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(57) Abstract: A technology is
disclosed for achieving fast and
reliable handover. According to
this technology, in the network
composition where a network
coverage area of the cellular
base station 105 and network
coverage areas of plural WLAN
AP (Wireless LAN access point)
110, 115, 120 and 130 overlaps,
the roaming mobile node (mobile
terminal) 100 stores the listened
beacon information from each
WLAN AP. The mobile node can
promptly perform the handover
procedures without waiting for
listening to the next beacon by
acquiring the beacon information
of WLAN AP which is a handover
target from the stored information
at the instant of determining to
do handover to a new WLAN AP.
Furthermore, the mobile node can
store information on stability of
the network connection if it would
be connected to each WLAN AP,
and determine which WLAN AP
is suitable for a handover target by
considering the stability.
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DESCRIPTION

‘RADIO COMMUNICATION TERMINAL AND . NETWORK SIDE

COMMUNICATION APPARATUS

TECHNICAL FIELD

"The 'preéent "~ invention relates. . to a radio

-communication terminal (also referred to as a mobile -

términal - or mobile node) and a network side .
communicafion , éppéfatué | with'. respect to the

commuﬁicétion in - a in a packef' switched data
communication network;' More pértiéulafly,‘it concerns a
radio cOmmunicatibn tefminal with different"types 6f'
multiple access interfaces. and  a qétwork‘ side

communication apparatus.

BACKGROUND ART

| Mdbiie' computing, which includes access to the
Internet on the mo&e, is getting more popular néwadays;
Hand phones are increasing in functionality and usage of
wireless LANs and the Internet is growing. Nowadays,
more and more portable terminals have the ability to
connect to the Internet using a wide range of access
technologies, such as Third Generation (3G) cellular
networks, General Packet Radio Service (GPRS), IEEE

802.1la/b/g and Bluetooth. Mobility refers to the fact
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that 'thé network cqnnection is available even when' a
node mbves.

| Various portable computing devices such as handheld
'mobiles, laptops and personal digital assistants (PDAs) .
5 with'enhanced networking éapabilitiés have.increased the
démana for séamieés comﬁﬁﬁicatign“ both iﬂ wired and
wireless netwdrks. 'Increased use -of multimedia contents
-such as videoiconferenéiﬁg'makes seamless comﬁunicatioh
bécome aﬁ essential and required feafure'fin mobile
10 connectidns.l Practical mobility management should
:pr¢vidé seamless handoff where the user does not observe
communication disrﬁptibnélv Toaay’é mobilé data networks.
commonly . consist of - Severall wireless .oVerléppiﬁgf
‘netwbrks, | suppofting 'differenf,' data rateé ‘and
15 geographical coverage and can only be accessedAvia-media

specific>air'ihtérfaces.
Each time éjmobile'node;changeé'a cell, a subnet.or
.aAnetwbrk; COveragé responsibilities have to be ‘switched
between respective. serving access nodes. To -’ provide
20 ' seamless roaming among these heterogeneous networks,
mobile nodes have to be capable of connecting to various
access networks. Moreover, a comprehensive mutually
agreed global mobile network architecture is required to
manage the macro mobility. At the same time, with the
5 wide range of wireless access technologies available,

portable information terminals (multimode nodes) with
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multiple access interfaces are starting to appeaf!

These include dual-mode hand- phoneS,A laptops' and

Personal Digital'Assistants.

The usefulness of attaching to the Internet using
different access technologies at different time or even
simultaneously, has been described in various documents.

However, protocols = embedded in ‘multi—mode nodes

-available in today’s consumers market do'not‘piovide for

seamless switching between heterogeneous interfaces.

There 'are also some - issues to be resolved when seamless

:switching- between .heterogenedus interfaces. With the

multiplicity of overlappiﬁg available wireless networks,

the. availability of a network in question may 'bé:

transient or stablé from the yiew bflthe mobile ndde.

For example, when a mobile node is roaming along

the fringes of the wireless networks, the tranéient

nature of the hetwdrk coverage maY‘cause spurioﬁs and
needless handoVér between nétworks and media interfaces
even though the stébility for the'practical use is not
ensured. The overheads incurred in such handover would
disrupt the user experienceland cost unnecessary loading
on the networks;

One solution of the following Patent Document 1
proposes a scheme to support service resumption when the
mobile terminal roams among the coverage areas of

wireless networks by tagging services with a local or
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global.' Global services may be resumed when roaming by
reinitiating: contact with ‘the same',ser§er via a.
,differént,gateway. |

Another solution ofvthe following Patént Document 2 °

5. utiiizes a Mobile. Switcﬁing‘ Cehtré in the network to

. send auplicatéd fraﬁésAto a roaming;mobile tefminal with'

synchronized fiming'in'order to affécf_soft handover.

;qulicated‘»frames: seﬁt' from thev tefminal‘ is also
pfoCessed and removed by the Mobile Switching Centre.

10 Furthermore,  éndther solution of the fqllowing

‘Patent Document 3 proposes. that a "cellular timing

i'receivér is instalied in the wireiess:LAﬁ access point

'invorder for the éellular network and the wiréless LAN -

to be _syﬁchronized‘ so that ‘soff handover 'ﬁay be

15 performed.

,'[Patent‘ 'Dééument 1] U.s. Patent Pubiicaﬁion'
20030112789A1 | |
| .[Patent .Décumenf 2] U.S. Patent ’PUblication
20040213279A1 |
2 [Patent Document 3] U.S. Patent Publicatiocn
20030030101A1

The above-mentioned solution disclosed in the

Patent Document 1, however, does not optimize the
handover process and also suffers from the fringe

25 roaming problem described previously. The above-

mentioned solution disclosed in the Patent Document 2,
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however, would not work across heterogeneous networks

especiélly if the networks . belong to different

administrative domains or -Service Providers. The above-

mentioned solution disclosed in the Patent Document 3,
however, would require partiéipating . cellular and
wireless LAN networks to be synéhrdnized, reducing the

total user capacity. - Furthermore, there' may also be

Lproblems implementing 'this solution across different

administrative domains, as in _ éaseA.of the abové—
méntidned solutioh disclosed in the Patent Document 2.
The above prior arts can be summarized as follows.

A mobile terminal cannot. maintain the seamless

" connectivity, especially when performing handoVerAacross:

heterogeneous networks.
It is difficult that a mobile terminal determines

whether an access network is transient or stable so as

“to perfofm efficient handover for the entire network.

°There'appearé the fringe'roaming problem  causing
unnecessary handover, especially when a mobile ‘node is

roaming along the fringe of the network coverage.

