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1.   Introduction

With the expansion of broadband services, home
networks that can connect a user terminal to a gate-
way, which is the entrance to the broadband service
network, have become a very important research
goal. The home network can generally be made as
either (1) a wired system based on optical-fiber, coax-
ial, or twisted-pair cables, (2) a high-speed power line
communication system [1] that utilizes the power
lines present in most homes, or (3) a wireless local
area network (WLAN). Among these methods, the
WLAN is the simplest and most convenient because
only a wireless access point is needed in order to
cover most rooms in the home, and the network can
be easily built without laying wiring. These benefits
have triggered greater demand for WLAN equipment
and its price has steadily fallen [2].

The data rate of broadband services is increasing
year by year and has already surpassed 100 Mbit/s.
This sets the next target for the WLAN. In this article,
we review some next-generation WLAN technolo-
gies including MIMO (multiple input multiple out-
put) transmission.

2.   Trends in WLANs

Table 1 shows the frequency bands available for
WLANs in Japan. WLANs that use them are mainly
standardized by the Association of Radio Industries
and Businesses (ARIB) [3] in Japan. The data rate has
been increasing, as shown in Fig. 1. Several WLANs
are outlined below.

2.1   2.4- and 5-GHz-band WLANs
WLANs in the microwave band are currently the

most popular type. Their key feature is their relative-
ly large service area, made possible by their low
attenuation rate. Unfortunately, they suffer from fad-
ing: a lot of delayed waves overlap due to the multi-
path effect. Therefore, some techniques that can sup-
press the effect of fading are needed.

2.4-GHz-band WLANs are being standardized in
the IEEE802 committee [4], an American standard-
ization organization. ARIB standards (RCR STD-33
and ARIB STD-T66) were established on the basis of
IEEE802.11 and 11b, which had been standardized in
IEEE802. Because the 2.4-GHz band is the ISM
(industrial, scientific, and medical) band and is also
utilized by microwave ovens and medical equipment,
these WLANs use spread spectrum modulation,
which is robust against interference. IEEE802.11b
has the same data rate (throughput) as Ethernet: its
maximum data transmission rate is 11 Mbit/s. ARIB
STD-T66 also corresponds to IEEE802.11g, which is
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a WLAN that can co-exist with IEEE802.11b in the
2.4-GHz band and can achieve a maximum data
transmission rate of 54 Mbit/s with orthogonal fre-
quency division multiplexing (OFDM) modulation,
which has excellent performance against multipath
fading. ARIB STD-T66 is the preferred choice
among Japanese WLAN standards and this equip-
ment has the dominant market share.

There are three types of 5-GHz WLANs in the
world: IEEE802.11a (ARIB STD-T71 in Japan) in
the IEEE802 committee, HiperLAN2 in the Euro-
pean telecommunications standard institute (ETSI),
and HiSWANa (ARIB STD-T70) in the Multimedia
Mobile Access Communication (MMAC) Forum of

Japan. These standardization organizations have
established a liaison relationship and are cooperating
in their study of the technical specifications on the
physical layer. The first result is that coded-OFDM
was chosen as the modulation method and basic para-
meters such as the guard interval and number of sub-
carriers have been unified.

The market for 5-GHz WLANs is currently much
smaller than that for 2.4-GHz WLAN, but it is
expected to grow in the near future because the fre-
quency band for 5-GHz WLANs was expanded to
455 MHz in WRC-2003 (World Radio Communica-
tion Conference 2003).
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Fig. 1.   Change of WLANs.
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Table 1.   Main specifications of WLANs.
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2.2   19- and 25-GHz band WLANs
The 19-GHz-band WLAN (RCR STD-34) is a

radio system based on time division multiple access
(TDMA). It was the first to match the data rate of Eth-
ernet. Because its main design goal was to eliminate
the cables from a conventional LAN, the WLAN ter-
minals were assumed to be fixed. Nevertheless, this
system has had a major impact on the development of
the present WLANs.

The 25-GHz band WLAN was allocated a band-
width of about 1 GHz in the 25-/27-GHz bands
(quasi-millimeter wave bands). The basic ideas
behind using these frequency bands are to provide (1)
high-speed wireless access, (2) systems capable of
operating in various environments, such as offices,
factories, homes, and public spaces including out-
doors, (3) seamless connections, and (4) multimedia.
The main feature of the 25-GHz-band WLAN is its
ability to bundle multiple (up to six) signal channels.
This means that the maximum data transmission rate
is about 400 Mbit/s. The only current commercial
offering is HiSWANb, which follows ARIB STD-
T83. Except for the radio frequency, this system has
the same technical specifications as HiSWANa, a 5-
GHz WLAN. HiSWANb is expected to be used for
applications that cannot be supported by 2.4- and 5-
GHz-band WLANs.

2.3   60-GHz-band WLANs
One characteristic of millimeter-wave equipment is

its small size. In addition, these systems can achieve
higher data transmission rates than those using the
microwave or quasi-millimeter wave bands because
of the abundant frequency resources. The 60-GHz-
band WLAN (ARIB STD-T74) provides a data trans-
mission rate of 155.52 Mbit/s.

3.   Technologies for next-generation WLANs

The frequency resources available for radio com-
munication are generally limited, so it is critical to
increase the frequency utilization efficiency in the
microwave band. To this end, MIMO transmission,
which offers significant improvements in frequency
utilization efficiency, is being actively studied for
WLAN application by various organizations.

