9 NOVEMBER 2005 - 1 MOBILE COVMUNI CATI ON SYSTEM AND METHOD FOR CONTROLLI NG
RECEI VI NG QUALI TY BACKGROUND OF THE | NVENTI ON FI ELD OF | NVENTION 5 The
present invention relates to a nobile conmunication systemaNOVEMBERQIOS or
controlling receiving quality in the nobile comunication system More
specifically, the present invention relates to a nobile comunication
systemthat provides comunication sefdvi-ces froma base station to a nobile
station 10 via a radio channel and a nethod for controlling receiving

qual ity in tMOBIhDIJAMBAAAT AN | DFE B tAAR MIESTR FOION @FTRME-REE ATED ART
15 I'n a known nobile comuni caRECRISYYEeQUARIUEsIired receiving quality is
achieved mainly by controlli transm ssi on _power _to conpensate for an

i nst ant aneous vari ation iRA FE@BPV@H SFgrdE TBFNTIH gs. 1A to 1C show

problens with receiving qualit COHH%€| %é g?h g conventional transm ssion
power control. It is assuned FRECEY range varies over a mﬁde
range as shown in Fig. A In this case, if the transnlsS|on power
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transm I on power contr cannot accurate ow va I ons I'n recel vi ng

level . oo, $0LVednlifus P8RRI PNS sRiehp) e%ﬁ@sgb@&ckmamwef etfﬁé'cﬁretééxﬁt gs.
| Ato 1C, the transm ssion power control based on a 30 simall step size mnust
be execifieénélion yYenatdwrtio ammbballepebmatinication system that provides
communication services from a base station to a mobile station
10 Via a radio channel and a method for controlling receiving

quality in the mobile communication system.
DESCRIPTION OF THE RELATED ART

15 In a known mobile communication system, a desired receiving
quality is achieved mainly by controlling transmission power
to compensate for an instantaneous variation in received signal
level.

Figs. 1A to 1C show problems with receiving quality control

20 using conventional transmission power control. It is assumed
that the receiving range varies over a wide range as shown in
Fig. 1A. 1In this case, if the transmission power is controlled
by a small step size (see Fig. 1B), transmission power control
cannot follow rapid variations in receiving level. On the other

25 hand, if the transmission power is controlled by a large step
size (see Fig. 1C), transmission power control cannot accurately
follow variations in receiving level.

To solve the conventional problems described with reference
to Figs. 1A to 1C, the transmission power control based on a

30 small step size must be executed at a very short control period.



9 NOVEMBER 2005 - 2 In this case, a new problem occurs; the overhead of a
control signal for the transm ssion power control may reduce transm ssion
efficiency. In particular, it is known that the |evel of receNOMEMBER20G5 5
in a nobile communi cati on systemvaries very dynamcally. To conpensate for
such received signals, the transm ssitoh power nust be controlled over a

w de dynami c range. Consequently, it is difficult to apply an efficient
power amplifier. 10 SUVMARY OF THE I NVENTION |t is thus an object of the
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pomer,&gaggﬁﬁgggxgpqgffgglﬁﬁhﬁéﬁfoﬁ nmet hod f or conproll!ng recei ving

quality in | € communi system To attain this object, the
present i nvuenhhbed il ie] £RSEFt Als k%%vfr?ﬂﬂ%%stﬁaelé‘\‘r@?%f S}Eé&%&tﬁg%r%ist 0

si nmul t aneousl connect to a nobile station so as to realize a certain |evel
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power is not executed, on the basis of the fact that when a plurality of

recei washhpegsalte der ssﬂt:hes:ezcaehvedva;mgmam i the2k ndreshigsh oof pdweer
received signals decreases. That is, to attain the above object, a first
aspectmust thee cqnesehi eidhoser enwiidsy iddweared cobihgeconfionseguaemt 3yst &
conprising a plurality of base stations and a network control station
concepttiafliFListditedt ALBPRP Ioheap| @EALChERE BAYEr3@MRBifdA% - t he network
control station duplicating and/or

10 SUMMARY OF THE INVENTION

It is thus an object of the present invention to provide
a mobile communication system that is adapted, in view of the
above-described points, to improve the receiving quality

15 compared to the prior art even if the instantaneous control of
transmission power is not provided, as well as a method for
controlling receiving quality in the mobile communication
system.

