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v PSK, QAM Modulations
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v'Tx Power, RSSI, EVM, SNR

v Coding Techniques

v’ OFDM, Multipath, MIMO
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Wi-Fi Data Rates across generations

Wi-F 5 Wi-Fi 6 Wi-Fi 6E Wi-Fi 7
(IEEE 802.11ac) | (IEEE 802.11ax) | (IEEE 802.11ax) | (IEEE 802.11be)

| 2.4GHz (2.402 — 2.494)

Maximum bandwidth per
channel

Maximum number of non-
overlapping channels

Maximum MIMO
configuration

Highest modulation

Maximum PHY datarate

Muklti user MIMO (MU-
Multi user OFDMA

Muklti Link Operation / Multi
Resource Unit

Standard

Max Speed with
1 Spatial Stream

Max Speed with
2 Spatial Streams

Max Speed
with Max #
Spatial Streams

Wi-Fi 4

(IEEE 802.11n)
2.4GHz (2.402 — 2.494)
5GHz (5.030—5.990)

2.4GHz: 40MHz
5GHz: 40MHz

2.4GHz: 2

5GHz (5.030 — 5.950)

2.4GHz: 40MHz
5GHz: 80MHz

5GHz: 5 (80MHz)

Axd Axd
64 QAM 256 QAM
600 Mbps 1.7 Ghps
N/A Downlink
(Wave 2 only)
N/A N/A
N/A N/A
N/A N/A

% 11.5

Wi-Fi 4
802.11n

150 Mbps
300 Mbps

600 Mbps

~

Y

802.11ac

866.7 Mbps

1.73 Gbps

6.92 Gbps

Wi-Fi 5

2.4GHz (2.402 — 2.494)
5GHz (5.030 — 5.990)

2.4GHz: 40MHz
5GHz: 160MHz

2.4GHz: 2 (40MHz)
5GHz: 2 (160MHz),
or 5 (B0MHz)

8x8

1024 QAM
(1K 0AM)
9.6 Gbps
Downlink
Uplink

%13

A

802.11ax

1.2 Gbps

2.5 Gbps

9.6 Gbps

Wi-Fi 6/6E

2.4GHz (2.402 — 2.494)
5GHz (5.030 — 5.990)
6GHz (5.925 - 7.125)
2.4GHz: 40MHz
S5GHz: 160MHz
BGHz: 160MHz
2.4GHz: 2 (40MHz)
5GHz: 2 (160MHz),
or 5 (80MHz)
6GHz: 7 (160MHz),
or 14 (80MHz)

axa

1024 QAM

(1K QAM)
5.6 Gbps
Downlink
Uplink

x4.8

A

5GHz (5.030 — 5.990)
6GHz (5.925 - 7.125)
2.4GHz: 40MHz
5GHz: 160MHz
6GHz: 320MHz
2.4GHz: 2 (40MHz)
5GHz: 2 (160MHz),

or 5 (80MHz)
6GHz: 3 (320MHz),

or 7 (Le0MHz),

or 14 (80MHz)
16x16

4096 QAM
(4K QAM)
46.1 Gbps
Downlink
Uplink

Yes

Yes (improved)
Yes

Wi-Fi 7

802.11be

2.9 Gbps

5.8 Gbps

46.4 Gbps

Modulation

"

4096 QAM @

Wi-Fi 7

1024 QAM

'Wi-Fi 6/6E

458
I/v
85 @
1655 @

Number of Spatial Streams

Wi-Fi generations V-T-E
|EEE Maximum Radio
Generation Adopted link rate f uan
standard i requency
(Mbit/s) (GHZ)
Wi-Fi7 | 802.11be  (2024) |1376 10 46120 2 .4/5/6
Wi-Fi 6E 2020 gl
802.11ax 574 to 9608!1
Wi-Fi 6 2019 2 4/5
Wi-Fi5 |80211ac | 2014 433 t0 6933 500
Wi-Fi4 |802.11n 2008 72 to 600 2 4/5
802.11g 2003 24
(Wi-Fi 3)* 61054
802 11a 1999 5
(WI-Fi 2)* | 802.11b 1999 110 11 24
(Wi-Fi 1)* | 802.11 1997 1102 24

*Wi-Fi 1, 2, and 3 are by refroactive inference PIEI#IISIE]

el il
160 MHz 320 MHz

* Channel Size




What is an MCS Table?

