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ROOT INC. Corporate Profile

# Corporate Policy

To contribute to society by providing technologies for problem
solving.

To educate and train engineers as innovators .

# Profile (As of January 5, 2005

Founded: 12 Apr, 1993

HQ: 1-17-8 Nishikata, Bunkyo-ku, Tokyo, Japan
Paid-up Capital ¥274,750,000

Employees: 26
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ROOT INC.
Agenda

# Case study of Today’ Wireless LAN technology

m Fixed Wireless Access:
+ Community Area Network
+ Wireless Internet access service

= Security
+ WLAN in University with High secure policy operation

] MObi"ty
+ Mobile communication, Telematics application
= Industrial applications:
+ Monitoring
# New standards of Wireless LAN
s 802.11X
= 802.16
= 802.20
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That market grows of Wireless LAN in Japan. e

# That market grows rapidly and an application field expands
day by day.

M¥JPY Market grows of Wireless-LAN
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Marketability of Wireless LAN & Internet

Fixed Wireless Access:

Wireless LAN:
Mobile Wireless Network:
Industrial applications:

» e eee

Broadband Service Last One Mile:
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Community Area Network Industrial aricatlons
Wireless Internet access service - Pl
. . Wireless IP
WLAN in Enterprises w_ E i I
-
Mobile communication, Telematics Remote monitoring
Monitoring , Robot control \.{/‘

ireless IP
Network

Remote robot control

The Internet
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_ _ T roornc
Fixed wireless access for Rural communications
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Advantage of Wireless IP Network

® Why IP ?
= Multi Media applications such as VolP, Tele Education,

Telemedicine.

= Sharing cost of infrastructure.
= Interoperability to The Internet.
= |P routing expands cover area.

Telephony

PSN

NFM
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Wireless LAN and Wireless WAN
# Wireless LAN # Wireless WAN
s Host to Network connection m  Network to Network connection
= Single Topology = Autonomous deployment network
= Single operation policy = Individual operation policy

Rout

. O : the same network

Upper Routel

Wireless LAN | Wireless WAN
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Actual case study of IEEE802.11b/g Equipment

Wireless IP Router RGW5000 series

. Realize transmission rate up to 54Mbps. Actual transmission rate up to 20Mbps.
. Realize long-distance transmission up to 22 km.

o Create well-managed and extensible system with built in NetBSD.

. Designed for outdoor use, 24 hours stable operation.
n No license is required for use
. Realize multi-point to multi-point wireless network, available for relying radio by single router.

n Variety of Antennas Selectable by network topology and location.

(Omni-directional, Directional or Long-distance)
. Designed as IP network equipments with high-reliability and supporting functions

. Variety of product lineup

Real Object Oriented Technolagies

ROOT INC.

Transmission rate up to 20 Mbps

Transmission range up to 22 km

Product Lineup Image Placement type Interface
RGW5000/0D % Separate type for outdoor 10Base-T / 100Base-TX (4 ports)
RGW5000/ID All-in-one type for Indoor 10Base-T / 100Base-TX

—
RGWS5000/APF = e All-in-one type for outdoor 100Base-FX
i Single mode fiber)
RGW5000/APU - = All-in-one type for outdoor 10Base-T / 100Base-TX
oy
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Real Object Oriented Technolagies

For outdoor use, Separate type
IEEE802.11b/g 2.4GHz Wireless IP Router RGW5000/0OD R

//' .

RGW5000/0D  Open Price 1,
#  Designed for outdoor use, separate type, waterproof and Aﬂ\ten'pa( '\( ™

dustproof unit. \ ‘\\:\\
#  Enables long range transmission. Ny Outdoor
#  Built —in 4 ports of SW-HUB within a junction unit.
#  Variety of Antennas: Selectable from 10/20/30m of cable

length. Surge
#  LED Display on the junction unit. Protector
#  Option: Surge protector «—

FRIRRI
5= IF Cable Indoor
(10/20/30m)
10Base-T/100Base-TX ?ﬁl\é\:ii(:]oo AC cable

Unit

Upper left: RGW5000 Main unit
Under left: RGW5000 Junction unit
Center: AC cable for junction unit
Right: Interface cable

Copyright©2005 ROOT,Inc. All rights reserved. 10
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For indoor use, All-in-one type ROOT INC.

