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This paper describes the challenges that Fujitsu is taking up in wireless communica-
tions and reviews Fujitsu’s development history in the first, second, and third genera-
tion of cellular systems. Fujitsu is a total-system vendor of services, information,
networks, and devices that derives its strength through inter-division collaboration.
At the advent of 3G, Fujitsu established itself as a total-system vendor of mobile com-
munications and started to deliver the major 3G components, for example, handsets,
base transceiver stations (BTSs), radio node controllers, multimedia processing equip-
ment, and multimedia mobile switches, to its customers. Through the development of
this equipment, many technological breakthroughs have been made. Fujitsu has de-
veloped a W-CDMA power amplifier that has the highest efficiency in the world. This
achievement is atestament to Fujitsu’s expertise in semiconductor fabrication, digital
signal processing, equipment technologies, and many other technologies. This paper
also looks at the speed and complexity of digital signal processing that will need to be
achieved and the trends of software defined radio (SDR), which along with the expect-
ed progress in semiconductor fine-process technology will determine the specifica-
tions for the next-generation mobile system. Finally, this paper describes the future

network with which a ubiquitous communication society will be realized.

1. Introduction

There are some remarkable aspects to the 100000
rapid growth in wireless communications, as typ-

ified by the rapid growth in mobile telephony.
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There are also various local wireless systems, such
as cellular systems, wireless LANs, and Bluetooth.
The terminals used in these systems are function-
ally extremely complex, yet despite this they have 1000
become small, lower power consumption devices

that are mass produced at low cost, which has in
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curred in semiconductor technology (Figure 1). Year

The recent rapid growth of the Internet has led to Figure 1

a huge increase in traffic on the networks, bring- Miniaturization of mobile equipment.
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ing about a rapid rise in data speeds, both in trunk
and subscriber lines. This effect has spread to
mobile telephony systems, and the extraordinary
growth of i-mode in Japan is at the vanguard of
the mobile Internet.?

Transmission speeds on fixed networks are
increasing, and there is currently a similar trend
toward increased speeds in mobile communica-
tions. Furthermore, we can expect these trends
to continue in the future. In fact, even though
third-generation (3G) mobile services are only now
becoming available, research into fourth-genera-
tion (4G) systems has already begun.

This paper describes the efforts that Fujitsu
has made in developing wireless and mobile com-
munications in the past and the challenges it faces
in the future.

2. History of cellular systems

Cellular systems have seen a change of gener-
ation about once a decade. When first-generation
(1G) services were started in the late 1970s to
early 1980s, a typical mobile unit was about 10 to
20 liters in volume, so it only just fitted into the
trunk of a car. Also, the components in the ana-
log section, such as the power amplifier,
synthesizer, and shared antenna equipment, were
all large.

TTL (Transistor Transistor Logic) was used
throughout the control section. Plain analog FM
was used for the radio transmission, which was
the obvious choice given the technology of the time
in terms of efficiency of the PA and ease of building
the transceiver system. At the base transceiver
station (BTS), the transceiver rack contained 50
to 100 liters of equipment for each user channel.
If one is forced to say what the technological break-
throughs for 1G were, then on the radio side it
would be the invention of pulse swallow frequency
synthesizers, which stably accommodate multiple
frequencies, and on the control side it would be
the appearance of microprocessors, which made a
huge contribution to the miniaturization and in-
crease of functionality of the control section.
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Miniaturization of the mobile unit was progress-
ing a few years before the introduction of 2G
services in 1990, to the point where the size of
mobile phones fell below 200 cm? (Figure 1).

Fuyjitsu’s first forays into cellular systems
were around 1976, when it participated in the
Chicago Trial in the USA. The company entered
the market with car phones and went on to devel-
op its North American business with mobile
phones. At that time, products based on Fujitsu’s
bi-CMOS technology were de-facto global stan-
dards for critical components such as prescalers
and other devices. Today’s analog front-end de-
vices are the continuation of this legacy. These
devices have been achieved thanks to close coop-
eration between systems and semiconductor
device engineers, and this culture continues un-
interrupted at Fujitsu.