MCS Table is used to calculate/list the possible PHY dates for the various Wi-Fi Standards

BPSK

QPSK

16QAM

64QAM

256QAM

1024QAM

4096QAM

Modulation Rate
Number of bits
that can be
carriedon a
symbol

1/2 Tx1

3/4 2Xx2

5/6 4x4

8x8

16x16
Coding Rate Number of

Rate of Spatial Streams
data/redundant Number of MIMO

bits transferred
for Forward Error
Correction

radios chains

20 MHz 800 ns
40 MHz 1600 ns
80MHz |77  3200ns
160 MHz
320 MHz |~~~

Channel BW Guard Interval

The width of the
frequency BW
used for single

Tx/Rx

Waiting time between
each packet
transmission. The
smaller the guard
interval, the faster the
throughput



Data Rate Parameters

WI-FITECHNOLOGY
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Guard Interval

Guard intervals are used to ensure that distinct transmissions do not interfere with one another, or otherwise cause overlapping transmissions.
These transmissions may belong to different users (as in TDMA) or to the same user (as in OFDM).

In OFDM, the beginning of each symbol is preceded by a guard interval. As long as the echoes fall within this interval, they will not affect the
receiver's ability to safely decode the actual data, as data is only interpreted outside the guard interval.

Normal Guard Interval of 800ns

Stream 1

Stream 2
——p Multipath delay

Short Guard Interval of 400ns

short GI
3.2us 400ns
A

Interval



802.11a/b/g MCS Rates

Data Encoding Chip Bits Modulation

e length encoded Data Modulation Coded bits D.ata C?ded Coding
(Mbps) rates method  per bits Dbits  rate
DSSS 1 Barker 11 1 DBPSK (Mbps) subcarrierper  per  (data
coding OFDM OFDM bits/
DSSS 2 Barker 11 1 DQPSK symbol symbol coded
T Bases0211 o
6 BPSK 1 24 48 1/2
Data  Encoding Chip Bits  Modulation S BPSK 1 36 48 3/4
rate length encoded QPSK 2 48 96 172
(Mbps) 18  QPSK 2 72 96  3/4
DSSS 1 Barker 11 1 DBPSK
coding 24 16-QAM 4 96 192 [1/2
DSSS 2 Barker 11 1 DQPSK 36 16-QAM 4 144 192 3/4
coding 48 64-QAM 6 192 288  2/3
HR- 5.5 CCK 8 4 DQPSK
DSSS coding 54 64-QAM 6 216 288 3/4

HE- 11 CCK 8 8 DQPSI{ _




802.11n(Wi-Fi4) Data Rates

11n allows for up to 4 streams / \'\,I

of MIMO spatial multiplexing | | 600 Mb/s -
600 Mb/s . 4 spatial streams,

\ 4x4:4 minimum
\J
[\

[
. 450 Mb/s -

| | 3 spatial streams,

".H | 3x3:3 minimum

| i
300 Mb/s -
2 spatial streams,
40 MHz channels 2%2:2 minimum
instead of 20 MHz

Original 135 Mb/s ’
802.11a,9 ') N
OFDM [. /
54 Mb/s X |
l.") /j\l |
~«~ I J

Improved OFDM 52 subcarriers vs. Reduced guard interval between OFDM symbols
48 for original 400 ns instead of 800 ns
65 Mb/s 150 Mb/s

Source : Aruba Networks Whitepaper



802.11n(Wi-Fi4) MCS Table

_ _ _ Data rate (Mbit/s) ] Data rate (Mbit/s)
i::fx 5?:]:;:'5 Mm::;?:m" c:':tl:;ﬂ 20 MHz channel 40 MHz channel i::fi s?:]::rflls MD[::;T““ Crﬂ;:':;ﬂ 20 MHz channel 40 MHz channel
800 ns Gl 400 ns Gl | 800 ns Gl 400 ns Gl 800 ns Gl 400 ns Gl 800 ns Gl 400 ns Gl

