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As demandas do mercado e as novas tecnologias
impulsionam a inovacao |EEE 802.11

» Demanda por throughput
v' Demanda exponencial continua por taxa de transferéncia (802.11ax e 802.11ay, 802.11be)

v éorgaligr(\?\?_gse (50-80%, dependendo do pais) dos dados mdveis do mundo é transportada em dispositivos
: iFi

» Novos modelos/recursos de uso
» Implantacdes densas (802.11ax), localizacdo interna (802.11az),
» Automotivo (IEEE Std 802.11p, V2X Proxima Geracdo), Internet das Coisas (802.11ah)
» Aplicacdes de baixo consumo de energia (802.11ba)

» Technical capabilities
v' MIMO (IEEE Std 802.11n, 802.11ac, 802.11ay) e OFDMA (802.11ax)
v Radios 60 GHz (802.11ay)

» Mudancas na regulacao
» TV whitespaces (IEEE Std 802.11af), detec¢do de radar (IEEE Std 802.11h), 6GHz (802.11ax, 802.11be)
v’ Regras de coexisténcia e desempenho de radio (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 LATENCIA
3. MAIOR NUMERO DE CLIENTES



NOVOS OBJETIVOS NO WIFI6

* “EFICIENCIA NO USO DO AR”

* A tecnologia Wi-Fi 6 (802.11ax) visa um uso melhor e mais eficiente
do meio de radiofrequéncia existente.
* Taxas de dados mais altas nao sao o objetivo principal do Wi-Fi 6.
* O objetivo € um gerenciamento de trafego 802.11 melhor e mais eficiente.



Wi-Fi®

by the numbers
2021

economic value
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MERCADO Wi-Fi

WiFi Market Forecast by Standard, 2019-2027
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MERCADO Wi-Fi 6 & 7/
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Table 1-1 802.11 standards comparisan

Standard PHY Data Rate
Version Technology (Mbit/s)

802.11 24 IR, FHSS, and | - : 20 1and 2
DSSS
80211b | 24 DSSS/CCK - : 20 5.5 and 11
802.11a 5 OFDM 64-QAM | - 20 6 - 54
802.11g | 24 OFDM 64-QAM | - 20 1-54
DSSS/CCK
80211n | 24and | OFDM 64-QAM | 4 20 and 40 6 - 600
3 SU-MIMO
80211ac | 5 OFDM 256- 8 20, 40, 80, 6 - 6933.33
DL MU-MIMO | RAM 160, and
80480
802.11ax | 24,5, OFDMA 1024- 8 20, 40, 80, 6 - 9607.8
and & UL/DL MU- Qb 160, and
MIMO SOHGl




Wi-Fi 4 -> Wi-Fi /

Standards Evolution

Wi-Fi5
256 QAM
WPA2 Security

Wi-Fi5
(Wave 2)

Wi-Fi &
64 QAM
Dual Band

Spectrum Evolution

+ DL MU-MIMO (Lx4)

Wi-Fi7

LK QAM

320MHz Bandwidth
Multi-Link capabilities

Wi-Fi 6 Wi-Fi 6E Wi-Fi 6E
1024 QAM + 6GHz operation | (Wave 2)

DL MU-MIMO (8x8) More 160MHz + Uplink MU-MIMO
OFDMA

WPA3 Security




Wi-FiI 6

4X GREATER
SCALABILITY
OFDMA enables managed,
reliable, efficient
connectivity across more
devices. This means
plenty of headroom for
future growth or fewer
APs required to support
existing devices.

ERijagt
no0l

REDUCED
INTERFERENCE

OBSS enhancements
help routers and devices
identify local traffic and
tune out noise from
other networks.

IMPROVED
SECURITY

Wi-Fi 6 uses new
WPA3 security
features, enabling
next-generation
authentication and
best-in-class
encryption.

n Improved

Protection

DATA

3 FASTER
PERFORMANCE

1024 QAM and support
for optional 160 MHz
channels enable clients
and routers to deliver
best-in-class Gigabit
speeds for the office or
home.

2x2 AC

Wi-Fi 6

RESPONSIVE!

0/ LOWER
~ '] 5% iatency
Wi-Fi 6 helps slash lag
times to give you the edge
you need to win with
OFDMA data management

and OBSS interference
avoidance features.