IEEE802.11b/g 2.4GHzWireless IP Router RGW5000/1D

RGW5000/ID Open price

#  Designed for Indoor use, all-in-one type
#  LED display

#  Enables hanging on the wall

Indoor

Outdoor

RGWS5000/ID Main unit 10Base-T/100Base-TX

Antenna Cable

HUB

Copyright©2005 ROOT,Inc. All rights reserved. 11
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2.4GHz Wireless IP router RGW5000/APF, RGW5000/APU

RGW5000/APF  Open price RGW5000/APU  Open price

#  Optical fiber Interface Single mode fiber #  10Base-T/100Base-TX Interface

#  Double-core multi-drop is available. #  Designed for outdoor use , waterproof, dustproof
#  Expensive HUB such as ATM is unnecessary. unit.

#  Enables doubling with loop system. #  LED display on the bottom of the main unit.

#  Designed for outdoor use, waterproof and

dustproof unit.
LED display on the bottom of the main unit.

&

RGWA5000/APF
RGW5000/APU

Realize multistage loop configuration with double-core
optical fiber

RGW5000/APF \ﬁ

Optical fiber cable
10Base-T/100Base-TX

RGW ID
Copyright©2005 ROOT,Inc. All rights reserved. GMWaR000/ 12
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IEEE802.11b/g connection method
#  Mode of IEEES802.11
Pseudo-adhoc mode Infrastructure mode Infrastructure mode
’ Access Point Base Station
ﬁ' ﬁ 11g AP
f RGWS5000 >\ RGW5000 >\
| X f X I |
= & & =
RGW5000 RGW2400 11g STA 11b STA RGSV%’/iOOO
<4——p 802.11g &
11b AP
<4 ---9% 302.11b f
v ’
RGW5000
STA
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Router connection (Autonomous deployment)

# Connect with different networks
# Individual operation is available for connected networks
# MP to MP Free topologies

192.168.32.0/24

|
19216820024 T !ﬂ

A
\

| N . ‘

— ‘ RGW5000
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IEEE802.11b,g AP E%‘"O“]‘ff“N“E‘“
Bridge (AP-AP Communication) '

a. Impossible to connect as direct line

STA

\!
\.
&

ik

a

AP

RGWS5000

AP
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IEEE802.11b,g AP ROOT INC.
Bridge AP-AP Communication

192.168.1.0/24 192.168.1.0/24

2 RGW5000 RGW5000
AP mode AP mode
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Antenna Lineup s

‘ﬂhuﬂu

' UMHJ
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Introduction Procedure

| (1. Network Design | | (4). nstallation |

Design of network topologies
IP Address allocation
Routing

Service(DHCP, IP Filtering..)

Construction
Installation

| (5). P-P Propagation Test |

| (2). Surveillance of Sight Environment | Ping(short / Long
packet)Throughput
Line of sight Signal strength
P-P propagation (according to need)
Noise test

| (6) )Network Test

| (3). Equipment Configuration |

_ Local communication test
Configure the network parameters Access to the internet

Functions check

Copyright©2005 ROOT,Inc. All rights reserved. 18
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Network Design
# Design of Network topologies
# |P Address allocation
# Routing(Routing for upper network)
# Service(DHCP IP Filtering...)
e T 192.168.36.0/24
192.168.36.1
ik
192.168.32.10 ¥192.168.35.2 192.168.37.3
“““ y. A
192.168.32.3 | 192:168.32. 1 .= Wireless IP Network ™, 192.168.37.1 ‘ﬂ
. 192.168.35.1 A i ==
b | 192.168.35.3 ,
PC & RGW:3

192.168.35.0/24

192.168.32.0/24 192.168.37.0/24

Copyright©2005 ROOT,Inc. All rights reserved. 19
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Survelillance of sight environment

4 The Wireless link should be
checked on map first.

= Distance

= Line of sight
= Multipass

= Relay point

# Network topologies
= Point to point
= Point to Multi points
= Relay operations
# Construction
= Indoor or Outdoor

Copyright©2005 ROOT,Inc. All rights reserved. 20
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Reference of Transmission Range and Transmission Rate

