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IEEE for Ethernet

802.5: Token 
Ring (disbanded)

802.15: WPAN 
(bluetooth, 
Zigbee,...)

IEEE 802: 
LAN / Man Standards

802.1: Higher 
LAN Protocols

IEEE 802: LAN / MAN standards

802.3 802.11
Ethernet (CSMA / CD) Wireless (CSMA / CA)

802.3j (1990) 802.11a (1999)
10base-T, 10base-F 54Mbps @ 5GHz

802.3u (1995( 802.11b (1999
100base-TX, 100base-T4, 100base-FX 11Mbps @ 2.4GHz

802.3z (1998) 802.11g (2003
1000base-X (Fiber optic) 54Mbps @ 2.4GHz

802.3ab (1999) 802.11n (2012)
1000base-T 150Mbps @ 2.4 and 5GHz, 600M w/MIMO 4

802.3ae (2003) 802.11ac (2012)
10G on fiber 867Mbps @ 5GHz , 6.77G w/ MIMO 8

802.3af (2003) 802.11ad (2013)
Power over Ethernet, 15w 6.75Gbps @ 2.4, 5, and 60GHz

802.3an (2006)
10Gbase-T

802.3at
"PoE+" 30W

802.3ba (2010)
40G and 100G on fiber

802.3bq (2016)
25Gbase-t and 40Gbase-T

802.3bz (2016)
2.5Gbase-t and 5Gbase-T

IEEE 802: LAN / MAN standards

802.3 802.11
Ethernet (CSMA / CD) Wireless (CSMA / CA)

802.3j (1990) 802.11a (1999)
10base-T, 10base-F 54Mbps @ 5GHz

802.3u (1995( 802.11b (1999
100base-TX, 100base-T4, 100base-FX 11Mbps @ 2.4GHz

802.3z (1998) 802.11g (2003
1000base-X (Fiber optic) 54Mbps @ 2.4GHz

802.3ab (1999) 802.11n (2012)
1000base-T 150Mbps @ 2.4 and 5GHz, 600M w/MIMO 4

802.3ae (2003) 802.11ac (2012)
10G on fiber 867Mbps @ 5GHz , 6.77G w/ MIMO 8

802.3af (2003) 802.11ad (2013)
Power over Ethernet, 15w 6.75Gbps @ 2.4, 5, and 60GHz

802.3an (2006) 802.11ax (2019?)
10Gbase-T improvement of 802.11ac for high density

802.3at
"PoE+" 30W

802.3ba (2010)
40G and 100G on fiber

802.3bq (2016)
25Gbase-t and 40Gbase-T

802.3bz (2016)
2.5Gbase-t and 5Gbase-T

802.3bt (2018 ?)
"PoE++" 100W

802.3bs (2018 ?)
200G and 400G on fiber



ISO, International

Components

ISO Information Technology Generic Cabling Systems

Performance, Design Implementation Validation

ISO/IEC 11801 ISO/IEC 14763-2 ISO/IEC 61935-1
Customer premises Planning and Installation Implementation Testing of balanced twisted Pair 

Cabling

ISO/IEC 24764 ISO/IEC 14763-3
Data centres Testing of Fiber Optic Cabling

ISO/IEC 24702
Industrial premises

ISO/IEC 24704
Cabling for wireless access points

ISO/IEC 11801-1
General requirements

ISO/IEC 11801-2
Offices and commercial buildings

ISO/IEC 11801-3
Industrial premises

ISO/IEC 11801-4
Homes

ISO/IEC 11801-5
Data centers

ISO/IEC 11801-6
Distributed building services

Edition 3 
in 2018



CENELEC, European

Components

CENELEC  Information Technology Generic Cabling Systems

Performance, Design Implementation Validation

CENELEC EN50173-1 CENELEC EN50174-1 CENELEC EN50346
General Requirements Specification and quality assurance Testing of installed cabling

CENELEC EN50173-2 CENELEC EN50174-2
Office premises Installation planning and practices 

CENELEC EN50173-3 CENELEC EN50174-3
Industrial premises Planning and Installation

CENELEC EN50173-4
Homes

CENELEC EN50173-5
Data centers

CENELEC EN50173-6
Distributed Building Services



TIA, North American
ANSI/TIA: Telecommunications Cabling for Customer Premises

Components, Performance Design Implementation Validation

TIA - 568-C.2 TIA - 568.0-D TIA - 569-D TIA - 526-7-A
Balanced twisted-pair cabling Generic cabling Telecommunications pathways and spaces Single-mode fibre testing