DISCLOSURE OF THE INVENTION

It is thus an object of the present invention to
provide a radio communication terminal capable of
achieving fast interface switching for seamless handover

and/or performing efficient handover without unnecessary

- PCT/JP2006/318311 ~ = = =
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handover; apd also capable of improving stability of thel
communication (especially, link  connection) of a radio
‘communieation terminal, and a network side communicatioﬁ
'epparatus.

5' . To achleve the object of the present 1nventlon, the
present _1nventlon: provides a radlo communlcatlonA
terminal comprising:

- pluraltradio communication interface meane, each of
plural radlo communication 1nterface means being capable

10 of connectlng te one or plural base stations,

a beacon rnformatlon storlng means for storing
infbrmation which 1is included‘in-a reacen signal, the
beacon signal being periodically sent from ‘the‘ base -
station and being received by each of the plurai radio

15 ‘ceﬁmunication interface means,

a  beacon information retrieving means ~ for

‘retrieving infermation included in - the beacon signel
from the beacon ihfermation'storing]means,'the beacon
signal Dbeing received by the radio communication

20 interface means which corresponds to a predetermined
trigger according the predetermined trigger, and

a communication control means for controlling to
start communication on the radio communication interface
means by using information included in the beacon signal,

25 the beacon signal being retrieved by the beacon

information retrieving means.
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Accérding to this conétruction, it is possible fq
achievé fast interface switching for seamless‘handoﬁer.
| Furthermore, in addition to. the above4meﬁtioned
éonstruction, the fadio communication terminal of the
prééent ihvention_Acomprises a éommunication switch
.contrdiling ﬁeaﬁS: for providiﬁg:'the 'pfédetermined'
: tfigger to‘thé beacon informationvretriéying means upon
=initiating‘£o ¢ommunicate on any one of the plﬁral radio
cémmunication'interface means or upon'switching a point
éf ‘lattaéhmentll on - any Apne_ of. thel plural radio
‘communication intefface.means/Athe predétermiﬁed trigger
correspoﬁding to the radio commﬁﬁicatidn‘ihtérface means
‘which initiates to communicatef or switches 'the' base -
station to be connected. |

According to this cohstruqtion[ it is possible to
aqhieveA fast interface switching by retrieving ' the

'pieviousiy séored info:mation," upon inifiating
communication via a radio communication interface or
upon doing the handéver procéss.

Furthermore, 1in addition to the above-mentioned
construction, the radio communication terminal of the
present invention comprises an information storage
controlling means for controlling to listen the beacon
signal on the radio communication interface or to store
information included in the beacon signal into the

beacon information storing means, based on any one of
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initiation timing of <communication on the radio

communication interface, switch timing of connection to

the base station on the radio communication interface,

‘énd a policy about electric power.

According to this construction, it is possible "to

store informatioﬁ'included in the beacon signals based

on . the schedule as applied to initiation or switch

‘timing of communication, or capabilities of storing and

saving electric power.

Furthermore,A in addition to. the above-mentioned

‘construction, the radio communication terminal of the

present invention compriseé:
a Stébility information stdring means for sforiﬁg:
information4 about ‘stability"Qf.'communication with the
baée station whicﬁ, each of the plural radio
qémmunication interface means can connect to, and

a étability determining means for determining

whether the base station can’be selected as a candidate

for communication or not, ‘based on the information about
stability stored in the stability information storing
means.

According to this construction, it 1s possible to
achieve fast interface switching for seamless handover
and perform efficient handover without unnecessary
handover.

Furthermore, in addition to the above-mentioned
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construction, the ‘radio communication terminal of the

present invention comprises a stability evaluating means

for evaluating stability of communication between .each

of the plural radio communication interface means and:

thé'base ‘station based on the beacon signal received
from fhe baSé stafion by each  of the piural radio
communication interface-means, or-baéédron‘information'
-about fstabilify of communication betweén cher radio
cémmunica#ion terminals and theA base station, the
informatibn béing '»infofméd - from the chei radio
communication terminals; f

According to this cohétfuétioh, it ié possible for
the radio . communication terminal to evaluate'Stability:
of communicétion with a base gtatiOnAbaséd on the\beacon.
éignal redeived from theAbase‘station, or information

about stability of communication with ‘the base station

"which is exchanged“with the other radio communication

terminals.

Furthermore, 1in addition to’ the- above-mentioned
construction, in the radio communication terminal of thé
present 1invention, the stability evaluating means 1is
arranged to rank the base stations based on a time-
variable pattern of the information about stability of
communication or a frequency of detecting the beacon
signals.

According to this construction, it is possible for
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the radio communication terminal to rank stability of
communication with each base station.

Furthermore, in addition to the above-mentioned

construction, the radio communication terminal of the’

present invention comprises:
a stability "information storing means for storing

information about stability of communication ‘with the

-base station' which ~each  of the plurél radio

communication interface means can connect to, and
a message Sending- means for sending a message
requesting to improve the stability of communication to -

the ‘base station whose stability becomes "below a

- predetermined threshold lével, referring the informatidn:

about stability stored in the lstability information
storing means.
According to this construction, it ‘is possible to

improve ' stabilityﬁ' of communication of a radio

communication terminal improve.

Furthermore, in addition to the above-mentioned
construction, in the radio communication terminal of the
present invention, the message comprises at least an
identification information of the Dbase station, an
identification information of the radio communication
terminal, and communication characteristics information
about communication with the base station.

According to this construction, the characteristics

- PCT/JP2006/318311 — — — —~
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of communication between tne source and destination can
be graeped by referring the message.

J Furthermore, in addition to the above—mentioned
Construction, the nadio communication terminal of the’
preeent invention comprises a stability evalnating means -
for evelnating staoility.of communication between each
of . the plnraI radio communication,inteﬁface means and
;the base siation based on the beacon. Signal' received
fiom the base station by each of the plural radio
communication interfaCe meens( or based.on information
about stability of communication between ofher radio
communication terninals ‘and -thei basé 'station, the
information being informed from the other ‘.radio:
COmmunication terminals.

According to this,construction;'it isApossible fof

the radio communication terminal to evaluate stability

'of communication ‘with a base station based on the beacon

signal' received fromi’the base station; or informétion
about stability of-communication with the base station
which is exchanged with the other radio communication
terminals.

Furthermore, 1in addition to the above-mentioned
construction, in the radio communication terminal of the
present invention, the stability evaluating means is
arranged to rank the base stations based on a time-

variable pattern of the information about stability of
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communicaﬁion or a 4frequency of detecting the beacon
signalé.

} According po this construction, it is‘possible for
the radio communicétion‘terminal to rank'stability of 
comﬁunication with each bése station.