To attain this object, the present invention increases or

20 reduces the number of base stations to simultaneously connect
to amobile station so as to realize a certain level of receiving
quality control even if instantaneous control of transmission
power is not executed, on the basis of the fact that when a
plurality of received signals are synthesized, a variation in

25 the level of the received signals decreases.

That is, to attain the above object, a first aspect of the
present invention provides a mobile communication system
comprising a plurality of base stations and a network control
station conceptually located above the plurality of base

30 stations, the network control station duplicating and/or



9 NOVEMBER 2005 - 3 synthesizing information in order to allow a nobile
station to sinultaneously comunicate with at |east two base stations. The
nobi |l e station conprises nmeans for determ ning, upon receivhNPUWHEMBERR0D50m
the plurality of base stations, to which 5 base stations the nobile station
Is to be connected in order to satisfy3a-dowlink receiving quality desired
by the nobile station and notifying the network control station of the
desired base stations to which the nohile station is tqQ be connected. The
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present invention providés a nobi communi cation system co stng a
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above the plurality of base stations, the hetwork control station
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station to sinultaneously communicate with at | east 20 two base stations,
and quild eatcimffy od dewend ihdvimgcaifingt iqualbtyndesdiredl e et ve ngoyddld ty
of a nobile station present within a service area and a function of

measur isitg ttirei fangd netdsfihingl the vie twarkheortreilcstatdon pifet heafle sy raght r ol
means notifying _the network control station of base stations with which the

25 mobPEESiEkIBhoONS t6 Wik theemePidia HatiPY. 1ond st 1GPRREEILSH has
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St?ﬁioﬁu§¥¥kated information signal to the base stations. Thus, the
mobile station controls the downlink receiving quality by
receiving and synthesizing signals transmitted by the plurality
of base stations.

A second aspect of the present invention provides a mobile

15 communication system comprising a plurality of base stations,
a network control station conceptually located above the
plurality of base stations, the network control station
duplicating and/or synthesizing information in order to allow
a mobile station to simultaneously communicate with at least

20 two base stations, and quality control means having a function
of managing receiving quality of a mobile station present within
a service area and a function of measuring traffic in each cell
within the service area, the quality control means notifying
the network control station of base stations with which the

25 mobile station is to communicate simultaneously.

The mobile station has means for registering, in the quality
control means, the downlink receiving quality desired by the
mobile station and the location of the mobile station. The
quality control means determines to which base stations the

30 mobile station is to be connected in order to satisfy the



quality control neans determ nes to which base stations the 30 nobile
station is to be connected in order to satisfy the 9 NOVEMBER 2005 - 4
receiving quality and notifies the network control station of NQW=MBER2665
stations. The network control station transmts duplicated information
signal to the base stations. Furthernmofe; the nobile station receives and
synthesi zes signals 5 transmtted by the plurality of base stations to
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|dent|fy| ng base stations to which the nobile station is to be connected in
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power of the nobile station is 15 not exceeded and neans for requesting the
base staanens aineldt bg thed wlkradidttyloftbasen sttatrtorsvEoambrsynd hetilee a
signal from the nobile station and designating transm ssion power that is
to be dowamlink heeasbiviagt@aadatyrthe nobile station transnmts infornmation
using the deS| gnat ed transm ssion power, and the 20 network control section
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location of the mobile station. The quality control means has
means for identifying base stations to which the mobile station
is to be connected in order to satisfy quality in such a manner
that the transmittable maximum power of the mobile station is
15 not exceeded and means for requesting the base stations and the
network control station to receive and synthesize a signal from
the mobile station and designating transmission power that is
to be used by the mobile station. The mobile station transmits
information using the designated transmission power, and the
20 network control section synthesizes signals received by the base
stations to control the uplink receiving quality.

The quality control means has means for measuring traffic
in cells surrounding a cell inwhich the mobile station is present
and means for requesting the network control station to transmit

