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1.   Introduction

Wireless local area networks (LANs), or Wi-Fi*1 
networks, are gaining much attention due to the rapid 
growth in the number of user devices including 
smartphones and tablets being used in homes and 
offices. It was reported that in 2016, over 50 million 
user devices equipped with wireless LAN functions 
were sold in Japan [1]. Access points (APs) are also 
being installed to handle the increasing traffic in 
mobile networks, and the number of users of public 
wireless LAN services is increasing.

One of the factors behind the spread of wireless 
LANs is that they operate on the unlicensed frequen-
cy band, which has made it possible for users to 
install their own equipment for as little as $100 or so. 
To provide this feature, the wireless LAN standard 
IEEE*2 802.11 was established in 1997 as the first to 
use wireless access control methods with autono-
mous distributed control, which is called carrier sense 
multiple access with collision avoidance (CSMA/
CA). The maximum transmission speed of this initial 
standard was 2 Mbit/s, but that has risen 1000-fold in 
just under 20 years, where the products compliant 
with the latest IEEE 802.11ac standard have a maxi-
mum speed of 1.7 Gbit/s (Fig. 1). Throughout this 
time, CSMA/CA has remained the basic wireless 

access control method, allowing for backward com-
patibility with earlier wireless LAN equipment.

CSMA/CA is a mechanism that allows multiple 
wireless devices to share the same frequency channel 
[2]. Instead of having a centralized controller to con-
trol the access of each device as in the mobile phone 
system, in CSMA/CA the wireless APs and user 
devices perform autonomous distributed channel 
access before their radio emissions so as not to inter-
fere with those of other devices. Specifically, this 
method carries out transmission after ensuring there 
are no radio waves from other terminals (carrier 
sense) and pausing for a prescribed random interval. 
It thus avoids interference with the radio transmis-
sions of other terminals (collision avoidance), 
enabling multiple devices to share the same frequen-
cy channel (multiple access). Centralized access 
control methods are effective in systems where each 
licensed operator occupies and uses a different set of 
frequencies, but with unlicensed wireless access, 
autonomous distributed control is necessary in order 
for radio waves to be shared by the devices of differ-
ent owners. 

*1	 Wi-Fi is a registered trademark of Wi-Fi Alliance.
*2	 IEEE: The Institute of Electrical and Electronics Engineers
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2.   Issues of wireless LAN technology

Despite the popularity and convenience of wireless 
LANs, there has been an increase in the problems 
caused by excessive numbers of users. In an environ-
ment where many wireless LANs are used in close 
proximity to one another, it is harder to secure trans-
mission opportunities in the CSMA/CA protocol, 
resulting in a higher incidence of packet errors due to 
collisions. Problems are also caused by congestion of 
wireless channels caused by the exchange of manage-
ment signals such as beacon signals that are periodi-
cally transmitted by wireless APs, and probe signals 
that are used by terminals searching for a wireless AP 
to connect to. This can make it impossible to make 
proper use of wireless LANs in busy places such as 
train stations where many people would like to use 
them.

As Japan prepares for the major events in 2020, 
there are growing expectations for the provision of 
entertainment services using wireless LANs in stadi-
ums. However, with the current wireless LAN tech-
nology, a stadium is an even more difficult environ-
ment than a train station. When providing high-band-
width content such as videos to large numbers of 
spectators in a stadium, it is possible to increase the 
traffic capacity to some extent by installing wireless 
APs more densely, but the traffic capacity does not 
rise in proportion to the number of installed APs. In a 
stadium, the line of sight between the spectator seats 
is particularly good, and it is usually possible for 
radio waves from a wireless LAN installed in the 
back stands to be received in the main stands. In this 
sort of environment, many wireless APs have to con-
tend for the same frequency channel, resulting in 
lower traffic capacity per wireless AP.

Fig. 1.   Evolution of wireless LAN standard technology.
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Development of the fifth-generation mobile com-
munications system (5G) is underway worldwide as 
part of efforts to exploit the expected commercial 
opportunities that will arise in 2020. Mobile traffic is 
continuing to grow due to the increasing use of smart-
phones and advances in mobile applications. Although 
the rate of increase has eased lately, it is still growing 
by a factor of 1.4 every year according to a recent 
report [3], and it is expected that the amount of traffic 
in 2020 could be about a thousand times greater than 
in 2010. To accommodate this traffic, 5G technolo-
gies that use a combination of diverse wireless access 
techniques, including the use of new frequency 
bands, are being researched and developed, and it is 
expected that wireless LANs and other unlicensed 
wireless technologies will also be used as a way of 
supporting 5G traffic [4].

