Recent Limit

TiA - Cat 5e Permanent Link

TIA - Cat 6 Permanent Link

ISO - Class E Link PL3

End to End

S0 - Five Connection Class B
E2E Link

S0 - Four Connection Class
[ E2E Link

Limit Standard

SO - Four Connection Class
E E2E Link

TIA

Application Standards

S0 - Six Connection Class D
E2E Link

S50 - Six Connection Class E
E2E Link

SO - Three Connection Class|
[ E2E Link

ASINZ 3080

SO - Three Connection Clas
E E2E Link

Cenelec EN

S0 - Two Connection Class O

Process:

ISO standards from test limit.

Select test limit for number of
segments and connectors.

Autotest

Save the result

Send to Xport software

Produce certification reports
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WireXpert End to End Set Up

* Process:
Terra to Female RJ45’s on Local & Remote
Yellow Cable simulating a 2 connector,
1 segment E2E link
Save the result
Send to Xport software
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End to End Test Results

Cable Label: ETOE 3 CON WiM12 CAT 6A

Dote&Tene:  TEDE 03506 AN Raiing: UnspecFid Buling
LiritType: 150 Thee Conncion Class DEZE Link Foor:  Unspecfind Foe

Cabiobame:  CATBAUTP Roam:  Unspecfied Room

Contctor e UTP Mo ik 64 ek Unspochid Aack

S HOLEMTHEWALLTESTLAR  Panel  Unspechid e

Operaioe Neme:~ BUTCH

Overall Result

y

Local Ser. No.:
Local Adapiar: Wiz
Lol Cafioraton Date: Mar 12018 Remote Ca

Do Sobwere: 74 Raporing Sohwere

230000 Remite Ser, Mo a2 (301164

Rimats Adaptar Wiz
ion Dte: Mar 1 2018

B 1972_74 20160402 102638

Copper Certification Report WireXpert

Cable Label: ETO E 3 CON WIM12 CAT 6A Owerall Result:
Darte & Time: TA12018 10:33:08 AM Building: Unspecified-Building

Limin Type: IS0 - Threa jon Class D E2E Link Floor: Unspecified-Floor

Cable Name: CAT 8A UTP Room:  Unspeciied foom V’
Gannector esme: UTP Mod Jock 63 Rmcke  Unspocfed Rack

Site: HOLE IN THE WALL TEST LAB Fanel:  Unspecified-Panel

Oparaior Mame:  BUTCH

Local Ser. Mo oW2I300006 Remots Ser. No- w20301154

Local Adnpror. Wiz Rormom Adgpear. 12
Local Caliration Deter Mar 12018 Rermats Cai Dater Mer 12018
Davice Sofware: 74 Reporing Softwore:  Build_#S72_7.4_2018.04.02_10.-26.38

\wiremap: Pasz

Valuslinit Margn
023 -

S T
Propagation Delay ns): 160.0553.0 3530
By B o " 0" Y
Rasisance (Ohms): 50 230 180

Insertion Loss: Pass 4B Lacal
v Madesa Vindan: =0
Loca Local: }_____
2 e o
(B} o3 85
Limét (4B} a0 204
g (4B 31 e an
F: (MHz) 295 100.00 ° = 00 M|
Return Loss: Pass 4B Lacal B FRemoto
W Margin e 20
ot Pais: oot Famine: | |
P 45 7 a5 2 ———————— sgf——————
Wl (4B): 290 27 /1 22
Lirmit (dB) 174 10 |0 24 Lkl A { i
ey o0 Bizs S0 Sirs o £y 00 tnz| 505 ES Vo0 Mz
NEXT:Pass B Local B Remots
WarsiMespin:  Worst Vsl o o)
pmus e \ |
3545 3645 3645 36 50 TRt o T ereryye
(4B} 434 451 388 a27
Lireét (4B} 3717 363 :2E @
e hunzy, 4675 100 815 oa 0 E] 00 M| E7 To0 Mz
ACR-F:Pass a8 Lacal 3 Fime
‘WarsMergin:  Worst Vil 20 20
Local: Local Remote: ‘ |
1236 3612 as.
(B €22 22 412 410 “@ 40
Lirit (dB) 445 445 BT 86
Y nronrozmEomal ] E3 00 {1905 S To0 Mz
ACR-N:Pass B acel a8 Remots
WorstMespi:  Worst Vsl 20 20)
= e \ |
1645 3645 3645 1545 m/“"——— w/-r—'—’—'
(B} 334 427 W5 B/E
Lires (4B} 242 261 @2 181
Wargin (dB): 152 186 203 235 100 7 = o0 {1005 i 00 iz

14
Froquancy (MHz): 4675 47.00 8825 8650

PS-NEXT: Pass PS-ACRF:Pass PS-ACRN: Pass
Wors Mergin:  Worst Value:  Worst Merpin:  Worst Value:  Worst Margine  Worst Vaiue:
Local: Remote: Local: Remots: Local: Remole: Local  Remote: Local Remols: Locel: Remote:
Pir: 1 38 E 3% 3k 38 36 36
374 425 60T 571 3ES 384 381 413

36
Value (dB): 421 451 32 364
Lirit (dB): 347 341 294 2E 45 73 166 156 212 241 93 104
Mg (B8] 74 1D BO 127 182 198 3 708 220 263

233 =8
Froquancy (MHz): 4575 51.00 5800 3350 505 820 10000 100.00 4675 4700 9825 9350

Mtk Compliance: 10BASE-T, 100BASE-T, 1000BASE-T

Prinied: 10722018 12:12:01 PM Sigrawees_______
SOFTING
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Wrap Up
e Channel adapters as a one size fits all solution is not

recommended.

e TIA 568-2-D allows you to certify MPTL assemblies with the proper
WireXpert adapters and test reference cords.

e |SO 11801 allows you to certify E2E assemblies with the WireXpert
M12 adapters and Terra to female RJ45 test reference cords.
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Questions?
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Thank You

Michael Bunning RCDD

Business Development Manager
N. A. IT Networks Division
mike.bunning@softing.us

www.itnetworks.softing.com
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