# Reference of Transmission Range and Transmission Rate

Effective Transmission | Transmission Range Transmission Range
- ission Mod Rate * When used with 6dBi * When used with 16dBi
reinsirieslen ilele i antenna on both sides antenna on both sides
PA-03-01 CA-01 KA-00 AT373
IEEE802.11b 11Mbps 4~5Mbps 2.0km 14km
IEEE802.119g 6Mbps 4~5Mbps 3.0km 22km
IEEE802.11g 12Mbps 7~8Mbps 2.5km 18km
IEEE802.11g 24Mbps 13~14Mbps 1.7km 12km
IEEE802.11g 36Mbps 16~17Mbps 1.2km 8.8km
IEEE802.11g 54Mbps 19~20Mbps 0.5km 3.0km

# Method for measuring reference
Differ from locations, Vary by the law of the country.

FTP Client FTP Server
CPU: Mobile Celeron 700MHz High-frequency attenuator CPU: Mobile Celeron 700MHz
Memory 192Mbyte : 60dB i Memory 192Mbyte
OS:FreeBSDA4.6 shield shield OS:FreeBSD4.6
RGW5000 RGW5000
STA ,\ AP ﬂ ﬂ
High-frequency Cable

Copyright©2005 ROOT,Inc. All rights reserved. 21
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Keep line of sight

# Line of sight is required
# Check the availability of electric power etc.,

Copyright©2005 ROOT,Inc. All rights reserved. 22
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P-P propagation

# Line of sight between antenna and antenna is
required. (not building and building)

# Omni directional antenna do not have omni
directional for vertical.

Copyright©2005 ROOT,Inc. All rights reserved. 23
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Multi path

# Need to reduce the multi path reflections
# Keep free space around antenna

Copyright©2005 ROOT,Inc. All rights reserved. 24
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Noise Test

# Check the undesired signal from
= Another wireless LAN
= Medical equipment
= Micro oven
= Blue tooth

# Measurement by using Spectrum Analyzer

Copyright©2005 ROOT,Inc. All rights reserved. 25



Frequency Allocation and Channel of Wireless LAN

# 4ch spacing Is required in theory.
s 100% occupied band width = 22MHz
s 99% occupied band width = 16MHz (11b)

# Desired / Undesired ratio is required.

ARIB STD-T66

#4(2.427)

#8(2.447)

#12(2.46T)

#3(2.422)

#7(2.442)

#11(2.462)

#2(2.417)

#6(2.437)

#10(2.457)

#1(2.412)

#5(2.432)

#9(2.452)

#13(2.472)

Copyright©2005 ROOT,Inc. All rights reserved.
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. ROOT INC.
Cell deployment for using 9ch
# All base stations are # Incase of practical field, 4ch
deployed in free space and patterning is enough.

same environment.
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Equipment Installation

# Enables hanging on the wall or deploying on the pole
# P-P Propagation Test again after installation

Reference

A S,
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Case Study of Installation of Wireless IP Router

#  Actually, Installed in over 10,000 stations in Japan.
# Actually, Installed in over 150 Local Government units.

e |

TAISEICHO,
Hokkaido

4

R KITAMI,

Hokkaido

Wireless Network Access,

Okinawa
& NAHA, Okinawa

AOMORI, Aomori

TOKAMACHI, Niigata . 4
MAEBASHI, Gunma
= TAKANEZAWA, Tochigi

ITAEASHI, Tokyo
ARIAKE, Tokyo
SHIBUYA, Tokyo
00TA, Tokvo

YAMANASHI, Golf Course
SHIZUOKA, Shizuoka

NAGOYA, Aichi
MEIWA, Mie
0S5AKA, Osaka
WAJIKI, Tokushima
MATSUYAMA, Ehime

ASO, Kumamoto

AZUMI, Nagano
ONTAKE, Nagano -

Land & Sea Netwbrk
TOYO, NIHAMA, OSAKA
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Case Study — Town provide broad band service Dy g swosom o
wireless ASO town [RGOTING

# Wireless Topology

Copyright©2005 ROOT,Inc. All rights reserved. 31



Case Study — Town provide broad band service by r ROOT INC.
wireless ASO town '