The second generation (2G) saw the digiti-
zation of cellular systems, but there remained
three major problems to be solved. These were
1) what method to use for band compression of
voice, 2) how to deal with the issue of multi-path
delay spread, and 3) whether to use linear sys-
tems that have a high frequency use efficiency or
a non-linear system that can use simple analog
circuits for the modulation/demodulation system.
The 1990s saw a huge increase in the number of
cellular subscribers, and this, coupled with wor-
ries about exhausting spectrum resources, led to
the choice of linear systems. There had already
been a widespread take-up of digital switches in
fixed networks, and while the 64 kb/s u-law PCM
was widely used, a great number of other band
compression techniques were developed with the
aim of making lines more economical. However,
the environment for mobile communications is ex-
tremely severe and errors are an inescapable fact.
Any codec that does not protect against this might
cause sudden degradations in quality and gener-
ate noise that could even damage the ear. There
was therefore a rapid development of voice codecs
for mobile environments that dealt with this prob-
lem. It could be said that the rapid progress in
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DSPs at that time was built upon this progress in
codecs.

Table 1 lists the modulation method, trans-
mission bit-rate, technological problems and
breakthroughs, and DSP throughput for each gen-
eration. As can be seen, there has been a
more-or-less 10-fold increase in DSP throughput
with each successive generation of technology.
However, when it came to dealing with multi-path
delay spread, Europe, America, and Japan took
very different approaches.?

Europe adopted a high transmission rate of
280 kb/s per carrier, a highly multiplexed TDMA
system with 8 to 16 channels, and a mandatory
equalizer with a high number of taps. By com-
parison, America set the carrier transmission rate
at 40 kb/s and chose the D-AMPS system, which
reduced the computational requirements for
equalization, and the new CDMA system (IS-95),
which avoids the need for equalization.? In Ja-
pan, the rate was set to 42 kb/s and equalizers
were made optional because the country is quite
narrow.

In Europe, the air transmission rate was set
high, only a light burden was placed on the band
compression codec, and the problem of equaliza-
tion was dealt with head-on. In America and
Japan, however, the air transmission rate was set
low, the burden placed on equalization was made
light, and all hopes were placed on voice band com-

Table 1
History of mobile communications and technological
progress.

1G 2G 3G 4G
. QPSK
Modulation | = FM 1 Gvsk | cpmA | OFDM?
method analog cdmaOne
Bit rate (b/s) - 510 40 k 10('1‘(§°M2) M 1gg v
Technolo Miniaturiza| Speech Anti Power
roblemgy tion of CODEC | multi-path | reduction
P analog method method | method?
Synthesizer
Technology 1% e | ceLp | PAKE 1 gpviar
breakthrough swallow) receiver
DsP 4 MIPS | 40 MIPS | 400 MIPS | 4 GIPS?
throughput
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pression.

Finally, for modulation/demodulation, Eu-
rope chose the non-linear GMSK system, while
Japan and America selected 74 QPSK.

Table 2 shows the multi-path delay coun-
termeasures used in each generation. The method
chosen at each generation matches the through-
put of the most powerful DSPs available at the
time.

Since the introduction of 2G, BTSs have seen
the introduction of features such as dynamic chan-
nel assignment. In addition, most BTSs began to
make shared use of power amplifiers, and linear
amplifiers were introduced, whether or not mod-
ulation was linear. As a result, there has been
increasing demand for large, high-efficiency lin-
ear power amplifiers.

The basic design procedure for 2G systems
was for various parameters to be set when they
had been standardized while forecasting progress
in semiconductors. At the start of 2G, to get a
mobile phone to fit into 150 cm? was as much as
could be expected; but today, around 10 years lat-
er, they have reached as low as 70 cm?, which
might even be too small. Further, the enormous
increase in LSI and CPU performance has led to
increased functionality in the handset, setting it
on the path toward being a small-scale computer.