Mérerer, »td'.achieve the . ébject of the present

invention, - the present invention provides a radio

‘communication terminal comprising:

plural radio communication interface means, each of

plural radio communication interface means being capable

of connecting to one or plural base stations,

a stability’information storing means for storing

‘information about stability of communication with the

base station which each . of ,'the plural \ radio

bommunication interface means can connect to, and
a _stability determining .means"for - determining
whether communicatibn start$ or not' between the radio
commqnication intérface means and the base station,
based on the information about étabilify stored in the
stability information storing means.
According to this construction, it is possible to
perform efficient handover without unnecessary handover.
Furthermore, 1in addition to the above-mentioned
construction, the radio communication terminal of the
present invention comprises a stability evaluating means

for evaluating stability of communication between each
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of the plural radio communication interface means and

the base station based ‘on the .beacon 'signal received

from the rbasé ‘'station by each of the plural. radio

communication interface means, or based ‘on information’.
about stability of communication between other radio
communication terminals and the base station, the

information Being " informed from the other radio

communication terminals.

According to this construction, it is possible for
the radio communication terminal‘to evaluate étability'
of communication with a base_étation based on the beacon

sighal received from the base station, or information

“about stability -of cpmmuhicatioﬁ with the base station .

which 1is exchanged with'the_othér,radio'communicationv
terminals. |

,AFu;thermdre; in addition to the above-mentioned
conétruction, ih-thé radio cqmmunication terminal'of the
present vinVention,' the stability evaluating means is
arranged to rank fhe 'base stations based on a time-
variable pattern of the information about stability of
communication or a frequency of detecting the beacon
signals.

According to this construction, it is possible for
the radio communication terminal to rank stability of
communication with each base station.

Moreover, to achieve the object of the present
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invention, the present invention provides a . radio
communication}terminal comprising: |

plural radio communication interface means, each of
 plural radio communication interface means being capablei
of §0nnecting to one. or piural base stations,,

a stability”information stdringlmeans for storing
information_ aBoﬁt Stability of commﬁﬁication..with the
‘base -'stationA which éach' of the plurél radio
cdmmunicaﬁion interface means can.cbnnect ﬁo)vand

a méssage, éeﬁdiﬁg means for ‘sending -a Amessage.
'requestiﬁg to improve fhe stability Qf'communiCation to

the ‘base station whose stability becomes -below a

.'predetermined.threshold level, referring the information -

about stability stored in the stability information
storing means.

According to this construction, it is possible to

- improve | stabilityfl of cqmmunication of  a radio

lcoﬁmunicatidn terminal.

Furthermore, in addition to the above-mentioned
construction, in the radio communication terminal of the
present invention, the message comprises at least an
identification information of the Dbase station,_ an
identification information of the radioc communication
terminal, and communication characteristics information
about communication with the base station.

According to this construction, the characteristics
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of commﬁﬁicétion between the source and destination éaﬁ
be grasped by referring the message.
Moreover, to achieve the object of the present
 invention, the present ihvention provides a network side-
5 cdmmunication apparétué accommodating - a radio
commuﬁication.terminal, comprisidg:
a radio communication intefface méans for
-cqmmunicatihg ﬁhe radio commuhication tefminal;
a meésage recéiving means for receiving a message
10 requestiﬁg to ’imprbve stability of communication with
’the' radio communication terminal | from the radio
communicatidn terﬁinal via fhe--radib 'communication
~interface means, and |
a. communication stability. improving meaﬁs fo;
15 ihproving the stability of communication with the radio
commuhigation 'térmiﬁal which is the source of. the
.‘méssage ‘ by éontrdlling ‘operation of .the radio
communiéation interface means;'
According to fhis construction, it is possible to
2 improve stability of communication between a network
side communication apparatus and a radio communication
terminal.
Furthermore, in addition to the above-mentioned
cdnstruction, in the network side communication
5 apparatus of the present invention, the communication

stability improving means is arranged to increase
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transmitting power or adjust directional characteristics
toward the radio communication terminal - as the

controlled cperation of the radio communication

‘interface means.

"According to this construction, the network side

commuhication .apparatus can "improve stability of

communication with the radio communication terminal by .

-increasing transmitting power or adjusting_directional

characteristics.

The present' invention comprising the foregoing
construction has the advantagé to achieve fast interface

switching‘fcr seamless handover and/or perform efficient

" handover  .without unnecessary handover. The Apreseht:

invention also has the advantage to'imprOVe stabiiity of

‘the communication (especially, link connection) of a

radio communication terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a overhead view of a
network where a mobile node is roaming across multiple
overlapping areas of network coverage 1in the embodiments
of the present invention;

Fig. 2 1is a block diagram showing an example of
architecture of a mobile node in the embodiments of the
present invention;

Fig. 3 1is a state diagram showing fast interface



10

15

WO 2007/029881

17

lswitching-operation in the embodiments of the preseht

invention;

Fig. 4 is a state diagram showing reliable

‘interface switching operation in the embodiments of the

present invention; -

Fig. 5 is a state diagram showing fast and reliable

~ interface switching 4integrative operation in the

.embodiments of the.present invention;

Fig. 6 1s .a diagram shpWing an example of

information elemehts included . in  a Proximity

Notification message sent from a mobile node in the

embodiment of the present invention;

Fig. .7 is a block diagranf showing an example of .

architecture of a network node. (a potential point of

éttachment) in the embodiments of the present invention;
and.

Fig. 8 is“a state diagram showing an example of

operation related to a Proximity Notification message in

-the embodiments of the present invention.

-BEST MODE FOR CARRYING OUT THE INVENTION

Description will be given below onithe embodiments
of the present invention referring to the drawings. Fig.
1 describes a typical example that a mobile node 100 1is
roaming in a neighborhood where there are multiple

overlapping areas of network coverage such as a cellular

© PCT/JP2006/318311 - - — —
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base station 105 and WLAN AP 110, 115, 120, 125 and 130,
In thé- description,- a cellular base Station is 'just'
referred to as a base station. It is possible that the
‘mobile node 100 is taking a route 135 whereby it passes.
5 thréugh the fringes of ‘the overlapping WLAN network
coveraée areaé whiie.still stayiﬁg within its cellular
network coverdge area. - In order to bé ablé to achieve
efast yet.réliéble-handbff,»the system Should include a
féw‘key features. |
10 ' qufoast vinterface switqhing, the system> of the
v'present invention -shéuld‘ possess somé means- fofh the
storage of .broadcésted informétioh, éVeh 'on interfaceé
that are not active or involved in current communicatian
Hence as én ?egamplé, wireless._LAN interfaces- may be
15 1iétening 'passivelyv.for' any -broadcastea beacon by
neighbo;ing 'accéss 'poin£s or access routers. ~ The
,réceived'beaconjinformation is stored. |
Stofed'beacon'information may be placed in a list
or be continually réplaced by the most fecently received
Z) information (the newest information), dependent on the
capabilities of the devicei Hence nodes with strict
power and/or information storage requirements may store
only the most recently received beacon information while
those with less strict requirements may store a larger
25 number of beacon information. It may be useful to store

beacon information in the case when the node is in an
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area covered by two or more access points or routers.