Telework center < Access point Optic fiber 10 bps

Access point i: Repeaterl wireless bps
Residential wireless bps
Repeaterli: Repeater wireless bps
Residential wireless bps
Repeaterzi: Repeater3 wireless bps

Residential wireless bps
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Case Study — Town provide broad band service b

wireless ASO town ROOT INC.
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Case Study — Wireless ISP
Kita net club

(1/2)
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BibE
H 5
J—tf—
"'j—ﬂ'—@ /‘
Vi v
ADSL B
Setup charge 25,000 27930 28455 38010
4050 31350 5093 15645 7959 155505
MOI’I'[hb/ Charge 2Mbps  11Mbps 1.5Mbps  12Mbps 10Mbps  100Mbps
Bandwidth 2Mbps _11Mbps 512Kbps _1Mbps 10Mbps__100Mbps
300Kbps 1.2Mbps 300Kbps 1.2Mbps 2Mbps  5Mbps
AFtuaI thr(_)ughp_Ut 300Kbps  1.2Mbps 128Kbps  256Kbps 2Mbps _ 5Mbps
Distance limitation
Stability
Service area 10 NTT NTT
Link method PPPoE PPPOE
Setup schedule
Wireless ADSL FTTH

Copyright©2005 ROOT,Inc. All rights reserved.
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Case Study — Wireless ISP ROOT INC.
Kita net club http.//www.knc.ne.jp/ (2/2)

# High-speed Internet service area

ELTTTE T T {_‘_.ﬂ i

Copyright©2005 ROOT,Inc. All rights reserved.
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Security Policy

# The property which should be protected is

m Protect networks and all of the properties which are connected to
them.

m Protect information transmitted through networks from snatches.
# Issues of Security Protection

= Spoofing
= Tapping
= Data snatch by spoofed access points
- Yo
The 'S ﬁ\ -l
N Internet [l RN - ol v N

Wireless /Access,

I

Access

Server /
E ’ Z Authorized User

Copyright©2005 ROOT,Inc. All rights reserved. 36
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Issue of security in Wireless LAN...

# Personal information such as ID or radio channels
can be detected by using free downloads or off-the-
shelf analysis tools.
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Case Study

High secure network with Wireless LAN Kyusyu

university Network Image
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Wireless base station for outdoor
Access Controller W)

Wireless base station for indoor
Access Controller W)
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Network Image

00000
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and DB
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BO A Cooperation with
existing wired and wireless LAN

0000(5g
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EDDDD o5 ’6
y 4
Ac:éslls — kf Existing
) I wireless LAN
Controller-L - @ﬁﬁ ' .Laccess point
Wireless LAN AP
y Exclusive
’ I BO B Construct new wireless LA wireless LAN
Access
Access 8 = Controller-W
Controller-W 8
7 L 3 —
e
k"e‘ﬁ Install SIS Client
Key Change / encryption Manager to
each Client
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Network Access Management

# Administrator can see “WHQ” access the network “WHEN” from
“WHERE”".

WHEN he
Iogin & |ogout’) WHICH AC is he
connected to?

WHO access
the network?

@l
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Today’s Wireless Technology mapping

# 802.11b + MIP - 11Mbps Mobile
# 802.11g/a + MIP - 54Mbps Mobile
# 802.11g/a + MIP + MIMO/Turbo - 108Mbps Mobile

A

802.11b+MIP 802.11a/g+ MIP

Advanced\ G
IMT-2000 ',

A[IgoN

NWA/FWA
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Outline of St A B A dig
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Wireless LAN and Mobile IP system

# System

= Using wireless LAN Technology for access between vehicle and
infrastructure side.

# Mobility
= Mobile IP provide mobility.
= Network mobility is supported.
= High speed hand over is available.

# Authentication and Security
= Authentication and security is supported by MBA protocol.

# Target Market
= |ITS (Road-to-Vehicle Communications)
= From Moving Vehicle
= Plants, Container Yards, Bus Terminals and etc.
= Telematics

Copyright©2005 ROOT,Inc. All rights reserved. 42
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Road to Vehicle Communication System
e, Realize continuous wireless access to
- - . IP network in transit at speed of 260km/h
Authentication —r
Server | .
. éilll_rf ; R IP Network J
Pt
Home Agent :
Server

Mobile Route Moving Vehicle I

camera
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Mobile IP system with et Ot i Tt
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Hand-over technology with WLAN

# Mobile node carrier sense radio wave(beacon) from base station.
# Mobile node require network access to base station.

# Base station confirm authentication server whether mobile node
IS registered or not.

# If mobile node is permitted to access, base station provi des
CoA(Care of Address) to mobile node

# At the same time, of 4, mobile nodes apply its own CoA(Care of
Address) to home agent server.

# Home agent server start managing location of mobile node. And,
If mobil e node transit to another network segment, home agent
server forward data packet to new location.