TIA - 568.3-D TIA - 568.1-D TIA - 607-C TIA - 536- 14-C
Optical fibre cabling Commercial building Bonding and grounding telecommunications Multi-mode fibre testing

TIA - 568.4-D TIA - 758-B TIA - 606-C TIA - TSB-155-A
Broadband coaxial cabling and components Customer-owned outside plant Administration Support of 10Gbase-T on eixiting Cat.6

TIA - 942-B TIA - 862-B TIA - TSB-5021
Data centers Intelligent building systems Guidelines for 2.5G and 5G on Cat5e and 

Cat6

TIA - 1005-A TIA - 5017
Industrial premises Physical network security

TIA - 1179-A
Healthcare facilities

TIA - 570-C
Residential

TIA - 4966
Educational facilities

TIA - 162-A
Cabling for wireless access points

TIA - 5018
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The Star Topology

Let’s start simple with the terminology for design in commercial environment

CP
(optional)

CD BD FD TO

X X X
Campus
Backbone
Cabling
Subsystem

Building
Backbone
Cabling
Subsystem

Horizontal Cabling 
Subsystem

GENERIC CABLING SYSTEM

Work 
Area 
Cabling

MC IC HC CP
(optional)

TOTIA
ISO



The TO

But what’s an outlet?

…is this 1 or 2 
outlets?



The TO

 ANSI/TIA 568.1‐D

 ISO 11801

2 outlets in 
one assembly

1 outlet with 2 
connectors

 ANSI/TIA 568.0‐D

Not really defined in 
the generic standard.



Maximum Distances

How about some distances for horizontal cabling..

 Maximum PL length: 
 90m

 Maximum CHA length:
 100m

 Maximum WA cord length:
 5m

 Equipment cord and patch cord combined 
 5m

ISO 11801 , figure 10



Minimum Distances

What about the minimum distances?

ISO 11801 , figure 10

ISO 11801, table 32: Length 
assumptions used in the 
mathematical modeling of 
balanced horizontal cabling

The 3dB rule:
If the measured Insertion Loss is less than 3dB, then the Return 
Loss measurement is ignored . 

TIA 568-1.D:

TIA 568-C.2: Figure J.1: Channel modeling configurations used 
for worst case analysis

The 4dB rule:
If the measured Insertion Loss is less than 4dB, then the NEXT 
measurement is ignored . 

(Only for ISO.)

Note: Except for the 15m CP rule, 
the other minimum values are not 
actual requirements, but only 
“modeling configurations”.



Rules of Testing

The rule is: if the permanent link passes, and you add compliant patch 
cords, then the channel will always pass.

Cord Pass PL Pass Cord Pass

Channel Pass

+ +

=



Testing the Limits

Let’s test to see
Permanent Link ISO and TIA Result

NEXT margin 0.5dB
Return Loss margin ‐2.1dB
Result

Test the cords
Cord 1

Cord 2

Test (ISO and TIA) Result

2‐Connector Channel

3‐Connector Permanent Link 

3‐Connector Channel

Note: application 10Gbase-T passing

Ignored
Because IL < 3dB

The 3dB rule:
If the measured Insertion Loss is less than 3dB, then the Return 
Loss measurement is ignored . 



Interpretation

Let’s summarize this minimum length 
stuff…
 Compliance to standards guarantees the performance and 
inter‐operability. Alternative designs can function, but are not 
guarantee by the standard.

 If your CP is closer than 15m to the patch panel, your test will 
probably pass because of the 3dB rule...

… but this doesn’t mean that the complete permanent 
link with CP or channel will pass.

 Don’t do it. ‐ Unless specific single manufacturer warranty 

 Cords shorter than 1m are not standard compliant in the 
“inter‐ operable” sense. 

‐But they can be covered by the single manufacturer 
warranty



Measuring the Length

Back to this 90m permanent link rule

The test of a permanent link of 95m would pass or fail?

1. Which standard are we using?
 TIA : the 90m limit applies. The link would fail.
 ISO: the length is informative only. The link would pass irrelevant on length.

2. How does the instrument know the length?
 Length  = NVP x C x Propagation Delay

 C = speed of light in a vacuum
 Propagation delay is measured (time)
 NVP is written on the cable = % of speed of light

 NVP is a user input…anyone can make mistakes…
 NVP is not precise. 10% uncertainty is “normal”.

