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[Tonynsapxo npo Wi-Fi 6

Anjgpen [lapaMOHOB
UHXXeHep OT/eJsa 6ecipoBOHbIX TexHo0rui Comptek



TpaanumoHHoe paciimpeHue XpoHOMETpaXka npe3eHTaLuu
ncropuen Wi-Fi:

e B 1997 roay In the galaxy far, far away..

e B 1999 roay Lorem ipsum dolor sit amet;

e B 2003 rogy I'm sorry, Dave, I'm afraid I can’t do that

e Long live the King!




3ayeM BoabLue n3obpetath Besocunes, (cHosa)?

[IponycKHbIe CHOCOOHOCTU U TaK 3allKaJIMBaKOT!

Mo>kHO nuxaTh 4 Mb gaHHBIX B OHUH ppenm!
MU-MIMO u Tak ecTb — B 4Y€M cMbIc elé fo6aBassTb OFDMA:?

TexHOJI0OTUY MUJIJIMOH, YEro He XBaTaeT-TO?



3ayeM BoabLue n3obpetath Besocunes, (cHosa)?
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https://gjermundraaen.com/thewifiairtimecalculator/

3ayem BoobiLLe n30bpeTaTh Beslocunes (CHoBa)?
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3ayeM Booowe M306peTaTb BENOCUNEA (cHOBa)?

Bkt Ryt Packet Size Distributio
135 712 754

202620
6651 1413991

Total Multica: t 73 10 541

Tosibko 7,5% dperimoB
JUJIMHHee (BO3MOXKHO), YeM
orpanu4yeHus 802.11g!
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3ayeMm Booﬁme M306peTaTb BENOCUNEA (cHOBa)?

v Network
Total Bytes
Total Packets

F'ktS e Distributio

Total Broadecast I'I 19 675693
Total Multicast 56 1141531

®peiimoB gyinHHee 2048 HeT




Taxk Beab ectb MU-MIMO!

[lepepaem aBa ppenmMa 04HOBPEMEHHO
— 3KoHoMuM 0% BpeMeHu cpa3y!



Taxk Beab ectb MU-MIMO!
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Taxk Beab ectb MU-MIMO!
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MbI 10 cux nop He nepeaany HY e JUHONO
KIMEHTCKOIo buTa, MeXay npoymm!



Hy TaK v 4yt0 Aenartb-1o?
[lepexoautb Ha Wi-Fi 67



I ne Wi-Fi 6 cenyac?

OFFICIAL IEEE 802.11 WORKING GROUP PROJECT TIMELINES - 2019-09-25

IN PROCESS - Standards, Amendments, and Recommended Practices

e Riwom &
Docurmentation Sharsdorts.
e c . Board Final
Session End Snapshol \ ) | sl L | o Final or of
" Finad 80211 | Conditional | Continucus
IEEE Project and Final | Final Doc Progect Authonzation Task Group and | roomarn Incorporated encle edicie pdbcin oo ] Predicied WG B2 EC Process ANS
Dt Ty Reqissl (PAR) Activity W it Baselines BCifc b0 RECife . Appioval Approval Approved
B02 11-2016 010 | 2017-01-08 58%
S02 118-2016 2014-03-27 | D20 | 2017-11-04 8%
poe | @amanaos | AN Gonialy |pio | zoisoror | sk | 20180901 | 208050
|EEE Std PS02. 118 A High Eficiency WLAN Tiax ) 802 1182018 D4.0 | 2018-02-25 9%
B2 1ak-2018
Mé;;;’?'zﬁ"g Fradicied c (+] [+ e [+ Mar 2020 Jul 2030 Sep 2020 Mov 2000 Now 2020 WA
1




I ne Wi-Fi 6 cenyac?
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B yéM npodur, JleboBcku?
Wi-Fi CERTIFIED 6™ key features

Downlink Multi-User MIMO
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Target Wake Time

8 Spatial Streams

1024-QAM



https://www.wi-fi.org/downloads-public/Wi-Fi_CERTIFIED_6_Features_Graphics_0.zip

KoMy 4T0 BbIroaH0?