# *Do 1-6 over again whenever mobile node transit

Copyright©2005 ROOT,Inc. All rights reserved. 44



Mobile IP. Solution

System Configuration and Products Lineup

System
Configuration

Authentication
Server

‘-_"—

Home Agent
Server
oy Centralized management of

MIP Man ager setups and accesses from
mobile routers.
-? Provide LDAP I/F.

IP Network -

Client Authentication, Decoding of
encryption key and Access Control are
performed in conjunction with Access
Controller.

Administrate clients’ positional
information (c/o address) and
control IP mobility.

Access
Controller-w

Base rquters ‘

i

Mobile Router

Mounted vehicle router Temporary expand

wireless area
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At connection request of Mobile Router,

Real Object Oriented Technolagies

ROOT INC.

Products Lineup

Ay

Specialized for high-speed mobile communication use

| 2.4GHz IEEE802.11b

Base Router
RBR2400/APF, RBR2400/APU

# High-end CPU Celeron 400MHz

2.4GHz IEEE802.11b

Relay Router

RRR2400

#Constructs ad-hoc network at the area
where radio doesn’t reach.

#Use for relaying communication between
wireless base station and Mobile router.

2.4GHz IEEE802.11b
Mobile Router
RMR2400

# Specialized in-vehicle unit
(with anti-vibration and heatproof )

# High-end CPU Celeron 400MHz
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Real Object Oriented Technolagies

. . . . ROOT INC.
Archive of Wireless IP Mobile Communication System

# |nstalled at 17 National road office
# Installed at 2 High-way

# Actually, Installed in over 1,000 stations in the road, under installing in over
500 stations
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Real Object Oriented Technoiagies

ROOT INC.
Relay Router RRR2400

# Constructs ad-hoc network at the area where radio doesn’t reach.

Auth HA MIP-MGR

+~ -~ @ i— .. -

—
fiEnn
‘EER
— =

Operation Center

AC-W
(Wireless base s

T e

_____________
—
--——
—
- -

.=
=

. 0 —

igital camera

f~,
=
R
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Reference of Road &Vehicle Communication System ( Eam(g?fmfdl\?&m
Streaming video from the moving vehicle ‘

The screen image was recorded at the control center.

¢ Transmit video continuously from the MPEG2 encoder mounted moving vehicle to
the control center.

Web Server N Manager
Home Agent Autl
= 2 ;
— L #44 2 s [ 4
— S i @; o8
_

- = =]

1 D'l 100km/h >

O O

Mobile Router

WWEY /4
faid

&

USB Camera
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ROOT INC.
Reference
Overseas
High—-speed mobile communication / Wireless access
Hong Kong Subway )
Pilot of Broadband Network over Train -, ASIA
- . Hong Kong

http.//www.root-hg.com/case/
mis_hongkong.html

2l —

Homa4 gent Auth Managar
P e

Windows 2003
MWeda Encoder

FUEy

Others

Singapore Changi Airport Skytrain,
Malaysia, Vietnam, China, Egypt,
Afghanistan, Germany, Italy etc...
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Real Object Oriented Technolagies

. . ROOT INC.
Trial Experience at Hong Kong Subway

Kowioon Station NOC Web Server Home Agent Auth Manager
Test client PC
hit =
=
/|
|
H K Stati . .
ong frong station | \ Total 2.5km distance Kowloon Station
ik ¢ L 3 | Optic fiber
Horsg Kong A r 1 ¥ | T 100BASET-FX
{ | , i | | 4—— (2)Net Meeting f |
~ 2.4GHz 24GHz ~ 2.4GHz
. Wireless AP1 lNireIess AP2 - . WirelessAP10
(1)Media streaming _p' \ <«—— (3)Web Access