25 a duplicate signal to one or more stations, if any, which have
a lower measured traffic and which can transmit information to
the mobile station communicating in an adjacent cell. The
mobile station receives and synthesizes signals from base

stations that have been communicating with the mobile station

30 and from the one or more base stations, thereby improving the



the nobile station conmunicating in an adjacent cell. The nobile station
recei ves and synthesizes signals frombase stations that have been

comruni cating with the nobile station 30 and fromthe one or9MNO\GEMBER 2005
stations, thereby inproving the 9 NOVEMBER 2005 downlink receiving quality.
A third aspect of the present inventi-od provides a receiving quality
control nethod for a nobile communication systemhaving a plurality of base
stations wiithin a servi.ce area wherein a 5 network control station
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to be in order to satisfy a downlink receiving quality desired by
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base stations to which the nobile station is to be connected. The network
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signal to the base stations. Thus, the npbile station controls the downlink
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plurality of base stations. A fourth aspect of the present invention
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St@di ogasW tdtations the mobile station is to be connected in order
to satisfy a downlink receiving quality desired by the mobile
station and notifying the network control station of the desired
base stations to which the mobile station is to be connected.
The network control station has means for transmitting a
15 duplicated information signal to the base stations. Thus, the
mobile station controls the downlink receiving quality by
receiving and synthesizing signals transmitted by the plurality
of base stations.
A fourth aspect of the present invention provides a
20 receiving quality control method for a mobile communication
system having a plurality of base stations within a service area
wherein when a network control station duplicates and/or
synthesizes information in order to allow a mobile station to
simultaneously communicate with at least two base stations, the
25 network control station is notified of the base stations with
which the mobile station is to communicate simultaneously using
quality control means having a function of managing receiving
quality of a mobile station present within the service area and
a function of measuring traffic in each cell within the service.

30 The mobile station registers, in the quality control means,



whi ch the nobile station is to conmuni cate sinmultaneously using quality
control neans having a function of managing receiving quality of a nobile
station present within the service area and a function of neNOVWEMBERRA0S c
in each cell within the service. 30 The nobile station registers, in the
quality control neans, 9 NOVEMBER 200656--6 the downlink receiving quality
desired by the nobile station and the |location of the nobile station. The
qual ity control. . means determ nes _ta which bas tati.ons the.nobile station
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control station transmts duplicated information signal to the base
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by the plurality of base stations to control the downlink receiving
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station notifies the quality control means of a desired uplink
receiving quality received by base stations and/or a
transmittable maximum power of the mobile station and/or the
location of the mobile station. The quality control means

15 identifies base stations to which the mobile station is to be
connected in order to satisfy quality in such a manner that the
transmittable maximum power of themobile station isnot exceeded,
requests the base stations and the network control station to
receive and synthesize a signal from the mobile station, and

20 designates transmission power that is to be used by the mobile
station. The mobile station transmits information using the
designated transmission power, and the network control section
synthesizes signals received by the base stations to control
the uplink receiving quality.

25 The quality control means measures traffic in cells
surrounding a cell in which the mobile station is present, and
requests the network control station to transmit a duplicate
signal to one or more base stations, if any, which have a lower

measured traffic and which can transmit information to the mobile

30 station communicating in an adjacent cell. The mobile station



the uplink receiving quality. 25 The quality control neans neasures traffic
in cells surrounding a cell in which the nobile station is present, and
requests the network control station to transmt a duplicate9 NOVEMBERQ00SE
or nore base stations, if any, which have a |lower neasured traffic and
which can transmt information to the fhobile 30 station conmunicating in an
adj acent cell. The nobile station 9 NOVEMBER 2005 recei ves and synt hesi zes
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system having a plurality of base stations within a service area, the

progr agmal i eyi.ng execution of a step of causing a network 10 control station
to duplicate and/or synthesize information in order to allow a nobile

st ation to Aifmflthaespetly ocfotirenprasentwiniveatt l@agprdwibdbase retcairding A

si xth aspect of the present invention provides a recording nedium having a
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recorded therein, the nobile comrunication system havin lurality_of base
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order to allow a mobile station to simultaneously communicate
with at least two base stations.
A sixth aspect of the present invention provides a recording
medium having a receiving quality control program for a mobile
15 communication system recorded therein, the mobile communication
system having a plurality of base stations within a service area,
wherein when a network control station duplicates and/or
synthesizes information in order to allow a mobile station to
simultaneously communicate with at least two base stations, the
20 program causes a computer to execute a step of notifying the
network control station of the base stations with which the
mobile station is to communicate simultaneously using quality
control means having a function of managing receiving quality
of a mobile station present within the service area and/or a
25 function of measuring traffic in each cell within the service.
According to the present invention, even if instantaneous
control of transmission power is not executed, the receiving
quality can be improved compared to the prior art. Inother words,
the present invention increases or reduces the number of base

