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802.11ac Drivers 

ÅWidespread adoption of 
BYOD by students & fac
ulty 

ÅSocial Networking 

ÅCollaborative HD-Video 
Classrooms 

ÅMulti-screen HD video s
treaming to new 802.11
ac devices 

ÅNext Generation Workpl
ace  Transformation 

ÅIncreasing demands of C
ollaboration in Enterpris
e Workspace 

ÅBYOD, Tablets & diverse 
Personalized devices in 
Workplace 

ÅCT, MRI, Cardiac Imaging
, and 4D modeling dema
nds higher bandwidth 

ÅLarge file movement of i
mages over wireless 

ÅPatient and Guest wirele
ss Services 

Å802.11ac and CMX delive
r next-gen fan experienc
e such as CMX maps 

ÅEnhanced scaling for inh
erently High density env
ironments 

ÅNew revenue opportunit
ies - sponsorship, merch
andising 

ÅEnhanced service offerin
gs on the latest wireless 
technology, competitive 
differentiation 

ÅSP-Wi-Fi off-ƭƻŀŘ ҍ ōŀƭŀƴ
cing users between Wi-F
i and 3G/4G/LTE 

ÅRich user experience to 
high Apps such as Netflix 
or Hulu Plus 

Education Enterprise Healthcare Stadiums Service Provider 
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Wireless Standards ς Past, Present, and Future 
 

802.11n 
450 Mbps 

802.11ac- 
Wave2 

3.5 Gbps 
6.9 Gbps 

Future 

802.11ac 
Wave1 
1 Gbps 

802.11g 
54 Mbps 

802.11a,  
802.11b 
11 Mbps 

 10Gbps 

11Mbps 

Pervasive 
Nice to  
Have 

Media Rich Appli
cations 

Mission  
Critical 
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Feature 
Wave 1 ς 2013 

 

Wave 2 ς 2015 

Features still in Discussions 

PHY Rate 1.3 Gbps 1.3 Gbps 1.73 Gbps 2.43 Gbps 3.5 Gbps 

# of Spatial Stre
ams 

3 3 4 3 4 

Modulation 256 QAM 256 QAM 256 QAM 256 QAM 256 QAM 

Channel Width 20, 40, 80 MHz 20, 40, 80 MHz 20, 40, 80 MHz 
20, 40, 80, 80+80, 

160 MHz 
20, 40, 80, 80+80, 

160 MHz 

MIMO Single User Multi User Multi User Multi User Multi User 

802.11 protocol 
support 

a, n, ac a, n, ac a, n, ac a, n, ac a, n, ac 

Ethernet Uplin

k 
GbE 2xGbE and 10GbE ï Cat5E, Cat6A, Fiber but needs separate Power 

Å¢ƘŜ улнΦммŀŎ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ǿƛƭƭ ōŜ ōǊƻǳƎƘǘ ǘƻ ƳŀǊƪŜǘ ƛƴ н ǇƘŀǎŜǎ ƻǊ ά²ŀǾŜǎέ 

ÅEach Wave of 802.11ac will require new chip sets 

802.11ac: First 2 Waves 
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{ƻ ƛŦ L ōƻƴŘ ǿƘŀǘΩǎ ǘƘƻǎŜ ŎƘŀƴƴŜƭǎ ƭƻƻƪ ƭƛƪŜΚ 
ETSI and Japan channel allocation plan 

80 MHz bonding (Wave-1) 160 MHz (Wave-2)  

Note: Efforts are underway globally to expand the number of channels in the 5 GHz band. 
China probably is progressing a bit quicker then others but everyone sees the need.  

Kdsŝr talk about 802.11ac - How is it like .
11n? 
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Client-1 
3SS M9 80MHz 

Client-2 
1SS M9 80MHz 

Client-3 
1SS M9 80MHz 

Client-4 
1SS M9 80MHz 

AP Throughput Peaks 
1300 Mbps Maximum PHY Rate 

433 Mbps Maximum PHY Rate 
With 1 SS clients 

Client-1 
3SS M9 80MHz 

Client-2 
1SS M5 80MHz 

Client-3 
1SS M5 80MHz 

Client-4 
1SS M5 80MHz 

Client-1 
3SS M9 80MHz 

Client-2 
1SS M5 80MHz 

Client-3 
1SS M5 80MHz 

Client-4 
1SS M5 80MHz 

AP Throughput Still Peaks 
1300 Mbps Maximum PHY Rate 

1 SS Clients actually slower 
At 260 Mbps, but cumulative 

is 260 x 3 = 780 Mbps PHY Rate 

MU-MIMO 

SU-MIMO 



Does MU-aLah ǿƻǊƪΚ ¸ŜǎΣ ōǳǘΧ 

Å802.11ac MU MIMO is like 802.11n MIMO, except instead of one client, there are up to four clients 

Å AP does pre-coding for all the clients within the MU group simultaneously 

Å In MU precoding, when AP beamforms space-time streams to one client, it simultaneously null-steers those s
pace-time streams to the rest. 

Å !ƭƭ ǳǎŜǊǎΩ at5¦ǎ ŀǊŜ ǇŀŘŘŜŘ ǘƻ ǘƘŜ ǎŀƳŜ ƴǳƳōŜǊ ƻŦ hC5a symbols 

ÅMU-MIMO is technically risky and challenging: 

Å  Needs precise channel estimation (CSI) to maintain deep nulls 

Å  Precise channel estimation adds overhead  

Å  Rate adaptation is more difficult 

Å  Throughput benefits are sensitive to MU grouping  

WFA Wave 2 certification: 

Å MU-MIMO 

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



ÅOne issue of 802.11n is 40 MHz coexistence with 20 MHz channels 

ÅB sends on Ch 36 (because it senses 802.11a AP on Ch 40) 

Å802.11an AP does CCA on 36,40, hears nothing, transmits 

Å40 MHz signal collides at B 

 

36,40 40 B 

Collision 
on 40 

802.11n 802.11a 802.11n 

CCA: 40 is busy 
-> use 36 only 

CCA: 36 and 40 clear 
-> use 36 and 40 

36 

36+40 



ÅThis issue could be a lot worse for 802.11ac: 

ÅIf secondary20 is busy, transmitter cannot extend to secondary40 

ÅOBSS (802.11n or 802.11ac) with primary on local AP secondary would cause both AP
s to block each other 

ÅChoice of primary channel is critical for 802.11ac 
 
 
 
      Best configuration: both primary 20s aligned 
      Second best: primary 20s far apart (e.g. 36 an
d 48)  

 

36 

Primary 20 

40 44 48 

Secondary 40 Secondary 20 

36 

Secondary 20 

40 44 48 

Secondary 40 Primary 20 

Block Block Wasted 

Block 

36 
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