Mobile router
Windows2003 |

|
Media Encored /Server , IEEE802.11a,9,b

Wireless AP

Windows PC
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. . ROOT INC.
Pilot - Result #1 (Streaming Video)

# Monitoring train compartment by streaming video
= 30 frames / sec

Home Agent Auth Manager

"-H.:.’ ‘-HL:.’ i 7 ‘
T

1P NETWW

uu%uu%uu%

]DL 120km/h >

Windows 2003 Mobile Router
Media Encoder S,

USB camera ' ° °I' :
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. ROOT INC.
Pilot - Result #2 (Web Access)

# Providing web browsing for passenger using notebook computer
and PDA(IPAQ) through IEEE802.11b/g/a AP

Home Agent Auth  Manager
- AN
-4..1__‘{ s mg \>
The Internet|

/ >
]DL  120km/h >

Mobile router  |EEE802.11a,9,b

My | Wireless AP
YA L

kw »
:(<
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. . ROOT INC.
Pilot — Result #3 (Net meeting)

# Net meeting between train passenger and NOC staff
at station side.

USB Camera Operation Center

Web Server
__. HomeAgent Auth Manager
.- i -]
— — e 1
— ==mgp DB
I |

_f;'—m@
E | S | =l
o . P

‘ 120km/h >

Mobile Router
..... _f
A fe et
USB Camera
Inside Train
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Remote Monltorlng ROOT INC.
of Factories/Plants

# Security Surveillance at factories or construction sites

# Anticrime Measures (Block intrusion by suspicious
Individuals).
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Remote surveillance with wireless LAN ROOT NG
and the Internet

e Remote monitoring for dam, river or e Remote monitoring for education facilities

e Streaming transfer from plant or field site to
operation office e Remote monitoring for office building or parking

XN

(|

TERXYY
gt 4
&

7
,

7
44
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Case study of remote station with
Wind and Solar Power Operation

Real Object Oriented Technolagies

ROOT INC.

# Wind Power and Solar Panel Operation available for Wireless IP Network.
4 Combination with solar battery and Wind power.
# Effective in the area without power supply.
TRl Basic system configuration
TR L 1. Wind Power Power Consumption 15w
=i ' . Generator Wind Spe-ed. 5.5m/s 8hours)
: —_— Solar Radiation 5hours
L Battery Operation 5days
No @ ! g IP Camera
line of sight = Antenna, .. dr 2 AGHzZ
i . N Wireless IP Router
ﬂ'-;, RGW2400/0D
. @ Extended
T hop by hop
: ~" SolarBatteryx 2 -\
V Hybrid Controller 97.1Wx 1293L mm .
Wind Controller Batteryx 2 rrr
Inverter
. ‘ TR LT
- :: i — TTTITTM
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IEEE802.11x ROOT INC.

# 802.11a: 5 GHz, 54 Mbps

# 802.11b: 2.4 GHz, 11 Mbps

# 802.11e: Quality of Service (QoS)

# 802.11g: 2.4 GHz, 54 Mbps

# 802.11i: Security

# 802.11j: Japan 5 GHz Channels (4.9-5.1 GHz)
# 802.11n: High-Speed
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Another RestObec it eshnsogie
: ROOT INC.
Wireless L AN

« UWB
m 802.15 WPAN(Wireless Personal Area Network)
m 110-480Mbps Gbps??
® WI-MAX
= 3802.16 WMAN
+ 75Mbps long distance,
= 802.16e Mobile WMAN
+ 30Mbps mobility
4 |[EEE802.20
= High speed IP mobile
= Down link 3Mbps Up Link 900Kbps
# |EEE802.21
= Media hand over between 3GPP-Wireless LAN
# |EEE802.22
m Cognitive radio
m Sharing frequency with digital broadcasting
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. ROOT INC.
Future of Wireless broad band

# Ministry of Internal Affairs and Communications (MIC)
# Set up Study Group for Wireless Broadband Promotion

Mapping of wireless broadband R
Whole 4G Mobile
country | e
—
Q gy .
(@ R ] ﬂ Satellite
© |
3 g
> f" : !
(@) E ]
g - [Wirelesg E iy Wireless MAN
O 1 (FWA)
>
P -
Q B ;
0p) -
Home "_‘,-f"
network 5{
i Media hand over system
v IP based general purpose wireless communication system
Home
if . . ]
#10m #100m Bkm L =To g
Range ot
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Real Object Oriented Technolagies

. . _ |Ireornie
A change in the role of the radio communication
# Before the Internet ).