Increasingly stringent usage (e.g., industrial loT, AR/VR, robotics, cloud gaming)

requirements demand continued evolution



Wi-FiI 6E - 6 GHzZ

Brazil

B Adopted 5925-6425 MHz B Adopted 5925-7125 MHz
M Adopted 5925-6425 MHz, Considering 6425-7125 MHz
B Considering 5925-6425 MHz
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https://www.wi-fi.org/countries-enabling-wi-fi-in-6-ghz-wi-fi-6e



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

Wi-Fi 7

P802.11be project goals* Targeted usages

Amendment to 802.11, building on 17ax
Maximum throughput of at least 30 Gbps
Frequency range: between 1 & 7.250 GHz

Improvements to worst-case latency & jitter

E & & O @ =@
= PN 0§ 4 T
= o> B 8

Target timeline

July 2018 May 2019
EHT SG @ Today
Spec. framework document
May 14 mo Sept  Nov
2019 2020 2020

D0.1-D1.0 |

May 2024

PBOZ.11be

01.0-D5.0 D5.0-Pub

i}
7

75 years .
L Mov Ll May
2023 2024

* hittpeSfwwrw ieee802 org/ 11 /PARS/PROZ_11be_PAR_Detailpdf




Wi-Fi /

Q) 3= o N
| I f ~ P
L L ]
User Experience Data Rate Spectrum Efficiency Network Energy Efficiency Connection Density

Key Enhancements

320 MHz channels Multi-link operation
4096-0AM Multi-AP operation
16 spatial streams Deterministic low latency

Multi-RU (puncturing)

o ®

Peak Data Rate Cost Effective Area Capacity Low Latency

inef2020, Feature et and ther specification are subject to change



Wi-Fi 6 vs Wi-FI /
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Wi-Fi 7 vs. Wi-Fi 6 data rate comparison
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QAM Wi-Fi 6 vs Wi-Fi 7

802.11be



[EEE 802.11



Historic Wi-Fi Developments

=/

~

191

1973

8

1985

1990

1993

1997
802.11 -2 Mbps

1he History
of Wi-Fi

The Presentation

First pubfic demonsiration of ALOHAnRet, a wireless packet data network
aperating on UHF (Ultra High Frequency) radio waves connecting 7 com-
puters spread across four islands without phone lines.

Network Standard

Initiated by Bob Metcalfe of Merox Palo Ao Research Center
= Memdo about Ethernet network standard for connecting compuiers.
* This was the beginning of a central standard for connecting comput-
ers rather than separie proprietary solutions.
= Setine stage for a similar wireless standarnd.

Open Network Use
= Federal Communications Commission. Amenca's
Telecom reguialon, opens the ISM (Industrial, Science, and Medi-
cine) Band of the \Wireless spectrum for use in
commumications without a govemment license.
= The frequencies inciude 900MHZ, 2.4GHz, and 5.8 GHz, which
are still commonly used today.

The Father of Wi-Fi

The IEEE 80211 Working Group for wineless LANS s founded. 1t is led by
Vie Hayes wha is sometimes known as the “Father of Wi-Fi~.

Public Hotspots

The concept of a public access Local Wirskess Metwork is introduced by
Henrik Sjadin. The termn hotspot wouldn't be coined wntil 1888.

Source: Mercku.
Wi-Fi:

The Definitive
Guide



1999 ¢
802.11b - 11 Mbps

2003 ¢
802.11g - 108 Mbps

£

2005 ¢
802.11e - 108 Mbps

2009 ¢
802.117n - 600 Mbps

2010 ¢

2014 ¢
802.1ac - 1.7 Gbps

2015 ¢

e

Historic Wi-Fi Developrents:

The Wi-Fi Alliance

The Wi-Fi Alliance is founded as non-profit trade
association working for universal compatinility and

Spectrum Increases
* The Word Radic Conference aliocates the 35Hz band of radio
specirum for wineless access devices.
* The Galypso Wireless G1250i phone is announced as the first
phone o aliow both cell phone and Wi-Fi ViolP cals.

100 Million Chipsets

Wi-Fi chipset shipments top 100 million annually.

The 1 Billionth Chipset

The 1 billionth Wi-Fi chipset is soid.

1 Million Hotspots

1,000,000 Wi-Fi hotspois are esiimated to be aclive
woridwide.

802.11AC Router

D-Link releases the first portable B02.11ac router.

10,000,000 Hotspots

710,000,000 Wi-Fi hotspots are estimated 10 be active
wordwide.

2019
\ .

