Table  13.1  Key IEEE 802.11 Standards
	Standard
	Scope

	IEEE 802.11a
	Physical layer: 5-GHz OFDM at rates from 6 to 54 Mbps

	IEEE 802.11b
	Physical layer: 2.4-GHz DSSS at 5.5 and 11 Mbps

	IEEE 802.11c
	Bridge operation at 802.11 MAC layer

	IEEE 802.11d
	Physical layer: Extend operation of 802.11 WLANs to new regulatory domains (countries)

	IEEE 802.11e
	MAC: Enhance to improve quality of service and enhance security mechanisms

	IEEE 802.11g
	Physical layer: Extend 802.11b to data rates >20 Mbps

	IEEE 802.11i
	MAC: Enhance security and authentication mechanisms

	IEEE 802.11n
	Physical/MAC: Enhancements to enable higher throughput

	IEEE 802.11T
	Recommended practice for the evaluation of 802.11 wireless performance

	IEEE 802.11ac
	Physical/MAC: Enhancements to support 0.5–1 Gbps in 5-GHz band

	IEEE 802.11ad
	Physical/MAC: Enhancements to support ≥ 1 Gbps in the 60-GHz band


Table 13.2  IEEE 802.11 Terminology

	Access point (AP)
	Any entity that has station functionality and provides access to the distribution system via the wireless medium for associated stations

	Basic service set (BSS)
	A set of stations controlled by a single coordination function

	Coordination function
	The logical function that determines when a station operating within a BSS is permitted to transmit and may be able to receive PDUs

	Distribution system (DS)
	A system used to interconnect a set of BSSs and integrated LANs to create an ESS

	Extended service set (ESS)
	A set of one or more interconnected BSSs and integrated LANs that appear as a single BSS to the LLC layer at any station associated with one of these BSSs

	Frame
	Synonym for MAC protocol data unit

	MAC protocol data unit (MPDU)
	The unit of data exchanged between two peer MAC entities using the services of the physical layer

	MAC service data unit (MSDU)
	Information that is delivered as a unit between MAC users

	Station
	Any device that contains an IEEE 802.11 conformant MAC and physical layer


Table 13.3  IEEE 802.11 Services

	Service
	Provider
	Used to support

	Association
	Distribution system
	MSDU delivery

	Authentication
	Station
	LAN access and security

	Deauthentication
	Station
	LAN access and security

	Dissassociation
	Distribution system
	MSDU delivery

	Distribution
	Distribution system
	MSDU delivery

	Integration
	Distribution system
	MSDU delivery

	MSDU delivery
	Station
	MSDU delivery

	Privacy
	Station
	LAN access and security

	Reassocation
	Distribution system
	MSDU delivery


Table  13.4  IEEE 802.11 Physical Layer Standards

	Standard
	802.11a
	802.11b
	802.11g
	802.11n
	802.11ac
	802.11ad

	Year introduced
	1999
	1999
	2003
	2000
	2012
	2014

	Maximum data transfer speed
	54 Mbps
	11 Mbps
	54 Mbps
	65 to 600 Mbps
	78 Mbps to 3.2 Gbps
	6.76 Gbps

	Frequency  band
	5 GHz
	2.4 GHz
	2.4 GHz
	2.4 or 5 GHz
	5 GHz
	60 GHz

	Channel bandwidth
	20 MHz
	20 MHz
	20 MHz
	20, 40 MHz
	40, 80, 160 MHz
	2160 MHz

	Highest order modulation
	64 QAM
	11 CCK
	64 QAM
	64 QAM
	256 QAM
	64 QAM

	Spectrum usage
	DSSS
	OFDM
	DSSS, OFDM
	OFDM
	SC-OFDM
	SC, OFDM

	Antenna configuration
	1(1 SISO
	1(1 SISO
	1(1 SISO
	Up to 4(4 MIMO
	Up to 8(8 MIMO, MU-MIMO
	1(1 SISO


Table 13.5  Estimated Distance (m) Versus Data Rate

	Data Rate (Mbps)
	802.11b
	802.11a
	802.11g

	1
	90+
	—
	90+

	2
	75
	—
	75

	5.5(b)/6(a/g)
	60
	60+
	65

	9
	—
	50
	55

	11(b)/12(a/g)
	50
	45
	50

	18
	—
	40
	50

	24
	—
	30
	45

	36
	—
	25
	35

	48
	—
	15
	25

	54
	—
	10
	20


Table 13.6  IEEE 802.11ad Modulation and Coding Schemes

	Physical Layer
	Coding
	Modulation
	Raw Bit Rate

	Control (CPHY)
	1/2 LDPC, 32( spreading
	π/2-DBPSK
	27.5 Mbps

	Single carrier (SCPHY)
	1/2 LDPC
1/2 LDPC,

5/8 LDPC

3/4 LDPC

13/16 LDPC
	π/2-BPSK,

π/2-QPSK,

π 2-16QAM
	385 Mbps to 4.62 Gbps

	OFDM (OFDMPHY)
	1/2 LDPC,

5/8 LDPC

3/4 LDPC

13/16 LDPC
	OFDM-OQPSK

OFDM-QPSK

OFDM-16QAM

OFDM-64QAM
	693 Mbps to 6.76 Gbps

	Low-power single carrier (LPSCPHY)
	RS(224,208) +

Block

Code(16/12/9/8,8)
	π/2-BPSK,

π/2-QPSK
	636 Mbps to 2.5 Gbps


BPSK = binary phase-shift keying

DBPSK = differential binary phase-shift keying

LDPC = low density parity check code

OFDM = orthogonal frequency-division multiplexing

OQPSK = offset quadrature phase-shift keying

QAM = quadrature amplitude modulation

QPSK = quadrature phase-shift keying

RS = Reed-Solomon