“MHOro 2aHHbIX, Ma0 KJIMEHTOB”
“Mano paHHbIX, Mano batapen”
“MHOro AaHHbIX, MHOTO KJINEHTOB”




Wi-Fi onsitb cTan beictpee!

802.11ax, MCS9@40 = 229,4 M6/c 802.11ac, MCS9@40 = 200 M6/c
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160 MI'u, (cHoBa?)

5 GHz Channel Allocations
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DFS (no-npexuemy!)

5 GHz Channel Allocations
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DFS HuKTO 0c060 He nbwuT!



DFS (no-npexuemy!)

W3beratb pagapbl. Kak?
Vberas Ha apyroii kavan.  Kakoi?
Kakoil Bblbpan npou3soauTeb.

Monuatb, noKa He YCAbILWMLIb, YTO KTO-TO
ropopur!



DFS (no-npexuemy!)

5 GHz Frequency Spectrum
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DOT11 _UPLINK SCAN: Scanning again in 5 Seconds

Radar detected: cf=5312 bw=4 evt='DFS Radar Detection Chan = 64°'

wcp/dfs :: RadarDetection: radar detected

wcp/dfs :: RadarDetection: sending packet out to capwapd, slotld=l, msglLen=386, chanCnt=1 -64
DOT11 _UPLINK SCAN: Scanning again in 5 Seconds

DOT11_UPLINK SCAN: Scanning again in 5 Seconds

Radar detected: cf=5323 bw=4 evt='DFS Radar Detection Chan = 64°'

wcp/dfs RadarDetection: radar detected

wcp/dfs :: RadarDetection: sending packet out to capwapd, slotld=l, msglen=386, chanCnt=1 -64
Radar detected: cf=5324 bw=4 evt='DFS Radar Detection Chan = 64°'

wcp/dfs :: RadarDetection: radar detected

wcp/dfs :: RadarDetection: sending packet out to capwapd, slotld=l, msglen=386, chanCnt=1 -64
DOT11_UPLINK SCAN: Scanning again in 5 Seconds




OFDMA (Hy HaKoHeL-To, AHAPEHA, AaBHO Nopa, 00bIYHO C
9TOro HayuHatwt pacckasbiatb npo Wi-Fi 6)

(npeacTaBbTe 3/1€Ch KAPTHUHKY C OJHOMOJIOCHOM JJOPOTOM U MHOTOMOJIOCHBIM LI0CCE)

Touka pelraeT, YbU JaHHBIE YJI0XKATCA B
Kaxkabii U3 RU, Kak UX crpynnupoBarh,
Ha OCHOBAaHUU KaKUX KPUTEPHUEB

Figure 28-5—RU locations in a 20 MHz HE PPDU



MU-MIMO (6b110 Xe yxe, HeT?)

[DL] MU PPDU [DL] Trigger [UL] TB PPDU [DL] MU PPDU [UL] TB PPDU
QoS data frame - A-MPDU
(Ack policy : BA) i with MU-BAR Trigger frame
QoS data frame AR B A A-MPDU
MU Ack (UL) (Ack policy : BA) i with MU-BAR Trigger frame
for DL data QoS data frame ame B A A-MPDU
(Ack policy : BA) with MU-BAR Trigger frame
QoS data frame B A A-MPDU
(Ack policy : BA) with MU-BAR Trigger frame
SIFS; A-MPDU from AP can contain Trigger frame SIFS
H ; U I . k'
0 TENEpb eLe 1 Uplink!
[UL] TB PPDU [DL] MU PPDU [UL] TB PPDU [DL] Multi-STA BA
HE TB PPDU (STA1) . BA HE TB PPDU
MU Ack (DL) ) HE TB PPDU (STA2) BA HE TB PPDU
for UL data Trigger Trigger
Frame Frame
HE TB PPDU (STA3) BA HE TB PPDU
HE TB PPDU (STA4) BA HE TB PPDU

g :
SIFS SIFS SIFS: SIFS



Ocrtopo)xHo, Tpurrepbi!