802.1ax - 3.5 Ghps

]

Source: Merckul.
Wi-Fi:

The Definitive
Guide
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I[EEE 802.11 Working Group

IEEE 802
Local and Metropolitan Area Networks
Standards Committee (LMSC)

802.3
CSMA/CD
Ethernet

802.15 802.16
Wireless Wireless
Specialty = Broadband
Networks

802.11
Wireless
WLAN

802.19
o-existence

802.22
Wireless
Regional

802.24
Vertical
App.
TAG




Iniciativas IEEE 802.11

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

v'802.11ay — Support for 20 Gbps in 60 GHz band
v'802.11be — Extremely High Throughput

v'802.11az — 2nd generation positioning features
v'802.11ba — Wake up radio. Low power loT applications.
v'802.11bb — Light Communications

v'802.11bc — Enhanced Broadcast Service

v'802.11bd — Enhancements for Next Generation V2X



Geracoes WiFi - 2019

802.11n 802.11ac

O 9

| 1l

S aweaws

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



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

1999
802.11b was released / “

2003
802.11a was released / “Wi-Fi 27

2003
802.11g was released / “

2009
802.11n was released / “

2014
802.11ac was released / “Wi-Fi 5”

2019
802.11ax was released / “Wi-F 6”

2020
6GHz Wi-Fi was released / “Wi-Fi GE”

Est. 2024
802.11be estimated release/ “Wi-Fi 7"




Wi-Fi 4 -> WI-FI 6

Launched in

2007

Max data rate:
~600 Mbps

=) Wi-Fi 4
@

Up to 4x4
MIMO, 40 MHz 2.4 and 5 GHz

channels, 64- g
QAM operation

Based on IEEE
B802.11n

~Wi-Fi 5
@,

Based on IEEE 802.11ac
5 GHz band operation

Up to 8x8 MIMO, DL MU-
MIMO, 80 MHz and 160
MHz channels, 256-QAM

Max data rate: ~7 Gbps

Launched June/2013

(P Wi-Fi 6
86

Based on |IEEE 802.17ax

24,5, 6 GHz band

operation

OFDMA, UL and DL MU-
MIMO, target wake time
(TWT), 1024-QAM

Best-in-class WPA3 security
Max data rate: 9.6 Gbps

Launched Aug/2019

Wi-Fi 6E

= Extends Wi-Fi 6 with 6
GHz band operation*

» |aunching Jan'2021



Wi-FiI 6
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WIFI6
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802.11ac

(Wi-Fi 5)
Frequency bands 2.4 GHz and 5 GHz only 2.4 GHZ, 5 GHz,
5 GHz 6 GHz
Channel size (MHz) 20, 40 20, 40, 80, 80 + 20, 40, 80, 80 +
80, and 160 80, and 160
Frequency multiplexing OFDM OFDM OFDM and
OFDMA
Subcarrier spacing 312.5 312.5 78.125
(KHz)
OFDM symbol time (ps) 3.2 3.2 12.8
Guard interval (us) .04 or .08 .04 or .08 .08, 1.6, or 3.2




802.11n 802.11ac 802.11ax
(Wi-Fi 4) (Wi-Fi 5) (Wi-Fi 6)
Total symbol time (ps) 3.60r4.0 3.6 0r4.0 13.6, 14.4, or
16.0
Modulation BPSK, QPSK, BPSK, QPSK, BPSK, QPSK,
16-QAM, 16-QAM, 16-QAM,
64-QAM 64-QAM, 64-QAM,
256-QAM 256-QAM,
1024-QAM
MU-MIMO N/A DL DL and UL
OFDMA N/A N/A DL and UL



OFDM VS FDM

Wireless transmissions compared

How orthogonal frequency-division multiplexing (OFDM), standard frequency-division
multiplexing (FDM) and single-channel wireless transmission compare.

