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802.11g, 802.11n, 802.11ac, 802.11p 
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WLAN Chipset Pricing by Standard
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•  IEEE 802.11g  
•  IEEE 802.11n 
•  IEEE 802.11ac 
•  IEEE 802.11p 
•  Physical Data Rates Adaptation 
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Having11b and 11a together è 11g  
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•  Officially approved by IEEE in June 2003 
•  Products conforming to the draft were made 

available in late 2002 
•  Increase speed and range while maintaining 

compatibility with 802.11b   
•  Use OFDM and CCK modulations 
•  802.11b operating at 5Ghz provide high data rate, 

but had low range, so, it is important that 802.11g 
should operate in 2.4Ghz frequency band 

•  802.11g is an exciting technology that offers the 
performance of 802.11a and the range of 802.11b   

9 



1.  ERP-DSSS/CCK 
2.  ERP-OFDM 
3.  ERP- PBCC (Optional) 

–  ERPPBCC modes with payload data rates of 22 and 33 
Mbit/s 

4.  DSSS-OFDM (Optional) 
– This is a hybrid modulation combining a DSSS 

preamble and header with an OFDM payload 
transmission. DSSS-OFDM modes with payload data 
rates of 6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s 
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•  IEEE 802.11g  
•  IEEE 802.11n 
•  IEEE 802.11ac 
•  IEEE 802.11p 
•  Physical Data Rates Adaptation 
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MIMO arrives! 
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•  In January 2004, new IEEE 802.11 Task Group 
(TGn) to develop a new amendment to the 
802.11 standard with the real data throughput 
is estimated to reach a theoretical 540 Mbit/
s, i.e. , 802.11n 

•  Two competing proposals of the 802.11n 
standard, by companies including Broadcom, 
Intel and Philips 



•  Built upon previous 802.11 standards by 
adding MIMO (multiple-input multiple-
output).  
–  Increased data throughput through spatial multiplexing 

and increased range by exploiting the spatial diversity 
 

•  The Enhanced Wireless Consortium (EWC) 
was formed to help accelerate the IEEE 
802.11n development process 



1. Use of MIMO-OFDM 
2.  20 and 40 MHz Channels 
3.  Packet Aggregation Techniques 
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•  Reduced guard interval of 400 ns instead of 
800 ns, which increases the maximum data rate 
for 2 spatial streams in a 40MHz channel to 300 
Mbps 

•  Other optional rates use 3 or even 4 spatial 
streams 

•  The highest optional data rate defined by 
802.11n is 600 Mbps, which is achieved by using 
4 spatial streams in a 40MHz channel with a 
400 ns guard interval. 
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1.  Legacy Mode: Packets are transmitted in the legacy 

802.11a/g format. 
 

2.  Mixed Mode: Packets are transmitted with a 
preamble compatible with the legacy 802.11a/g – 
the legacy Short Training Field (STF), the legacy Long 
Training Field (LTF) and the legacy signal field are 
transmitted so they can be decoded by legacy 802.11a/g 
devices. Receiver can decode both the Mixed Mode 
packets and legacy packets. 
 

3.  Green Field: High throughput (HT) packets are 
transmitted without a legacy compatible part. It is not 
compatible with legacy 802.11a or 802.11g devices as 
such devices will not be able to decode the signal field of 
a greenfield preamble 



1.  LM: (Legacy Mode) – equivalent to 802.11a/g 
2.  HT-Mode: Device operates in either 40MHz bandwidth or 

20MHz bandwidth and with one to four spatial streams. 
This mode includes the HT-duplicate mode. 

3.  Duplicate Legacy Mode: The device operates in a 40MHz 
channel composed of two adjacent 20MHz channel. The 
packets to be sent are in the legacy 11a format in each of the 
20MHz channels 

4.  40 MHz Upper Mode – used to transmit a legacy or HT 
packet in the upper 20MHz channel of a 40MHz channel. 

5.  40 MHz Lower Mode – used to transmit a legacy or HT 
packet in the lower 20 MHz channel of a 40MHz channel 

 
Note: LM and HT-Mode for 1 and 2 spatial streams are 

mandatory. 



1.  Aggregation of MAC service data units (MSDUs) at 
the top of the MAC (referred to as A-MSDU) 

2.  Aggregation of MAC protocol data units (MPDUs) 
at the bottom of the MAC (referred to as A-MPDU) 

•  Frame aggregation is a process of packing multiple MSDUs 
or MPDUs together to reduce the overheads   
 

•  A-MPDU aggregation requires the use of block 
acknowledgement, which was introduced in 802.11e and 
has been optimized in 802.11n. 
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•  Scrambler – scrambles the data to prevent long sequences 
of zeros or ones. 