American test limits for equipment are in ANSI/TIA-1152.
Although the limit is 90m, it takes into account the 10% 
uncertainty and will allow up to 99m.

The shortest pair is used as reference.



Validity of the 90m rule

And is the 90m PL rule always valid?
Condition 1: Not if we use a MUTOA

TIA-568-C.1, figure 6

TIA-568-C.1, Table 1

ISO 11801, Table 33



And what’s the maximum length of the W.A. cord in this case?

 ISO:

 TIA:

TIA-568-C.1, Table 1

NEW: TIA-568.0-D:

No limit in TIA 568.0-D and TIA 568.1-D

Validity of the 90m rule



Is the 90m PL rule always valid?  (part 2)

Condition 2: All values in the standards assume an ambient temperature of 20°C (68°F)  

ISO 11801, Table 33

Validity of the 90m rule
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PoE in the Connector

But something was missed…

 The future PoE will be around 500mA per conductor.
 We’ve seen the possible issues with heat in the cable. 
 What about the connector?
 Unplugging a connector under power creates an electrical arc



PoE in the Connector

The RJ45 is not designed for this !!!

Contacts 
burned

PoE can 
destroy the 
connector !



PoE in the Connector

All performance tests and 3rd party certificates so far have never taken 
into account the possibility of 100W through the connector.

ANSI/TIA 568‐B.2, Figure A.1

Performance vs. Reliability



PoE in the Connector

In 2012, a new standard was created for this 
measurement: 
IEC 60512‐99‐001

New standard

1. Cables in accordance with 4.1
2. Connector under test
3. Inductor 100 µH
4. Variable resistor
5. Capacitor 5 µF
6. Power source



PoE in the Connector

The limits of IEC 60512‐99‐001
 It ensures only minimal compliance to 802.3at: “PoE+” 30w. But the future “PoE++” is 100W.
 Only 100 disconnections. Very far from the industry standard guarantee of 750 cycles for 
performance.

ANSI / TIA 568-C.2 IEC 60512



PoE in the Connector

• IEEE 802.3bt PoE Types 3 and 4 will be ratified soon
• To guarantee compliance, the test IEC 60512‐99‐002  for up to 100W will also be ratified in the very near 

future. 
• Some manufacturers can offer better reliability than the standard.

New IEC 60512‐99‐002
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Traditional Star Topology

CP
(optional)

CD BD FD TO

X X X
Campus
Backbone
Cabling
Subsystem

Building
Backbone
Cabling
Subsystem

Horizontal Cabling 
Subsystem

GENERIC CABLING SYSTEM

Work 
Area 
Cabling

Generic cabling system:



Traditional Star Topology

Work Area

Horizontal

Floor Distributor

Backbone

Building Distributor

Typical Building Design:



Traditional Star Topology

Typical Horizontal Cabling:

ISO/IEC 11801‐2 2017, horizontal cabling models 



Example:

5‐floor building:
• 48 work areas per floor, 
• Each work area is composed of 2 ports: 1 data and 1 IP phone
• Horizontal cabling is Category 6A
• Backbone cabling is OM3
• Switches can provide 1G Ethernet to the user, with 10G backbone



To 
other 4 
FDs

F
D

B
D

Work AreaCorridor

12‐core fiber cables to each of 5 FDs. Average 50m length. 

Ty
pi

ca
l F

lo
or

96 cables Cat.6A . Average L= 50m.

48 dual outlets Category 6A .

Cabinet 42u equipped with:
‐1x Fiber panel 12‐cores
‐ 4x Patch panel 24 ports Cat.6A
‐ 2x Switch 48 ports Gigabit

Cabinet for BD equipped with:
‐ 1x Fiber panel 5x 12‐cores
‐ 1x Switch 6 ports Fiber

Office area

Traditional hierarchal Star:



Limits:

The Telecom room, as designed:

BICSI TDMM,



Limits:

The Telecom room, as delivered:

Pictures from Cabling Installation and Maintenance magazine,

Issues: 
• Manageability
• Future expansion



Limits:

The pathways, as designed:

EN50174‐2, cable management systems



Limits:

The pathways, as delivered:

Issues: 
• Future expansion
• Weight
• Fire !!!



