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\Wireless Agenda

» Wireless Standards, Organizations, and Fundamentals

» Radio Frequency Fundamentals

» Wireless Network Technologies

» WLAN Design and Troubleshooting

» Site Survey Fundamentals

» Very High Throughput (VHT) 802.11ac wave 1 and wave 2
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\Wireless Organizations, and Standards

International
Telecommunication
4 Union
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TABLE 1:IEEE 802.11 PHY STANDARDS

Release date | Standard Band (GHz) Bandwidth (MHz)

1997 &02.11 24 20 D555, FHSS /A 2 Mbits/s

1999 802.11b 2.4 20 DSSS /A 11 Mbits/s
1999 802,110 5 20 OFDM N/A 54 Mbits/s
2003 802.11g 2.4 20 DSSS. OFDM N/A 54 Mbits/s
2009 802110 24,5 20,40 orom | MIMO.up lofourspaliol - o0 issss
2012 (expecied) &02.110d &0 2160 SC. OFDM Beamforming 6.76 Ghitss
2013 (expected) | 802.110c 5 40,80,160 OFDM 'z'iﬁ"'ﬁ' f&ﬂmﬁ: 6.93 Ghits/s

http://www.ieee802.org/11/Reports/802.11_Timelines.htm
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Radio Freguency Characteristics

» Wavelength o
> Amplitude 15— sinx _

> Frequency Z D:X\ / /_Y
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Radio Freguency Behaviors

Wave Propagation
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Radio Frequency Behaviors - cont

» Absorption

Incoming RF

» Scattering

Scattered RF
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Radio Frequency Behaviors - cont

» MultiPath
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\Wireless Network Technologies

» ISM Bands — Industrial, Scientific, and Medical

» 900Mhz
» 2400Mhz
» 5800Mhz

1

2 3 4 5 G

2412 2417 2422 2427 2432 2437

2.4GHz Band 9GHz Band
1-2.412 36 -5.180
2-2417 40-5.20
3-2422 44 - 5220
4-2427 48 - 5.240
5-2432 -5.260
53490 cie cu 5511% 2.4+ Center Frequency
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Wireless Network Technologies - cont

» UNII Bands— Unlicensed National Information Infrastructure

U-NII-1 802.11ac Channel Allocation (N America)

>
> U-NII-2 oo TSI | N
> | |
>

DFS Channels Radar

U-NII-2 Extended ot o3 mi; - 55;

=

149
153
157
161
165

0

(0]

0

1
116*
120
124 o
128
132*
136

Channel Width

U—N I |_3 802.11a 20 MHz

802.11n 40 MHz

Frequency 5170 5250 5330 5490 5730 5735 5815 5835
MHz MHz MHz MHz MHz MHz MHz MHz

* Channels 116 — 144 used for Dopplerradar. Channels 132 - 144 not yet available in USA
** Allowed Power for UNII-1 band increased by FCC from 40 mW to 200 mW in 2014

© 2013 SecurityUncorked.com

802.11ac 80 MHz

160 MHz
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WLEAN Design and Troubleshooting

» Coverage Considerations
» Roaming
» Co-Channel Interference
» Channel Reuse

» High vs Low density design

» Capacity vs Coverage
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WLEAN Design and Troubleshooting

» Roaming vs Layer-3 Roaming

Intra-Controller Roaming:
Layer 3

g VLAN X =
1 WLC-1 Client Client Data (MAC, IP, Client Data (MAC, |.:V)FLC—2 Client Database

I Database QosS, Security) —r QoS Security)

Mobility Message Exchange wLE-2

Path
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WLEAN Design and Troubleshooting - cont

» Co-Channel Interference and Adjacent-Channel Interference

Co-Channel Adjacent-Channel Non-Wi-Fi

Microwave

. Analog

- Camera

Cordless
Phone

Every client and access E"i’g:g:';i::l‘; a':ic:ss Non-802.11 devices
point on the same channel hp s talk PPINg h compete for medium
competes for time to talk. ~ channe Sot:‘herover eac access.
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WLEAN Design and Troubleshooting - cont

» Channel Re-Use Plan
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WLAN Design and Troubleshooting — cont

High Density vs Low Density design
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Site Survey Fundamentals

» Business Requirements
» Capacity vs Coverage

» Security Requirements
» Tools and Equipment

» Active vs Passive Survey

» Manual vs Predictive
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Very High Throughput (VHT) 802.11ac 1 & 2

» Modulation Techniques
» Channel Bonding
» SU-MIMO vs MU-MIMO
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Very High Throughput (VHT) 802.11ac 1 & 2

Modulation Techniques
QAM — Quadrature Amplitude Modulation

802.1 lac OFDM Dala Rales
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Very High Throughput (VHT) 802.11ac 1 & 2

» Channel Bonding
802.11ac Channel Allocation (N America)

FCC
ins  UNI-l m UNII-2-Extended mm

200 mW (23 dBm)** 200 mW (23 dBm) 200 mW (23 dBm) 1900 mW (29 dBm)
' - V\Saacli:her :
aaar |
_ DFS Channels >
g A * *
anmeld wogemEos SSencs3sREEY 2a5gs
anne#5m¢3 Lnl.n\ogE : I T TR I B B I B S I | P e i e |

?
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womy: AT AN

Frequency 5170 5250 5330 5490 5730 5735 5815 5835
MHz MHz MHz MHz MHz MHz MHz MHz

* Channels 116 — 144 used for Dopplerradar. Channels 132 — 144 not yet available in USA
** Allowed Power for UNII-1 band increased by FCC from 40 mW to 200 mW in 2014

o I |

Channel Width
802.11a 20 MHz

802.11n 40 MHz

@ 2013 Secu ritvUncorked.ccm

802.11ac 80 MHz
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Very High Throughput (VHT) 802.11ac 1 & 2

» SU-MIMO vs MU-MIMO

Single-User MIMO Multi-User MIMO

Serves one device at a time Beamforming to multiple devices simultaneously

2014 2015 and
Beyond
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http://www.cwnp.com/
http://www.ekahau.com/
http://www.enterprise.netscout.com/
http://www.wlanpros.com/
http://www.metageek.com/
http://www.wi-fi.org/
http://www.ieee802.org/11/
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Thank You! Additional Information:

Conor Lyons
Senior Solution Architect
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