Standards, History and Technology
The first wireless LAN standard, 802.11, was introduced by the IEEE less than a decade ago, in 1997. It utilizes the 2.4 GHz Industrial Scientific Medical (ISM) frequency band with Frequency Hoping Spread Spectrum (FHSS) or Direct Sequence Spread Spectrum (DSSS) modulation and is capable of delivering data rates of 1 Mbps and 2 Mbps. The 802.11 standard is now considered a legacy technology, mainly due to its very limited data rates, and is no longer deployed in new installations.
The 802.11b standard was approved in July 1999, roughly two years after the introduction of the initial 802.11 standard. Like its predecessor 802.11, 802.11b also operates in 2.4 GHz ISM band, which provides relatively good range and wall penetration capabilities in indoor environments. The DSSS modulation scheme in 802.11b is different from the one used in 802.11 in that it is using Complementary Code Keying (CCK) allowing for much higher data rates of up to 11 Mbps. At this point, 802.11b is by far the most cost-effective and widely used wireless LAN technology in both small office / home office and enterprise environments. 
At the same time 802.11b was ratified by the IEEE, the 802.11a specification was approved as well. However, products supporting the 802.11a standard did not ship before 2001. The 802.11a standard operates in the 5 GHz Unlicensed National Information Infrastructure (UNII) band using a radio modulation technology called Orthogonal Frequency Division Multiplexing (OFDM), which provides data rates up to 54 Mbps. The advantages of 802.11a are that it is utilizing the UNII band, which is far less congested than the ISM band, and the fact that none of the 12 (8 indoor, 4 point-to-point) available channels are overlapping. The latter makes 802.11a the perfect choice for high-density environments, where a larger number of access points needs to be deployed. However, regulatory requirements in different countries/regions, particularly Europe, related to the 5 GHz band pose additional challenges due to potential interference with military radar systems. In September 2004, the 802.11h standard was approved, implementing a harmonized set of rules recommended by the International Telecommunication Union (ITU), which is required to operate 802.11a devices in Europe. Another disadvantage of 802.11a is rooted in the fact that the relatively high 5 GHz frequencies are significantly limiting performance in terms of both range and penetration capabilities, especially in indoor environments.  
The 802.11g standard was approved in June 2003. Just like 802.11b it also operates in the ISM band, utilizes the same OFDM modulation used in the 802.11a standard, and provides a maximum data rate of 54 Mbps. In addition, the standard is also fully backwards-compatible with existing 802.11b wireless networks. However, this certainly much desired 802.11b interoperability makes 802.11b/g “mixed mode” environments somewhat problematic by affecting the throughput of the wireless network significantly. The reason for that is that if an 802.11g access point detects the association of an 802.11b device, it switches into a specific mode that avoids interference and ensures compatibility with the 802.11b devices on the wireless network. The immediate result is a drop of actual throughput on the entire 802.11g network down to about 12-14 Mbps. The 802.11g standard also includes optional support for Packet Binary Convolutional Code (PBCC), heavily promoted by Texas Instruments and also used in non-standard “802.11b+” implementations, offering over-the-air data rates of up to 22 Mbps.

	Performance and Technology
	802.11
	802.11b
	802.11a
	802.11g

	Max Data Rate
	2 Mbps
	11 Mbps
	54 Mbps
	54 Mbps

	Max Throughput (Approx.)
	1 Mbps
	7 Mbps
	25 Mbps
	25 Mbps

	Frequency
	2.4 GHz
	2.4 GHz
	5 GHz
	2.4 GHz

	Modulation
	Frequency Hoping Spread Spectrum (FHSS) 
	Direct Sequence Spread Spectrum (DSSS)
	Orthogonal Frequency Division Multiplexing (OFDM)
	Orthogonal Frequency Division Multiplexing (OFDM)

	
	Direct Sequence Spread Spectrum (DSSS)
	
	
	Direct Sequence Spread Spectrum (DSSS)

	Compatibility
	Interoperability with 802.11b (DSSS) 
	No interoperability
	Interoperability with 802.11 (DSSS) / 802.11g
	Interoperability with 802.11b 