Limits:

Sending power through any cable creates heat:

P= i2 RPower over Ethernet:

Tables from TIA TSB‐184‐A, similar to ISO TR 29125 ed.2 and to CENELEC TR50174‐99‐1
• Cables are rated up to 60°C, so assuming 30°C ambient, some 

configurations are impossible.
• Higher category cables have lower temperature increase.
• Smaller bundles are preferable.



Limits:

Power over Ethernet:
Issues: 
• Longer cables = more resistance

• Higher loss
• More heat

• Bigger bundles = less ventilation
• More heat
• Risk of damage to the cables over 60 °C

• More heat = shorter distance !
• Example with Cat5e UTP at 60°C
• Maximum Permanent Link can reduce to 

72m !

P= i2 R

90m
72m



Limits:

Cable Moves, Add and Changes:
Issues: 
• Any change in the future requires substantial work:

• Dust
• Ceiling
• Noise
• And fire barriers !



Limits:

Performance:
The shorter the better.

1Gbps 2.5 Gbps 5 Gbps 10 Gbps 25 Gbps 40 Gbps

Cat.5 
Class D
Cat.6 
Class E

Cat.7 
Class F

Cat.6A
Class EA

Cat.7A
Class FA
Cat.8 

Class I / II

1Gbps

1Gbps

1Gbps

1Gbps

1Gbps

1Gbps

2.5Gbps

2.5Gbps

100m50m

2.5Gbps

2.5Gbps

2.5Gbps

2.5Gbps

5Gbps

5Gbps

5Gbps

5Gbps

5Gbps

5Gbps

10Gbps

10Gbps

10Gbps

10Gbps

10G

25 / 40 Gbps 25 Gbps

30m

10Gbps

25G / 40G
No 

Equipment

No 
Equipment

Must be re‐tested for in‐channel and Alien Noise



Alternatives:

Are there alternative solutions?



Alternatives

Consolidation Point:
• Facilitates changes locally
• Doesn’t reduce cable quantities and lengths



To 
other 4 
FDs

F
D

B
D

Work AreaCorridor

Ty
pi

ca
l F

lo
or

Consolidation Point.

Office area

Alternatives

Consolidation Point:
• Facilitates changes locally
• Doesn’t reduce cable quantities 
• Doesn’t reduce cable lengths
• Doesn’t reduce cable management



TIA-568-C.1, figure 6
ISO 11801, Table 33

TIA-568.0-D:

MUTOA:
Alternatives



To 
other 4 
FDs

F
D

B
D

Work 
Area

Corridor

Ty
pi

ca
l F

lo
or

MUTOA.

Office area

Alternatives

MUTOA:
• Replaces the outlets to allow longer cords
• Doesn’t reduce cable quantities 
• Doesn’t reduce cable lengths
• Doesn’t reduce cable management



Cabling for wireless access points:
• The traditional method is a site survey.
• To then define position of access points.
• And then install cabling.
• This allows almost no possibility for future changes!

• Office converted to meeting room
• New metallic furniture
• …

Alternatives

BICSI 008: Wireless LAN design



Cabling for wireless access points:
• Cabling standards created for cabling independent of position of the access points.
• SO = Service Outlet

• 2 ports minimum
• Cat6a minimum

Alternatives

BICSI 008: Wireless LAN design
ISO / IEC TR 24704 

TIA‐TSB‐162‐A

18.3m



To 
other 4 
FDs

F
D

B
D

Work AreaCorridor

Ty
pi

ca
l F

lo
or

Wireless Service Outlet.

Office area

Alternatives

Wireless SO:
• Facilitates changes with Wireless Access points
• Doesn’t reduce cable quantities 
• Doesn’t reduce cable lengths
• Doesn’t reduce cable management



Cabling for the intelligent building:
BICSI 007: Information Communication Technology Design and Implementation 
Practices for Intelligent Buildings and Premises

Alternatives



Alternatives

Cabling for the intelligent building
BICSI 007:



Alternatives

Cabling for the intelligent building
BICSI 007: Similar to CP

Similar to 
MUTOA



Alternatives

Cabling for the intelligent building
BICSI 007:



Alternatives

Cabling for the intelligent building
BICSI 007:

Extracts from ISO / IEC 11801‐6



Alternatives

Cabling for the intelligent building
BICSI 007:

How do we design Service Outlets (SO) without prior 
knowledge of the equipment?



Alternatives

Cabling for the intelligent building
BICSI 007:

So where to position the HCPs (SCPs)?



Alternatives

Cabling for the intelligent building
BICSI 007:

• The HCP (SCP) can be used as a MUTOA, Wireless SO, building 
services SO

• What else?