Fujitsu first started to tackle development
of 2G technology as early as the start of the 1980s
with basic research into many areas dealing with
mobile communications. The company had al-

Table 2
Multi-path delay countermeasures in different generations.
. Delay
System Bit rate countermeasure DSP process
DAMPS 40 kb/s Equalizer 15 MIPS

cdmaOne |1.2288 Mcps | CDMA-RAKE | Wired logic

2G
GSM 283 kb/s Equalizer | Wired logic
PDC 42 kb/s Ant. diversity
W-CDMA | 3.84 Mcps | CDMA-RAKE | 200 MIPS

3G | cdma2000 |1.28 x n Mcps| CDMA-RAKE | 200 MIPS
TD-SCDMA [1.28 x n Mcps| CDMA-RAKE | 200 MIPS
4G | - 20 M to 100 Mb/s | OFDM/CDMA? | 5 GIPS?
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ready proven results in multiplex microwave
communications and possessed applicable
technologies, including multi-value QAM, equal-
izers, and distortion compensation. In addition,
it had voice-band compression technologies and DSP
experience, enabling it to push forward with the
commercialization of such 2G equipment as mo-
bile units, BTSs (common amplifiers, modulator
equipment), channel control equipment, and
CODEC equipment. This, with the addition of its
time-proven mobile switching centers, meant that
Fujitsu was able to offer a full product line-up in
cellular systems. You could say that the founda-
tions of Fujitsu’s mobile communications were
established in 2G.

3. Details of 3G
In October last year, Japan’s NTT

DoCoMo,Inc. started the world’s first commercial
3G mobile communications service. It started with
uplink rates of 64 kb/s and downlink rates of
384 kb/s, with plans to move to higher data rates
at a later point.*-®

Fujitsu supplied some of the major infra-
structure equipment for this system. For details
on the equipment used, please see the other arti-
cles in this issue of the Fujitsu Scientific and
Technology Journal.”-1V

Let us consider the issues that will arise in
the future when 3G systems have become more
widespread. One of these will be the problems
associated with an increase in traffic. For BTSs,
this will be a lack of channels on the one hand
and an increase in the size and power consump-
tion of the equipment on the other. This relates
directly to increased power consumption in the
baseband section due to increased speed and scale
and to increased transmission power in the trans-
mission section.!?

Transmission power in current BTSs is
shared between the baseband section, which car-
ries out digital signal processing, and the
high-frequency power amplifier. In order for the

power amplifier to maintain linearity, a lineariz-
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er is required; however, linearizers are highly
power-inefficient (around 8% efficient). There is
scope for a new breakthrough here.

Fujitsu has been focusing on improving the
efficiency of power amplifiers for a long time and
has recorded many achievements in the field.!®:¥

Fuyjitsu has also been working on W-CDMA
common amplifiers since early on and has man-
aged to develop a new type of high-efficiency power
amplifier that clearly outperforms conventional
FF amplifiers.!® The new amplifier has been in-
stalled in the company’s BTSs, which is the first
time this type of amplifier has been installed any-
where in the world.

By using this novel amplifier and sophisti-
cated configuration of digital signal processing,
we have been able to build a BT'S with the world’s
highest number of channels (Figure 2).

It can be said with confidence that this tech-
nology could not have been realized without the
close collaborations that occurred between the
device, system, laboratory, and development divi-
sions.

From the perspective of terminals, the prob-
lem of increased power consumption due to higher
speeds may arise. However, due to various con-

cerns, unlike the case with BTSs we do not believe

Figure 2
The world’s most efficient power amplifier installed in the
world’s highest capacity BTS.
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it will be possible to increase the amount of trans-
mission power radiated from the antenna. As a
result, the trend to even lower power consump-
tion will continue. Because of this, a trend towards
asymmetry between uplink and downlink speeds
will appear in 3G and will become even more pro-
nounced in 4G.

Fujitsu’s work in 3G can be traced back to
1992, when the company began work on the sys-
tem architecture based on fundamental research
into CDMA that was carried out in the 1980s. We
performed a field trial in 1994 at 800 kcps and
accumulated basic data. In 1996, we carried out
a second field trial, this time at 16.384 Mcps. At
the same time, development was progressing in
parallel on the higher layers of channel control®
and multimedia switching.'® For network equip-
ment, we pushed forward with development of an
architecture based on ATM, which we helped pio-
neer.