For . devices storing ~more thén'» one beacon

information, it may be useful to store beacons according

"to the source identification. In this way, only the -

most - recent beacon. information from each source is
stored rather than storing all the beacon information
from a single source with a short beacon period.

For nodes that support'lower layer4hints or events

'such as LINK_GOING UP (a trigger -from the media -

interface.indicating that a new link is about to become

available) or LINK;GOING_DOWN'(a trigger from the media

interface indicating that a current link is .about to

“become uhavailable), the previously described method may~

be further enhanced. An example of such lower layer
media interface events would be those provided by the
Media Independent Handover Function - which 1is - being

defined . in 'IEEES802.21. The listening done on all

interfaces may be tied ‘to the receiving of a trigger

warning of the going down of a current link or upoh
detection of a potential new link, hence conserving a
mobile node’s limited power.

When the mobile node decides to switch 1links or
interfaces upon the unavailability of the currently used
link or due to certain policy decisions, the mobile node
must select an alternate interface or link td utilize.

This selection may be influenced by the availability of
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vstored~infofmation described previously, in addition to‘
any ,dther polidy consideration. Uponl.sucéessful‘
‘seléction.of an interface, any Stored information on the
véelected interface is immediately put to use and in this’
wéy’ the éonnectivity of. the mobile node may be re-
‘established quicklyi

.~ The functional “architecture reqﬁired by such a
-system is éhown in-fig;z. The Mobile ndde 100 includes
Média_zntérfaces 200, 205 and 210,' Media Interfaces 200, -
205 and 210 are‘lbgical interfaces .that may be viewed asi
‘the thSical interface cards that .the node uses to
communicate with fhe eXternal‘ netwofk. . For example,
Media Inteffaces 200, 205 and 210 include WLAN,cardé,j
GSM cards oi even modems.

Media' Interfaces 200, 205 and 210 may alsé
repréSent'linksAfo different points of attaéhmeﬁt._'For
'e%ample,Aa Bluétooth interface’that is connected té two
separate peers maY' be viewed as. two respective Media
Interfaces, one fof each peer. Media Interfacés 200,
205 and 210 communicate and are configured via
respective message paths 250, 255 and 260 by the
Management Entity 215.
The Management Entity 215 1s a generic controller

that manages the various network functionalities of the
node. Additionally, the Management Entity 215 should

contain at least a Stability Control Unit 220 and a
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Configuration Control Unit 225. It may also contain

other -functions such as those that debide_and control

“handover 'from one attachment point to another. The

3Policy Controller 230 provides input information from

its policies via message path"265 to -the Management
Entity 215 to aid in its decisioﬁ méking. Alternatively

the -~ Managemeht Entity 215 may Query the Policy

~antroller'230 via nmésage path 280lfbr' the relevant

parameters.

The Managemént- Entity 215 “also .has access to at
least two logical databases, the Stability Information

Database 235 and the Configuration Information Database

- 240.. The Mahagement Entity 215 may write or retrieve:

information from these databases via message paths 270

and 275 reépectively;

The Stability Information Database 235 méintains

4

" information pertaining to. the stabiiity of any nearby or

récently "encountered potential. network points of
attachment. Exampies of the stored information  include
the type of the access technology used to connect, the
identifier for the point of attachment, its detected
signal strength and Bit Error Rates (BER) or some other
metric describing the stability of the ©point of
attachment.

Media Interfaces 200, 205 and 210 may implement a

detection function for detecting signal strength or Bit
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Error Rate, and the .detection result such as .signéi
strengfh or Bit Error Rate based on the'reception of the'
_beaéon signal from a base station may be‘stored as a
_metric to indicate stabiiity{ The base station which is
5 capéble of connecting'to.Media Interfaces 200, 205 and
210 méy send the ébove metric towindicate stability'(for'
example, infofmation indi;ating thg state of fhe point
;of'attachmeht),embedded in the beacon}siénal to a mobile
nbde; and the mobile node can store the information in
10 'its. Stability ,informatioh Database '235; Furthermore,
each mobile ndde can obtain the metric'of each point of
attachment to indicate Stabiiity-4if' thé metrics are
ekchanged.among mobile nodes. Stability of ‘each point:
of attachmeht is ranked (classified) by thg mobiie node .
15 100 on the basis of the metrics to indicate stability iﬁ
the Stability Information Database 235. In this- case,
thebmobile node:loofcan classify stability, for example,
so.that the point of attachment having better quality of
communication is hiéher—ranked, or so that the point of
2 attachment is ranked in consideration of a pattern or a
trend. The above pattern means a time trend of
detecting a metric to indicate stability. In relation
to the pattern, for example, the point of attachment is
preferentially higher—rankéd if its stability is
2 gradually increased as time passes. The above trend

means frequency of detection of a metric to indicate
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stability. In relation to the trend, for example, thé

point of attachment is preferentially higher—ranked if

‘the frequency of detection of its metric in @ given

~period of time is increased.

"The Configuration Information -Database = 240
maintains any configuration information obtained from

all'potential‘points.of attachment. This information

-may be an ‘ordered  list for each point of attéchment or

just the most recently received information depending on
storage space concerns. Examples of such information
may be the beacon message from WLAN access points which

would include - information such as - future - beacon

~intervals,. supported data ratés, parameter sets ahd:
capability information or higher léyer information such

as Router Advertisement messages which contain prefix

information and other service announcements, which are

carriedoner layer 2 links. The,StabilityVInformation

Database 235 and Cbnfiguratibn Information Database 240

are preferably impiemented by the information ~ storing
function of the Media Access Decision Unit placed
between the Network Access Unit (including PHY (Physical
layer), MAC (Media Access Control), LLC (Logical Link
Control), etc.) and the higher layer (Layer 3 and above).

The Stability Control Unit 220 residing within the
Management Entity 215 controls the classification of the

stability of its peers. It processes received
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information and stores or retrieves them from the

Stability Information Database 235. =~ It may be

.configured to.accept a range of thresholds or parameters

in order to classify the potential points of attachment. --

It is also responsible. for ChOOSing the potential links

or interfaces to be presented to the node for selection
. of. the next‘ handoff 'target on .the 'basis of their

.stability metrics and any threshold parameter.