 At the Radio Policy Vision Council that met in 
December 2014, the Ministry of Internal Affairs and 
Communications resolved to secure a frequency 
bandwidth in the 2700-MHz range for mobile com-
munication systems by 2020, with the assumption 
that mobile frequencies will be integrated with the 
frequencies used for wireless LANs [5]. However, as 
mentioned above, wireless LANs using unlicensed 
frequencies suffer from poor throughput in congested 
radio environments. Consequently, improving the 
characteristics in congested environments is a major 
challenge in order to accommodate mobile traffic in 
unlicensed bands.

3.   Development of wireless LAN technology 
at NTT

In order to implement 5G services in time for the 
big events of 2020, further evolution of wireless LAN 
is expected. To respond to these needs, we must 
ensure that service quality is maintained even in envi-
ronments where wireless APs and terminals are 
packed closely together. One way of minimizing the 
deterioration of wireless LAN quality in high density 
environments without damaging the ease of access to 
ordinary users to wireless LAN services is to contin-
ue using the CSMA/CA distributed access control 
method while optimizing wireless resources such as 
the transmission power and the number and band-
width of wireless channels.

The current wireless APs generally choose wireless 
channels in which there are few interfering APs after 
observing wireless AP signals in the vicinity, but in 
environments with high wireless LAN density, APs 
that are liable to cause interference are themselves 

subject to interference from other APs. As a result, the 
wireless environment can become extremely con-
gested. In such circumstances, a complete overhaul of 
the radio environment is warranted. At NTT laborato-
ries, we are researching and developing an architec-
ture called cooperative wireless LAN, whereby infor-
mation about the wireless environment is collected 
from multiple APs, and the parameters of each wire-
less AP are set appropriately based on this informa-
tion. Wireless access control is still performed by 
CSMA/CA autonomous distributed control, while 
some of the wireless AP parameters are optimized by 
centralized control in order to improve the overall 
bandwidth usage efficiency.

In May 2014, the IEEE 802.11 Working Group 
embarked on the standardization of high-efficiency 
wireless LAN (11ax) as the next generation standard. 
The technical requirements set by this standard 
include the provision of an operating mode where the 
average throughput is at least four times that of a 
conventional terminal in high-density environments, 
and work is under way with the aim of implementing 
this standard by the end of 2018. Although compati-
bility with high-density environments is thus being 
promoted for standard technology, the range of 
parameters that can be set according to diverse needs 
in the 11ax standard is becoming broader, and we 
believe that wireless AP control would work more 
effectively in a cooperative wireless LAN. NTT is 
actively participating in the 11ax standardization pro-
cess by promoting the implementation of standards 
that are suitable for cooperative wireless LAN con-
figurations, and leading in the development of 11ax-
compatible radio resource control techniques.

4.   Efforts aimed at implementing a cooperative 
wireless LAN platform

It is thought that a cooperative wireless LAN archi-
tecture, where some of the wireless AP parameters 
are controlled centrally from the cloud, could be 
developed to provide diverse services in addition to 
wireless resource control functions (Fig. 2). This sec-
tion introduces a number of techniques that we are 
working on with the aim of providing a platform with 
diverse functions obtained by controlling wireless 
APs.

4.1   �Cooperative wireless LAN channel setup 
technique

The configurable wireless resources of an ordinary 
wireless AP include the wireless channel and channel 
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bandwidth. In 2015, we developed prototype channel 
configuration software that optimally configures 
these wireless resources based on wireless environ-
ment information collected from multiple wireless 
APs. This technology uses the collected wireless 
environment information to construct a virtual wire-
less LAN environment on a server, and repeatedly 
tries out different resource settings in this virtual 
environment in order to converge settings that maxi-
mize the predicted throughput performance [6]. We 
used this technique to perform optimal wireless chan-
nel configuration in a free Wi-Fi service at the Tsu-
kuba Forum 2016 event. We also constructed a pre-
mium area where specific wireless APs were config-
ured for high-speed communication, enabling us to 
validate this technique (Fig. 3).