ATM is a fast packet protocol for multimedia
communication services. As with CDMA, research
and development on ATM have advanced from the
1980s. In ATM, all kinds of information, for ex-
ample, voice, images, and data, are transmitted
in fixed-length information containers called cells.
Each cell consists of a section containing the user
data (48 bytes) called the payload and a section
containing information about the destination ad-
dress (5 bytes) called the header. At the
transmitting terminal, user information is divid-
ed into 48-byte packets. Each packet is stored in
the payload of a cell and the header, which in-
cludes the destination address, is added. Then,
the assembled cells are sent out to a network,
where they are sent by ATM switches to the des-
tination address indicated in the cell headers. At
the receiving terminal, the original information
is reproduced by joining the payloads of the arriv-
ing cells together. ATM is a basic technology for
achieving multimedia communications, which is
one of the most characteristic services offered by
3G systems. The main reasons for choosing ATM
are that with ATM:

FUJITSU Sci. Tech. J., 38,2,(December 2002)
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e Data transmission is independent of the
media, because all data is transmitted in a
unified format,

e  variable bit rates can be realized by control-
ling the number of transmitting cells, and

e ultra-fast switching and transmission can
easily be realized because the cell length is
fixed.

However, there is a problem in converting the
type of low bit-rate voice data used in mobile com-
munications to ATM in that it takes time to
assemble a cell. For example, for voice data at
8 kb/s, it can take around 50 ms to assemble a
single cell, which can greatly impede smooth com-
munication. To solve this problem, the
information from the terminal is built up as short
cells, and multiple short cells are stacked to form
a standard ATM cell. This new cell technology
has been standardized internationally as AAL2
(ATM Adaptation Layer type 2). Because a stan-
dard cell contains the information from many
different terminals, it reduces the time taken to
assemble cells, while still allowing the transmis-
sion of high-speed data and video (Figure 3).

Fujitsu has been actively involved in AAL2
since the standardization stage. The necessary
LSIs have already been developed and are already
in use in BTSs, radio access controllers, media
switches, and network equipment for 3G mobile
systems.

Perhaps the greatest single event in Fujitsu’s
history of 3G development was in 1997, when NTT

User 1 { {

User 2 \ \

User 3 \ \
I IR I | Y A =
4 Short 3} } i % Short 3} 4 :
Locell % E y cell § k

[ M [ I | [ H [ I |
ATM cell ATM cell
Figure 3

Construction of an AAL2 cell.
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DoCoMo announced that Fujitsu had been select-
ed as a worldwide equipment supplier for its
next-generation mobile systems. This was a good
opportunity for us to learn about NTT DoCoMo’s
advanced technology. As a result, Fujitsu has been
able to establish its position as a total 3G systems
supplier.

There is something that we must not forget
to mention here, and that is Fujitsu’s involvement
in the standardization process. Because mobile
communications make use of public frequencies,
the need for standardization cannot be overlooked
and for 3G in particular, global standardization
is vital, since international roaming is seen as a
must-have service. To deal with this issue, vari-
ous international standardization bodies (e.g.,
3GPP and 3GPP2) were established around 1998.

Fujitsu has been actively involved in Japan’s
domestic standardization bodies since 1993. We
are also an active member of important interna-
tional bodies and have made significant
contributions to the drafting of standards.

All standardization activities within Fujitsu
were originally dealt with by Fujitsu Laborato-
ries. However, in 2000 a special organization was
set up in the business division to allow the entire
company to become involved.

The details of this change are reported else-
where in this issue of the Fujitsu Scientific and
Technology Journal.'® For each generation, we
have to predict what the devices in use will be
like, how powerful the networks will be, and what
kind of services will be required when that gener-
ation comes into full play. Fujitsu will continue
to contribute to the standardization process, using
its strengths as a comprehensive manufacturer

of devices, system networks, and IT to the utmost.

4. Fourth-generation mobile
communications
As the development and commercialization
of IMT-2000 continues, research and development
in connection with 4G mobile communications
systems is already underway. TG8/1, the group
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at ITU-R responsible for the radio side of IMT-

2000, completed its work at the meeting held in

November 1999, then WP8F was established in

March 2000 to look into the “Future development

of IMT-2000 and systems beyond IMT-2000”. Af-

ter various studies were conducted, WPSF

approved the Draft New Recommendation on “Vi-

sion, framework and overall objectives of the

future development of IMT-2000 and systems be-
yond IMT-2000” in October 2002 (as shown in

Figure 4).