The Configuration Control Unit 225 controls the -

storage . and retrieval of any received configuration

‘information coming in from the Media Interface 200, 205

or - 210. It is also responsible for - passing .the most

“recently .received <configuration information from a-

handoff target to fhé node‘onqe selection of the handoff
target has been done. |

The opefation for fast interface switching is' shown

"in a state diagram-of Fig. 3. Iﬁ Fig. 3, . the mobile

node 100 starts off in an idle state (step 300). As
shown by step 305,'depending on its power policies, the
mobile node may be actively gathering and storing
information on nearby potential points of attachment
(step 310), or only start its listening and storage
processing (step 320) upon imminent handover (step 315).

When the handover process is determined (or
indicated) to start, the handover process is promptly

invoked (step 325). When the mobile node has selected
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an interface or link to handover to, the information on

the selected interface or <1link (the previously stored

information) is passed to the mobile node (step 330) for

immediately processing handover without waiting for the

next broadcasted beacon. The 'mobile node recognizes
complétion of any other necessary handover 'procédures

(step 335)»following which normal . operating procedures

-will &pply, and then returns to the initial state (the

idle state of step 300).' If the information on the -

selected interfaée idr link has “not yet stored (for

‘example, in the case that the necessary information

could not be gathered Eefore . the determination of

starting thé handover process), normal prqcedﬁres will -

be taken back, and-then infqrmatidn gathered from the

he%t broadéasted beacon is‘passed-to the mebile node.
,When’ the ﬁbbile  node 100 is foaming along  the
fringes' of _loverlapping ' netwofk_ coverage, the_
avéilability of>thé network may be‘transient‘in nature
from the view of the mobile node 100. In order to
prevent the selection of a transient interface 1link
which will cause needless handover, a system for
influencing the interface selection based on stability
of the network is desirable. This system is a reliable
interface switching system for «classifying available
interfaces or links according to a history of events.

During the above-mentioned gathering of information,
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the mobilé-node 100 should. also keep a rééord of the
receivéd informétion on the various ‘ihterfgces. This
'recérd perides a history of the various possiblé links
lbn the interfaceé. ‘ 'This is different from thef

5 infbrmation storagegpreﬁibusly'déscfibedvas not all the
informétion obtainéd from any‘récéivgd broédbast needs
to.be.stored{AlThe'record_keeps tra¢k of thé vérious
-sources of  thé broadcast information ‘énd attempts to
ciassify links into stable and transient'catégbries.

10 ' vThe record may‘be updated‘by processing received
broadcasts, hints, éﬁents,' trigge#s' or any. other
infOrmation otherwise'obtained.regardingvthe potential
'points of . attachment aroundAthe mobile node 100. Fdfj
example,' if the périodicity' of fecgived’ beacbns is

15 Constant, it may be -assumed that the access point from
where' the " béa;on is‘ originated offers a relatively
sfable .éonheCtiQn .compared to another access’ point’s
lbeécon‘that‘is only réceived Spasmodicaily.

‘Potential attéchment points_'withA a transient or

X unstable record may not be reported for consideration
(consideration as a candidate of a handover target) when
the node is choosing an alternative point of attachment
to the network. The specific threshold for deciding
whether or not to report a potential 1link is media

5 specific and may or may not share a similar value to

that wused for classifying a record as stable. An
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example méy be using the4 average signal strength df.
receivéd beacons to determine if the link is .tb be
repsrtéd to the node. Another example of a thfeshold
might be the percentage of error packets received.
| The operationAfor‘réliable'interface switching‘is
..shown’in a stéte diagram of Fig. 4.A'The mobile node 100
stérts off-in‘an idle state (step 400). '.As shown by.
*step 405, depénding on ifS'power polipies,»ﬁhe mobile
néde 1OQ may Dbe actively gathering and storihg
.inqumatibn'qn,ﬂeérby’potential points of éttachment and
also.claséifying links‘éccording to stability_(step‘410)/
or only étart its lisieniﬁg ana storégeApfocessing, and |
also classification of links according to 'stabilitY{
(step 420),-upon imminent handpver (étep 415) .

When 'the' handover ’process is .determined (of
indicated) to start, the handover process -is promptly
invoked (step 425);' When the mobile node selecté an
vinferféce or link to handover teo, -the information.on the
various possible points of attachment dn all interfaces
is consulted and only those that pass an arbitrary
threshold value is passed to the mobile node 100 for
consideration as a candidate of a handover target (step
430). The mobile node 100 selects one from the received
candidates for handover. The mobile node then
recognizes completion of any other necessary handover

procedures (step 435) following which normal operating
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procedures will apply, and then returns to the initial

state (the idle state of step 400). If’the information

on the selected interface or link has not yet stored

(for example, in the case that the necessary information
could not be gathered before the _determination of
starting the handover process),.nofmal procedures will

be . taken back; and then information.gathered‘from the

-next broadcasted beacon is passed to the'mobilé-node.

The operation for reliable iﬁterface switching 1is
éhown'in a statérdiagram of Fig. 5. The mobile node 100
staftsvdff in an idle;state (step 560). AS shown by
step 505, dépendiné on its power'poiiciés, the mobile

node may be actively gathering and storing iﬁformation:

on nearby potential poihts_ of attachment and also

cléssifying links according to stability (step 510), or
qnly'start its listening and storage processing and also
ciassifiéation Tof ‘links according' to stability. kstep
520), upon imminent handover (step 515). Noté that the
processing of inforﬁation about nearby potential points
of attachment and the storage of information which may
be received via broadcast from them are separate
processes and may be governed by different policies.
Hence it may be possible for the mobile node 100 to be
processing the information and classifying potential
points of attachment into different levels of stability

all the time while the storage of information is only
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activated upon such a time when handover is imminent.

When the handover process 1is 'determined (or‘

indicated) to start, the handover process' is promptly

invoked (step 525). "When the mobile node selects an
interface or link to_handover'to; the information on‘the
various possible points of attachment on all interfaces

is .-consulted and only those that bass an arbitrary

‘threshold value is-paséed to the mobile'node 100 (step

535) for consideration as a candidate of a handovér

target (step 530); 'The mobile_nodé 100 selects one from

the received candidates for handover. ~The mobile node

then - recognizes completion of. any other necessary

"handover procedures (step 540) following which _normai:

operating procedurés will apply,.ahd then’réturns\to the

initial state {(the idle state of step. 500) . If the

infofmatidn on the selected interface or linkAhas'not

yet stored (for example, in the case  that the necessary

.informétion could not - be gathered before the

determination of sﬁarting the handover process), normal
procedures will be taken back, and then information
gathered from the next broadcasted beacon 1is passed to
the mobile node.

