-:-..--f-x :
/ " Benopycckne obnayHble L3 MexxayHapogHbi Coto3
beCI.nud @9 KIyHapoy

\ / N, 74

benopycckui rocygapCcTBeHHbIN
YHUBepcUTeT MHPOPMAaTUKN U

TEXHOoornm OnNeKTpoCBsA3n
panuo3neKkTPOHNKN

I/J‘ )))

«BHegpeHune HoBbIx nokoneHnu Wi-Fi 6/7/8»

Bagum NockakyxmnH, Skcnept MexayHapogHOro coro3a arneKkTpoCcBs3H,
TexHndecknn anpektop Ubiquitous Wireless LLP
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1997 1999
CraHpapTt Prime  802.11-1999
® ®
2004
802.11h
Wi-Fi 3 a0,
AononHeHuA

2003
802.11g

K CTaHAApTY

IEEE 802.11 Standards Timeline

2007 2012 2016 2021 2024
802.11-2007 802.11-2012 802.11-2016 802.11-2020 802.11-2024
[ ] ® L ] ®
2011
5005 802.11v 2024
802.11u B02.11az
802.11e 802.11s 2018 802.11bb
* 4 802.11aj 802.11bc Wi-Fi 7
802.11aq TCRLTY
. 2010 802.11ak L802.11be 3
Wi-Fi 4 so211p .. _ 2014 ° ,
802,112 Wi-Fi 5 so2.11af 802.11bg
™ * 802.11bh
Saiia Wi-Fi 6 #0711
e . o 802.11me
2008 ° 2012 2021\ !

802.11k 802.11aa 2016 802.11ax

802.11r 802.11ad 802.11ah y

802.11y 802.11ae 802.11ai 802.11ba

® o o ®

Source: https://grouper.ieee.org/groups/802/11/Reports/802.11_Timelines.htm
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802.11b) 802.11a 802.11g 802.11n 802.11ac 802.11ax 802.11 be
1999 1999 2003 2009 2014 2021 2024

Wi-Fi 1
2.4 GHz

Channel Width 22 MHz

Spatial Streams 1

1,2, 5.5, 11 Mbps

Z
o

i QPSK
Subcarrier Size n/a
Symbol Duration [JE!

n/a

No

® O )
c ng: 8 ®
2 a ) 2
o = 1) o
5 O [V 3
=3 g' 8 (9]
(1] = <
s 2
—_ o
=
=z
(o)

Wi-Fi 2
5 GHz

20 MHz

1

Up to 54 Mbps
No

No

64 QAM

312.5 kHz
3.2us

0.8 us

No

Wi-Fi 3
2.4 GHz

20 MHz

1

Up to 54 Mbps
No

No

64 QAM

312.5 kHz
3.2us

0.8 us

No

Wi-Fi 4
2.4 GHz/5 GHz

20/40 MHz

4

Up to 600 Mbps
Yes

No

64 QAM

312.5 kHz
3.2us

0.8,0.4 us

No

Wi-Fi 5
5 GHz

20/40/80/160 MHz

8

6.933 Gbps
Yes

DL

256 QAM
312.5 kHz
3.2us

0.8, 0.4 us

No

Qes

Wi-Fi 6 Wi-Fi 7
2.4 GHz/5 GHz 2.4/5/6 GHz
20/40/80/160 MHz 20/40/80/160/320MHz
8 16
9.607 Gbps Up to 40 Gbps
Yes Yes
DL&UL DL&UL
624 QAM 4096 QAM \
78.125 kHz 78.125 kHz
12.8 us 12.8 us
0.8,1.6, 3.2 us 0.8,1.6,3.2us

Yes )
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IEEE 802.11 ana ITS n V2X WiGig (IEEE 802.11ad)

IEEE 802.11p (2010)

\

DSRC
IEEE 802.11bd ITS-G5(2016)