•  Encoder Parser – if BCC encoding is to be used, de-
multiplexes the scrambled bits among FEC encoders, in a 
round robin manner. 

•  FEC encoders – encodes the data to enable error 
correction 

•  Stream Parser – divides the output of the encoders into 
blocks that will be sent to different interleaver and mapping 
devices. The sequences of the bits sent to the interleaver are 
called spatial streams. 

•  Interleaver – interleaves the bits of each spatial stream 
(changes order of bits) to prevent long sequences of noisy bits 
from entering the FEC decoder. 

•  Constellation mapper – maps the sequence of bit in each 
spatial stream to constellation points (complex numbers). 



•  Spatial Mapping – maps spatial streams to different transmit 
chains. This may include one of the following: 
–  Direct mapping – each sequence of constellation points 

is sent to a different transmit chain. 
–  Spatial expansion – Vectors of constellation points from 

all the space-time streams are expanded via matrix 
multiplication to produce the input to all the transmit 
chains. 

–  Beam Forming - similar to spatial expansion, each vector 
of constellation points from all the sequences is multiplied 
by a matrix of steering vectors to produce the input to the 
transmit chains. 

•  Inverse Fast Fourier Transform – converts a block of 
constellation points to a time domain block. 



•  Cyclic shift insertion – inserts the cyclic shift into 
the time domain block. 

•  Guard interval insertion – inserts the guard 
interval. 

•  Optional windowing – smoothing the edges of 
each symbol to increase spectral decay 
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•  IEEE 802.11g  
•  IEEE 802.11n 
•  IEEE 802.11ac 
•  IEEE 802.11p 
•  Physical Data Rates Adaptation 
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New Generation 
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•  IEEE 802.11ac works in 5 GHz band 
•  The standard was developed from 2011 through 

2013, with final 802.11 Working Group approval 
and publication scheduled for early 2014 

•  Devices with the 802.11ac specification are 
expected to be common by 2015 with an 
estimated one billion spread around the world. 

•  This specification has expected multi-station 
WLAN throughput of at least 1 gigabit per second 
and a single link throughput of at least 500 Mbit/s.  
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1. Wider RF bandwidth (up to 160 MHz) 
2. More MIMO spatial streams (up to 8) 
3. High-density modulation (up to 256-

QAM) 
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•  Extended channel binding 
–  Mandatory 80 MHz channel bandwidth for stations (vs. 40 MHz maximum in 

802.11n), 160 MHz available optionally 

•  More MIMO spatial streams 
–  Support for up to eight spatial streams (vs. four in 802.11n) 

•  Multi-user MIMO (MU-MIMO) 
–  Multiple STAs, each with one or more antennas, transmit or receive 

independent data streams simultaneously 
•  “Space Division Multiple Access” (SDMA): streams not separated by frequency, but instead resolved spatially, analogous to 

11n-style MIMO 

–  Downlink MU-MIMO (one transmitting device, multiple receiving devices) 
included as an optional mode 
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•  Modulation 
–  256-QAM, rate 3/4 and 5/6, added as optional modes (vs. 64-

QAM, rate 5/6 maximum in 802.11n) 
–  Controversy has been raised that this modulation rate is not 

suitable for any architecture other than extremely small cells 
and would be completely useless to 3GPP 

•  Other elements/features 
–  Beamforming with standardized sounding and feedback for 

compatibility between vendors (non-standard in 802.11n made 
it hard for beamforming to work effectively between different 
vendor products) 

–  MAC modifications (mostly to support above changes) 
41 



•  On June 7, 2012,  ASUS had unveiled its ROG G75VX  
gaming notebook, which will be the first consumer-oriented  
notebook to be fully compliant with 802.11ac 
 
 
 
 
 

•  Apple announced in June 2013 that the new MacBook Air features 
802.11ac wireless networking capabilities. 
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•  HTC announced the first 802.11ac-enabled handset, 
the HTC One on February 19, 2013.  
The phone uses the Broadcom BCM4335 chipset. 
 
 
 

•  The Samsung Galaxy S4, announced on March 14, 
2013, also uses the BCM4335. 

•  The Samsung Galaxy Round, announced on October 
09, 2013, also use  
the 802.11ac-enabled handset. 
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•  IEEE 802.11g  
•  IEEE 802.11n 
•  IEEE 802.11ac 
•  IEEE 802.11p 
•  Physical Data Rates Adaptation 
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VANETs 
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•  802.11p is an approved amendment to the IEEE 
802.11 standard to add wireless access in vehicular 
environments (WAVE) 

•  Data exchange between high-speed vehicles and 
between the vehicles and the roadside 
infrastructure in the licensed ITS band of 5.9 GHz 
(5.85-5.925 GHz).  