According to the prior art, when the mobile node
100 is rcaming along the path 135, it would continuously
handoff from the Base Station 105 to WLAN APs 110, 115,

120, 125 and 130 as it comes into contact with their
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network coverage. This is wasteful of network resources

as well as causing a less than ideal user experience of-

constant interrupts as the mobile node reconfigures

itself.
On the other hand, following the . steps of . the

present invention} when the mobile node 100 is roaming,

it . first starﬁé off'connééted via the Base Station 105.

The interface detects the presence of WLAN APs 110 and

115 near the position A in Fig.i. However, as the
signal strength of both thése'WLAN APs 110 and 115 'is
low due- to the Hwbilé node 100 being at the edge of

their coverage, the Stability Control Unit 220 .records

"their presence but does not present them to ‘the mobilej

node 100 as candidates for handover[
The above—mentioned event is repeated as the mobile
node 100 roams from WLAN APs 110, 115, 120 and 125_  The

Configuration Contrdl Unit 225'would-store any received

broadcést'informationA(such'as the beacon) from these

WLAN APs 110, 115', 120 and 125, but the Stability
Control Unit 220 would not pass them to the higher layer
in the mobile node 100 for.consideration as candidates
for handover.

As the mobile node 100 roams to the coverage of
WLAN AP 130, the Stability Control Unit 220 recognizes
the stability of the received signal and passes

information regarding the WLAN AP 130 as a candidate for
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handover‘fo the higher léyer in the nmbilé node 100.
Assumiﬁg the policies of the mobile node 109 decide to
.hanaoff, the Configuration Control Unit 225 wouid,pass
'any' broadcast information such as previously receivedi
5 beééons and, if any;,receivedvhigher»layer cqnfiguration
inforﬁétion té theHhigher layer; The mobile nodée 100
would then be‘able to configure itself;po utiiise WLAN
—AE 130 withéut . waiting - for the next ,beacon or
iﬁfOrmation broadcasted from WLAN AP 130. This allows
10 for 5andpffs.reéulting in éreater hetwork efficiency and
'a better network experiénce.' | |
The_mobile-node 100'¢an éénd.a rémdte'trigger to
"request - improvement‘ of stabiiity (reliabilitj) of -
- connection rto a certain potential 'point' of attachment
15 Whén the .mobile node 100 resides 'wiﬁhin the network
qbverége aréa of this potential poiht of - attéchment.
Receiving thisAremote friggerf the potential.point.of
.atfachmeﬁt 'improvés stability of connection -to‘ the
mobile node 100 which is the source of the remote
2 trigger by, for example, turning the electric power up
or adjusting directional characteristics of the radio
signals. The mobile node 100 recognizes the improvement
regarding stability of the réceived signals and, as a-
result, it will be more likely that the mobile node 100
2  connects to this potential point of attachment.

Even though receiving the remote trigger, the



10

15

. WO 2007/029881 . ‘ . PCT/JP2006/318311

32

| potential point of attachment does not always have to

improve stability of connection. to the mobile node 100

which 'is. the source of the remote, trigger;. . The

potential'point of attachment may improve stability of

connection to all of the mobile nodes .which are the
sourcei of the rémote trigger..-- The mobile potential

point of attaéhment'may improve stabiiity of connection

“to a part ‘of the mobile hodes (for exaﬁple( the mobile

nodes satisfying some other requirements or randomly

selected) which are the sources-df the'remote trigger,

'howeverf: neglect the remote triggers from the other’

mobile nodes.

When,the,mobiie nOde'IOO is roaming along'the.routej
135 as petrshown in Fig: 1;_u§on the aetectiontof the
WLAN APs 1'10, 115, 120, 125 and 130 (potential points of

attachment), the mobile node 100 may eptionally take an

" additional action . of sending a,‘remote trigger (the

fellowing' Proximity notification message) to selected
Potential Points of‘Attachment. |

In Fig. 6, an example of information elements
included in a Proximity Notification message sent from a
mobile node in the embodiment of the present invention
is illustrated. The Proximity Notification message
illustrated in Fig. 6 1is typically sent by the mobile
node 100 to potential points of attachment. ‘Receiving

this Proximity Notification message, the potential point
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of attachment Canfperform‘the operation with respect to

the mobile node_lOO.

For example, receiving the Proximity Notification

:message, the potential point‘of attachment can perform’

the operatlon to . make the cuftent communication.‘link

.w1th the mobile node 100 more stable, the operation to

v

enhance the communlcatlon llnk so as to establlsh theﬂ

communication link'with'the mobile node 100-(that 1s, so

as to 1nduce the moblle node 100 to. connect) or anyJ

proactlve operatlon needed if. the communlcatlon llnk is

'establlshed with this moblle node 100.

~"To be more. prec1se,"the potentlal _point of_

'attachment may boost the strength of the sent 51gnals'

- (the electrlc power - of 51gnal sending) upon recelpt of-

15

this Proximity'Notification mesSage. . Furthermore, the

'potential"pOint :of_”attachmentvvcan_'tutn"the jtadio

'inte;face toward the mobile node 100 so as to adjust the

directional' characteristics/vof' fadio sidnals“ upon
receiving the indication “that. the received signai
strength is weak from the mobile node 100.

It should be noted that this Proximity Notification
message may be created and sent independently or else
piggy-backed upon other data, control or management
plane messages exchanged between the mobile node 100 and
its potential point of attachment. |

The Proximity Notification message includes four
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fields to  insert: information elements (Destination 1ID

field'601,%Source ID field 602, Communication’Parameter

_field:603 and Additional Information field 604) 'as 'shown

“in Fig. 6.

The Destination ID field 601 contains an 1dentifier‘

‘describing the target. of this Prox1mity Notification o
. message ' An example of this identifier would be | theﬂ'
-APID of - an IEEE802 Access Point or the MAC ID of an

. IEEE802 node.

The SoUrcesiD:field 602 contsins an identifier.for

'the node that isg'sending this Prox1mity Notification,
kmessage.. An example of this 1dentif1er would be the MAC‘
- ID of the'interface.on the mobile node 100 sending this’

Proximity Notificetion messége.

The Communication Perameters field: 603 contains

structured information describing the state ofi the

" communication “such as physical - communication -

charscteristics | and ' logicsl: .communication
characteristics between the destination and source nodes.
The mobile node 100 may send information such as the
detected strength or quality of the signals received
from the potential point of attachment. In other
implementation, the Communication Parameters field 603
may also include transmission parameters of the mobile
node 100 such as current transmitting power and maximum

settings.
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The Additional Information field 604 is an optional

field - that  may - include 'informétion' “such  as

’

,autheﬁtication, location or mobility related information

‘from the mobile node 100 for the 'potential' point of‘

attachment.
In order to send the 3aforementibned‘ Proximity

Notification message to the potential point of message;

%functionalities of:thé mobilé node 100 illustrated ‘in

Fig; 2 must ‘be enhanced. When the Managemenf'Ehtity 215

receives notification from the Stability Control Unit

220 that the potential'pdint of attachment does not meet 

the criteria for stability, dépending upon the policy.