Meanwhile in Japan, the Ministry of Public
Management, Home Affairs, Post, and Telecom-
munications (formerly the Ministry of Posts and
Telecommunications) has consulted the Telecom-
munication Technology Committee about the
future prospects of next-generation mobile com-
munications systems. The report also covers
the basic concepts proposed by members of the
Telecommunication Technology Committee, tech-
nological development and standardization
problems that must be solved to realize these con-
cepts, and suggestions for a promotion policy. The
report was issued in June 2001.'” Given that
previous systems have undergone a change of gen-
eration every 10 years or so, and considering the
circumstances of capital expenditures by opera-
tors, what is known in Japan as 4G systems will
probably be introduced around 2007 to 2010.

Some important points regarding 4G systems
are as follows:

1) Asthe Internet moves forward, there will be
a growing demand in mobile and fixed con-
texts for “always-on” connection.

2) Conventional communications systems have
been dominated by person-to-person commu-
nications, but communications between
people and computers, and between comput-
ers and other similar equipment will become
more common in the future.

3) From the user’s perspective, there will be an
increasing demand for increasingly higher
speeds and easier use. Thus, there should
be more support for transmission speeds

FUJITSU Sci. Tech. J., 38,2,(December 2002)
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the capabilities of previous systems
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Figure 4
Capabilities of IMT-2000 and systems beyond IMT-2000.

Source: RECOMMENDATION ITU-R M.1645, Framework and overall objectives of the future development of

IMT-2000 and systems beyond IMT-2000

more than 100 Mb/s in the downlink and

30 Mb/s in the uplink.

There are major problems to be overcome
before data rates of 100 Mb/s become a reality.
The key requirements for realizing 100 Mb/s are
as follows:

1) Transmission power must be increased in
proportion to the transmission rate in order

to maintain the same quality.

2) Modems must perform signal processing to
cope with severe delay spreads.
3) System capacity must be increased to pro-

vide users with wide-bandwidth, high

FUJITSU Sci. Tech. J., 38,2,(December 2002)

data-rate services.

Of these requirements, the need for higher
transmission power is very important. In the
uplink, transmission power will be limited to only
a few hundred milliwatts because of the limited
battery-life, which means that transmission
speeds will be limited to around 20 to 30 Mb/s.
This means that if higher transmission speeds are
needed, then cell sizes will have to be reduced.

It is also becoming harder to greatly increase
the power transmitted from the BTS. However,
by using the adaptive array antenna, we can im-
prove gain, reduce external interference, and
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dramatically reduce the mobile unit’s transmis-
sion power. At the same time, this type of antenna
also makes it possible to significantly lower the
downlink transmission power from the BTS. Un-
fortunately though, there are some not
inconsiderable penalties that have to be paid when
this technology is used. These include an increase
in the cost of analog circuits and a considerable
increase in the complexity of digital signal pro-
cessing due to the need to track the mobile units
and calculate their arrival angles.

The second problem is how to deal with the
multi-path delay spread that was mentioned in
an earlier section. As data rates get faster, even
the slightest amount of multi-path delay spread
can have an extremely negative effect on the de-
modulation of digital data. For transmission at
10 Mb/s, CDMA is effective, but as rates approach
100 Mb/s, this effectiveness is lost and the OFDM
multi-carrier modulation/demodulation system
must be used (Figure 5).1819

Adaptive array technology can also work ef-
fectively against this problem of multi-path delay
spread (Figure 6). That is, narrowing the spread
of the angle of incidence can easily be estimated
by stochastically reducing the multi-path delay
spread. However, for signals that come from the
same direction and have a multi-path delay

spread, we believe that adaptive array technolo-

3G 4G
100 MHz
5 MHz
Frequency — Frequency ——
CDMA OFDM/CDMA
(Code Division Multiple (Hybrid of Orthogonal
Access) Frequency Division

Multiplex and CDMA)

Figure 5
Comparison of access method in 3G and 4G.
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gy can be applied in a similar way as CDMA and
it can be used for the kind of equalization used in
2G. An OFDM/CDMA hybrid system that takes
each OFDM carrier wave one-by-one and spreads
it using CDMA could be effective for this type of
signal.2?