30 stations to simultaneously connect to a mobile station so as



control neans having a function of managing receiving quality of a nobile
station present within the service area and/or a 25 function of nmeasuring
traffic in each cell within the service. According to the pp&OVMEMBER 2005
i nvention, even if instantaneous control of transm ssion power is not
executed, the receiving quality can-b& rnproved conpared to the prior art.
In other words , the present invention increases or reduces the nunber of

base 30 stati.ons to sinultanepusly caonnect to,a nobile, station so . as 9
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of enbodi nents thereof taken in conjunction with the acconpanyi ng” draw ngs.
10 BRI BEcReASA LTI ON OF THE DRAW NGS Figs. 1A to 1C are diagramns
illustrating problenms with receiving quality control using conventional
t ransm ssi oihpowlrovd Sapdnbitdier FolgjezAsi,s af featsamfstadnmngs aamdbi | e
communi cation system for inplenenting receivin uality control for a
downl | advarfiage 9o f sthes pqiaarrt di ayeariaow t hecpmewner & GHPRAreatt on
control_ in Enbodinent 1; 20 Fig.. 3 s a.gi%gganlshomﬁn% t he signal format
used i BLOBhHEE ﬁgﬁlqylng description of embodiments thereof "taken in
conjunction with the accompanying drawings.
10

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1C are diagrams illustrating problems with

receiving quality control using conventional transmission power
15 control;

Fig. 2A is a diagram showing a mobile communication system
for implementing receiving quality control for a downlink;
Fig. 2B is a sequence diagram showing the flow of

communication control in Embodiment 1;
20 Fig. 3 is a diagram showing the signal format used in
Embodiment 1;

Fig. 4A is a diagram showing another mobile communication
system for implementing receiving quality control for the
downlink;

25 Fig. 4B is a sequence diagram showing the flow of
communication control in Embodiment 2;

Fig. 5A and 5B is a diagram showing the signal format used
in Embodiment 2;

Fig. 6 is a chart illustrating a method by which a QoS agent

30 selects base stations to which the mobile station is to be



Fig. 4A is a diagram show ng another nobile comunication system for

I npl enmenting receiving quality control for the downlink; 25 Fig. 4Bis a
sequence di agram showi ng the flow of communi cation control 9 NCMEMBERR20052;
Fig. 5A and 5B is a diagram showi ng the signal format used in Enbodinment 2;
Fig. 6 is a chart illustrating a netho#l by which a QoS agent 30 selects
base stations to which the nobile station is to be 9 NOVEMBER 2005 -9
connected (usi the locations of the base_ station and a nobil station);
Fig. 79opgegt @Iﬁ’gr(tu%‘h@eal%%éfu@&%é’cft t&e ?@a%%sstrﬁ%%%yaneo@s@eeé&%y
the QoS agent;, 5 Fig. 7B is a chart illustrating a method by which the QS
agent §E?gépg)base stations to which the mobile station is to be connected

(using the past slgraykharwsr?éw%ﬁﬁ ) 29F 303 SHAW w%ml istory

connunlcatlon Syste |"eiren recervi ng qua T3reay
upl i nkyodQeEi@qg 'Ehé gnQ|agran1shomnng t he f|OM/Of communi cation
contrg? %n Enbodi nent 3; QﬂSQA to 9D are di agrans show ng the signal
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conmmuni cation 15 system for inplenenting receiving quality control for the
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control in Enbodinent 4; Fig. 11 is a diagram show ng the signal format used
in be connected (using the past history):
Fig. 8A is a diagram showing a mobile communication system
for implementing receiving quality control for an uplink;
10 Fig. 8B is a sequence diagram showing the flow of
communication control in Embodiment 3;
Figs. 9A to 9D are diagrams showing the signal format used
in Embodiment 3;
Fig. 10A is a diagram showing another mobile communication
15 system for implementing receiving quality control for the
downlink;
Fig. 10B is a sequence diagram showing the flow of
communication control in Embodiment 4;

Fig. 11 is a diagram showing the signal format used in

20 Embodiment 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments will be ’described below in detail with reference
25 to Figs. 2A to 11.
[Embodiment 1]
Fig. 2A shows a mobile communication system for implementing
receiving quality control for a downlink. In this figure,
reference characters RNC, BS, and MS denote a radio network

30 controller, a base station, and a mobile station, respectively.



20 Enbodi nent 4. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nents wil |
be described belowin detail with reference 25 to Figs. 2A to 11.

