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1.   Overview of 802.11 WG

The Institute of Electrical and Electronics Engi-
neers (IEEE) 802 Committee (from here on, “802 
Commitee”)  is the organization that develops and 
maintains standards for the physical and data-link 
layers of transmission media for wired and wireless 
networks. The 802.�� Working Group (WG) was 
established within this organization in �990 to create 
standards for implementing wireless Ethernet. The 
802.�� WG carries out development by cooperating 
widely with standardization and industry organiza-
tions within and outside of the 802 subcommittees 
(Fig. 1). In particular, the Wi-Fi Alliance, which certi-
fies interoperability among IEEE 802.�� wireless 
local area network (LAN) devices, has played a large 
role in the explosive spread of wireless LAN products 
[�]. As shown in Fig. 2, since the initial 802.�� stan-
dard was published, it has been extended with many 
amendments that address the increasing speed and 
functionality, which include faster transmission 
speeds (802.��a/b/g/n/ac/ad), priority control based 
on type of traffic (802.��e/aa/ae), security improve-
ments (802.��i/w), extended wireless LAN function-
ality (802.��F/h/k/r/s/u/v/z), and support for frequen-
cies used in different countries (802.��d/j/y). 

2.   802.11 WG standardization process

The standardization process adhered to in the 
802.�� WG is as follows. First, the needs for a new 
standard for future wireless LAN systems are dis-
cussed in the Wireless LAN Next-Generation Stand-
ing Committee (WNG SC). Here, the need for a new 
standard is proposed, and if this is approved by the 
New Standard Committee (NesCom) in the IEEE 
Standards Association (IEEE-SA), which is a higher-
level organization of the 802.�� WG, a study group 
(SG) is established. In the SG, a prospectus is created 
that outlines the goals of the new standard to be cre-
ated, including the scope, marketability and feasibil-
ity of the study. After the prospectus is approved, a 
task group (TG) is established, and concrete discus-
sion toward creating the specification begins. 

The TG decides, to some extent at its own discre-
tion, how the work will proceed. The following is one 
example. First, documents summarizing the func-
tional requirements to achieve the goals of the activ-
ity and the evaluation methodology for each technical 
proposal are created. Then, technical proposals that 
satisfy these conditions are invited. If there are mul-
tiple competing proposals, the technology to be used 
is narrowed-down through voting or other means. 
After a single technical specification has been 
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selected, a draft summarizing the basic technical 
specifications is created. The 802.�� WG and the 
IEEE-SA hold an electronic ballot to vote on the 
draft. In each ballot, voting members vote to either 
support the specification of the draft or not, and they 
optionally attach comments for revision. The TG 
resolves these comments by revising the draft as nec-
essary; then the next electronic ballot is carried out. 
This process is repeated until the comments are 
resolved through the ballot and voting process and the 
approval rate meets certain prescribed conditions. 
Finally, when the proposal receives approval by the 
802 Committee, it is published as a standard specifi-
cation. 

3.   Status of work in 802.11 WG

The active TGs and SG in the 802.�� WG, as of 
July 20�3, are listed in Table 1. This article focuses 
on the activities of the following two groups in creat-
ing amendments of the 802.�� standard for increasing 
throughput. The current state of their work is also 
discussed.

�.  TGac, which is working on creation of the stan-
dard that achieves system throughput of � Gbit/s 
and greater.

2.  The High Efficiency WLAN SG (HEW SG), 
which is preparing to form a TG to work on real-
izing high system capacity in the dense deploy-
ment of wireless LAN access points (APs) and 
stations (STAs).

3.1   Status of TGac
TGac began its activities in November 2008; these 

activities concerned the next generation of wireless 
LAN to follow 802.��n, which has been widely 
adopted. It assumes use of the 5-GHz band. TGac has 
set the following two target values for speed increas-
es:
(�)  Throughput of 500 Mbit/s on a single wireless 

link
(2)  Total throughput of � Gbit/s on multiple wire-

less links 
For target (2), a multi-user MIMO (multiple input, 

multiple output) (MU-MIMO) technology that 
extends the MIMO technology specified in 802.��n, 

Fig. 1.   Positioning of 802.11 WG within the IEEE 802 Standards Committees.
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is adopted to achieve simultaneous transmission to 
multiple STAs over the same frequency band. Exper-
imental results from NTT’s testbed in real environ-
ments [2] are being used to confirm the feasibility of 
this technology. The technologies to be adopted have 
been refined over approximately two years since 
TGac began its activities, and the work of conducting 

ballots and revising the draft is still continuing. As of 
September 20�3, the work to resolve comments on 
the sixth edition draft (D6.0) had been finished, and 
efforts are proceeding on target to complete standard-
ization by February 20�4. 