N4

DanbHeiwan 3sonouuUA

Crangapt 802.11p 802.11 bd

YactoTHbI gnana3oH 5,85-5,925 My 5,85-5,9251Ty

WnpwuHa kaHana 10/20 Ml'y, 10/20 MI'y,

3agepxka <100 mc (cpegHsas) 0,5-10 mc (Ha paccTosHUM
300 m)
10-100 mc (Ha paccTosiHUK
0,3-2 km)

[anbHocTb ~1 Km ~2 KM

. 500 /- < 500 kM4

CKOpPOCTb

(KOROCTBMISRERAMN _ 1 5 | 165,17/c ~15-23 M6uT/C

OaHHbIX

B HacTosALLee Bpemsa nayT cnopbl o Bbibope
TexHonormm gna ITS mexay |IEEE 802.11 n ITS 58.32 60.48 62.64 64.80 66.96 69.12 GHz
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MpucytcTByeT perynanposaHue B PP B Pesontounun 229 «Ucnonb3oBaHme Nosaoc 4actoT
5150-5250 Mru, 5250-5350 Ml'y 1 5470-5725 Mly, noaBUXXHOM cay>K6oi ana

BHeApeHUA cuctem 6ecnposoaHOro AocTyna, BKAOYAaA I0Ka/ibHble pagnuoceTu
B oTaenbHbIX

cTpaHax,
Wi-Fi HaLow Monocsl Monocol Nonocsl KOHKypeHuua

802.11ah SRD SRD SRD cIMT

5725- 5925-
5850 6425
My Mu
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CWIA

EBpona&
AnoHua

Kutau

EA3C

I'Ipouasop,menu NbITAOTCA Yy4eCTb Pa3Hbie ycaoBUA C UCNoJZib3oBaHUeM reoJsiokauuu, npocnywuinBaHmnAa OKpyxKakowux
TO4YeK AoCTyna unaum cneuyunasibHbimum permoHa/ZibHbiMUM NPoOLWLNBKaMU

5250 5350 5470

He
i

9UUM 1 BT, BHe
nomeLleHum

UMMM

5250 5350 5470

AUUM 200 mBT,
BHYTPU NOMeLL,EeHUNH

AINNM

5250 5350 5470

3UUM 200 mBT,
BHYTPU NOMeLL,EeHUt

5250 5350 5470

3UNM 100 mBT

He pasp

Kak npaBuio Ha HaUMOHANbHOM YPOBHe Be3ae n

5725 5850
" UM
He NoMeLLeHui
5725 5850
He nomeLleHUn He pa
5725 5850
UM
pelieHo
5650 5725 5850
3UMNM 100 mB

erca TpeboBaHMe BHYTPU NOMeELLEHUI

Bo3MoOXXHble HeCOOTBEeTCTBMA NO NO0CaM UIU NO MOLLHOCTAM
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dparmeHTUpOBaHHOE UCNONb30BaHUE

Cutyauua BoO MHOrux cTtpaHax P1 ﬁ

5925 6425 7125

Bo MHOrMX CTpaHaxX pelleHUA He 3aKpenaeHbl

5925 6425 7125
. . Mpo6nembl
I ‘ 3KoCcUcTtembl B
Espone

Kutait ucnonbsyer Bcio nonocy nog, IMT

C——

CLLUA v pag apyrux cTtpaH sbigenunn gna Wi-Fi

N y

HeycTonaBwanaca npakTuka y npoussoguteneii

bAOKMpoBaHMe Yepes recsIoKauuio I

brnokuposaHue no |IP-reonokaumm

BnoKMpoBaHWe Ha OCHOBE NPOCAYLINBAHMUA
COCEeZIHUX TOYEK A0CTYNa

BNOKMpOBaHUE Ha YPOBHE MNPOLINBOK

|

MeaneHHoe NPOHUKHOBEHNE 060pYA0BaHMA C NOAAEPKKOM
5925-6425 MIu (Wi-Fi 6E) Ha pbiHKe pernoHa CHI.
TpebyeTcs bonee YeTKan perMoHasibHas No3nuuA.
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1
Unwanted RLAN CBTC Blocking
Emissions into CBTC

YHuKanbHan ana EBponbl npobaema nomex B
cuctembl Communication Based Train Control(CBTC) Maximum mean e.i.r.p. density for out-of-