ML JUUL L

OFDM FDM Single-channel
Subchannels overlap Subchannels do not overlap One channel/band uses
all available bandwidth

1COMS: HADINHOMGETTY IMAGES ©2001 TECHTARGET. ALL RIGHTS REsERveD  TechTarget



802.11n/ac 20 MHz channel — OFDM subcarriers

R

64 suhcarriers per 20 MHz channel
~~...__ (52 data subcarriers, 4 pilot subcarriers, \
~~~~~~~~~~ _ Bunused subcarriers) ]




TRANSMISSAO OFDM

. 80211n/ac AP

il

Subcarriers

802.11n/ac clients

Channel width

B Client1

Client 2

B Client3
B Client 4
Clienth

Client 6



ESPACAMENTO ENTRE SUBPORTADORAS

802.11a/g/n/ac subcarriers

312.5 kHz

802.11ax subcarriers

WLl 78.125 kHz




TRANSMISSAO OFDMA

Subcarriers

Wi-Fi 6 AP

limea

Wi-Fi 6 clients

Channel width

B Client1
Client 2
I Client3

- Client 4
Clienth

Client6



Block diagram of OFDMA downlink transmission

Channel 1 [
User J User 1

—>»| Mapping

: G‘S—D FFT |y P 4\( :

. insertion
'l' | ]
User K , Channel K
—»| Mapping
User K

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



Block diagram of OFDMA uplink transmission

Channel 1

User 1 Mapping | IFFT . CP_ ji‘
' insertion

_ BS
- Channel K
User K . CP
Mapping > [FFT »

insertion

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

HPA

»| Deinterleaving

Demapping+

Y

FEC
Decoder

FEC Interleaving+ > IFET > Gl PP Symbol A 1Q
—> > AT NG e wave .
codert mapping \\,; ‘> addition \\;shapping > Mod.
AGC Amp
o NN \ \
“:; 3 ®_>D_> 1Q Remove| | ppr |
l Det. Gl \\;. \\;

LNA

Rx Lev. Det.

DA

AFC

Clock recovery

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




OFDM VS OFDMA

OFDMA: Orthogonal Frequency-Division Multiple Access

OFDM OFDMA
h e User 1 o e User 1
(o)
e User 2
Oko - Dh Q.-

- Overhead - Amortized between users

- Efficient use of resources
User 3 . .
- Scales resources for different traffic mix

- Increases overall efficiency

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



OFDM VS OFDMA

Multi-user OFDMA compared with single-user OFDM
3x higher throughput for short packets or multiple clients

+  Each frame is

transmitted across the
full channel

+ Each fransmit

opporiunity requires
contention

* Long frames & low-rate

transmissions cause
delays (latency-jiter)

« Each frame is allocated

a fractional channel

* One tx opportunity for

multiple frames

* Latency can be

managed by the AP

17




Wi-FiI 6E - 6GHZ

5925

U-NII-8
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60 x 20MHz

29 x 40MHz

14 x 80MHz

7 x 160MHz

(3 or 6) x 320MHz

[



GRUPOS DE RECURSO (RESOURCE GROUPS)

% 26 26 26 13 13 26 26 26 26

52 52 92 52

106 106

242

20 MHz



Resource Units and Wide Channels

Resource Units
RUS RMHE [AMHz  (ERMKE  |lROMHE (g sape

996 (2x) n/a n/a n/a 1 client 1 client
subcarriers

n/a n/a 1 client 2 clients 2 clients
n/a 1 client 2 clients 4 clients 4 clients
1 client 2 clients 4 clients 8 clients 8 clients

2 clients 4 clients 8 clients 16 clients 16 clients
4 clients 8 clients 16 clients 32 clients 32 clients




TRES 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
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Downlink MU-MIMO —4x4:4:4:7.
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OFDMA VS MU-MIMO

OFDMA MU-MIMO

Increased efficiency Increased capacity
Reduced latency Higher data rates per user

Best for low-bandwidth  |Best for high-bandwidth
applications applications
Best with small packets Best with large packets




OBSS — Overlapping basic service set

Channel 11




OBSS interference caused by client




BSS COLOR

Intra-BSS

Inter-BSS



INTER-BSS




TARGET WAKE TIME

| (( il
; /, Clients and AP negotiate a scheduled wake-up time

@

Wi-Fi 6 AP (( U

Wi-Fi 6 l1oT devices

H/ TWTtr'Ugerl TWT trigger l

&: ))) Client #1 sleeping Client #1 sleeping

Client #1 wakes and transmits data

@’)) Client #2 sleeping

Client #2 wakes and transmits data



OUTROS

* Seguranca

Wi-Fi Protected
Access (WPA)

Wi-Fi Protected
Access Il (WPA3)

Wi-Fi Protected
Access Il (WPA?2)

802.11 Ratification
Wired Equivalent
Privacy (WEP)



DUVIDAS?

SERGIO TAKEO KOFUJI
KOFUJI@USP.BR
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