0 1 BPSK 152 6.50 7.20 13.50 15.00 16 3 BPSK 152 18.50 21.70 40.50 45.00
1 1 QP Sk 152 13.00 14.40 27.00 30.00 17 3 QP Sk 152 39.00 43.30 81.00 50.00
2 1 QP Sk 314 19.50 21.70 40.50 4500 18 3 QP Sk 34 58.50 65.00 121.60 |[135.00
3 1 16-CLANM 152 26.00 28.90 54.00 G0.00 19 3 16- AN 152 78.00 86.70 162.00 [180.00
4 1 1 B- 1AM 314 39.00 43.30 21.00 490.00 20 3 1 B-C1AM 314 117.00 13070 243.00 270.00
5 1 64-CLANM 203 52.00 57.80 108.00 |120.00 21 3 64-CIANM 203 186.00 17330 32400 |360.00
6 1 B 4- 1AM 314 a8.40 B5.00 121.50 135.00 22 3 6 4- 1A a4 175480 185.00 J64.50  405.00
7 1 64-CIANM 1) 65.00 72.20 135.00 |150.00 23 3 G d-CIAN a6 189500 21670 40500 |450.00
8 2 BPSK 112 13.00 14.40 27.00 30.00 24 4 BFSI 112 26.00 28.80 54.00 B0.00
9 2 QP Sk 142 26.00 28.490 54.00 60.00 25 4 QP Sk 112 52.00 57.60 108.00 [120.00
10 2 QP Sk 354 39.00 43.30 81.00 90.00 26 4 QP Sk a4 78.00 86.80 162.00 |[180.00
11 2 16-CLANM 102 52.00 57.80 108.00 |120.00 27 4 1 B-Z1ANM 112 10400 11560 | 216.00 |240.00
12 2 16-GLANM 3r4 78.00 86.70 162.00 |180.00 28 4 1 6-CIAN ar4 186.00 17320 32400 |360.00
13 2 B 4- 1AM 213 104.00  115.60 216.00 240.00 29 4 6 4- 1A 213 20800 231.20 432.00  480.00
14 2 64-CLANM 3r4 117.00 130,00 24300 |270.00 30 4 6 4-C1AN ar4 23400 26000 486.00 |540.00
15 2 B 4- 1AM aIE 130,00 144.40 270,00  300.00 31 4 6 4- 1A ar6 260,00 23880 540.00 B0O0.00



802.11ac(Wi-Fi5) MCS Table

« 80 MHz and 160 MHz channel bandwidths
« Support for up to 8 spatial streams
e Multi User MIMO

« 256-QAM Modulation, rate 3/4 and 5/6, added as optional modes
« Coexistence mechanisms for 20/40/80/160 MHz channels, 11ac and 11a/n devices

Example 802.11ac configurations (all rates assume 256-QAM, rate 5/6)

Typical Client
Form Factor

1-antenna AP, 1-antenna STA, S0MHE Handheld
Z-antenna AP, Z-antenna STA, S0MH=E Tahlet, Laptop
1-antenna AF, 1-antenna STA, 160MHZ Handheld
d-antenna AF, 2-antenna STA, 1T60MH= Tahlet, Laptop
d-garntenna AP, 4 1-antenna STAs, 160MH=

Scenario

Eh LI B 1B O Handheld

S-antenna AP, 160MHZ (hal_l- Rl bl O

— 1 d-antenna STA Drigital T, Set-top Box,

— 1 Z2-antenna =TA Tablet, Laptop, P2, Handheld

- 2 1-antenna STAS

S-antenna AF, 4 Z-antenna STAs, 160MH=

Digital T+, Tahkblet, Laptop, P

A regate

PHY Link Rate ggﬂagw

433 Mhbitis 433 Mhbitis
SET Mhbitis SET Mhbitis
867 Mbitis 867 Mbitis
1.73 Ghit's 1.73 Ghit's
867 Mbitis to each STA 3.47 Ghit's

.47 Ghitrs tao 4-antenna STA
1.73 Shit's to Z2-antenna STA E.93 Shitrs
367 Mhbitrs to each 1-antenna STA