PeweHuna ECC(20)01 B8 2020 roay
Low Power Indoor (LPI) WAS/RLAN devices

band emissions below 5935 MHz e

Very Low Power (VLP) WAS/RLAN devices

Maximum mean e.i.r.p. density for out-
of-band emissions below 5935 MHz

<

CBTC
S/
7
N

-45 dBm/MHz

S
>

o
>

NepecmoTtp PeweHunsa ECC(20)01 8 HoAbpe 2024

5725

150 MHz

ISM band (License-free)

5850

Maximum mean e.i.r.p. density for out-of-

- *
band emissions below 5935 MHz e

75 MHz

*VLP devices shall first attempt to select a frequency block above 6105 MHz
when initiating a communication session. Alternatively, where no such
mechanism is implemented, then a maximum mean e.i.r.p. density for out-of-
band emissions of -45 dBm/MHz below 5935 MHz applies.

ITS band

5875 5925 5975 6425
Frequency (MHz) —
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Cucrtema CKOOpAUHUPOBAHHOIO AMHAMMUYECKOro
aoctyna 8 CLLUA gna nonocbl 6425-7125 MTly,

Automated Frequency
Coordination (AFC) System

FCC Universal Efficient

. . spectrum
Licensing utilization
Database

Lower
access
cost
.Max power
transmission
APIE_),  flexibility
location, ; 7= Allowed :
~
etc. ® channels
Improved
and power range

o ©°°

[ Standard Power AP ]

—

PaccmatpuBaeTca BO3MOXKHOCTb
MCNO/b30BaHMA B APYrMX CTPaHaxX AN
nonocbl 5925-6425 Mluy ana 3awmTobl
paguopenenHbIX IMHUIA U gpPYyrux cuctem

distance (m)

5,000

[=]

-5,000

Urban results: outdoor RLAN @17 dBm/MHz
T T T T T

==Threshhold Contour (I/N=-10dB)
== Threshhold Contour (I/N=-20dB)

———  ———

Results

Minimum separation distance (-10)=900 m
Maximum separation distance (-10)=24200 m
Minimum separation distance (-20)=900 m
Maximum separation distance (-20)=31700 m

|
1 15 2 25 3
distance (m) x10*

distance (m)

Rural results: indoor RLAN @17 dBm/MHz
T T T

5,000

(=)
T

I I
== Threshhold Contour (I/N=-10dB)
== Threshhold Contour (I/N=-20dB)

Results

Minimum separation distance (-10)=1300 m

Maximum separation distance (-10)=28200 m

Minimum separation distance (-20)=4000 m
36000 m

Maximum separation dstance (-20)=

-5,000

0.5 0

1
1 15 2 25 3 35 4
distance (m) «10*
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My6aunyHblie KOHcynbTauum No BHegpeHuio AFC B
nonoce 5925-7125 Mrly B BenukobpuraHumu

Enabling automated
frequency coordination
(AFC) in the 6 GHz band

Tekywme nccnegosaHma B nonoce 5925-6425 Mry 8 pamkax CEPT

Consultation

Published 9 January 2026

Closing date for responses: 20 March 2026

For more information on this publication, please visit ofcom.org.uk

Table 2: Device Class and Maximum Transmit Power

Mean EIRP Power

ECC Report

Sharing and compatibility studies related to higher power
Wireless Access Systems including Radio Local Area
Networks (WAS/RLAN) in the frequency band 5945-6425
MHz

. d Mean EIRP
Device Class Frequency Ban Limit Spectral Density Limit
Standard Power Access Point
under the control of a dynamic | 5925 — 7125 MHz 36 dBm 23 dBm/MHz
spectrum access service
Fixed Client Device under the
control of a dynamic spectrum | 5925 —7125 MHz 36 dBm 23 dBm/MHz
access service
Mobile Client Device under the
control of a standard power 5925 — 7125 MHz 24 dBm ! 11 dBm/MHz *

access point

Notes:

1. These devices must also limit their power to be equal to, or less than, their associated standard
power access point’s authorised maximum power level.

