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AGENDA

• Wireless Networking design basics

• Cabling the infrastructure - TIA standards 

• Power over Ethernet (PoE)

• Installing in the air-handling space

• Cabling for IEEE 802.11n wireless access points

• Emerging applications



Link-Up 10-13-2010 4

Link-Up 10-13-2010

Wireless Networking 
Design Basics

• Requirements gathering

• Define the client devices to be used

• Define the applications to be used

• Define the coverage area and density of users

• Document initial assumptions, AP configs, 
antennas used in survey, cable lengths, etc.
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• Perform a site survey

• Set the access point transmit power level to the same 
level as your critical client devices

• Identify the fringe based on minimum Received Signal 
strength indication (RSSI) or Signal to Noise ratio (SNR) 
required by critical devices

• Remember that different client devices may receive 
different signal levels based on client antenna styles

Wireless Networking 
Design Basics
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• Engage 802.11n access points – cabled 
infrastructure should support 1 gigabit interfaces

• Engage WMM (wireless multimedia)

• Exploit the 5 GHz band (21 non-overlapping 
channels, versus 3 non-overlapping channels at 
2.4 GHz)  

• Implementation should closely match the survey

Wireless Networking 
Design Basics



Link-Up 10-13-2010 9

Link-Up 10-13-2010

3 channel Plan at 2.4 GHz

611

1 11

Wireless Networking 
Design Basics



Link-Up 10-13-2010 10

Link-Up 10-13-2010

1

4 channel Plan at 2.4 GHz

11

48

Wireless Networking 
Design Basics
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4 channel Plan at 2.4 GHz

Plus,  21 channel 5GHz overlay

Wireless Networking 
Design Basics
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CABLING THE INFRASTRUCTURE 
FOR WIRELESS NETWORKS
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Cabling for Wireless
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Standards and Guidelines for Standards and Guidelines for 
Structured CablingStructured Cabling
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TIA 568TIA 568--C Standards for C Standards for 
Structured CablingStructured Cabling

562562 "" )�3	�������	������������������	������*	+��	)�3	�������	������������������	������*	+��	
)�������	��������)�������	��������

562562 "" )�#	)���������	7������*	������������������	)�#	)���������	7������*	������������������	
)�����*	��������)�����*	��������

562562 "" )�1	7�������	�
�����	����	������������������	)�1	7�������	�
�����	����	������������������	
)�����*	���	)���������	���������)�����*	���	)���������	���������

562562 "" )�8	�������	'����	)�����*	)���������	��������)�8	�������	'����	)�����*	)���������	��������

562562 "" )�0	)��9���	)�����*	,��	��:�.�� ���-)�0	)��9���	)�����*	,��	��:�.�� ���-
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��!	56%��!	56% "" 7	)���������	7������*	7	)���������	7������*	
��������	+��	������������������	��������	+��	������������������	
����
�(�	���	����������
�(�	���	������

;; ���������	������*	�����	��	����������	+��	���������	������*	�����	��	����������	+��	
�������������	������	���	����<�����	����������	�������������	������	���	����<�����	����������	
�������	���4����	����	���	�����	��	����������	�������	���4����	����	���	�����	��	����������	

������	��4��*	�������*	+�9�����	���	���4(	
������	��4��*	�������*	+�9�����	���	���4(	
+���������+���������

;; ������������	������*	�����	�����	���	��	����	��	�	������������	������*	�����	�����	���	��	����	��	�	
������������	����
�(������������	����
�(

;; !	�������	�+	8!	�������	�+	8 == �����	4�������	�����	�����	��	�����	4�������	�����	�����	��	
�4�������	���4�	������*	�����	+��	����<�����	������ *�4�������	���4�	������*	�����	+��	����<�����	������ *
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;; ���	��	��(	���4�	��	����	��	��	8�633	�>�	+��	���	�� (	���	��	��(	���4�	��	����	��	��	8�633	�>�	+��	���	�� (	
�������	�	�/	��	�++���	������	����	����	5�333	�>�	+ ��	�������	�	�/	��	�++���	������	����	����	5�333	�>�	+ ��	

;; ���	��	�����	��	������	��	�����	��	�����������	��	� ��	���	��	�����	��	������	��	�����	��	�����������	��	� ��	
������	�+	���	����	���4��������	�+	���	����	���4��

;; ���	��	�����	+���������	������	+��	�����������	���	���	��	�����	+���������	������	+��	�����������	���	
 !)� !)� �	���		�������	���������<��	�������	�	���		�������	���������<��	�������	

;; ���	��	�����	���4���	��*����*	+��	�����������	���	���	��	�����	���4���	��*����*	+��	�����������	���	
���>����	��
��	���	4����������	+��	�>�������	������ ���	���>����	��
��	���	4����������	+��	�>�������	������ ���	
��������	��������	

;; !	������������������	���������	,��-	��(	��*����	�	!	������������������	���������	,��-	��(	��*����	�	
������������������	/���	,�/-	��	����	+����	�+	�	������������������	/���	,�/-	��	����	+����	�+	�	
�������*�������*

TIA 569TIA 569--B B ““Pathways and SpacesPathways and Spaces””
Telecommunications Enclosures (TE)Telecommunications Enclosures (TE)
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TIA 569TIA 569--B B ““Pathways and SpacesPathways and Spaces””
Telecom enclosure in the ceilingTelecom enclosure in the ceiling

Workspace
(up to 3600 sq ft)

Air-Handling 
“Plenum”
SpaceAir-Duct

Plenum 
Space

Ceiling Tiles

Wireless APE-net Switch 

Locking access 
panel or door
(must be accessible)

Horizontal
Data Cables Line 

Power
E.O.

Patch 
Panel

Support wires
to building structure

3”

Antennas

Telecommunications or 
access point enclosure
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�(	���	�������	����������?
�(	���	�������	����������?
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��������	�������	���������
��������	�������	���������

;; ����	��*���	����
����	������	��	���	��������	��*���	����
����	������	��	���	����

;; �������	���	���	�������������	���	���	������

;; /�����	���
���*	��	����
�(�	���	������/�����	���
���*	��	����
�(�	���	������

;; /�����	���
���*	���	������*	��	�������	����/�����	���
���*	���	������*	��	�������	����
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TSBTSB--162 162 ––Guidelines for Wireless Guidelines for Wireless 

������������������	�(�����	7�������	��7������������������	�(�����	7�������	��7 ""
#61	#61	 ����������	�
�	���
�
��	��
��	���	���
����������	�
�	���
�
��	��
��	���	���

���
�	������
������
��	���
#���
�	������
������
��	���
# ������ $$

���4����	*���������	��	���	������*(�	����*��	���4����	*���������	��	���	������*(�	����*��	
�������������	���	������*	�+	������*	�������������	���	������*	�+	������*	
��+�����������	+��	���������*	
�������	�����	��+�����������	+��	���������*	
�������	�����	
����	���
����	,����	���
����	, 
.!��
.!�� --



Link-Up 10-13-2010 22

Link-Up 10-13-2010

TSBTSB--162 Guidelines for Wireless162 Guidelines for Wireless

��7"#61	������	����	������*	,+��	
�������	
������	������-	������	��	���������	���	
���+�������	������	���	�9�����*	562"7�1	
����������

�������������	�+	�9���	����	��<�	���	
���������	�+	���	
�������	������	�����	,
!�-		
��	�������	���	�����	�+	���	��7	,���+���	�	
����	���4�(	��	����������-
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������ �� �����	�������	�� �� �����
���
�����
��������
���
�����
���
��������������������	��
 ���������������������	��
 �

r=13m
(42 ft)

Hmax=81 m
(265 ft)

Patch=6m
(20 ft)

TO

AP

TR

EQUIPMENT
(switch)

Lmax=13 m
(42 ft)

3,600 sq.ft. square cell

5,540 sq.ft. circular cell

TO

TO

TO

TO

X=18.3 m
(60 ft)

Meeting room

Equipment in the 
Telecom Room
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������ �� �����	�������	�� �� �����
���
�����
��������
���
�����
���
��������������������	��
 ���������������������	��
 �
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TSBTSB--162  Cabling Guidelines 162  Cabling Guidelines 
for Wireless Access Pointsfor Wireless Access Points

;; !������	��	��!������	��	�� "" ������ "" *���	������*	������	
���	�������	��*���	������*	������	
���	�������	�� ""
����������	�(	������*	���������������	�(	������*	�����

;; !������	
���	�����	���4�	��	����
	���������	������* �	!)	!������	
���	�����	���4�	��	����
	���������	������* �	!)	
��
��	����	��	��	��	�����4��	���������	���4�	���	�� ����*��
��	����	��	��	��	�����4��	���������	���4�	���	�� ����*

;; ������������������	����������	,������������������	����������	, ������ -	���	��	�������	��	�	-	���	��	�������	��	�	
������*	�����	��	���4���	������	�������(	��	������� ���	+��	������*	�����	��	���4���	������	�������(	��	������� ���	+��	 !��!��

;; )�������	�����������	���	�������(	�+	)�������	�����������	���	�������(	�+	 !��!��

;; �����4�	����������	�+	��
��	���	���
���	������*	�����4�	����������	�+	��
��	���	���
���	������*	

; .����	��
��	��	.����	��
��	��	 ������ ����������	,���	����	��	���	����-����������	,���	����	��	���	����-

;; &���<�����	������	��	����������	��	�����	����	����� 	��	!�&���<�����	������	��	����������	��	�����	����	����� 	��	!�



Link-Up 10-13-2010 26

Link-Up 10-13-2010

;; ����	��������	�����+���	��>���������	+��	����	��������	�����+���	��>���������	+��	
������������������	��+�����������	+��	����������	������������������	��+�����������	+��	����������	
+���������+���������

;; ��������	+���������	���	�������������	+���������	���	�����

;; �������	�����	���	�������	�����������������	�����	���	�������	����������

;; 7�������	������*7�������	������*

;; &���<�����	������*	&���<�����	������*	

;; 
���	!���	������	������(
���	!���	������	������(

TIATIA--1179 Healthcare Facility1179 Healthcare Facility
Telecommunications Cabling StandardTelecommunications Cabling Standard
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Infection Control Risk Infection Control Risk 
Assessment (ICRA) Assessment (ICRA) 

•• In Healthcare, the Joint Commission on Hospital In Healthcare, the Joint Commission on Hospital 
Accreditation has established rules for mitigating the Accreditation has established rules for mitigating the 
spread of infectious disease and contaminantsspread of infectious disease and contaminants-- limiting limiting 
access to the airaccess to the air--handling space. handling space. 

•• Infection control risk assessment (ICRA) could have a Infection control risk assessment (ICRA) could have a 
serious impact on the times and conditions for cabling serious impact on the times and conditions for cabling 
installation, moves, adds and changes, particularly in the installation, moves, adds and changes, particularly in the 
airair--handling handling ““plenumplenum”” spacespace””..
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Why use a wireless Why use a wireless 
access point enclosure?access point enclosure?

;; ����������	���4���	��(�����	�������(�	���	�������	� ��	!�	����������	���4���	��(�����	�������(�	���	�������	� ��	!�	
+���	��������*�	����������	��4���	������������	���� *�	+���	��������*�	����������	��4���	������������	���� *�	
���	�������������	���	�������������	 �������
������"	��
���
	�����	��
��
���
�������
������"	��
���
	�����	��
��
���

�	��
���"��%�	��
���"��%

;; ����������	���4�	��	�	���4������	�����	��	��������� 	���	����������	���4�	��	�	���4������	�����	��	��������� 	���	
�������	����	���	�������	�������	)����	�����+������ �	���	��	�������	����	���	�������	�������	)����	�����+������ �	���	��	
���+�����	�(	���	���������	���+�����	�(	���	���������	 @@��	���	�����������	���	��������� ==�	���	���	�	���	���	
������	�����	���	��	���������	������+����������	�����	���	��	���������	������+����

;; ����������	���	�����4�	���	����������	��	���������� 	�+	���	����������	���	�����4�	���	����������	��	���������� 	�+	���	
�������������	���	������*	��	���	�����	��������	+�� 	���������	�������������	���	������*	��	���	�����	��������	+�� 	���������	