Alternatives

Cabling for the intelligent building
BICSI 007:

• Structured Cabling for lighting.



Alternatives

Cabling for the intelligent building
BICSI 007:

• The Intelligent Building cabling is about ensuring that all systems can 
be integrated. 

• The concept is to allow the maximum flexibility for any changes or 
additions.



To 
other 4 
FDs

F
D

B
D

Work AreaCorridor

Ty
pi

ca
l F

lo
or

HCP (SCP).

Office area

Alternatives

Intelligent Building design with SCP and SO:
• Facilitates changes locally
• Allows connection of multiple devices
• Can reduce cable quantities 
• Doesn’t reduce cable lengths

SO

TO



Alternatives

Fiber to the Zone

• Continue the fiber backbone cabling through the telecom room and closer to the user.
• Place a local enclosure. 



Alternatives

To 
other 4 
FDs

F
D

B
D

Office area Work AreaCorridor

Ty
pi

ca
l F

lo
or

12‐core fiber cables to each of 5 FDs. Average 50m length. 

96 cables Cat.6A . Average L= 50m.

48 dual outlets Category 6A .

Cabinet 42u equipped with:
‐1x Fiber panel 12‐cores
‐ 4x Patch panel 24 ports Cat.6A
‐ 2x Switch 48 ports Gigabit

Cabinet for BD equipped with:
‐ Fiber panel for 5x 12‐cores
‐ 1x Switch 6 ports Fiber

96 cables Cat.6A . Average L= 15m.

“Mini” Cabinet for each of 4 zones equipped with:
‐ 1x Fiber panel 12‐cores
‐ 1x Patch panel 24 ports Cat.6A
‐ 1x Switch 24 ports Gigabit

4 per floor

12‐core fiber cables to each of 20 Enclosures. Average 85m length. 

Cabinet for BD equipped with:
‐ Fiber panels for 20x 12‐cores
‐ 1x Switch 24 ports Fiber



Base Elements:
Traditional FTT‐Zone

Users per floor 96 96
Average Copper cable length 50 15
Average fiber backbone cable length 50 85
Average fiber horizontal cable length 0 0

Traditional FTT‐Zone
Number of user ports 480 480
Meters of copper cables 24,000 7,200
Number of fiber backbone cables 5 20
Number of fiber horizontal cables 0 0
Meters of fiber cables 250 1,700

Totals for 5 floors:

Alternatives



4

Alternatives

Fiber to the Zone: other savings. 
• Cables Trays
• Cable Trunking
• Drilling through walls
• Telecom room size
• Labor associated with all
• Far simpler MACs



Alternatives

Fiber to the Zone

• Many advantages that we were looking for
• But missing copper links for proprietary systems
• So let’s combine the FTTE with the Intelligent building SCP + SO design



Alternatives

To 
other 4 
FDs

F
D

B
D

Office area Work AreaCorridor

Ty
pi

ca
l F

lo
or

Cabinet(s) for “other” equipment

4 per floor

Copper links for “other” equipment 

Combined FTTZ design with SCP and SO:
• Gains the savings of FTTZ, while adding the flexibility of 

SCP and SO cabling in the intelligent building design
• Does not add cabling compared to FTTZ. (Cables shown 

would have existed in proprietary systems)



Alternatives

Combined FTTZ with HSP and SO

• Reduces the cabling in telecom rooms
• Reduces cables in cable trays
• Improves efficiency in PoE
• Reduces heat and risk of damage to cables
• Facilitates MACs (Moves, Adds and Changes)
• Improves performance

P= i2 R
Number 
of Cables 

in a 
bundle

Temperature Rise 1A per pair (°C)
‐ In conduit ‐

26 AWG Category 5e Category 6 Category 6A
1 3.1 1.7 1.3 1.1
7 9.1 5.2 4.0 3.3

19 16.5 9.7 7.4 6.1
37 25.1 15.2 11.6 9.5
61 34.9 21.6 16.6 13.4
91 45.9 29.0 22.2 17.9

127 58.1 37.4 28.6 23.0
169 71.5 46.6 35.7 28.6



4

• ISO, IEC, TIA Standards are only minimum requirements. Compliance is 
required to guarantee performance. 

• BICSI standards cover the implementations and best practices. They 
should be used to ensure optimal design.

• Technologies evolve, so do standards, to design and installation methods 
must evolve accordingly.

Conclusion
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