1.73 Ghitrs to each S5TA .93 Ghitrs

Source: Wikipedia



802.11ac (Wi-Fi5) Configurations

Channel Transmit — Receive Modulation and Typical client scenario | Throughput Throughput
bandwidth | antennas coding etc. ({individual link rate) (aggregate link rate)
80 MHz 1x1 256-QAM 5/8, short | Smartphone 433 Mbps 433 Mbps
guard interval
80 MHz 2x2 256-QAM 5/8, short | Tablet, PC 867 Mbps 867 Mbps
guard interval
160 MHz 1x1 256-QAM 5/6, short | Smartphone 867 Mbps 867 Mbps
guard interval
160 MHz 2x2 256-QAM 5/8, short | Tablet, PC 1.73 Gbps 1.73 Gbps
guard interval
160 MHz 4x Tx AP, 4 clients of 1x Rx | 256-QAM 5/8, short | Multiple smartphones 867 Mbps per client 3.47 Gbps
guard interval
160 MHz 8x Tx AP, 4 clients with to- | 256-QAM 5/6, short | Digital TV, set-top box, 867 Mbps to two 1x clients | 6.93 Gbps
tal of 8x Rx (with multi-user | guard interval tablet, PC, smartphone 1.73 Gbps to one 2x client
MIMO) 3.47 Gbps to one 4x client
160 MHz 8x Tx AP, 4 clients of 2x Rx | 256-QAM 5/6, short | Multiple set-top boxes, PC | 1.73 Gbps to sach client 6.93 Gbps
fwith multi-user MIMO) guard interval

Channel width

Spatial streams

Highest rates Mbps
(160 MHz channel, 8x SS)

Lowest rates Mbps
(20 MHz channel, 1x SS)
Long Gi Short GI
0 6.5 7.2
1 13.0 14.4
2 19.5 21.7
3 26.0 28.9
- 39.0 43.3
5 52.0 57.8
6 58.5 65.0
7 65.0 2.2
8 78.0 86.7
9 (86.7) (96.3)

x2.1 for 40 MHz
xd. 5 for 80 MHz
x9.0 for 160 MHz

x2 for 2SS
x3 for 3 5SS
x4 for 4 55
x5 for 5SS
x6 for 6 55
X7 for 7 SS
%8 for 8 55

Long GI Short Gl
468.0 520.0
0930.0 1040.0
1404.0 1560.0
1872.0 2080.0

2808.0 3120.0
3744.0 4160.0
4212.0 4680.0
4680.0 5200.0
5616.0 6240.0
6240.0 6933.3

Data rates for various 802.11ac configurations




802.11ax(Wi-Fi6 Data Rates) FJ

“I-FITECHNOLOGY

Modulation and coding schemes for single spatial stream

Data rate (in Mbit/s)™!
MCS | Modulation Coding
iI'IdEI[a] thFIE rate 20 MHz channels 40 MHz channels 80 MHz channels 1680 MHz channels
1600 ns GI° | 800 ns Gl 1600 ns GI 800 ns Gl | 1600 ns GI 800 ns Gl 1600 ns Gl | 800 ns Gl
0 BPSK 1/2 8 8.6 16 17.2 34 36.0 68 72
1 QPSK 112 16 17.2 33 34.4 68 721 136 144
2 QPSK 3/4 24 25.8 49 51.6 102 108.1 204 216
3 16-QAM 112 33 34.4 65 68.8 136 1441 272 282
4 16-QAM 3/4 49 51.6 93 103.2 204 216.2 408 432
5 64-QAM 2/3 65 68.8 130 1376 272 2882 544 576
6 64-QAM 3/4 73 77.4 146 154.9 306 324.4 613 649
7 64-QAM 5/6 81 86.0 163 1721 340 360.3 651 721
8 256-QAM | 3/4 98 103.2 195 206.5 408 432.4 817 865
g 256-QAM | 5/6 108 1147 217 229 4 453 480.4 907 961
10 1024-QAM | 3/4 122 129.0 244 2581 510 540.4 1021 1081
11 1024-QAM | 5/6 135 143.4 271 286.8 567 600.5 1134 1201
Notes

a. * MCS 9 is not applicable to all channel width/spatial stream combinations.
b * A second stream doubles the theoretical data rate, a third one triples it, etc.
c. * Gl stands for the guard interval.