3.1   MIMO transmission
Figure 2 shows a block diagram of MIMO trans-

mission. The transmitter and receiver each have two
or more antennas, and multiple communication paths
(so-called “MIMO channels”) are established
between them. Well-known MIMO transmission
techniques include space division multiplexing
(SDM), Eigenbeam SDM (E-SDM), and space divi-
sion multiple access (SDMA).
3.1.1   Space division multiplexing (SDM)

transmission
In SDM, the transmitter transmits different signals

from multiple antennas at the same time and at the
same frequency. Ideally, it can achieve N times the
data transmission rate of the SISO (single input sin-
gle output) system over a widely dispersed wireless
channel by using N transmitting and N receiving
antennas at each side of the communication link with-
out expanding the signal bandwidth.

This technology requires the received signals to be
separated into the signals transmitted from each of
the antennas at the receiver side; incomplete signal
separation leads to multistream interference (MSI).
Generally, the signal separation can be achieved by
estimating the MIMO channel matrix H, which is
expressed as the combination of all antennas between
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Fig. 2.   MIMO transmission.
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the transmitter and receiver, from the received known
signal. There are four main signal separation algo-
rithms: zero forcing (ZF), minimum mean square
error (MMSE), vertical Bell Laboratories layered
space-time (V-BLAST), and maximum likelihood
detection (MLD). The ZF method, shown in Fig. 2,
derives the transmitted signals x by multiplying the
received signals y by the inverse matrix (H–1) of the
above-mentioned estimated matrix H. The ZF
method has relatively low hardware requirements
because of its simple circuit structure, but it has poor-
er error rate performance than the MLD method. The
MLD method theoretically has the best transmission
performance among all the signal separation algo-
rithms, but its hardware requirements can be imprac-
tical because its signal processing complexity
depends on the number of constellation points and the
number of transmitting antennas. Signal separation
algorithms for SDM, including those for application
to OFDM-based WLANs, are being aggressively
studied in various organizations, including NTT [5].
3.1.2   Eigenbeam-space division multiplexing (E-

SDM) transmission
SDM places the signal processing technology at the

receiver side because the transmitter cannot always
gather MIMO channel information. On the other
hand, the TDD (time division duplexing) approach
offers a solution to this because the up and down links
use the same frequency. Using this information,
TDD-based SDM can offer a larger communication
capacity (or higher transmission data rate) than the
basic SDM.

Figure 3 shows the principle of E-SDM. E-SDM
forms beams using eigen-vectors derived from singu-
lar value decomposition of the MIMO channel matrix
H, which is known at the transmitter side, and can

configure a spatially orthogonal MIMO channel, that
is, a MIMO channel without crosstalk [6]. Therefore,
E-SDM is expected to suppress the degradation in
transmission quality caused by MSI, which is a seri-
ous problem in SDM systems. 
3.1.3   SDMA technology

Most WLAN networks have many WLAN termi-
nals within the communication area (or cell) config-
ured by an access point and these terminals share the
communication capacity of the access point through
time, frequency, or code sharing.

SDMA [7] is another multiple access method. To
accommodate a group of users (WLAN terminals)
using the same frequency within the same cell simul-
taneously, the access point constructs a spatially inde-
pendent MIMO channel to each user and transmits
signals to the users in parallel (Fig. 4). Consequently,
SDMA can greatly improve the frequency utilization
efficiency.

When SDMA is applied to the MIMO channel, the
following advantages are obtained: (1) higher recep-
tion diversity gain can be achieved by increasing the
number of antennas and (2) higher communication
capacity is expected when used in combination with
SDM because of the greater suppression of MSI.
Given these advantages, SDMA has been attracting
attention recently.

3.2   Other technologies
Error correcting codes are also expected to be need-

ed in the next-generation WLAN. Turbo code [8] and
low-density parity check (LDPC) code [9] have
recently been attracting attention as error correcting
codes whose performance can approach the “Shan-
non limit”, the limit up to which data can be trans-
mitted without errors. Turbo code is already being
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used in third-generation mobile communication sys-
tems such as W-CDMA (wideband code division
multiple access) and cdma2000, and its high error
correction performance has been verified. LDPC
code theoretically approaches to within 0.3 dB of the
Shannon limit. Consequently, error correcting codes
will be essential to achieve QoS (quality of service)
functions in broadband multimedia wireless commu-
nication.

4.   Approaches to the next-generation WLAN

Various approaches to the next-generation WLAN
are being advanced around the world. Here we intro-
duce two activities.

4.1   IEEE802.11n system
The IEEE802 committee established TGn (Task

Group n) in September 2003, which is now studying
the technical specifications of the next-generation
WLAN. The goals of TGn are to guarantee backward
compatibility with IEEE802.11a and 11g and to
achieve throughputs of more than 100 Mbit/s at the
service access point in the media access control layer
(MAC-SAP). Aiming to complete technical specifi-
cations in 2006, TGn is presently examining techni-
cal proposals collected from TGn members. MIMO is
also being studied as a core technology for the
IEEE802.11n system [10]. NTT is a member of TGn.

4.2   Millimeter-wave radio system
NICT (Japan’s National Institute of Information

and Communications Technology) established a

study group to investigate millimeter-wave wireless
access systems in January 2004 [11]. This group aims
to make a system that can support broadcast service
and bi-directional communication in apartment
buildings. The millimeter-wave band has a useable
frequency bandwidth of more than 1 GHz, making it
possible to achieve gigabit-per-second-class trans-
mission systems. Therefore, millimeter-wave
WLANs are expected to provide IEEE1394 and
Gigabit Ethernet (GbE) interfaces that are impossible
for microwave (2.4 and 5 GHz) and quasi-millimeter
wave (19 and 25 GHz) WLANs.

5.   Conclusions

Technologies for next-generation WLANs are
being aggressively studied and developed by various
organizations. In particular, MIMO transmission
techniques are expected to improve the frequency uti-
lization efficiency and achieve over-100-Mbit/s trans-
mission by radio. We hope these technologies are
applied not only to home networks, but also to vari-
ous wireless communications, including fourth gen-
eration mobile communications.
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