= Low density of network —

:—:E IIEER
= ‘:" IEER
+ Long distance for fixed wireless access
+ Large cell for mobile

<+—>

<

m Base stations are connected by expense network %\
= Limited application g
+ Narrow band applications.
+ Application specific communication

@ After the internet

= High density of network

+ Fixed access are covered by FTTH,xDSL,CATV -
+ Small cell for mobile

. W
I
3

|

m Connect mobile terminal to neighbor network

m Base stations are connected by inexpensive network E
=  Un limited application

+ Wide band application

+ General purpose communication
Copyright©2005 ROOT,Inc. All rights reserved
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: ROOT INC.
A change of wireless property

# Before
m Development speed > Consumption speed
= Narrow band application (Voice)
= Enough clear band on frequency based allocation

® Now
= Development speed < Consumption speed
= Wide band application
s Frequency, Space, Time based allocation

Frequency resource 00 = Wireless property

n~

Frequency based allocation

11 A,

s~ -
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Change of the technology

# Before the Internet
= Analog communication
= Digital communication
s Continuous communication
+ Error = Information Lost

+ 99.999999.....% BER is required
+ Liner feed back

s Circuit switch

+ Connection best effort
m Limited capacity for connection

+ Guaranteed band width
m After connection established

Good for telephone

Copyright©2005 ROOT,Inc. All rights reserved.

Real Object Oriented Technolagies

ROOT INC.

@ After the Internet

= Digital packet communication
= Store & Forward

+ Error # Information Lost

+ Retry can recover the information
lost.

+ Delay and quality are trade-off.
+ Packet base feed back
m Packet exchange
+ Guaranteed connection
+ Best effort for band width

Good for general purpose
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Real Object Oriented Technolagies

. . ROOT INC.
New wireless topics in last 10years
@ Spread spectrum # Technical advantage / condition
= Low spreading, no process gain = Robustness for noise
# Bluetooth + If enough process gain is high...
= Low speed = Very low cost
¢ V-OFDM + Huge mass-produces...
= No advantage to ADSL : :
_ = Non line of site
® WIi-MAX : o
: : . + If the link margin is enough...
= No line of site required _
« UWB = Long distance
= Data rate > process gain + If the power is enough
= Dedicated frequency is required x NoO need clear band
¢ SFDR » If enough band width is allocated...
- - = 1chip solution cover everything

o + If huge dynamic range is given...
Nobody can exceed the principle

C =W-log,(L+S/N)
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SIMPLE ROOT INC.

- Smart Internet Mobile Project with Layered Effect -

Objective: cost reduction of maintenance of networks

[ IP-based redundant }:> [ Operation
. Pure Isnternet

architecture

L

A )

” Authentication
— Server

Low Power
Consumption

Objective: efficient end-to-end communication
IPV6 Internet ’

\J
Fast recoverable TCP from packet losses caused by Transport

Building a tEStbe-d N YRP handover and unstable wireless links Layer
Prototyping mobile terminals >~ 4
Objective: seamless mobility at network layer
C )
Mobility and multi-homing support by separation of
identifier and locator Network
Fast handover with event notifications from link layer Layer
[ Objective: simple and flexible link layer
Ve ~
Handover without Collaboration
o _ a” bo et' ciﬁ with upper layers Link
We are designing novel layered architecture, EO ae r‘lj;a;r’;‘ Wi Upper layers-led Layer
developing flexible mobile communication system, { PP handover y
building a testbed, and standardizing our proposal.( . _ . )
Objective: effective utilization of spectrum
s , \ _
Flexible Physical
Joint work with Internet Arch. Group of NICT, Keio Univ., |:> frequency Layer
Univ. of Tokyo, Tokyo Inst. of Tech., Kyoto Univ., ASTEM, Fixed frequency allocation relocatlo_n and
ISIT,and Root Inc. S reallocation )
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