Trigger frame — HoBbIN TUN Control Frame B 802.11

KoHTposinpyeT BCE, 4TO TaK UM UHaYe CBsA3aHO ¢ MU, BHe 3aBUCUMOCTH OT
HanpasJseHus U peanusanuu (DL-OFDMA, UL-OFDMA, MU-MIMO, Beamforming)




Target Wake Time

W2

= z J
Puser 1Y SLEEP SLEEP

@ SLEEP

Kaxablit Cam NPEANOXMT, CKOJIbKN RMV
CNaTh, HO PELMT B UTOTE TOYKA 1 457




BSS Coloring

802.11 AP/STA

Any Signal

CCA-Energy
Detection (-62dBm)
receive
frame’s
RSS/

CCA-Signal Detection

(-82dBm)

RX Sensitivity
Unprotected

BSS: Basic Service Set
OBSS: Overlapping BSS

Possible 802.11ax AP/STA

Any Signal

CCA-ED

Adjustable

OBSS | MYBSS threshold

OBSS | MYBSS
— g

CCA-SD

RX Sensitivity

JlBa NAV — pa3Hoe noBeieHUe NPU 3aHATHUH CPeibl CBOUMU ppeNMaMU U YY>KUMU

dbperiMaMu

Mo2kHO HUI'paTb MOIIHOCTBhO CBOUX KJIMEHTOB

He cnacaeT nosiHocTtbhio oT CCI!



OcTanbHblie MenoyYM

MultiBSS
Yeenuyenue anuHbl cumsona OFDM u Gl
Probe Response Dwell Time — ?



llpaB nu KapaM3un?

BSS coloring, TWT — 802.11ah (2016)

YBenu4yeHne ASIMHbLI CUMBOJIOB
— 802.11p, 2010 roa

MultiBSS — 802.11-2012, uaesa u3 2007
802.16e-2005 — OFDMA, MIMO



llpaB nu KapaM3un?

802166-2005 — OFDMA. MIMO



Toukm ecTb, a 14e KIMeHTbI?

KapHaBaJI CaMCYHI'OB 3aKOHYMNJICA — IIOATATUBAOTCA OCTaJIbHbIE:

Product Nam

Pagno — Quallcom, Broadcom, Intel, Marvell,

FU]TTSU Brand: Fu ing Limitec B® Microsoft

Category:

Cypress
OHM ke — B cnucke testbench-o6opynoBanus:

Product Name: Intel( v 6 AX Product Name
Model Number: 5 Model Number:
Brand: Inf i Brand: Intel
Catego Category:

Last Certified Dat Last Certified Date:

Broadcom® BCM4375
Broadcom® BCM43698

Broadcom® BCM43684

Cypress CYW 89650 Auto-Grade Wi-Fi 6 Certified

Product Name: In Product Name
Model Number: 0 Model Number:
SAMSUNG Brand
Category: P!
Last Certified Date: 2013-0 Last Certified Date: 2013-11-01

Intel® Wi-Fi 6 (Gig+) AX200 (for PCs)
Intel® Home Wi-Fi Chipset WAV600 Series (for routers and gateways)
Marvell 88W9 4x4) Wi-Fi 6 Dual-Band STA

Marvell 88W9064 (4x4) + 88W906 «8) Wi-Fi 6 Concurrent Dual-Band AP

Product Nam Product Name

Model Number: Model Number: 5
SAMSUNG Brand: ec SAMSUNG Brand s

Catego! Category:

Last Certified Dat -0 Last Certified Dat

Qualcorm® Networking Pro 1200 Platform

Qualcomm® FastConnect 6800 Wi-Fi 6 Mobile Connectivity Subsystem

Ruckus R750 Wi-Fi 6 Access Point




Knventbl ectb, 4T0 ¢ PUyaMu?

Tectupytores:
OFDMA  MU-MIMO/Beamforming
TWT  QAM1024/160 MHz  MultiBSS

He tectupyetcss — BSS Coloring



Koraa nepexoaum?
Ceityac

(MOpanbHO NPUTOTOBMBLLMCH K Pa3HbIM MOJENAM OPKECTpaLyi)

Cnacubo 3a BHMMaHue!