'obtainéd‘vié the Ppliéy Controfler 230, the Management'
Entity"le ‘may '~ send :the_ afdrémentibnéd PréximityA
-Nétificétion_ méssage, té the - potential  point of
'attaéhment'vialfhe'relevant Media InteffaCe'éOO}-ZOﬁ and

© 210.

'The potential point of attachment (network node

700) implements the functionalities described in Fig. 7

for processing the above-mentioned Proximity
Notification message. Fig. 7 is a block diagram showing
an example of- architecture of a network node (a

potential point of attachment) in the embodiments of the
present invention.
The network node 700 includes one or more Media

Interfaces 710. The relevant Media Interface 710, upon
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receiving the Proximity Notification message from.'the

mobile node 100, should proceed_to passvthis'Proximity

,Notification 'message via a message path 720 to the

'1Management Entlty 705.

"The Management Entlty 705' retrieves. information

.,included in the Prox1m1ty Notification message;A and -

passes the 1nformatlon to the Pollcy Controller 715, v1a‘"

-ar message path 730 to consult w1th the Pollcy Controller”

715 about the proper actlon‘ to be’ .performed.'A The

Management Entltyj'705' receivesh‘the Policy Serfice'

:prOVidedA‘from the Pollcy Controller 7i5. ‘ Upon,

'determlnlng the - actlon to be performed based on this

Policy Servrce, the Management Entity 705 may - send a’

command‘ to the relevant Media Interface 710 via a

.command path 725 to accordlngly take approprlate steps

such as"the:'process to improve stablllty Of; the

communioation with‘the mobile nodem100'and.thelproactive :

action to make the mobile node - 100 promptly' connect

(start communicating)! In a .concrete exampie, the
Management Entity 705 may direct the Media Interface 710
identified by the Proximity Notification message to
increase the stability of the received signals on the
mobile node 100 side.

The Management Entity 705 is located in the network
node 700 in Fig. 7, but the Management Entity 705 can be

located outside the network node 700 (physically in
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another location). _Edr example, - the Management - Entity

705 -may be located in an “access':rOQterA managing a

L

‘pluraiityA of access points. Similarly, - the Policy

1C0ntroller 715‘can be'located outside the network node‘

700.

'When the Maﬁagement'Entity,705 is located oﬁtside.

._the;netWOrk node 700} Pollcy Serv1ce can be transported"

%

by TCP/IP (Tran5m1851on; -Control ' Protocol/Internet'

Protocol) by using a network path for'communlcat;ng'to_

_the-Management,Ehtity 705 residiﬁg’outsidetthe network

;node 1nstead of a message path 730 1n Flg 7.

'Fig., 8 1is a state dlagramt show1ng' ‘an example of_

.operatlon related to a Prox1m1ty Notlflcatlon message in

' the embodlments of the present 1nventlon ‘In ‘the state»

15

dlagram, of ‘Flg. 8, a summaryA is deplcted about the

additional behaviér,‘of; the - mqbile ‘node 100 hav1ng

' furictionalities of. sending a Proximity Notification -

message.

In Fig. 8, the mobile node 100 is alwayS‘listening;
gathering information on all the interfaces and
classifying links (classifying links based on stability)
(step 800). Furthermore, the mobile node 100 1is
monitoring whether the link is stable or not (step 810).
When a link is considered to be stable, as shown by the
loop of transitions 805 and 815, the mobile node 100

performs nothing special and continues to be monitoring
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the link state.

" However should a link be found to be 1nsuff1c1ently

.stable (for ‘example, the link classified as stable

A:becomes lower than a-Certain.class (a certain threshold)'

the Management Entlty 215 of the moblle node 100 may

,proceed to dec1de to send the selected potentlal p01nt_

of. attachment a Prox1m1ty NOtlflcathD message (step.

h820).: Thé Proximity Notlflcatlon message ls'sent from
the mobile node 100 to the potential point of)attachmentp
and then returns.tO”the'link monitoringvstate_again.via

‘transition 825.

'Although in " the description, the invention has

/

" been shown and descrlbed in what is concelved to be the
:f most -practlcal'_and 'preferred ‘embodlment,; 1t w1ll be

appteciated by"those -skilled in the art. that various

modlflcatlons may' be made in details of design and

'parameters such as vafiations in the design ~of the
Management Entity 215 in Fig. 2,'the Management Entity

715 in Fig. 7 or other components of the architecture

without departing from the scope and ambit of the
invention.

Each functional block used in the above-mentioned
embodiments of the present invention 1is typically
realized as an LSI (Large Scale Integrated Circuit)
which is an Integrated Circuit. Functional blocks can

be processed into l-chip respectively, and part or all
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of functional blocks can be pioceséed into 1l-chip so as

to be included in 1l-chip. The  above LSI can be called

IC (integrated' Circuit), System LSI or Super ' LSI,

_Zaccording to the degree of ihtegration.

Furthermore, . the way to ~be. processed .’into

Iﬁtegfated Circuit'is th only to manufacture LSi but

‘,'aléo.vto' proddée é'.dedicated circuit. or a general

(Field

 Programmable Gate  Array) to - be ‘programmable, ‘or

Reconfigurable Processor to be reconfigure connection or

‘configuration of cir;uit cells in LSI_cén be utilized.

‘Furthermore, =~ if another - new  technology  of.

o

" integration substit_ﬁtihg~ for LSI appéars due to
developmént of the éemicondﬁctor technology or creation

of another ﬁeéhnology, “functicnal leckS' can be of

cdurée integfated' byx using the new  teChnology.;A  For

'ekample,l the biolbgical technology may: be - the new .

 technoiogy.'

INDUSTRIAL APPLICABILITY

The present invention has the advantage of
achievihg fast interface switching for seamless handover
and/or performing efficient handover without unnecessary
handover, and the advantage to improve stability of the
communication (especially, link connection) of a radio

communication terminal. The present invention can be
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applied to the ]communication_'fiéld of the packet-

switched data communication network.: .
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CLAIMS

1. A radio communication terminal comprising:

plural radio communication interface means, each of
plural radio communication interface means being capable -
of connecting to one or plural base stations,

. .a Dbeacon information storing means for storing

-information which ‘is included in a beacdn.signal, the

beacon signal being periodically sent ‘from the base -

station -and being ﬁeéeived‘by‘each~of ﬁhe,plural radio'

‘communication interface means,

‘a beacon ' information = retrieving means for

" retrieving information' included in the beacon: signal’

from the beacon information storing means, the beacon

signal béing 'feceiﬁedl.by the radio jcommunication
interface 'meahsi which cdrrequnds to a ﬁredetermined
trigger accordi£g the predetérmined'tiiéger, and

a communicatibn control means for cohfrblling‘ td
start communication on the radio.cbmmunication'ihterfacé
means by using information included in the'beacén signal,
the beacon signal being retrieved by the beacon

information retrieving means.