Channels and Range
The channels in a wireless LAN are used to provide an over-the-air transmission path between the sender and the receiver of the information. Data is transmitted on a channel by modulating radio frequencies over a certain pre-defined frequency range. In order to avoid performance degradation caused by the overlapping (“collision”) of channel frequencies in a wireless LAN environment, it is very important that the channels of neighboring access points are selected accordingly. See also section “Deploying a Wireless LAN” for more information and general guidelines on how to lay out a wireless network.
In case of the 802.11b and 802.11g standards, the center frequencies of the 14 possible channels range from 2,412 GHz to 2,484 GHz, with each 11 Mbps channel being 22 MHz wide and centered in 5 MHz intervals. This means that only 3 channels (1, 6, and 11) in North America are not subject to overlapping, as depicted in the diagram below.
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As discussed before, the 802.11a standard utilizies 12 54 Mbps channels in the 5 GHz UNII band, with center frequencies from 5,180 GHz to 5,320 GHz and 5,745 GHz to 5,805 GHz. Each channel is 20 MHz wide and centered in 20 MHz intervals, which results in no frequency overlap on any of the available channels, as depicted in the diagramS below. Please note that throughout the world, all channels are generally restricted to indoor usage with the exception of the US, which allows both indoor and outdoor use of channels 52 to 64. Also, use of 802.11a wireless networks in Europe implies mandatory support of 802.11h in order to avoide interference with existing equipment using the 5 GHz band. 
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	Channels and Range
	802.11b
	802.11a
	802.11g
	802.11n

	Total Number of Channels
	14
	12
	14
	14?

	Non-Overlapping Channels
	1, 6, 11
	1-12
	1, 6, 11
	?

	Typical Indoor Range
	100 ft (30 m) 
at 11 Mbps
	40 ft (12 m)
 at 54 Mbps
	100 ft (30 m)
 at 54 Mbps
	100 ft (30 m)
 at 54 Mbps

	
	300 ft (90 m)
at 1 Mbps
	300 ft (90 m)
at 6 Mbps
	300 ft (90 m)
at 1 Mbps
	300 ft (90 m)
at 1 Mbps

	Typical Outdoor Range
	100 ft (30m)
 at 54 Mbps
	400 ft (120 m)
 at 11 Mbps
	400 ft (120 m)
 at 54 Mbps
	400 ft (120 m)
 at 54 Mbps

	
	1000 ft (300m)
at 6 Mbps
	1500 ft (460 m) 
at 1 Mbps
	1500 ft (460 m)
 at 1 Mbps
	1500 ft (460 m)
 at 1 Mbps


	Obstruction
	Degree of Attenuation
	Example

	Open space
	None
	Cafeteria, courtyard

	Wood
	Low
	Inner wall, office partition, door, floor

	Plaster
	Low
	Inner wall(old plaster lower than new plaster)

	Synthetic materials
	Low
	Office partition

	Cinder block
	Low
	Inner wall, outer wall

	Asbestos
	Low
	Ceiling

	Glass
	Low
	Non-tinted window

	Wire mesh in glass
	Medium
	Door, partition

	Metal tinted glass
	Low
	Tinted window

	Human body
	Medium
	Large group of people

	Water
	Medium
	Damp wood, aquarium, organic inventory

	Bricks
	Medium
	Inner wall, outer wall, floor

	Marble
	Medium
	Inner wall, outer wall, floor

	Ceramic
(metal content
or backing)
	High
	Ceramic tile, ceiling, floor

	Paper
	High
	Roll or stack of paper stock

	Concrete
	High
	Floor, outer wall, support pillar

	Bulletproof glass
	High
	Security booth

	Silvering
	Very High
	Mirror

	Metal
	Very High
	Desk, office partition, reinforced concrete, elevator shaft, filing cabinet, sprinkler system, ventilator

	Source: Intel Corporation


	802.11b/g 
Channel Allocation
	US / Canada
	Europe
	Japan

	1
(
	(
	(
	(

	2
	(
	(
	(

	3
	(
	(
	(

	4
	(
	(
	(

	5
	(
	(
	(

	6
	(
	(
	(

	7
	(
	(
	(

	8
	(
	(
	(

	9
	(
	(
	(

	10
	(
	(
	(

	11
	(
	(
	(

	12
	
	(
	(

	13
	
	(
	(

	14
	
	
	(


( Channel allocation restrictions: Spain 10-11, France 10-13
Infrastructure vs. Ad-Hoc Mode
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Productivity and Return-on-Investment (ROI)
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