Fig. 2.   History of IEEE 802.11 standard and its amendments.

Support for US frequencies
(3.65-3.7 GHz)

(11y)

WLAN in vehicular environments (11p)

Interworking with external networks (11u)

(11z)

Mesh networks (11s)

Wireless network management (11v)

Radio resource management (11k)

DFS/TPC (11h)

Inter-AP Comm. (11F)

Security (11i)

QoS support (11e)

11b

2002 2004 2006 2008 2010 2012 20131998 2000

11g
High throughput in 2.4/5-GHz band (11n)

Very high throughput in 5-Hz band (TGac)
Very high throughput in 60-GHz band (11ad)

Management frame protection (11w)
Prioritized access for management frames

Fast roaming (11r)

Enhancements to bridge 
IEEE 802 specifications (TGak)

Fast initial link setup (TGai)

(11ae)
Video transmission (11aa)

High Efficiency WLAN
(HEW) SG

Direct links between STAs

(TGaq)

Extended service
discovery functions

(11j)(11d)

International support
Support for Japanese frequencies

(4.9-GHz band)

Support for China millimeter-wave band
(TGaj)

UHF band support (TGah)
TVWS support (TGaf)

IEEE802.11 (Initial standard)

(year)

Legend

Active TG/SG

Standard completed TG

11a

5-GHz support

DFS/TPC: Dynamic Frequency Selection/Transmit Power Control
Inter AP Comm: Inter-Access Point Communication
QoS: quality of service

TVWS: television white space
UHF: ultra high frequency

2.4-GHz band extension

TG/SG
Completion date

(planned)StatusFocus of study

Draft D0.1

Draft D1.0

Technology under study

Technology under study

Technology under study

TGac Very high throughput below 6 GHz (System 
throughput of Gbit/s and above) Draft D7.0 Feb. 2014

Mar. 2016

Feb. 2015

Oct. 2016

(undecided)

May 2015

Draft D5.0 Jun. 2014TGaf Wireless LAN in TV white space

TGah

TGai

TGaj

TGak

TGaq

Wireless LAN supporting wide areas and many 
terminals under 1-GHz frequency band

Fast initial link setup

Millimeter-wave-band wireless LAN in China

Enhancements for transit links within bridged 
networks

Pre-association service discovery

Usage models and scope under 
discussion

TG to be established 
in Jul. 2014HEW SG Highly efficient wireless LAN SG

(As of Sept. 2013)Table 1.   Active TGs/SG in 802.11 WG.



Global Standardization Activities

Vol. 11 No. 10 Oct. 2013 4

3.2    802.11ac Specification for throughput 
enhancement

For target (�) (increasing the speed of individual 
wireless links), the techniques already defined in 
802.��n such as spatial multiplexing, and techniques 
related to channel bandwidth and the number of con-
stellation points have been extended further (Fig. 3). 
Wideband transmission using the 80-MHz or 
�60-MHz channel specified in ��ac was not previ-

ously allowed under Japanese Radio Regulatory 
Rules, but recent changes in the regulatory rules in 
March 20�3 make it possible to use these bandwidths. 
There are also large differences between the manda-
tory conditions, which must be supported, and the 
maximum provisions in 802.��ac (Table 2). This is 
intended to reflect the diversifying needs of wireless 
LAN terminals and to impart high scalability.

To achieve target (2) (increasing system throughput 
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Fig. 3.   Technology addressed in 802.11ac focusing on increased speed.