4.2   �Cooperative wireless LAN with distributed 
smart antennas

In environments such as stadiums where wireless 
LANs are subject to very high-density use, it is not 
sufficient to simply optimize the wireless channel 
configuration. Instead, technology is needed to sup-
press interference more fundamentally. We are there-
fore developing a cooperative wireless LAN system 

with distributed smart antennas arranged so that mul-
tiple wireless AP antennas are placed close to the user 
terminals. Since this technique allows communica-
tion to take place without scattering radio waves 
around any more than necessary, it allows frequency 
channels to be recycled over shorter distances, there-
by maximizing the area throughput [7] (Fig. 4). 
Although distributed smart antenna technology has 
already started to be introduced into mobile systems, 
its application to CSMA/CA systems has up until 
now been considered difficult. The application of 
distributed smart antennas should make it possible to 
achieve at least double the overall throughput of a 
conventional system.

4.3   �Wireless LAN service function: radio wave 
environment visualization

By making use of the wireless environment infor-
mation collected by terminals as well as wireless 
APs, it is possible to perform wireless control that is 
better suited to the user’s environment. In the future, 
by analyzing the collective intelligence obtained as 
wireless environment information from devices that 
are in regular use, it should be possible to ascertain 
the status of wireless environments at many different 
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locations in real time, and to promote the efficient use 
of radio waves. At the NTT R&D Forum held in Feb-
ruary 2016, we tested a service based on a reduced set 
of features from the technology discussed here that 

created and provided free Wi-Fi signal strength maps 
using a terminal application provided to visitors. As a 
result, we confirmed that it was possible to visualize 
the wireless environment in almost real time [8] 
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(Fig. 5).

4.4   Cooperation between 5G and wireless LANs
In 5G, it is expected that devices will not only be 

able to switch between wireless LAN connections 
and mobile circuits as they have been able to do so 
far, but will also be able to use unlicensed wireless 
services in close cooperation with mobile networks 
as a heterogeneous network [5]. The key technologies 
needed to achieve this are thought to include tech-
nologies for ascertaining the quality of unlicensed 
wireless circuits and controlling wireless resources to 
reduce interference. Even in unlicensed wireless ser-
vices where the quality tends to become unstable 
during high-density use, it will still be possible to 
select and use services of favorable quality if the ser-
vice quality can be estimated with high precision [9]. 
Also, when using wireless resource control to 
improve the quality of unlicensed wireless services, 
mobile circuits can be used as control circuits for 
unlicensed wireless services to perform control using 
wireless environment information collected from the 
terminals. This should make it possible to improve 
the service quality even further [10] (Fig. 6). This 

paper includes a part of the results in  “The research 
and development project for realization of the fifth-
generation mobile communications system” commis-
sioned by The Ministry of Internal Affairs and Com-
munications, Japan [11].

5.   Future prospects

With the growing popularity of inexpensive yet 
highly convenient commercial products based on 
IEEE standard technology, wireless LANs have 
become essential as a means of connecting mobile 
terminals to networks. However, a growing number 
of use cases cannot be accommodated with standard 
technology alone. To meet growing demand with 
limited radio resources while providing exciting new 
services, we think that there will be many more situ-
ations in the future where our technology will be 
required. At NTT Access Network Service Systems 
Laboratories, we will continue developing wireless 
LAN solutions for ultra-high density environments, 
and contributing to the realization of reasonably 
priced 5G services that cooperate with wireless LAN 
services.

Updated in real time

Wi-Fi radio map

BLE: Bluetooth Low Energy. Bluetooth is a registered trademark of Bluetooth SIG Inc.

User terminals Reception

Restaurant

Cloaks

Network

BLE beacons
for obtaining
location information

Acquired user-location
data are linked to
user-side information.

• Wi-Fi signal strength, control-packet information, and traffic
• Information from sensors implemented in smartphones

Optimizing wireless
configuration policy
according to the patterns

Classifying trends of radio wave
usage and making utilization patterns

Wi-Fi
APs

Everyone’s locations are
collected and analyzed on
the cloud.