;; )���	��	�������4�	�����������	'��	�9�����	��	&����� ����	)���	��	�������4�	�����������	'��	�9�����	��	&����� ����	
��4����������	������*	����������	���4���	���(	����� �	��	���	��4����������	������*	����������	���4���	���(	����� �	��	���	
!�	+��	��4���	�����	A	����*��	
������	�9�����*	���	 ���	!�	+��	��4���	�����	A	����*��	
������	�9�����*	���	 ���	
�������*	,������-	������	�������*	,������-	������	
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Physical Protection
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Aesthetics and Convenience
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ICRA in Healthcare
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Code Compliance
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Prevent obstruction or tampering
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Improve coverage and 
preserve the site survey
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POWER OVER ETHERNETPOWER OVER ETHERNET
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Power Over Ethernet Power Over Ethernet 
((PoEPoE and and PoEPoE+)+)

����	231�8�+	,����	231�8�+	, ������ -	���	231�8��	,-	���	231�8��	, ������ B-B-
���	��
��	4��	 ����	���������	�����+���	, ��-���	��
��	4��	 ����	���������	�����+���	, ��-

;; ������ ����4���	#1�%
	��	��	����4����	�4��	�!�!	����4���	#1�%
	��	��	����4����	�4��	�!�!	 ����
��!/�	�������!/�	�����

;; ������ B	����4���	10
	��	��B	����4���	10
	��	��

;; ������ B	����4���	�4��	1	��	0	������	����	���������	��(	B	����4���	�4��	1	��	0	������	����	���������	��(	
����4��	63
�	��	������4��	63
�	��	��

;; ��������������	���������*�����	
���	�9�����*	��������������	���������*�����	
���	�9�����*	 ������
��+�������������+�����������
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TIA TSBTIA TSB--184 : 184 : Guidelines for Guidelines for 
Supporting Power Delivery Over Supporting Power Delivery Over 
Balanced TwistedBalanced Twisted--Pair CablingPair Cabling
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INSTALLING IN THE AIR INSTALLING IN THE AIR 
HANDLING SPACEHANDLING SPACE
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-- NEC Article 100 defines plenum as NEC Article 100 defines plenum as ““A A 
compartment or chamber to which one or more air compartment or chamber to which one or more air 
ducts are connected and that forms part of the air ducts are connected and that forms part of the air 
distribution systemdistribution system””. . 

-- Article 300.22(b) Article 300.22(b) ““Equipment and devices shall be Equipment and devices shall be 
permitted within such ducts or plenum chambers permitted within such ducts or plenum chambers 
only if necessary for their direct action upon, or only if necessary for their direct action upon, or 
sensing of, the contained airsensing of, the contained air””

-- NEC article 300.22(c) FPN NEC article 300.22(c) FPN ““The space over a The space over a 
hung ceiling used for environmental airhung ceiling used for environmental air--handling handling 
purposes is an example of the type of purposes is an example of the type of other spaceother space
to which this section appliesto which this section applies””..

INSTALLING IN THE AIR INSTALLING IN THE AIR 
HANDLING SPACEHANDLING SPACE
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NEC article 300.22(c)(2) NEC article 300.22(c)(2) 
““Electrical equipment with a metal Electrical equipment with a metal 
enclosure, enclosure, (or otherwise listed)(or otherwise listed)
shall be permitted to be installed shall be permitted to be installed 
in this in this other spaceother space ((airair--handling handling 
space)space) unless prohibited unless prohibited 
elsewhere in this Codeelsewhere in this Code””..

NEC article 300.23 NEC article 300.23 ““cables, racecables, race--
ways and equipment installed ways and equipment installed 
behind panels, including behind panels, including 
suspended ceiling tiles, shall be suspended ceiling tiles, shall be 
arranged and secured so as to arranged and secured so as to 
allow removal of panels and allow removal of panels and 
access to the equipment.access to the equipment.””

N.E.C. COMPLIANCEN.E.C. COMPLIANCE
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•• Equipment is sometimes said to be Equipment is sometimes said to be ““Plenum ratedPlenum rated”” if if 
it is UL2043 listedit is UL2043 listed

•• UL2043 UL2043 ““is a fire test method for determining the is a fire test method for determining the 
fire  performance response of discrete products fire  performance response of discrete products 
(including, but not limited to electrical equipment) (including, but not limited to electrical equipment) 
intended to be installed in intended to be installed in air handling spacesair handling spaces, such , such 
as above suspended ceilings or below floorsas above suspended ceilings or below floors……”……”

•• Equipment not UL2043 listed should be in a metal Equipment not UL2043 listed should be in a metal 
enclosure (per enclosure (per NEC article 300.22(C)(2) ).NEC article 300.22(C)(2) ).

