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Next-Gen Wi-Fi, ,./ — ‘, . L
for All You Need | == ﬂ |
AX6000 802.11ax Wi-Fi Router ~

I~ \ ‘

RO

« ASUS RT-AX88U (Wireless
802.11Ax Dual Band AX6000
Roufer) (Oct.18)

4 antennas: 2.4 GHz 4x4, 5 GHz 4x4
— 20/40/80/160 MHz
— OFDMA, 1024-QAM

— 802.11ac (5GHz) : up to 4333 Mbps
802.11ax (2.4GHz) : up to 1148
Mbps
802.11ax (5GHz) : up to 4804 Mbps

Samsung Galaxy $S10 (Mar.19)
Samsung Galaxy $20 (Mar.20)

Samsung Galaxy Note 20 (Aug.20)
— Wi-Fi 802.11 a/b/g/n/ac/ax (2.4/5GHz)
— 80MHz, MU-MIMO,1024QAM
— Up to 1.2Gbps DL/UL

Apple iPhone 11/11 Pro (Sep.19)
— Wi-Fi 802.11 a/b/g/n/ac/ax (2.4/5GHz)
— 2x2 MU-MIMO
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@ Mobile (46% CAGR)

@ Fixed/Wi-Fi from Wi-Fi-Only Devices (18% CAGR)
B Fixed/Wi-Fi from Mobile Devices (53% CAGR)
B Fixed/Wired (15% CAGR)
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2019 2020 2021 2022

(Cisco VNI, 2019)
+ 2022'4, Wi-Fi Only Z x| 2] I
E2f= 2 22.9% (18% CAGR),
SDHIY XHK|o] @ =2 E E
E2l=l2 28.1% (53% CAGR)
Ax|, RS S5 EBfT0]|

At d HHe B E HE

2023

HAMA 1.96% USD 3.47%= USD
CHSH = 680 USD 138024 USD
Ol= 49902 USD 99302 USD
= 5402 USD 71094 USD
Tt 4404 USD 6402 USD
9402 USD 1320 USD

1710 USD 2480% USD

*: The Economic Value of Wi-Fi: A Global View (2018 and 2023), Wi-Fi Alliance, Telecom Advisory Services LLC (TAS)
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2) TIG : Topic Interest Group
3) SG : Study Group

(Institute of Electrical and Electronics Engineers)
4) TG : Task Group
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IEEE 802.11ax IEEE 802.11be

IEEE 802.11n  IEEE 802.11ac
(30Gbps 0| &)

IEEE 802.11b  IEEE 802.11g/a
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- 802.11ax - High Efficiency in 2.4, 5 (and 6) GHz bands
« 802.11ay — Support for 20 Gbps in 60 GHz band.
« 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
802.11be — Extremely High Throughput in 2.4, 5 and 6 GHz bands
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802.11 MAC + derivatives

™ = AICH

HEZS 98 * Physical (PHY) layer

'CToﬁfﬂ — Both AI; and associated stations use the same frequency (similar to TDD
ks system

— Default channel bandwidth = 20 MHz for 2.4 & 5 GHz

— Multiple transmission rates with different combinations of modulation &
coding schemes (MCSs)

 Medium Access Control (MAC) layer
— Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA)

— Transmit only if channel is idle (Listen Before Talk)
— Gradual enhancements for each generations
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IEEE 802.11n fo 11be

Frequency bands [GHz]

Channel widths [MHz]
OFDM numerology

OFDM symbol duration

Modulations

Forward Error
Correction

MU transmissions

OFDMA (RU sizes,
subcarriers)

MU-MIMO stations
Max. throughput

2.4, 5 GHz

20, 40

64 tones / 20 MHz

3.2 us
(Gl =0.4/0.8 ps)

BPSK, QPSK,
16/64-QAM

BCC mandatory,
LDPC optional

SU-MIMO

Up to 4 STAs (4SS)
600 Mbps

5 GHz

20, 40, 80, 160(80+80)

64 tones / 20 MHz

3.2 s
(Gl =0.4/0.8 ps)

BPSK, QPSK,
16/64-QAM,
256-QAM

BCC mandatory,
LDPC optional

SU-MIMO
DL MU-MIMO

Up to 4 STAs (8SS)
6.933 Gbps

IEEE 802.11n (HT) IEEE 802.11ac (VHT) IEEE 802.11ax (HE)
-High Throughput - Very High Throughput | - High Effeciency

2.4, 5 and 6 GHz

20, 40, 80, 160(80+80)

256 tones / 20 MHz

12.8 us
(Gl =0.8/1.6/3.2 ps)

BPSK, QPSK,
16/64/256-QAM,
1024-QAM

BCC mandatory,
LDPC mandatory

DL & UL SU/MU-MIMO
DL & UL OFDMA

26, 52, 106, 242, 484,
996, 2x996

Up to 8 STAs (8SS)
9.607 Gbps

WiF4  |wems  |wiRe (w7

IEEE 802.11be (EHT)
- Extremely High Thput

2.4, 5 and 6 GHz

20, 40, 80, 160(80+80)
320(160+160)

256 tones / 20 MHz

12.8 us
(G1=0.8/1.6/3.2 ps)

