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802.11ac Drivers

Education Enterprise Healthcare Stadiums Service Provider

AWidespread adoption of ANext Generation Workpl ACT, MRI, Cardiac ImagingA802.11ac and CMX deliv-AEnhanced service offerir
BYOD by students & fac ace Transformation , and 4D modeling dema r nextgen fan experienc gs on the latest wireless
ulty Aincreasing demands & nds higher bandwidth e such aCMX maps ;[jeifigpeogﬁ%’o zompetltlve |

| ASocial Networking ollaboration in Enterpris ALarge file movemenbfi AEnhanced scaling for ink 3

P ol ] . e Workspace mages over wireless erently High density env. ASRWi-Fiofft 2 | R
CollaborativeHD-Video i i ;

l Classrooms ABYOD, Tablets & diverse APatient and Guesuirele g e f:r? du; éﬁé}‘liv_reé VUG
Personalized devices ini  ss Services ANew revenue opportunit {

AMulti-screenHD video s,  Workplace ies- sponsorship, merch ARich user experienct®
treamingto new 802.11 l andising high Apps such as Netfli
ac devices or Hulu Plus |
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Wireless StandardsPast, Present, and Future

Nice to : ) Media Rich Appli Mission

802.11ae
Wave?2

3.5Gbps

6.9 Gbps

802.11n
450 Mbps

802.11a,
802.11b
11 Mbps

CLIENTS BANDWIDTH

Early 2000 2002 2004 2006 2008 2010 2012 2014 2016
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802.11ac: First 2 Waves 5.Connect

ACKS ynuHdmmlI O ALISOAFAOFIUGAZ2Y gAff 0S O0NRdIZAKI
A Each Wave of 802.11ac will require new chip sets

Wavel ¢ 2013 Wave?2 ¢ 2015
Features still in Discussions

Feature

PHYRate 1.3Gbps 1.3Gbps 1.73Gbps 2.43Gbps 3.5Gbps
# of Spatial Stre 3 3 4 3 4
ams
256 QAM 256 QAM 256 QAM 256 QAM 256 QAM
: 20, 40, 8080+80, 20, 40, 8080+80,

SLELNEIRWICN 20, 40, 8GMHz 20, 40, 8QMHz 20, 40, 8QMHz 160MH3z 160MHz
MIMO Single User Multi User Multi User Multi User Multi User
802.11 protocol

a, n, ac a, n, ac a, n, ac a, n, ac a, n, ac
support
E St I GbE 2XGbE and 10GbET Cat5E, Cat6A, Fiber but needs separate Power
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K d stdflkrabout 802.11ac - Howis it like . 3Gomect

1In? {2 AT L 062YyR ¢KI (Qa
ETSI and Japan channel allocation plan

5170 5330 5490 5710
MHz MHz MHz MHz

soMEz L \C T NC N AT AT\
sovez (AN A
1sove: .

80 MHz bonding (Wav#) 160 MHz (Wav@)

Note: Efforts are underway globally to expand the number of channels in the 5 GHz band.
China probably is progressing a bit quicker then otlbertseveryone sees the need.
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3SS M9 80M

SUMIMO { < AP Throughput Peaks :‘. Cisco

Clientl H; 1300 Mbps Maximum PHY Rate ' Connect

433 Mbps Maximum PHY Rate
With 1 SS clients

=

Client2 Client3 Client4
1SS M9 80MH 1SS M9 80MH 1SS M9 80MH
Client1 Clientl
3SS M9 80MHz 3SS M9 80MHz
Client2 Client2
AP Throughput Still Peaks 1 M MHl 1SS M5 80|\/|H}
1300 Mbps Maximum PHY Rate \ =5 M5 80 \

Client3 ([ Client3
1SS M5 80MH 1SS M5 80MH
\\§ g

1 SS Clients actually slower " Clientd Clientd
At 260 Mbps, but cumulative }
is 260 x 3 = 780 Mbps PHY Rate 1SS M5 80'\/”*; 155 M5 80MH
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A 802.11ac MU MIMO is like 802.11n MIMO, except instead of one client, there are up to four clients

A AP does preoding for all the clients within the MU group simultaneously

A In MUprecoding when APbeamformsspacetime streams to onelient, it simultaneously nulsteers those s
pacetime streams to the rest.

Al1tt dzZaASNRQ at5!a NS LI RR@MRolsi2 (0KS aFYS ydzYoSNI 2F h

A MU-MIMO is technically risky and challenging:

Needs precise channel estimation (CSI) to maintain deep nulls User 1
Precise channel estimation adds overhead

. . . sar 2
Rate adaptation is more difficult :

Throughput benefits are sensitive to MU grouping /P ﬁ User 3

<

Null-steering:Tesend data to user 1, the AP forms a strong beam
toward user 1, shown as the tajght lobe of the blue curve. At the
same time the AP minimizes the energy for user 1 in the direction
o ) of user 2 and user 3. This is called "null steering" and is shown as
WFA Wave 2 certification: the blue notches. Same logic applies to red and yellow beams.

AMU-MIMO
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802.11ac / Legacy Coexistence

A One issue of 802.11n is 40 MHz coexistence with 20 MHz channels
A B sends oi€h36 (because it senses 802.11a ARCHA0)

A 802.11an AP does CCA on 36,40, hears nothina. transmits

. . CCA:40isb
A 40 MHz signal colljdes=tp only

CCA: 36 and 40 clear -> use 3§ only
->use 36 and 40 | " —

802.11n 36 805dn ,7 goZiTay  V
v/ \

36,40 el ( 40

I I
\ 36+40 RN s 1 |
\ Collision ~ - / /
\ 0N 40 o Q3 ~_ _ . /7 /
\ A /



802.11ac / Legacy Coexistence

A This issue could be a lot worse for 802.11ac:
A If secondary20 is busy, transmittesnnot extendo secondary40

A OBSS (802.11n or 802.11ac) with primary on local AP secondary would cause botl
s to block each other

A Choice of primary channel is critical for 802.11ac

Primary 20 Secondary 20 Secondary 40
Bl%ck BIoIck W%sted _ _ _ _
Secondary 20 Primary 20 Secondary 40 Bestconfiguration: both primary 20s aligned

Secondoest: primary 20s far apart (e.g. 36 an
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