802.11be (Wi-Fi7) Data Rates

Data rate (Mbit/s)""

MCS | Modulation Coding 20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels 220 MHz channels
index! | type ratt | so00ns 1600 ns 800 ns 3200 ns 1600ns 800ns 3200ns 1600ns o 3200ns 1600ns| U 3200nms 1600ns o0
cili Gl Gl cl Gl Gl cl [e]] e Gl Gl ns cl Gl ne

Gl cl le]]

0 BPSK 1/2 7 8 g 15 16 17 31 34 36 |61 68 72 | 123 136 144
1 QPSK 1/2 15 16 17 29 33 34 61 68 72 122 136 144 | 245 272 288
2 QPSK 3/4 22 24 26 44 49 52 92 102 108 | 184 204 216 | 368 408 432
3 16-QAM 1/2 29 33 34 59 65 69 123 136 144 | 245 272 282 | 490 544 577
4 16-QAM 314 a4 49 52 88 98 103 | 184 204 216 | 368 408 432 | 735 817 865
5 64-QAM 213 59 65 69 17 130 138 | 245 272 288 | 490 544 576 | 980 1089 | 1153
6 64-QAM 314 66 73 77 132 146 155 | 276 306 324 | 551 613 649 | 1103 1225 | 1297
7 64-QAM 516 73 81 86 146 163 172 | 306 340 360 | 613 681 721 | 1225 | 1361 1441
8 256-QAM | 3/4 88 98 103 | 176 195 207 | 368 408 432 | 735 817 865 | 1470 |1633 | 1729
9 256-QAM | 5/6 98 108 15 195 217 229 | 408 453 480 | 817 907 961 | 1633 | 1815 | 1922
10 1024-QAM | 3/4 10 122 129 | 219 244 258 | 459 510 540 | 919 1021 1081 1838 | 2042 | 2162
11 1024-QAM | 5/6 122 135 143 | 244 271 287 | 510 567 600 | 1021 134 1201 | 2042 | 2269 | 2402
12 4096-QAM | 3/4 131 146 155 | 263 293 310 | 551 613 649 | 1103 1225 | 1297 | 2205 | 2450 | 2594
13 4096-QAM | 5/6 146 163 172 | 293 325 344 | 613 631 7211225 | 1361 1441 | 2450 | 2722 | 2882




Full MCS Table

WI-FI TECHNOLOGY

//docs.google.com/spreadsheets/d/e/2PACX-1vQX0oEYLGWrR1aGyGaTXO0aDQSPLfeC4rv70KRFURP6eZ5fL-

Ku YI16DgS6zZMNylhQpQmnKQ107abij/pubhtml?gid

https

data-rates/

updated-with-80211ax

-table-

https://semfionetworks.com/blog/mcs

1367372895&single=true
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https://docs.google.com/spreadsheets/d/e/2PACX-1vQXoEYLGWrR1aGyGaTXOOaDQSPLfeC4rv70KRFuRP6eZ5fL-Ku_YI6DgS6zZMNyIhQpQmnKQ1O7abij/pubhtml?gid=1367372895&single=true
https://docs.google.com/spreadsheets/d/e/2PACX-1vQXoEYLGWrR1aGyGaTXOOaDQSPLfeC4rv70KRFuRP6eZ5fL-Ku_YI6DgS6zZMNyIhQpQmnKQ1O7abij/pubhtml?gid=1367372895&single=true
https://semfionetworks.com/blog/mcs-table-updated-with-80211ax-data-rates/