BPSK, QPSK,
16/64/256/1024-QAM
4096-QAM

BCC mandatory,
LDPC mandatory

DL & UL SU/MU-MIMO
DL & UL OFDMA

26, 52, 106, 242,

26+52, 26+106

484, 996, 2x996,
242+484, 484+996, 4x996

Up to 8 STAs (16SS)
Approx. 40 Gbps



Wi-Fi 7: Wider Bandwidth (~320 MHz) Operation
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« High-Throughput Data Pipe in 6 GHz Band

« Hard to find idle 80 or 160 MHz spectrum in the 2.4/5 GHz bands
« Transmit 80/160 MHz wideband signals in the 6 GHz band

« Even larger than 160 MHz data transmission is possible
N « 320 MHz operation in the 6 GHz band
MEE 93t « 80/160+160 MHz across the 5 and 6 GHz bands

ICT EZ9]

sl © Tri-band operation in 2.4/5/6 GHz bands

« Wider bandwidth by multi-channel aggregation across 2.4/5/6
GHz bands

* Use the 6 GHz band mainly for high-throughput data transmissions
 Management frames transmitted in the 2.4/5 GHz bands

6 GHz (new)

2.4 GHz 5 GHz 5.925-7.125 GHz (~1 GHz)
1 e ST - G0
9<_> 43_’_’—, < > Freq.

20/40 MHz

20/40/80/160 MHz 80/160/320 MHz

* Source: |[EEE 802.11-18/0857r0
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« Source: |IEEE 802.11-18/0789r10
« Source: |IEEE 802.11-19/0754r0

Wi-Fi 7: Additional spectrum in 6GHz band

recooman - TN ICTEN N2 Exonde RN
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*Channels 116-144 used for Doppler radar. Channel 132-144 not yet available in USA

6 G H Z b a n d ( U S) **Allowed Power for UNII-1 band increased by FCC from 40 mW to 200 mW in 2014

P 165
© 2013 SecurityUncorked.com

I 1 : 1
G)(V)I\FU)G)O’)I\ﬂ—I.DO)(")I\\—LOO)IO')I\\—LDO)(")I\‘—' L 1
0O OO OO ~—~ NN ANOMMIT T TINLW O OO~ N~ ! 1
— — AN AN ANANNNNNNNNNNNANNNNN N I 1

! | 1

285
289
293
297
301
305
309
313
1317
321
325
329
333
337
341
345
349
353
357
361

I 1
[toXe)) M ODOOOMNS~T WO MM Yo
AP wddmo o 32T &
HNHOMO OO OOT T I 1<

AATATATAYA! WMMMQMMMMEMMDHM
191,199\ 207\ 215)/223\231/239\/247\/255\/263) 271)/279\/287\ /295\/303\/311}/319/327\/335\/343\/351/359\ [367\/375\/383\/391)/399\ /407\ /2 15\ A M

[ 195 \[ 211 227\ 243 \[ 259 \[ 275 \./ 291 \/[ 307\ 323 \[ 339 \[ 355 \/ 371 \/ 387 \/ 403 \-l-
/[ 203 \/ 235 \/ 267 \/ 299 \/ 331 \/ 363 \/ 395 y

429
433
437
441

5935 6095 6255 6415 6575 6735 6895 7055 7215
MHz MHz MHz MHz MHz MHz MHz MHz MHz
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For 5 GHz, two 160 MHz contiguous channels can be provided

For 6 GHz, 3 possible 320 MHz contiguous channels, 7 possible
160 MHz contiguous channels

UNII-5 and UNII-7 requires availability check based on database access



Wi-Fi 7: Multi-Link Operation

GISC2020 . .
el © Synchronization between Multi Bands

— Each band has independent channel access
- Higher channel access efficiency

- ’C\)A%témized throughput with per band individual

« Channel condition and regulatory power limits are
different for different bands

o A

MEEZ QI3

e © Mulli-Link framework to consider the following
oyt aspects:

— Aggregation of packets sent on multiple
bands/channels concurrently

- Addresses the use-case for improving peak-throughput
and reduce latency

— Fast Link Switching

« Seamless transition between different channels/bands
to address the use-case for efficient load balancing,
coexistence constraints, etc.

— Control/Data separation

« Addresses the use cases for efficient utilization of
channel and power-save

A

Synchronized

Band 3

_

Band 2

Waiting |
time

h

Band 1

[

A

Packet arrive

Band 3

Band 1

Band 2 -

BN N

Unsynchronized

* Source: |[EEE 802.11-18/1184r1

Ex. Packet-level Aggregation

Link 1 (CH1)

Link 2 (CH2)

* Source: |[EEE 802.11-19/0823r0
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Wi-Fi 7. Multi-Link Operation Architecture

Common upper MAC
— Single-link interface to higher layer

— Shared sequence # space and BA scoreboard
* Retransmissions need not be on the same link

— ACKs need not be sent on the same link as the
MPDUs

. IS.inkgle BAR can elicit BA for MPDUs sent on any/all
inks

« ACKs can be aggregated with MPDUs on a reverse
link
— Increase BA Bitmap length to 1024
» Accounts for increase in peak throughput