This Report describes the technical conditions necessary to enable the possible implementation of a dynamic
spectrum access coordination function for Wireless Access Systems including Radio Local Area Networks

(WAS/RLANS) in the 5945-6425 MHz frequency band, b b r ECC Decision (20)01
[10], for use of WAS/RLAN equipment in a range of powef levels up to 4 W e.i.r.p.

The Report assumes the technical protection requirements of incumbent services will be administered through
an appropriate database system accessible by the WAS/RLAN device that has a Dynamic Spectrum Access
Coordination Function (DSACF). Upon interaction with the database, the higher power WAS/RLAN device

would be provided with a list of available frequencies and associated maximum power levels to use at its
specific location.

The Report describes recommended methods for determining higher power of WAS/RLAN devices, as well as
their impact on the incumbent services in the 5945-6425 MHz frequency band (Fixed Service (FS), Fixed-
Satellite Service(FSS)) and in adjacent bands (Radio Astronomy Service (RAS), Urban rail Communication
Based Train Control (CBTC), Road Intelligent Transport Systems (ITS)), with respect to what the current
framework allows.
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Beamforming

ZE

Target Wake Time

Downlink Multi-User MIMO OFDMA

L0 =

160 MHz Channel Bandwitdth

[20'm M m) N
—= - N

HED

Longer symbol duration

8 Spatial streams

Bss Coloring
chy g (b 4
i

EH:I]
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320 MHz Channel

AVVVVVVVVVVVVYY - 20 MHz
[V VVVVV 40MHz

[ \ \ V | 80 MHz
[ \ \ 160 MHz
[ | 320 MHz

Multi-Link Operation

Multi-Link AP

PHY2

4K QAM

Multi-RU Allocation

Multi-Link STA

Link 1 ))) -

PHY2

RU-484 RU-242 g

Enhanced OFDMA

Tri Band Support

Preamble Puncturing

Without Preamble Puncturing

/ \

User-1 User-2 User-3 I,-’ Wasted Channels H\

With Preamble Puncturing

Interference Usable
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. Avg. 90% CU
» 40MHz

- WMM Won’t meet
10ms

+ R-TWT required for
1mS 99.9%

NcmoyHuk: Qualcomm

300

250

200

150

Latency (ms)

100

50

No QOS

Latency vs. mode

WMM - Wi-Fi Multimedia, pexxum npuoputesaumnmn Tpaduka;

MLO - Multi-Link Operation, pexum ncnonb3oBaHusA cpasy
HECKO/IbKMX NOJIOC;

TUA - Triggered Uplink Access ana gucnetyepmusaumm Tpaduka;

R-TWT - Restricted Target Wake Time, 6onee npoaBUHYTbIN
MeXaHU3M AucneTyepusaumm AoCTyna K KaHany.

QOS (WMM) R-TWT

B 90%-ile M 99%-ile M 99.9%-ile
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é 2) []

Slave Gateway

g [ o[ &

n; -0*- ::::poom .0- '))) =
Slave Gateway

OLT ODN Master Gateway ODN

=P
Saye Gateway
|‘ FTTH, Fiber to the home + FTTR, Fiber to the room + WiF1 access ’l

BcTpoeHHble mexXxaHn3mbl
60pbbbl C nOMexamu ot
cocegHUX TOUYEK AoCcTyna
(B npeabiaywmnx Bepcuax

Wi-Fi tpeboBanucob
Aoporocroauwue
nponpuetapHblie

pelweHuns)
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PaclimpeHne BO3MOXKHOCTEN B TPAaAULNOHHDbIX BO3MOKHOCTb NPOAOIXKUTD KOHKYPUPOBATb C YaCTHbIMMU

cdepax npumeHeHuna Wi-Fi cetAMU 5G B NPOMbILLNEHHbIX MPUMEHEHUAX
*  ABTOHOMHblIe MOBUNbHbIE Po6OTHI (AMR)
=1 « ABTOMatnyecku ynpasrnsiemble Tenexki(AGV)
El0n |
 Bwupeo aHanutuka ana AMR
ARNVR Whole-Home Gaming *  ABTOMOBGUIIBHbIE NPUMEHEHUS
Video Distribution

