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Module-2
WLAN Physical Layer

Session-2b
Modulation/Coding , MIMO Basics

Last Session Recap……

✓PSK, QAM Modulations
✓Throughput/Reliability Tradeoff
✓Tx Power, RSSI, EVM, SNR
✓Coding Techniques
✓OFDM, Multipath, MIMO



Advertised Speeds 



Wi-Fi Data Rates across generations



What is an MCS Table?

Modulation Rate

BPSK

QPSK

16QAM

64QAM

256QAM

1024QAM

4096QAM

Coding Rate

1/2

3/4

5/6

Number of Spatial 
Streams

1x1

2x2

4x4

8x8

16x16

Channel Bandwidth

20 MHz

40 MHz

80 MHz

160 MHz

320 MHz

Guard Interval

800 ns

1600 ns

3200 ns

Modulation Rate
Number of bits 

that can be 
carried on a 

symbol

Coding Rate
Rate of 

data/redundant 
bits transferred 

for Forward Error 
Correction

Number of 
Spatial Streams

Number of MIMO 
radios chains 

Channel BW
The width of the 

frequency BW 
used for single 

Tx/Rx

Guard Interval
Waiting time between 

each packet 
transmission. The 
smaller the guard 

interval, the faster the 
throughput

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



Data Rate Parameters

Channel BW

MIMO

Modulation
Coding



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.

Guard 
Interval



802.11a/b/g MCS Rates

Base 802.11

802.11b

802.11a/g



802.11n(Wi-Fi4) Data Rates

Source : Aruba Networks Whitepaper



802.11n(Wi-Fi4) MCS Table



802.11ac(Wi-Fi5) MCS Table

• 80 MHz and 160 MHz channel bandwidths

• Support for up to 8 spatial streams 

• 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 

Source: Wikipedia



802.11ac (Wi-Fi5) Configurations



802.11ax(Wi-Fi6 Data Rates)



802.11be (Wi-Fi7) Data Rates



Full MCS Table
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/

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 

Source: https://semfionetworks.com/blog/mcs-table-updated-with-80211ax-data-rates/

https://semfionetworks.com/blog/mcs-table-updated-with-80211ax-data-rates/


Difference between PHY Data Rates and Throughput

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

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



802.11ax Throughput Calculator
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Throughput in Real-World

What is on the Box
4x4 MIMO 80MHz 11ac –

1733 Mbps

The Real Throughput

Only Support 2x2 MIMO
2x2 40Mhz – 400Mbps

At 10meter distance
Only MCS3- 120Mbps

Remove MAC/PHY Overhead
100Mbps

Running Smaller 256 
Byte apps – 80Mbps

Multi-Link Operation



11 Gbps Router

The Real Throughput Example

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

802.11ax

802.11ac

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

802.11n

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

802.11bg

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



References

Theoretical Data Rates vs Real World Throughput
https://www.duckware.com/tech/wifi-in-the-us.html

https://mcsindex.com/
MCS Table

https://www.rfwireless-world.com/calculators/WiFi7-802-11be-data-rate-throughput-calculator.html

WiFi7 Theoretical Throughput Calculator

https://en.wikipedia.org/wiki/Guard_interval#:~:text=The%20shortest%20interval%20(1%2F32,delay%20spread%20of%20the%20channel. 

Wi-Fi Guard Interval

https://en.wikipedia.org/wiki/IEEE_802.11be
Wi-Fi7 (802.11be) Wiki Page

https://www.duckware.com/tech/wifi-in-the-us.html
https://mcsindex.com/
https://www.rfwireless-world.com/calculators/WiFi7-802-11be-data-rate-throughput-calculator.html
https://en.wikipedia.org/wiki/Guard_interval#:~:text=The%20shortest%20interval%20(1%2F32,delay%20spread%20of%20the%20channel
https://en.wikipedia.org/wiki/IEEE_802.11be






Number of participants - 167 

Winner 

 S Sushmitha
India

Quiz 2b Results  
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