The PHY Date Rates Calculations

Number ofCoded Bits per Coding Number of Spatial Streams
Subcarrier per Stream

T

Nsp * Ngpscs * R * Ngg

Number of Data Subcarriers

Data Rate = - -
+
Modulation N % DFT Gl
PHY R Ngs Toer
Name Ngpscs 20MHz | 40MHz | 80MHz | 160MHz Long Short / \
BPSK 1 1/2 OFDM Symbol Duration Guard Interval Duration
802.11n QPSK 2 1/2&3/4 o
(HT) 16-QAM 4 1/2&3/4
64-QAM 6 1/2&2/3 &3/4
BPSK 1 1/2 52 108 234 468 3.2ps 0.8 ps 0.4 ps
i) jcane| 4 | ews | v
64-QAM 6 1/2&2/3&3/4
256-QAM [ 8 2/3&5/6
Modulation Nsp Ta
PHY R Nes Torr
Name Ngpscs 20MHz | 40MHz @ 80MHz | 160MHz Long Medium Long
BPSK 1 1/2
QPSK 2 1/2&3/4
802.11ax | 16-QAM 4 1/2&3/4
Q 1to 8 234 468 980 1960 128 pys 0.8 us 1.2ps 32us
(HE) 64-QAM 6 1/2&2/3&3/4
256-QAM 8 2/3&5/6
1024-QAM 10 3/4&5/6

Source: https://semfionetworks.com/blog/mcs-table-updated-with-80211ax-data-rates/
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Difference between PHY Data Rates and Throughput

The actual Throughput under ideal conditions is expected to be around 60-70% of the PHY data rates.

Wi-Fi Overhead

* Interframe Spaces

« Management and Control Frames
« Random Backoff

« PHY Signaling

 Interference

 MAC Header

» Guard Intervals

 Virtual Carrier Sensing

» Backward Compatibility/Legacy Mode
« Acknowledgements

* Retransmissions

* Rate Adaptation

« Packet sizes/Frame sizes

« Half Duplex

NETGEAR RAX10 WiFi 6 Router

simultaneous
WiFi streams

4X 1 o‘ Gbs

more device
capacity

WiFi speed




802.11ax Throughput Calculator

Input Parameters

Theoretical Maximum Offered Load for 11ac

Based on:

“ersion: 7.1

2012

IEEE P802.11ac_D3.0

Traffic Type Data |
DataVoice MCS5 Index 9 - Encryption =| Mone - IP Packets per A-MSDU| o w | (set to zero for no A-MSDU)
Spatial Streams 4 - QoS5 = Yes - MAC Frames per A-MPDU| g4 w | (set to zero for no A-MPDU}
Channel Bandwidth 0 ¥ |MHz
Guard Interval 400 ¥ |nsec
Highest Basic MCS Index 1 _¥ | Affects management/control frames only
BSS Basic Rate Set (802.11alg) EMbls | [ Mbis pwis  [Ouws  [@ams  [O%ws  [Dewe  [Osme |
Allowed Control Frame Rates & i 0 i 12 i 0 i 24 i 0 i 0 i 0
802.11 MAC MPDU Size (Data Traffic) 154 B| bytes (IP Packet = 14Elﬂ| bytes) (Ethernet MAC Frame =| 149E.| bytes) |
CWmin (leave alone for default) | Mized ﬂ slots CT5-to-self (protection) | Mo ﬂ 20 MHz el

Intermediate Values
MAC MPDU Size 1518 | bytes
SIFS 16.00 | usec Slot Time 5.00|usec
DIFS 34.00 usec WeanBackoff §7.50|usec
Tppdu_fxed (HT Diata Frames) 52.00{usec Use BlockAck True
Tppdu_fed (HT Control Frames) 40.00|usec A-M5DU Pad 0| bytes
WHT Data Rate 1733.33|Mbis A-MPDU Pad 2| bytes
Mon-HT Reference Rate 54|Mbis Encrypt Hdr 0| bytes
PHY Bit Rate of Control Frames 24(Mbis QoS Hdr 2| bvtes
Ndbps, data bits per symbol (Data) 5240 | bits/symbol WMSDU Size 1438 |bytes
Ndbps, data bits per symbal (Control) 216 | bits/symbaol
Nbits, Bits per MAC PRPDU 730272 | bits G
Mes, Number of BCC encoders 3|encoders ! 2
Tsymbol(Data), Data Symbol Period 3.60|usec 2 3
Tsymbol{Control), Control Symbal Period 4.00|usec i 2
Ttxframe (DATA) 505.60|usec 24
Ttxframe (Ack) 28.00|usec 36
Ttxframe (Compressed BlockAck) 32.00|{usec 48
RTS/CTS Handshake Overhead 0.00|usec 4
CTS-to-self Handshake Overhead 0.00|usec
Ack Response Overhead 0.00|usec
BlockAck Response Overhead 48.00|usec