What is What is ““Plenum RatedPlenum Rated””
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CABLING FOR IEEE 802.11n
WIRELESS ACCESS POINTS
CABLING FOR IEEE 802.11n
WIRELESS ACCESS POINTS
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IEEE 802.11n DEFINITIONIEEE 802.11n DEFINITION
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““SIGNALINGSIGNALING”” DATA RATE DATA RATE 
vs. vs. 

DATA THROUGHPUTDATA THROUGHPUT

““SignalingSignaling”” data rate: Over the air modulation rate data rate: Over the air modulation rate 
commonly used to specify the productcommonly used to specify the product

Data throughput: effective Ethernet throughput at the Data throughput: effective Ethernet throughput at the 
connectorconnector
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"
�	��� ���"
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~ 90 ~ 90 -- 150 Mb/s150 Mb/s

OrOr

6 x performance6 x performance

300 Mb/s300 Mb/s802.11 n 802.11 n 
wirelesswireless

~ 20~ 20--25 Mb/s25 Mb/s54 Mb/s54 Mb/s802.11 g 802.11 g 
wirelesswireless

~ 5~ 5--6 Mb/s6 Mb/s11 Mb/s11 Mb/s802.11 b 802.11 b 
wirelesswireless

>90 Mb/s>90 Mb/s100 Mb/s 100 Mb/s 100Base100Base--T T 
wired Ethernetwired Ethernet

nominal data nominal data 
throughputthroughput

““SignalingSignaling”” data data 
raterate

TechnologyTechnology

““SIGNALINGSIGNALING”” DATA RATE DATA RATE 
vs. vs. 

DATA THROUGHPUTDATA THROUGHPUT
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The difference is that the wireless connection has more The difference is that the wireless connection has more 
packet overhead and lower bit density in the signalingpacket overhead and lower bit density in the signaling

And rememberAnd remember--

Wireless access points are (somewhat)Wireless access points are (somewhat) like Ethernet hubs like Ethernet hubs 
-- They share a collision domain, and they are half duplex.They share a collision domain, and they are half duplex.

““SIGNALINGSIGNALING”” DATA RATE DATA RATE 
vs. vs. 

DATA THROUGHPUTDATA THROUGHPUT
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TYPICAL PRODUCT DATA RATETYPICAL PRODUCT DATA RATE

Vendors claim >100Mb/s data throughput rates per radio,      Vendors claim >100Mb/s data throughput rates per radio,      
> 200 Mb/s for two radios. > 200 Mb/s for two radios. 

SOSO……..

requires cabling for 1000Baserequires cabling for 1000Base--T (Gigabit Ethernet) versus T (Gigabit Ethernet) versus 
100Base100Base--TX (Fast Ethernet). TX (Fast Ethernet). 

CAT5e or betterCAT5e or better

Is the AP,Is the AP, switch, and/or controller port 1000Baseswitch, and/or controller port 1000Base--T (gigabit) T (gigabit) 
capable? capable? 
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INFRASTRUCTURE BANDWIDTHINFRASTRUCTURE BANDWIDTH

What is the uplink bandwidth required when aggregating multiple What is the uplink bandwidth required when aggregating multiple 
APsAPs? (using an over? (using an over--subscription factor of 20, for example)subscription factor of 20, for example)
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COAX CABLING TO ANTENNASCOAX CABLING TO ANTENNAS

-- 802.11n access points may require three to six antennas802.11n access points may require three to six antennas

-- Some access points have nonSome access points have non--detachable or integrated antennadetachable or integrated antenna

- Ideally, antennas are unobstructed by ceiling tiles and other Ideally, antennas are unobstructed by ceiling tiles and other 
objectsobjects

-- Antennas should be spaced about 4Antennas should be spaced about 4””
apart (2.4 GHz), and 2apart (2.4 GHz), and 2”” apart (5GHz)apart (5GHz)
or greater. Beyond that, there is or greater. Beyond that, there is not not 
a need to a need to ““space in increments of aspace in increments of a
wavelengthwavelength””

-- Use suitably rated coax such as Use suitably rated coax such as 
UL Type CL2PUL Type CL2P
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