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1.   Introduction

Standards for wireless local area networks (LANs) 
are developed by the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 Working Group 
(IEEE 802.11 WG) of the IEEE 802 LAN/MAN 
(Mobile Area Network) Standards Committee. The 
recently published standard IEEE 802.11ac [1] 
enables very high throughput greater than 1 Gbit/s. 
Wireless LAN interfaces are being implemented in 
more and more products such as personal computers 
and mobile terminals such as smartphones, resulting 
in rapid growth of the market for Wi-Fi-enabled ter-
minals, with over 12 billion cumulative shipments in 
2015 [2].

However, new problems have emerged with the 
proliferation of wireless LAN terminals. One prob-
lem is degradation of transmission efficiency, which 
occurs when many wireless LAN terminals interfere 
with each other. The reason for this is that wireless 
LAN devices acquire channel access opportunities in 
accordance with the Carrier Sense Multiple Access 
with Collision Avoidance (CSMA/CA) protocol, 
which avoids simultaneous transmission on the same 
frequency resource. This means that the transmission 
opportunities of each terminal decrease in dense 
deployment scenarios. 

Major Wi-Fi vendors and communication carriers 
including the NTT Group are working to overcome 
this and other challenges, and they have held discus-
sions on the next-generation wireless LAN standard, 
which is intended to achieve high transmission effi-
ciency even in dense wireless LAN environments. 
The IEEE 802.11 WG established a new task group 
that will work on the standardization of the next-
generation wireless LAN 802.11ax standard in order 
to improve wireless LAN performance in dense envi-
ronments [3, 4]. 

2.   Scope of IEEE 802.11ax

Several technical requirements for the new wireless 
LAN standard were discussed before the creation of 
the Task Group ax (TGax) in the IEEE 802.11 WG. 
The conclusions of these discussions were summa-
rized in a Project Authorization Request (PAR) [5] 
and in Criteria for Standards Development, which 
state the goal and the necessity of this standardiza-
tion. The key points in the PAR are below, which 
states that the standard should:

•	� Modify both the IEEE 802.11 physical layers 
(PHY) and the IEEE 802.11 medium access con-
trol layer (MAC)

•	� Enable at least one mode of operation capable of 
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supporting at least four times improvement in the 
average throughput per station (terminal) mea-
sured at the MAC data service access point 
(SAP)*1 in dense deployment scenarios

•	� Maintain or improve the power efficiency per 
station

•	� Operate in frequency bands between 1 GHz and 
6 GHz indoors and outdoors

•	� Enable backward compatibility and coexistence 
with legacy IEEE 802.11 devices operating in 
the same band

The primary objective of the 802.11ax standard is 
to achieve high efficiency in dense deployment sce-
narios. This differs from the main objective of 
802.11ac, which is to increase the maximum MAC-
SAP throughput. Consequently, the goal is not to 
achieve maximum throughput but to improve the 
average throughput per station.

IEEE 802.11ax is expected to significantly improve 
the communication quality and user experience in 
very populated areas such as train stations, airports, 
and stadiums. Furthermore, high transmission effi-
ciency in dense deployment scenarios will result in an 
increase in the number of wireless LAN service 
users.

3.   Techniques under consideration 
in 802.11 TGax

TGax is currently considering the use of various 
techniques in 802.11ax to improve spectrum effi-
ciency:

•	� A signal format with high tolerance to delayed 
waves

•	 Multi-user transmission
•	 Spatial reuse of frequency resources
These are explained in the following subsections.

3.1   Signal format
In IEEE 802.11ax, the outdoor environment is 

viewed as an important scenario that has not been 
examined in detail. The main issue with the outdoor 
environment is a large delay spread of the radio sig-
nal. The delay spread tends to be larger in outdoor 
environments than in indoor environments, which 
causes serious degradation at the receiver. Therefore, 
in 802.11ax, the orthogonal frequency division multi-
plex (OFDM) symbol length will be extended by four 
times to combat the long delay spread in outdoor 
environments (Fig. 1). The expansion of the symbol 

*1	 MAC data SAP: Interface between MAC layer and upper layer.

Fig. 1.   Four times longer OFDM symbol.
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length will also relax the timing requirement of 
uplink multi-user transmission. Moreover, it is 
expected to be more flexible when resources are allo-
cated for OFDMA (OFDM access) transmission 
because the number of subcarriers*2 increases if the 
symbol length becomes longer.