The third problem, that of subscriber capac-
ity, is also serious. As soon as a wideband signal
of some 100 Mb/s is emitted, nobody else can use
that wave. Adaptive arrays are also effective in
dealing with this issue. Even if the frequency,
time, and code are the same, as long as the angles
from the mobile units to the BTS are all different,
each user can be assigned a sharp beam by fur-
nishing the BTS with a multi-element array. This
could be described as SDMA or PDMA.

Although adaptive arrays are fundamental-
ly a 4G technology, we believe that they can be
applied to 3G as well. More details about this
technology are given elsewhere in this issue of the

Fujitsu Scientific and Technology Journal.??

5. Challenges of the next
generation
As we have seen, the rapid progress in wire-
less systems has been tightly bound to the

Array antenna
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Figure 6
Adaptive array antenna is a key technology.
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progress in devices. Fujitsu has taken the lead in
developing devices that have been vital for the
realization of these wireless systems and has ap-
plied them to the systems in a timely manner.
This issue of the FSTJ contains an introduction
to the main devices used in these wireless sys-
tems, including high-frequency and SAW devices
used in 3G, analog devices that cover intermediate
frequencies, and CMOS digital LSIs.?? For the
4G system, we are busy developing even higher
output devices that can cope with the higher speeds
and greater bandwidth of the signals. Figure 7
shows the roadmap of high-power devices. We
already have the commercialization of 500 W out-
put devices in our sights. In parallel with this
move toward greater output, we are also striving
to increase frequencies with the aim of breaking
into new frequency bands. Figure 8 shows some
details of a 76 GHz one-chip transceiver that uses
0.15 uym P-HEMTs.

On the other hand, 4G will bring about the
standardization of a whole host of systems and
those standards will be continuously updated.
Software defined radio (SDR) technology has been
widely discussed as a way of dealing with this in
a flexible manner. Recently, it has been proposed
not just as a way to respond flexibly to changes in
specifications but also as a way of switching be-
tween different systems (W-CDMA, c¢cdma2000,

New chip
(GaN-HEMT)

<\

Performance (power & efficiency)

97 " 98 T 99 T o0 ' of o2 To3

Figure 7
Road map of high-power devices.
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GSM, PDC, etc.) and even handing over to wire-
less LAN systems. We believe that progress in
SDR will have enormous influence over the fu-
ture shape of radio systems. Fujitsu is spending
a great deal of effort in developing technologies
that will enable 4G to be achieved, including
C-MOS logic devices, high-speed and high-
precision D/A and A/D converters, wideband di-
rect converters, wideband power amplifiers,
wideband antenna duplexers, and wideband an-
tennas. Figure 9 shows the configuration of SDR.

We believe that SDR will be used in mobile
terminals and BTSs, and that the baseband con-
figuration will be applied to higher level
equipment, for example, routers.

In any event, the baseband section of next-
generation mobile communications will require
even further improvements in power consumption,
functionality, and processing speeds. With this
in mind, let us turn to the future development of

Through-hole package Flip-chip MMIC
- Low cost; single layer ceramic - Gold pillar (bump)
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—
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Figure 8
76 GHz 1-chip transceiver.
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Figure 9
Configuration of software defined radio (SDR).
129



T. Takano et al.: Fujitsu's Challenges in Wireless Communications

signal processing functions, centering on highly
integrated circuitry.

Figure 10 shows the processing performance
in each generation of mobile handsets. At the start
of 2G, handsets centered on voice communications
and almost all of the digital processing was pro-
cessing done in the voice encoder.

As 2G gives way to 3G, the mobile handset is
being transformed from a tool for voice communi-
cations into a high-speed data terminal. As this
transformation proceeds, the range of functions
performed by mobile terminals will expand to in-
clude, for example, video encoding.

Furthermore, in the 4G age, the digitization
of the baseband section will progress to build a
structure in which it will be common for signals
to be digitized with an A/D converter at the en-
trance to the baseband section and all subsequent
processing to be done digitally. When that stage
has been reached, handsets will have to be capa-
ble of throughputs of several GIPS.