Fig. 5.   Wireless LAN service function: radio wave environment visualization.



7 NTT Technical Review

Feature Articles

References

[1]	 ICT Research & Consulting Inc., “2015 Survey of Public Wireless 
LAN Service Users,” 2015 (in Japanese).

[2]	 M. Morikura and S. Kubota, “802.11 High-speed Wireless LAN Text-
book (revised 3rd edition),” Impress R&D, 2008 (in Japanese).

[3]	 Ministry of Internal Affairs and Communications, “Mobile Commu-
nication Traffic in Japan,” Information & Communications Statistics 
Database (in Japanese).

	 http://www.soumu.go.jp/johotsusintokei/field/data/gt010602.pdf
[4]	 The Fifth Generation Mobile Communications Promotion Forum 

(5GMF), “5G Mobile Communications Systems for 2020 and 
Beyond,” 5GMF White Paper, Version 1.01, 2016.

[5]	 Ministry of Internal Affairs and Communications, “Final Report from 
the Radio Policy Vision Council,” Dec. 2014 (in Japanese).

	 http://www.soumu.go.jp/main_content/000334592.pdf
[6]	 B. A. H. S. Abeysekera, M. Matsui, Y. Takatori, and M. Mizoguchi, 

“Performance Evaluation of Network-controlled Channel Allocation 
Scheme for IEEE 802.11 Wireless LANs,” IEICE Tech. Rep., Vol. 
116, No. 202, CQ2016-72, pp. 129–134, 2016.

[7]	 K. Kawamura, K. Ishihara, J. Iwatani, S. Shinohara, M. Akimoto, Y. 
Inoue, T. Ichikawa, and Y. Takatori, “New Trends in Wireless LAN 
and Cooperative Wireless LAN Technology,” NTT Technical Review, 

Vol. 15, No. 3, 2017.
	 https://www.ntt-review.jp/archive/ntttechnical.php?contents= 

ntr201703fa3.html
[8]	 M. Motegi, K. Hashiguchi, H. Kataoka, T. Kusabuka, Y. Tanaka, U. 

Shibusawa, T. Yamazaki, and T. Ogawa, “2020 MICE—New Hospi-
tality through Exhibitions × ICT,” NTT Technical Review, Vol. 14, 
No. 12, 2016.

	 https://www.ntt-review.jp/archive/ntttechnical.php?contents= 
ntr201612fa7.html

[9]	 M. Matsui, A. Inoki, B. A. H. S. Abeysekera, T. Ichikawa, M. Mizo-
guchi, A. Kishida, A. Yamada, H. Morihiro, T. Asai, and Y. Okumura, 
“Wireless LAN Systems Cooperating with Mobile Circuits for 5G (1): 
Using Mobile Circuits to Increase System Capacity,” IEICE General 
Conference, B-5-12, 2016 (in Japanese).

[10]	 A. Inoki, B. A. H. S. Abeysekera, M. Matsui, T. Ichikawa, M. Mizo-
guchi, A. Kishida, A. Yamada, H. Morihiro, T. Asai, and Y. Okumura, 
“Wireless LAN Systems Cooperating with Mobile Circuits for 5G (2): 
Using Beacon Signals to Estimate the Exposed State of APs,” IEICE 
General Conference, B-5-13, 2016 (in Japanese).

[11]	 Ministry of Internal Affairs and Communications, The Radio Use 
Web Site, Research and Dvelopment for Expansion of Radio Wave 
Resource (in Japanese),  http:/ /www.soumu.go.jp/menu_
news/s-news/01kiban09_02000169.html

AP control

Selection of optimal
wireless access circuit

Wireless LAN AP

Unlicensed band platform

Control engine
Database

Association
control

Wireless environment
information transmission

5G wireless cell

Macrocell
base station

Low SHF band
small cell base
station

High SHF band
small cell base
station

Millimeter wave
wireless LAN AP

Improvement of interference
in unlicensed band

5G wireless terminal

SHF: super high frequency

This paper includes a part of the
results in “The research and
development project for realization 
of the fifth-generation mobile
communications system”
commissioned by The Ministry of
Internal Affairs and Communications,
Japan.

Fig. 6.   5G mobile/wireless LAN cooperation.
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