3.2   Multi-user transmission
Multi-user transmission enables an access point 

(AP) to communicate with more than one client 
simultaneously. In the 802.11ac standard, downlink 
multi-user multiple input multiple output (MIMO) 
was introduced. The multi-user MIMO applies spatial 
multiplexing for transmission to more than one desti-
nation with one antenna or multiple antennas; in other 
words, it achieves higher spatial multiplexing gain 
and improves communication efficiency compared to 
single-user MIMO.

Further expansion of multiplexing and uplink/
downlink directions are under consideration in dis-
cussions on the 802.11ax standard. To be more pre-
cise, (1) downlink OFDMA, (2) uplink OFDMA, and 
(3) uplink multi-user MIMO are under discussion. 
The downlink OFDMA has already been introduced 

in WiMAX (Worldwide Interoperability for Micro-
wave Access) and LTE (Long Term Evolution), 
which use frequency multiplexing. The implementa-
tion to a module is easier than in multi-user MIMO, 
so it is expected to be used in more APs. In addition, 
several patterns of resource allocation have been pro-
posed that will result in more efficient use of fre-
quency resources, as depicted in Fig. 2. The uplink 
OFDMA and the uplink multi-user MIMO apply the 
multi-user transmission technique in the uplink direc-
tion. It is regarded as an effective technique to 
enhance the uplink transmission efficiency, particu-
larly when there is a transmission acknowledgment 
for a multi-user downlink (Fig. 3). In order to achieve 
simultaneous transmissions from more than one sta-
tion, a new control frame called a trigger frame has 
been discussed for timing synchronization in multi-
user uplink transmissions.

3.3   Spatial reuse
In dense deployment scenarios, there will be sev-

eral wireless LAN service areas on the same  

Fig. 2.   Example of allocation of frequency resource block at 20 MHz.
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frequency channel. In such cases, frequency resourc-
es are shared by those areas following the CSMA/CA 
protocol. To improve the spectrum efficiency of the 
service areas, control of the Clear Channel Assess-
ment (CCA) threshold has been discussed as a way to 
enable frequency re-use at closer distances. The CCA 
threshold is used to determine the channel status—
that is, whether it is IDLE or BUSY. 

In the early days of wireless LAN, the density of 
wireless LAN terminals was not very high, and the 
CSMA/CA protocol with the existing CCA threshold 
worked very well. However, with the increasing 
popularity of wireless LANs, throughput degradation 
in dense environments has become much more seri-
ous due to inadequate transmission opportunities. In 
the 802.11ax standardization, controlling the CCA 
threshold is being considered as a solution for this 
problem. This technique makes it possible to set the 
CCA threshold higher than the conventional one 
when the channel has sufficient quality, which 
enables a new transmission to be started on top of an 
on-going transmission to improve the spatial spectral 
efficiency.

Of course, this technique is only possible when the 
existing transmission is happening in another wire-
less LAN area. If a wireless LAN terminal begins to 
transmit frames when another frame from the same 
cell is being transmitted, a packet collision would 
occur, and the transmission would not be received at 

the desired destination. Therefore, a method is need-
ed to determine whether the receiving frame is from 
its own area or from another area, and thus, the use of 
an indicator in a PHY header is being discussed. 
When the receiving frame is determined to be from 
another area, the wireless LAN terminal will set the 
CCA threshold higher (Fig. 4), and channel conten-
tion will become more aggressive. Other conditions 
and the method of controlling the transmission 
power, which enables the CCA threshold to be con-
trolled, are also under discussion. These promising 
techniques are expected to be useful to expand the 
system capacity.

4.   Schedule of standardization

As of September 2016, technical discussions were 
continuing toward achieving draft version 1.0, sched-
uled for release in November 2016. Many companies 
including NTT and major Wi-Fi vendors are keeping 
up their efforts to complete the standardization of 
802.11ax in order to release the official version after 
December 2018 (for details, refer to [3]) and to pro-
mote 802.11ax-compliant wireless LAN terminals 
leading up to 2020.

5.   Summary

IEEE 802.11 TGax is considering techniques to 
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ensure high throughput of wireless LAN transmis-
sions even in dense environments. NTT is contribut-
ing to the development of the IEEE 802.11ax wireless 
LAN standard in order to resolve the performance 
degradation in high density environments and 
improve public wireless LAN services, including 
those in stadium environments.
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