As can be seen in Figure 11, CMOS technol-
ogy is predicted to bring a doubling in both circuit
miniaturization and integration between now and
2005.29-25 This doubling should secure devices
that are very capable of enabling full digitization
of 3G baseband processing.
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As digitization progresses even further, it will
spread to the modulation/demodulation function-
ality of the IF section. Eventually, all analog
processing will be transformed into digital pro-
cessing. As a result, in the future, the only
components in the radio part will be the antenna,
the analog RF filters and power amplifiers, the
high-speed A-D and D-A converters, and large-
scale CMOS LSIs that compose the logical circuits.

The digital processing section will start to
be implemented as shown on the right in Figure 9
by lining up processing blocks that use DSPs and
FPGAs, with a plan to eventually integrate these
blocks together. However, it is not easy to discov-
er a system architecture that can solve problems
such as the inexorable growth in memory require-
ments (Figure 12) and how to come up with a
circuit structure that can deal with the heat is-
sue. To reach the level required to launch services
within the relatively short time scale of just a few
years, a great deal of effort needs to be applied,
not only to develop the device technology and hard-
ware algorithms, but also to find realistic goals
for the system as a whole. It is therefore vital
that device engineers and system engineers work
in close cooperation in order to find these goals.

In the end, there could well be a groundbreak-
ing development in devices, for example, a
replacement for CMOS, that would give rise to
ultra high-speed signal processing. With such a
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Road map of C-MOS technology.
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development, it may even be possible to have an
“everything on a single processor” solution. That
in turn would mean that compatibility with mul-
tiple radio systems could be achieved with
software alone, enabling the development of sim-
ple terminals that can communicate from
anywhere in the world. In addition, the users
would be able to customize their communications,
with complete freedom to select their own indi-
vidual style of services irrespective of networks
and operators. When this becomes possible, the
ultimate dream of SDR2%2? will become a reality.

From the network point of view, one of the
essential features of the 4G mobile communica-
tions system network is its ability to accommodate
a variety of access systems and inter-work be-
tween them. As mentioned before, not only the
4G wireless system, but also other access tech-
nologies already in commercial use, for example,
Bluetooth, Ir-DA, and DSRC, can be considered
to be 4G access technologies. In addition, there
will be a variety of terminal equipment: not just
conventional equipment such as mobile phones;
laptop PCs; and PDAs; but also devices such as
refrigerators; portable CD players; wristwatches;
pens; and even virtual, robotic, and real pets will
be connected to the 4G network. The Internet is
continuing to explode, and the 4G mobile commu-

nications system will become a ubiquitous network
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Figure 12

Memory size of terminals.

FUJITSU Sci. Tech. J., 38,2,(December 2002)

T. Takano et al.: Fujitsu’s Challenges in Wireless Communications

that will accommodate a variety of accesses and
terminals in an integrated IP (Internet protocol)
core network (Figure 13).2%

IPv6 is one of the technologies being consid-
ered to cope with the increased number of terminals
that will be in use in the 4G mobile network. Es-
pecially, Mobile IPv6 will play an important role
in concealing the differences between access sys-
tems and realizing seamless roaming/handover
from one access system to another. There are
many research bodies and standardization bod-
ies that have investigated Mobile IPv6. Fujitsu
has also developed improved technology for
Mobile IPv6.22 Also important will be a technolo-
gy that selects the access system that can best
meet the needs of, for example, the current appli-
cation or a user’s policy.

Mobile Ipv6 is one of the network technolo-
gies for realizing the 4G mobile communications
system. Discussions about the 4G mobile network,
especially from the network viewpoint, has just
started. Many more discussion will be needed to
realize the 4G mobile network and learn how to

use it.

6. Conclusion

By taking an overview of the history of cellu-
lar communications and noting the progress made
in devices, we have been able to predict the future
development of the 3G and 4G communication
systems.?® Through this process, we have seen
how much work Fujitsu has done in the develop-
ment of technologies for wireless and mobile
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Figure 13
4th-generation mobile network architecture.
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communications. Fujitsuis a comprehensive ven-
dor of services, computing, networks, and devices,
and we can combine all of our strengths to cope
with sectors such as mobile communications that
span all of these IT areas. We will use these
strengths to the utmost to continue the close in-
tegration of our many areas of expertise and push
the limits of cutting-edge technological develop-
ment so we can continue contributing to wireless
and mobile communications.
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