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History of \WAFI
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A WaveLANcreated by NCR and AT&T to link cash registers was the precursorfar Wi

A Wi-Fi was formalized as 802.11 by the IEEE (Institute of Electrical and Electronics
Engineers)

A To fulfill the need for higispeed data communications as an extension of t
Ethernet (10/100/1000+ Mbps) protocol through wireless technologies ins

A For portable, mobile and fixed remote applications CERTIFIED

A All WiFi IEEE specifications fall into the 802.11 standards family
A Compare to FCC Part 97 rules for the Radio Amateur Service

A Wi-Fi certification of products is performed by The-BViAllianceWww.wi-fi.org)

A It is a worldwide network of companies that provide-Wiand related
equipment

A Look for this logo on officially certified Wi devices and equipment
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Acronyms and Definitions

A Spatial Streams
A A method to use various polarizations and antenna diversity to achieve higher throughput than if using a
single frequency/single stream. Common number of streams in current products are 2, 3 & 4 streams and 8,
8+8 and 16 streams for new and future products
A MCS; Modulation and Coding Scheme

A Defines spatial streams and data rate
A RSS¢ Receive Signal Strength Indicator

A Modulation Types:
A CCK; Complementary Code Keying
A DSS§ Direct Sequence Spread Spectrum
A BPSK Binary Phase Shift Keying
A QAMc¢ Quadrature Amplitude Modulation
A OFDMc Orthogonal FrequeneRivision Multiplexing
A OFDM/¢ Orthogonal FrequeneRivision Multiple Access
A Allows multiple users due to sutarriers



Acronyms and Definitions continued
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A SIS Single Input/Single Output (single transmission stream)

A SUMIMO ¢ Single User Multiple Input/Multiple Output

A DL-MU-MIMO ¢ Download Multiple User MIMO

A RUc¢ Resource Units (smaller frequency allocations for each user on a f&il aNannel)

A U-NIl ¢ Unlicensed National Information Infrastructure radio band

A ISMc Industrial, Scientific and Medical; refers to unlicensed bands

A DFS; Dynamic Frequency Selection (listen for RADAR before use)
A Used on WNIF2 and 2e subands

A CSMA; Carrier Sense Multiple Access/Collision Avoidance
A BER; Bit Error Rate



WI-FI Throughput Speeds

Almportant Note: The maximum network speeds are controlled by:

Alncoming data rate from your Internet Service Provider (8PK S & h dz(i & A
World

AThe WiFi generation of your wireless router
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A 2.4/5 GHz
A 20/40/80/160 MHz channels
A The number of spatial streams

ADistance from your Wi router

A MCS level
A MCSO0 is slowest
A MCS?7, 8, 9 or 11 is the fastest
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2.4 GHz
Channels

Non-Overlapping Channels for 2.4 GHz WLAN

802.11b (DSSS) channel width 22 MHz

24 62

R il

802.11g/n (OFDM) 20 MHz ch. width - 16.25 MHz used by sub-carriers

ml N

24835 Mz

24835 Mz

25 G2

25 Mz

802.11n (OFDM) 40 MHz ch. width - 33.75 MHz used by sub-carriers

24 Gz

24835 GMz

2564
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A Note that you can only have THREE-non
overlapping channels

A Most commonly used channels are 1, 6 and 11

[ 9 i | 14
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2412 2422 2432 2442 2452 2462 24?2 MM
241?' 242? 2437 244? 245? 2467 2484
Channels
1 2 3 4 ] 5 T & o 10 11 12 13 14

202 GHe ’.7 22 MHe 4.( 245 Gt
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2.4 GHz Is
CROWDED

Wi-Fi channels

loT (Internet of Things)
devices

Bluetooth

e “Classic” (Seventy-nine
1 MHz channels)

e “BLE” Bluetooth Low
Energy (Forty 2 MHz
channels)

Microwave ovens ~2.5 GHz

802.11b/g
I 2412 2437 | 2462
(—ZZMHz—, Bluetooth e
2402 e — 2480
ZigBee
2403 2440 2480
2400Mhz T

802.11, Bluetooth and ZigBee Channels in the 2.4 GHz ISM Band
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Current 5 GHz Channels

FCC
Domain

WiFi
Channel #

Channel Width
20 MHz

40 MHz
80 MHz

160 MHz

Frequency =

M H
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802.11ac Channel Allocation (N America)
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*Channels 116 and 132 are Doppler Radar channels that may be used in some cases.
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802.11b/a/b Definitions

802.11KE

Further higher data
rate extension

8021118

Higher speed physical layer
extension in the 2.4 GHz band

802.11 8

High speed physical layer
in the 5 GHz band

Modulatio

640AM

Spatial streams Modulation Spatial streams Modulatiol Spatial streams

1x1 SISO 640AM

1x1 SISO

Channel bandwith Bands

1x1 SISO CCK

Channel bandwith Bands

22 MHz 2.4 GHz

| Transmission/access method

CSMA/DSSS

K4GTR

Channel bandwith Bands

20 MHz 5 GHz

Transmission/access method

CSMA/OFDM

kevindscott@bellsouth.net

20 MHz 2.4 GHz

Transmission/access method

CSMA/OFDM
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FT8 and PSK31 Modulation (as a comparison)

A FT8 (8GFSK, Eigi8tate Gaussian Frequency Shift Keying)

o T L e

A PSK31 (Phasshift Keying)

K4GTR

BPSK31 modulation
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Earlier WAF1 Modulation Types (b/a/g/n)

ACCK A4¢ 64 QAM

i 1110 0101 o111

Data Points 16-QAM constellation example
® e ® o o expestuh dl e fin o
o0
" e o e e e
e o o o DI PR
® s o o/ o o gt A
" 10
QPSK 160AM 864QAM
« 2 bits I Symbol * 4 bits /| Symbol « § blts / Symbol
« ~20bps [ H2 » ~40bps I Hz « ~6.0bps/ Hz
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QAM Constellations