— Management

« Single association (on ‘home’ channel)
— A STA that is idle monitors only the home channel

« Dynamically signal expansion to additional links

Independent lower MAC/PHY instances

— Each link has a MAC instance that performs
link specific functionality independently

+ e.g., EDCA, CCA, sounding, etc

MSDU/AMSDU from a TID

Attach common SN

Common Tx Q
+ Common Seq #

9
) : &,
& 1

X

$ i 3
2 v
N %,
: %,
>3 ! ) ).
MPDU
generation L&‘fé F{X L&Vf(rj lz“x
Lower Rx Lower Rx
MAC 1 MAC 2

MPDU
generation

N
e E
S| —

Common Rx Q

* Source: |IEEE 802.11-19/0823r0



Wi-Fi 7: 16 Spatial Streams

* Source: |IEEE 802.11-18/0818r3
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Global ICT Standards Conference Variation of 10 percentile PHY Rates with pathloss
1600 T T T T T T T

- Spatial multiplexing gain has been a key e
technology driver for 802.11 in the last few

= € = 8Rx UL MU-MIMO with 6 streams
standards cycles

— 802.11ac and 802.11ax extended the benefits further
by adding MU-MIMO

N
(=3
S

1200 [

1000 |-

2]
o
[S]

PHY Rate in Mbps measured at AP

L = ACH : : "
MEZ ot « DL MU-MIMO in 11ac and DL/UL MU-MIMO in 11ax b Ty ]
T EX - Provides substantial spatial multiplexing gains even with F T e
oy STAs having a limited number of antennas  Setup
— UL MU-MIMO

— 2Tx STAs, 16Rx/8Rx AP
— MMSE receiver
— Perfect rate adaptation

« Key observations

Lower spatial Good condition — 2x the throughput of 8Rx UL MU-
number of MIMO

channels seen

Higher angular

Rich Scattering correlation at Tx
e and Rx by 802.11 - :.rlgre;‘qg |1r;c1r<;q§re in throughput
streams




Wi-Fi 7: 4096 QAM
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BRN - |n 802.11, the supported maximum
gradually
. Initially OFDM supported BPSK, QPSK, 16QAM and
. Jii 64QAM
MEZ o3t « 256QAM was intfroduced in 11ac GAM-1024
ICT EZ9|  1024QAM was introduced in 11ax
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 4096QAM has been suggested for EHT

 BF may be the key to support of 4096 QAM
« With BF, 4096 QAM can be supported at lower SNR
* Most BF gain for lower number of streams

QAM-4096
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Wi-Fi 7: Multi-AP Coordination

Coordinated fransmission

— Coordinated nulling

 Signal for a user is only transmitted from one AP
while forming nulls to OBSS STAs

— Coordinated OFDMA

- Efficient utilization of frequency resources across
the network

— Joint (Distributed) MU-MIMO
 Signal for a user is fransmitted from multiple APs

« Data of participating STAs needs to be available at
APs

 MU-MIMO using one giant precoder over the
combined array consisting of the Tx antennas of
all APs

40 MHz

20MHz

20MHz

Blue color spectrum being used by transmissions in BSS1
Green color spectrum being used by transmissions in BSS2

* Source: |[EEE 802.11-18/1926r2



Wi-Fi 7: Hybrid ARQ

* Source: |IEEE 802.11-18/1955r0,

GlSCZOZO IEEE 802.11-18/1979r0
Global ICT Standards Conference
AMPDU 1 AMPDU 2
+
LA MPDU 1 - MPDU 3 MPDU 4 BA MPDU 2 MPDU 5 MPDU 6 BA
HARQ: >
Failed MPDU Retransmitted MPDU 2.

Chase combining: repeated MPDU 2 with same MCS.
IR: More redundant parts of MPDU 2.

RX side need to store the failed MPDU 2 for combining.

* Introducing HARQ in 802.11

7 =28 Al — Improved link performance
M E 2|5} « By combining several retransmissions
ICT EZ9| — Link range extension (improved coverage)
oISt » Particularly at the low SNR region
— Making link adaptation more robust and efficient
« Extended set of MCSs with finer granularity
« Supports operation with reduced backoff (smaller fade margin) in the rate selection algorithm

 HARQ major complexity and cost
— Chase combining (CC)
« Extra memory to store the failed MPDUs.
— Incremental redundancy (IR)

« Additional memory at the Tx side
* More implementation complexity such as modification of existing coding chain.
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Summary

|EEE 802.11be (Wi-Fi 7)

— EHT (Exiremely High Throughput) WLAN
— Supporting at least 30Gbps

— Task Group starts from May 2019

— Final Standard published at May 2024

802.11be Candidate Features
— Increased Bandwidth Transmission (320 MHz)
« peak throughput increase
— Multi-Link Operation
 efficiency and peak throughput increase, latency reduction
— 16 spatial sireams and MIMO enhancements
« peak throughput increase

— Multi-AP Coordination
 efficiency and peak throughput increase, latency reduction

— Hybrid Automatic Repeat Request (HARQ)

 reliability and efficiency increase, latency reduction



