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CONTEXTO



As demandas do mercado e as novas tecnologias 
impulsionam a inovação IEEE 802.11
Demanda por throughput

 Demanda exponencial contínua por taxa de transferência (802.11ax e 802.11ay, 802.11be)
 A maior parte (50-80%, dependendo do país) dos dados móveis do mundo é transportada em dispositivos 

802.11 (WiFi)

Novos modelos/recursos de uso
 Implantações densas (802.11ax), localização interna (802.11az),
 Automotivo (IEEE Std 802.11p, V2X Próxima Geração), Internet das Coisas (802.11ah)
 Aplicações de baixo consumo de energia (802.11ba)

Technical capabilities
 MIMO (IEEE Std 802.11n, 802.11ac, 802.11ay) e OFDMA (802.11ax)
 Rádios 60 GHz (802.11ay)

Mudanças na regulação
 TV whitespaces (IEEE Std 802.11af), detecção de radar (IEEE Std 802.11h), 6GHz (802.11ax, 802.11be)
 Regras de coexistência e desempenho de rádio (e.g., ETSI BRAN, ITU-R)

Fonte: D. Stanley. IEEE 802.11 Standards: Wi-Fi 6 and beyond. 



BUSCA DE MAIOR DESEMPENHO

1. MAIOR THROUGHPUT DE PICO
2. MENOR LATÊNCIA
3. MAIOR NÚMERO DE CLIENTES



NOVOS OBJETIVOS NO WIFI6

• “EFICIÊNCIA NO USO DO AR”

• A tecnologia Wi-Fi 6 (802.11ax) visa um uso melhor e mais eficiente 
do meio de radiofrequência existente.

• Taxas de dados mais altas não são o objetivo principal do Wi-Fi 6.
• O objetivo é um gerenciamento de tráfego 802.11 melhor e mais eficiente.





MERCADO Wi-Fi

https://iotbusinessnews.com/2022/08/09/48205-new-wifi-6e-and-wifi-7-standards-market-and-applications/ 

https://iotbusinessnews.com/2022/08/09/48205-new-wifi-6e-and-wifi-7-standards-market-and-applications/


MERCADO Wi-Fi 6 & 7







Wi-Fi 4 -> Wi-Fi 7



Wi-Fi 6



Wi-Fi 6E - 6 GHz

https://www.wi-fi.org/countries-enabling-wi-fi-in-6-ghz-wi-fi-6e 

Brazil Adopted 5925-7125 MHz

https://www.wi-fi.org/countries-enabling-wi-fi-in-6-ghz-wi-fi-6e


Wi-Fi 7



Wi-Fi 7



Wi-Fi 6 vs Wi-Fi 7



QAM Wi-Fi 6 vs Wi-Fi 7



IEEE 802.11



Source: Mercku. 
Wi-Fi:
The Definitive
Guide 





IEEE 802 



IEEE 802.11 Working Group



Iniciativas IEEE 802.11

802.11ax – Increased throughput in 2.4, 5 (and 6) GHz bands.
Increased efficiency.

802.11ay – Support for 20 Gbps in 60 GHz band
802.11be – Extremely High Throughput

802.11az – 2nd generation positioning features
802.11ba – Wake up radio. Low power IoT applications.
802.11bb – Light Communications
802.11bc – Enhanced Broadcast Service
802.11bd – Enhancements for Next Generation V2X



Gerações WiFi - 2019

source: https://www.wi-fi.org/discover-wi-fi/wi-fi-6

https://www.wi-fi.org/discover-wi-fi/wi-fi-6




Wi-Fi 4 -> Wi-Fi 6



Wi-Fi 6



WIFI6 







OFDM VS FDM



802.11n/ac 20 MHz channel – OFDM subcarriers



TRANSMISSÃO OFDM



ESPAÇAMENTO ENTRE SUBPORTADORAS



TRANSMISSÃO OFDMA



Block diagram of OFDMA downlink transmission

Source: Orthogonal Frequency Division Multiple Access Fundamentals and 
Applications (Wireless Networks and Mobile Communications) 1st Edition .



Block diagram of OFDMA uplink transmission

Source: Orthogonal Frequency Division Multiple Access Fundamentals and 
Applications (Wireless Networks and Mobile Communications) 1st Edition .



Transmitter and receiver block diagram for 
the OFDM PHY in IEEE 802.11a system

Source: Orthogonal Frequency Division Multiple Access Fundamentals and Applications (Wireless Networks and Mobile Communications) 1st Edition .



OFDM VS OFDMA

Source: CISCO. The Road to Wi-Fi 6/6E



OFDM VS OFDMA



Wi-Fi 6E - 6GHz



GRUPOS DE RECURSO (RESOURCE GROUPS)



Resource Units and Wide Channels
Resource Units
(RUs)

20 MHzChannel 40 MHzChannel 80 MHzChannel 160 MHzChannel 80 + 80 MHzChannel

996 (2x)
subcarriers

n/a n/a n/a 1 client 1 client

996 subcarriers n/a n/a 1 client 2 clients 2 clients

484 subcarriers n/a 1 client 2 clients 4 clients 4 clients

242 subcarriers 1 client 2 clients 4 clients 8 clients 8 clients

106 subcarriers 2 clients 4 clients 8 clients 16 clients 16 clients

52 subcarriers 4 clients 8 clients 16 clients 32 clients 32 clients

26 subcarriers 9 clients 18 clients 37 clients 74 clients 74 clients



TRÊS TIPOS DE SUBPORTADORAS

• Data subcarriers: These subcarriers will use the same modulation and 
coding schemes (MCSs) as 802.11ac as well as two new MCSs with 
the addition of 1024 quadrature amplitude modulation (1024-QAM).

• Pilot subcarriers: The pilot subcarriers do not carry any modulated 
data; however, they are used for synchronization purposes between 
the transmitter and receiver.

• Unused subcarriers: The remaining unused subcarriers are mainly 
used as guard carriers or null subcarriers against interference from 
adjacent channels or subchannels.



MU-MIMO



Downlink MU-MIMO – 4×4:4:4:2.



OFDMA VS MU-MIMO

OFDMA MU-MIMO

Increased efficiency Increased capacity

Reduced latency Higher data rates per user

Best for low-bandwidth
applications

Best for high-bandwidth
applications

Best with small packets Best with large packets



OBSS – Overlapping basic service set



OBSS interference caused by client



BSS COLOR



INTER-BSS



TARGET WAKE TIME



OUTROS

• Segurança



DÚVIDAS?
SERGIO TAKEO KOFUJI
KOFUJI@USP.BR
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