Table 2.   Comparison of 802.11ac requirements and maximum values.
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by transmitting over multiple wireless links simulta-
neously), MU-MIMO technology is specified for the 
downlink (DL) transmissions. An AP transmits to up 
to four STAs simultaneously using beamforming 
techniques to cancel inter-user interference in order 
to implement simultaneous transmission to multiple 
STAs.

Single-user MIMO (SU-MIMO) technology, which 
transmits between individual STAs using spatial mul-
tiplexing, is already specified in 802.��n. Addition-
ally, 802.��ac defines DL MU-MIMO technology, 
which enables increases in transmission efficiency 
without requiring multiple receiver antennas or com-
plex signal processing at each destination (Fig. 4). 
The 802.��ac standard specifies wireless frame for-
mats, methods for allocating user groups, methods 
for  channel state information feedback observed at 
each STA in order to achieve transmit beamforming, 
and other aspects needed to implement DL MU-
MIMO transmission. With DL MU-MIMO technol-
ogy, even if STAs do not support SU-MIMO technol-
ogy, the AP’s spatial multiplexing transmission using 
transmit beamforming makes it possible to transmit 
multiple frames to different STAs simultaneously 
over the same frequency band, which enhances the 
total system throughput.

In addition to a variety of transmission modes 

including combinations of spatial multiplexing, 
transmission bandwidth, and SU/MU-MIMO trans-
mission, 802.��ac defines the frame format encapsu-
lated in the same header format as 802.��a/n. This 
format enables compatibility among 802.��a/n/ac 
transmissions on the 5-GHz band. 

3.3   Status of HEW SG
Recently, wireless LAN has been widely deployed. 

These networks are now being implemented in 
mobile terminals such as notebook PCs, smartphones, 
and tablet computers. Transmission speeds have also 
increased to up to several hundred Mbit/s with the 
advent of 802.��ac. However, the frequencies avail-
able for wireless LAN are severely limited. These 
frequencies are also used by many wireless LAN 
systems in crowded environments such as train sta-
tions and airports, which results in problems such as 
significantly reduced transmission speeds and longer 
times required to connect to the network.

The WNG SC has been deliberating on these condi-
tions in its discussions of next-generation wireless 
LAN systems to follow 802.��ac since the end of 
20��, including the need to increase transmission 
efficiency in environments with a high concentration 
of terminals. At the March 20�3 meeting, a motion to 
establish a new SG was approved, which had been 

Fig. 4.   Depiction of SU- and MU-MIMO.
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proposed jointly by �9 companies including NTT. 
The motion to establish the HEW SG confirmed the 
need to begin working on various issues. The proposal 
was as follows.

“Do you support starting a new study group called 
high efficiency WLAN to enhance 802.�� PHY and 
MAC in 2.4 and 5 GHz with a focus on: 

-  Improving spectrum efficiency and area through-
put

-  Improving real world performance in indoor and 
outdoor deployments

-  in the presence of interfering sources, dense 
heterogeneous networks 

- in moderate to heavy user loaded APs?”
The HEW SG began its activities at the May 20�3 

meeting [3]. At that meeting, the following officers of 
the SG were elected: 

-  Chair: Osama Aboul-Magd (Huawei Technolo-
gies)

- Secretary: Yasuhiko Inoue (NTT)
During the May and July meetings, more than 50 
contributions were submitted regarding usage models 
(specific examples of congested environments) and 
technical issues with current wireless LAN standards, 
and the SG had a lively discussion on them. At the 
July meeting, the SG created the draft version of the 
consolidated document of usage models. This docu-
ment was sent to the Wi-Fi Alliance, and discussions 
on prioritization from the perspective of future wire-
less LAN ecosystems will be held. Next, the contribu-

tions from each company will be summarized and the 
areas requiring study by the SG will be narrowed 
down. This will be used to clarify the technical issues 
that need to be resolved, clearing the way for creating 
a prospectus for establishing a TG. 

4.   Summary

This article introduced the 802.�� WG and 
described the state of work on the 802.��ac standard, 
which will expand throughput. It also discussed the 
HEW SG, which is working to standardize high-
speed technology for future high-efficiency wireless 
LANs. Activity in the HEW SG has just begun, but 
there is already much anticipation for the introduc-
tion of 802.��ac, the next generation that will further 
increase efficiency.
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