0AM - 256 to 1024
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802.11n =
WI-FI 4

A Key Improvements

A Multiple special
streams

A Wider bandwidth
A 2.4 GHz 40 MHz
A5 GHz 40 MHz

K4GTR

802.1110

Enhancements for higher
throughput (HT)

Spatial streams Modulation type

4x4 SU-MIMO 640AM

Channel bandwith Bands

40 MHz 2.4/5 GHz

Transmission/access method

CSMA/OFDM

kevindscott@bellsouth.net
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802.11n/ac/axc Wi-FI 4 to \\AFI 6

Improvements
shown by arrows Wi-Fi 4 (802.11n) Wi-Fi 5 (802.11ac) Wi-Fi 6 (802.11ax)
High Trroughout (T

Supported bands 2 GHz, 5 GHz 5 GHz 2 GHz, 5 GHz
Channel bandwidth (MHz) 20, 40 20, 40, 80, 80+80, 160 20, 40, 80, 80+80, 160
Transmission scheme OFDM OFDM OFDM, OFDMA
Subcarrier spacing 312.5 kHz 3125 kHz 78.125 kHz
Guard interval 04 s, 0.8 us 04 s, 08 us 0.8 s, 1.6 ps, 3.2 us
Spatial streams 4x4 (SU-MIMO only) I 8x8 (incl. DL-MU-MIMO) 8x8 (incl. MU-MIMO)
Modulation (highest) 64QAM I 296QAM 1024QAM
Max. data rate* 940 Mbps 6 934 Mbps 9 765 Mbps
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OFDM Modulation (a/g/nfag WI-FI 4/5)

802.11a OFDM PHY Parameters

BW 20 MHZ

OBW 16.6 MHZ

Subcarrer Spacing 3125 Khz (20MHz/64 PLFFT)
Information Rate 6/9/12/18/24/36/48/54 Mbits/s
Modulation BPSK, QPSK, 16QAM, 640AM
Ceding Rate 1/2, 2/3,3/4

Total Subcamiers

52 (Freq Index -26 to +26)

Data Subcamers

48

Pilot Subcarriers”

4 (-21, -7, +7, +21)
*Always BPSK

DC Subcamer

Null (O subcarrier)

K4GTR

52 subarriers

(48 Data, 4 Pilot (BPSK), 1 Null)
-26 .21 -7 0 7 21 +26

|

v

l

“« OBW 16.6 MHz -
e BW 20 MHZ »
One Subcarrier = 1 constellation point
1 OFDM symbol = 62 subcarriers
1 OFDM Burst = one or more OFDM symbols

kevindscott@bellsouth.net 17



OFDMA Modulation (axXVi-Fi 6)

A OFDMA uses QAM subcarriers
More Speed A Can split up subcarriers in multiple sizes for

GLI O1lAYy3IE¢ Y2NB dza SN&A
80211 |802.11 M
Enhancements for very high Enhancement for high 10 |

throughput (VHT) efficiency (HE) Wi-Fi

Spatial streams Modulation type Spatial streams Modulation type

== = -

8x8 DL-MU-MIMO | 2560AM 8x8 MU-MIMO 10240AM

Channel bandwith Bands Channel bandwith Bands ((
160 MHz 5 GHz 160 MHz 2.4/5/6 GHz

Transmission/access method

CSMA/OFDM

— Frequency —»

K4GTR kevindscott@bellsouth.net 18



MCS Tables

ALists the potential maximum data rate based on:

ANumber of Spatial Streams
A Horizontal polarization
A Vertical polarization
A Orthogonal polarization
A Spatial diversity
A This is more pronounced as the wavelength gets shorter/frequency higher

AMCS Level

A This changes based on bit error rate
A Affected by distance from AP



802.11ax MCS Table
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1024-QAM
1024-QAM

1.5

MU-OFDMA (B02.11ax)

4 86

75 71 172 163
13 106 96 258 244
150 142 128 344 325
225 213 191 516 488
300 283 255 68.8 65.0
338 774

375 86.0

450

500

563

62.5
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Zoomed MCS Table 11ax Three Streams

MCS | Spatial |

160MHz
1.6us G

80MH2z

Modulation — —
1.6us Gl

Coding

| 32psGl

index | Stream 5.2us el I 0.8us Gl |

| 0.8ys Gl
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3
3
3
3
3
3
3
3
3
3
3

BPSQ
QPSK
QPSK
16-QAM
16-QAM
64-QAM
64-QAM
64-QAM
256-QAM
256-QAM
1024QAM
1024-QAM

1/2
/2
3/4
/2
3/4
2/3
3/4
5/6
3/4
5/6
3/4
S/6

108.1
216.2
3243
4324
648.5
864.7
9728
1080.9
12971
1441.2
1621.3
1801.5

306.3
408.3
612.5
816.7
918.8
1020.8
1225.0
1361.1
1531.3
1701.4

91.9
183.8
275.6
367.5
551.3
735.0
826.9
918.8

1102.5
1225.0
13781
1531.3

kevindscott@bellsouth.net

216.2

432.4

648.5

864.7
12971
1729.4
1945.6
2161.8
25941
28824
32426
3602.9

204.2
408.3
612.5
816.7
1225.0
1633.3
1837.5
2041.7
2450.0
2722.2
3062.5
3402.8

183.8
367.5
5513
735.0
1102.5
1470.0
1653.8
1837.5
2205.0
2450.0
2756.3
3062.5
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Zoomed MCS Table 11ax
Eight Streams/160 MHz Channel

MDS Index
Spatial Modulatio Codin
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