•  IEEE 1609 is a higher layer standard based on the 
IEEE 802.11p 
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802.11p was considered for dedicated short-
range communications (DSRC), a U.S. 
Department of Transportation project based on 
the Communications, Air-interface, Long and 
Medium range (CALM) architecture of the 
International Organization for Standardization 
for vehicle-based communication networks, 
particularly for applications such as toll 
collection, vehicle safety services, and 
commerce transactions via cars. 
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In Europe, 802.11p was used as a basis for 
the ITS-G5 standard, supporting the 
GeoNetworking protocol for vehicle to 
vehicle and vehicle to infrastructure 
communication. ITS G5 and GeoNetworking 
is being standardized by the European 
Telecommunications Standards Institute 
group for Intelligent Transport Systems. 
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•  A short to medium range communications service 
•  Aimed as a replacement to the 802.11 wireless 

standards 
–  802.11 a/b/g  

•  Older DSRC systems such as toll tags operate in the 
900 MHz spectrum  
–  No standard, several proprietary systems are in place 

•  FCC has authorized 75 MHz of spectrum from 5.850 to 
5.925 GHz for DSRC (incl. Canada and Mexico) 
–  Standardization, Interoperability 
–  Europe and Japan use the 5.8 GHz spectrum 
–  European organization – CEN – Different Physical and MAC 

layer standards 
–  Japan – ARIB T55 



•  Supports both Public Safety and Private 
operations 

•  Both roadside to vehicle and vehicle to vehicle 
communication environments 

•  Meant to be a complement to cellular 
communications  
– provides very high data transfer rates and minimal 

latency 
– Range – upto 1000 m 
– Data Rate – 6 to 27 Mbps 
– Channels – 7 Licensed Channels 



•  Key Issue – QoS – Prioritization of Safety 
messages 

•  If a neighboring car is in the middle of a 
streaming movie application, and I need to 
communicate about an accident, how to 
prioritize the message? 

•  DSRC has 1 control channel and other service 
channels. Safety messages are expected to use 
the control channel 



•  IEEE P1609.1, Resource Manager 
•  IEEE P1609.2, Application Services 
•  IEEE P1609.3, IP Network Services 
•  IEEE P1609.4, Medium Access Control (MAC) 

Extension Services  
•  [Vehicle Safety Data Dictionary/Message Sets 

(SAE)] 



•  Modified version of the Resource Manager 
standard originally defined in IEEE Std 
1455-1999 

•  P1609 Resource Manager supports DSRC  
applications using the IEEE 802.11a 
communication technology 



•  An Application Services (Layer 7)  standard for 
5.9 GHz DSRC applications 

•  Supports several protocol stacks, including one 
representing traditional DSRC systems, TCP/IP, 
and streaming audio/video 

•  Describes interfaces with the lower layer 
standards being developed by ASTM 



•  Defines interfaces between the multiple 
communication stacks and the lower layer services of 
ASTM 2213-02 (IEEE 802.11a R/A)  

•  Support multiple protocol stacks, one for the 
traditional DSRC, one for streaming audio/video, and 
another for TCP/IP 

•  The North American DSRC Architecture is evolving 



•  Standard for the Media Access Control Extension 
sub-layer (Layer 2) that defines interfaces between 
these multiple applications and communication stacks 
that interface with ASTM 2213-02 (IEEE 802.11a) 

•  Interface with the public safety applications 
community through National Public Safety 
Telecommunication Council (NPSTC) 

•  NPSTC cooperation is expected to result in 
potential use of the ITS Radio (DSRC) by ITS and 
public safety 



•  IEEE 802.11g  
•  IEEE 802.11n 
•  IEEE 802.11ac 
•  IEEE 802.11p 
•  Physical Data Rates Adaptation 

59 



Physical Data Rates Adaptation 
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802.11: Advanced Capabilities 

Rate adaptation 
•  base station, mobile 

dynamically change 
transmission rate 
(physical layer modulation 
technique) as mobile 
moves, SNR varies  

QAM256 (8 Mbps) 
QAM16 (4 Mbps) 
BPSK (1 Mbps) 
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1. SNR decreases, BER increase 
as node moves away from base 
station 

2. When BER becomes too high, 
switch to lower transmission 
rate but with lower BER 
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•  Auto Rate Fallback: ARF 
– Try to increase rate at periodic times 
– Decrease rate if it is not successful 

•  Receiver Based Auto Rate: RBAR 
– Get feedback from the receiver to select the best rate 

•  Adaptive Auto Rate Fallback: AARF 
– Conservative rate increase 

•  Full Auto Rate: FAR 
•  Opportunistic Auto Rate: OAR 
•  Medium Access Diversity: MAD 
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