Frame Size fps
Theoretical Maximum Offered Load 64 286867 252465
1 Client 2 Clients 5 Clients | 10 Clients | 20 Clients | 50 Clients [ 100 Clients 153 254069 201575

MAC PPDU Interval 655.10 621.35 601.10 59435 590.98 £588.95 588.28|usec 242 230954, 187759
Max PPDU Fate 1526.48 1609.40 1663.62 1682.51 169212 1697.94 1699.89|fps 331
Max MAC MPDU Rate 97695 103002 106471 107681 108296 108668 108793 64 286857 2524585 4963 4973
Max MAC M2DU Rate 97695 103002 106471 107681 108296 108668 108793 1583 254060 201575 4053 4973
Max. 802.11 MAC Frame Data Rate| 1186.408 1250.851 1292.990| 1307.674 1315142 1319.664| 1321.178|Mbis 242 230954, 167759 4963/ 4973
Max. 802.11 MAC Payload Goodput| 1162.961| 1226.130] 1267.436( 1281.831| 1289.151| 1293.583| 1295.068(Mbis KX 211710 144980 4053 4973
MAC Goodput Per 802.11 Client 1162.961 G1.3.065 253.487 128.183 G4.458 25872 12.951|Mbis 420 195420 126607 4053 4335
Offered Load (802.3 Side) 170077 1234370 1275954 1290445 1297.815] 1302277 1303.771IMb/s 508 179524 112379 4963 4385




PHY Data Rates Vs Actual Throughput
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The Real Throughput oFoNA &7

* OFDMA increases efficiency
* OFDMA reduces latency WI-FI TEGHNOGLOG Y
« Ideal for low-bandwidth applications =

MU-MIMO increases capacity

MU-MIMO results in higher speeds
per user

Ideal for high-bandwidth applications

BRI aB[0

MU-MIMO is similar to multiple trucks

serving users simultaneously
NETGEAR RAX10 WiFi 6 Router

m

nuitaneous

4x 1.8cr-

Sir

Aggregation
Multi-Link Operation



The Real Throughput Example

802.11b: up to 11 Mbps
802.11a/g: up to 54 Mbps
802.11n: up to 600 Mbps

802.11ac: up to 1733 Mbps
1 1 GbpS Router 802.11ax (2.4GHz): up to 1148 Mbps
802.11ax (5GHz): up to 4804 Mbps

802.11ax (6GHz): up to 4804 Mbps

ROG Rapture GT-AX11000

AX11000 Tri-band WiFi 6 Gaming Router —World's first 10 Gigabit WiFi router
with a quad-core CPU, PS5 compatible, 2.5G port, DFS band, wtfast, Adaptive
QoS, AiMesh for mesh wifi system and free network security

+ Next-Gen WiFi Standard - 802.11ax WiFi standard for better efficiency, throughput and range.

+ Ultrafast WiFi Speed - 11000Mbps WiFi speed to handle even the busiest network with ease.

+ Triple-level Game Acceleration — Accelerate game traffic every step of the way - from device to game server.
+ Battle-ready-hardware — 1.8GHz quad-core CPU and 2.5GBase -T port for ultimate performance.

+ Front-line Network Security — Neutralize internet threats before they hit your network.

802.11ax

2x2 MIMO 80MHz 1024 QAM
Theoretical Rate: 1201 Mbps

802.11bg

1x1 MIMO 20MHz 64 QAM
Theoretical Rate: 54 Mbps

802.11ac

2x2 MIMO 80MHz 256 QAM
Theoretical Rate: 866 Mbps

802.11n

2x2 MIMO 40MHz 64 QAM
Theoretical Rate: 300 Mbps
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Quiz 2b Results

Number of participants - 167

Score distribution - quiz 2b
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Winner

S Sushmitha
India u

Mumber of participants
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