Speed ©©

atency oo
Determinism €&

* KoHTponnepsbl 6e3onacHoOCTH
« [1aTyuKm n ceHcopsl

a3’

e * [IpombiwneHHble npumeHeHns AR/VR/XR

Telemedicine Offices

Training Education Venues
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ExxerogHble noctasku moayneit Wi-Fi
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A D O DN DA
Ry

M Units

MporHo3 nocraBok mogynen Wi-Fi c nogaepKkou
Pa3/INYHbIX BEPCUMA

WiFi Market Forecast by Standard, 2019-2027
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CpaBHeHue ¢ nocnegHumu nokoneHnamm Wi-Fi

Maximum Channel

Bandwidth (MHz) 160
Frequency Bands (GHz 24,5and 6
1200Mbps * 8
Max PHY rate ~9.6Gbps
Modulation 1024 QAM
Spatial Streams 8
MU-MIMO UL & DL
_ Individual,
Target Wait Time broadcast

OFDMA
(# RU per STA)

Multi-Link Operation

Yes (single)

Multi-AP Coordination

DSO/NPCA
dRU
|EEE Standard

11ax

UcmoyHuK: Mediatek

320

24 5and 6

2880Mbps*8
~23Cbps]

4096 QAM
8
UL & DL

Restricted

Yes (multiple)

Yes

1be

320

24 5and6

2880Mbps * 8
~23Cbps

4096 QAM

8

UL & DL

Coordinated

Yes

(multiple)

Yes
Yes
Yes
Yes
11bn

Multi-AP Coordination (cHuxeHue nomex)

0 N
7o B
¥ ‘

Y

Default Tx power

Adjust Tx power

Dynamic Sub-channel Operation (ontumusauns kaHana)

S160 DSO = DbL M%:’;?:QSTAZ
AP _ Beacon/Probe/ Initial '&'
— New control frame C:rl;:“r:l g LRSS
0OnP160
i STA 2 switch to S160
S160 — sIJE‘()2 BASTAszlso
STA _ Beacon/Probe/ Response frame o
New control frame [t STA1

P160 — | STAL2 DSO STA1

P160 Response frame BAonP160
Capability

handshake

Initial control sequence

Data transmission sequence

Distributed resource units (nosbu.uel-me p,anbl-locm)

Power (with offset for RU identification)

-128 -112 —96 -—80 —64 -48 -32 -1 6
Subcarrier index

Nine 26 tone Distrlbuted FlUs over 20 MHz
, T T

¥ I I L I L LiL o a o
L A EEEEEY LA J'L A AL ﬂ ‘L J\ A 4'
é"lk_ﬂ_ﬂ_."._.l._h_.” rlh_JLA.L_.r‘;JL_J‘_.,"._JU;J“ 'n‘ Ji ‘q._J.._J L LJ |
U O
| b Ao b A A AR AL
JLQL“LLULLLLJ_JLLL“ P N VO Y Y Y O P

o] 16 32 48 64 80 96 112 128
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COOCRDINATED TDMA (Co-TOMA)

Tronsmit Opportunity
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Transmit Opportunity

Multi-AP Coordination

COORDINATED RESTRICTED TWT (Co-RTWT)

Latensy-s At

COORDINATED BEAMFORMING (Co-EF)

Tranamit Opportunity

Poford

XeHpoBep

Wi-Fi 8 Single Mobility Domain



OtpenbHbiv ctaHpaapt IEEE 802.11bf

Fall detection

Monostatic

TX/RX | e O Target
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SNpo
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\
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Ly
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T _A(mr
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e
~ OA'SSWIShorT SSW
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N 4‘
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= A
Activity recognition
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Gesture control

-
-
-

Imaging

- 3€N5INQ specific DMG
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e NON-3eN3iNQ Specific
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burst burst £
E . —— 2§ %
H 1N
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