2. The radio communication terminal according to claim
1 comprising a communication switch controlling means

for providing the predetermined trigger to the beacon
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information retrieving ~means - upon ~ initiating to

communicate on any one of the plural radio communication

. interface means or upon switching a point'of.attaChment

‘on any one of the plural radio communication interface

méans; the predetermined trigger cérreéponding to the

radio communication interface means which -initiates to -

'v>communicaté or switches the base station-to be connected.

3. The radio communication terminal according to claim.
1 comprising an. information .storage controlling means

“for contfdlling to listen the beacon signal on the radio .

communication interface or to store information included:

* in the beacon.signal into the beacon information storing
means, based on any one .of initiation timing of
communication on the radio communication interface,

switch timing of connection to the base. station on the

r

"radio communication interface, and a policy = about

electric power.

4. The radio communication terminal according to claim
1 comprising:

a stability information storing.means for storing
information about stability of communication with the
base station which each of the plural radio
communication interface means can connect to, and

a stability determining means for determining
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~whether the baSe'Station can be selected as a candidate

for communication or not, based on the information about

. stability stored in the _Stability information storing

~‘means.

5. The radio communication terminal according to claim

4 COmprisidg a stability evaluatinglmeans'for’evaluating .

-stability ‘of communication between each of the plural

radio communication interface means and the base station

based‘jon the . béadoﬁ signalA feéeiVed . from the base

istatioﬁA by 'each’?of :thé plural - rgdio communication
'interféﬁe meéns,'bf bésed:on‘inforﬁatién'abdﬁt‘stability:
'ofA,commﬁniéatioh.‘betWeén other ~radiQ  comﬁunicatién'
 VterminéLs énd‘thefbése étafion;.the informatibﬁ’being

informed from the other radio communication terminals.

6. The radio communication terminal according to claim

5 wherein the stability evaluating means is'érranged to

rank the base'stations‘based on a'time—variable“pattern
of the information about stability of communication or a

frequency of detecting the beacon signals.

7. The radio communication terminal according to claim
1 comprising:
a stability information storing means for storing

information about stability of communication with the
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~base - station = which each of  the plural - radio

communication interface means can connect to, and

a message sending means- for sending a’ message”

1request1ng to 1mprove the stablllty of communlcatlon to”

the. base station . whose stablllty becomes below a’

,predetermined thfeéhold.level, referrlng the 1nformatlon‘

about . Stability_‘é£0red in  the - tablllty information -

- storing means..

/s

8. The radio. communication terminal according to claim

"7 - wherein the % message comprises at least an

identificetion"informatiOn of ‘the base station, an

" identification information of the radio communication
'~ terminal, and communication characteristics information-

about communiCation withlthe baee station.

9. The'radio cOmmunication terminal according to'claim

7 comprlslng a stablllty evaluatlng means for evaluatlng

stability of communlcatlon between each of the plural
radio communication interface means and the base station
based on the beacon signal received from the Dbase
station by each of the plural radio communication
interface means, or based on information about stability
of communication between other radio communication
terminals and the base station, the information being

informed from the other radioc communication terminals.
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10. . The radio communication terminal according to claim

9 wheiein the stability evalnating means is arranged to

3rank the base statlons based on a time- varlable pattern“

of the 1nformatlon about stablllty of . communication or. ak

frequency of detectlng the beacon 51gnals

»11. A radio communication terminalﬁcomprising:

plural ‘radio communication interface means, each of

plural radio communication interface means being capable

‘of conneeting to one or plural base stations,

‘a stability'information storing means  for storingl

information.'abont stablllty of communlcatlon w1th the.

base etation Wthh each,4 of - the | plural 'radloi

communication'interfaCe means can connect to, and

a sstability determining ~means ~ for determining

whethericommunicatien starts or not between the radio -

communication interface means and the base 'station,

based on the information about stability‘stored in the

stability information storing means.

12. The radio communication terminal according to claim
11 comprising a stability evaluating means for
evaluating stability of communication between each of
the plural radio communication interface means and the

base station based on the beacon signal received from
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the baseé  station by each of .the plural radio

communication interface means, ‘or based on. 1nformatlon

¢

.about: stability- of communication between 'other ‘radio
" ‘communication terminals ahd the base station, ' the
information being . informed from ‘the other radio

.communication terminals.

~i3. The radio communication terminal according to claim :
,12'Whereihvthe stability evaluating means is arranged to
rank the base statidhsvbased on'a'time—variable patterh

‘of the 1nformatlon about stablllty of communlcatlon or a

frequency of detectlng the beacon 51gnals

. 14. A radio communication terminal comprising:

plural radio communication ‘interface means, each of

plural radio communication interface means being capable

H

‘ofﬂconneCting to_one or plural base stationsp

a stablllty 1nformatlon storlng means for storlng
information about stability of communication with the'
base station which each of the plural radio
communication interface means can connect to, - and

a message sending means for sending a message
requesting to improve the stability of communication to
the base station whose stability becomes below a
predetermined threshold level, referring the information

about stability stored in the stability information
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‘storing means.

i

. 15. The radio communication terminal according‘to'claim

14 wherein the message ‘vcomprises at least an

identification information of the base station, an

identification - information of - the. radio communication
‘terminal, and communication characteristics information

“about'commUnication with the base Station.

l16. A - natwork - side , communication._j apparatua

uaccommodating a  radio communication , terminal,

comprising:

-

a - radio communication interface means for

" communicating the radio communication terminal,

a message receiving means for receiving-a message

réquesting‘ to improve stability of communication with

1

' the radio . communication terminal from - the radio
communication terminal via the radio communication

- interface means, and

a communication stability improving means for
improving the stability of communication with the radio
communication terminal which 1is the source of the
message by controlling operation of the radio

communication interface means.

17. The network side communication apparatus according
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“to claiﬁi 16 whe:eih the communication stabilify
impro&iﬁg' means is arraﬁged‘ to incréése .traﬁsmitting‘
‘powér‘or adjust directional characte;istiés toward the
‘radio communication.términalfas fhe controlled operétioﬁ"

of the radio communication interface means.
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