[ Enbodi nent 1] Fig. 2A shows a nobile comrunication system f 9INOVENMBERIZ0069
receiving quality control for a dowlink. In this figure, reference
characters RNC, BS, and MS denote a ratld o- network 30 controller, a base
station, and a nobile station, respectively. 9 NOVEMBER 2005 - 10 More
specifically, Fig. 2A_shows_how the hase station BS gincluding base
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Si). 10 The nobile station MS#0 notifies the radio network control station

RNG; of chlituieistd edohaso it vl oasddrdinghtbt Enbddikéntcannect ed, using the
signal format shown in Fig. 3 (step S2). Fig. 3 shows the signal format

used by theInoBnbnd&iméntn INSHhe t mobdilief \stdtioadMS #etmeakutest rmdwstat i on
RNC (=signal 15 indicative of information on desired base stations to which
the nweidedwidtfoom suradmdbngebasd) strti sorsghal dedramminactadwbicin RNC
address, a connection request conmand, a nobile station address, and

i nf or nReiSenSEAtdENS o Bastor hei eeRNesteshAscPrdggohor satigtyga desired
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10 The mobile station MS#0 notifies the radio network control
station RNC of the desired base stations to which it is to be
connected, using the signal format shown in Fig. 3 (step S2).
Fig. 3 shows the signal format used by the mobile stafion MS#0
to ndtify the radio network control station RNC (=signal

15 indicative of information on desired base stations to which the
mobile station is to be connected). This signal format includes
an RNC'address, a connection request command, a mobile station
address, and information on desired bas stations to connect.

Upon receiving the notification from the mobile station MS#0,

20 the radio network control station RNC dQuplicates a downlink
transmitted signal for the mobile station MS#0, if any, and
transmits it to the selected base stations (step S3). 1In
Embodiment 1, shown in Fig. 2A, the signal is transmitted to
three base stations BS#0, #1, and #2.

25 The mobile station MS#0 receives signals transmitted by the
base stations (step S4) and synthesizes these signals (step 5),
thereby satisfying the desired downlink receiving quality.

In Embodiment 1, the mobile station MS#0 satisfies the

desired quality by synthesizing the signals received from the

30 base stations BS#0, #1, and #2, but of course the present



20 the radio network control station RNC duplicates a downlink transmtted
signal for the nobile station MS#O, if any, and transmts it to the

sel ected base stations (step S3). In Enbodi ment 1, shown i n9NQVERBERt2005
signal is transmtted to three base stations BS#0, #1, and #2. 25 The

mobi |l e station MS#0 receives signal s-t¥lansnmitted by the base stations (step
S4) and synthesizes these signals (step 5), thereby satisfying the desired

downl i pk_receiving quality. Jn odigent 1, the nobile station MS#0

sati sf1R¥€ %&°%e€$r88tqﬁé1“ﬁ‘§/e§§%$yrﬁqﬁe i S¥AYPLSe signal s received fromthe
30 bas 1100 . #1, and #2, but of course the present 9 NOVEMBER 2005
- 11 %@é?}’ﬁlon |1éBS§i)t limted to this exanple. [Enbodinent 2] Fig. 4A

shows anot he{ gnohidl &KAFEUALSHHOP AYBEed fImmhnPEaraAY gy s L6l W
quality control for the downlink. This 5 systemconprises a QS (Quality of

Ser vi cehpagaidin i ih §deb&é 0% inQy dita X BEy ccort wolk feanthel deiwall oMk RNCrhtike
base station BS, and the nobile station M5. Mdre specifically, Fig. 4A

shows $pwtemhedmgseiséat a0QoBS (Queliitdynofb&eawsiee ) oageh® tim #Njdjttilos
nobile station MS#O, the radio network control station RNC, and the 10 QoS
agent toetbenmadiied netyeehkrcantaadi miatblenbRNCrethe2 bagal stRgionBBShows
the fl ow of communication control according to Enbodinent 2. In Enbodi nent

2, theanBpthe mebilensiBEd oxulSri edlonife SRS i bbeAl Ly Hidowhhi AROWECBOW ng
Al SR E S LB BI04 6L U N £8H0  PRsPh B e 1y
ngi f‘e)gjch%i PSRo , MBRR 1L AP he thidiPsonesBh A o0sh R calhyettle @
10 QoS agent are connected together according to Embodiment 2, and
Fig. 4B shows the flow of communication control according to
Embodiment 2.
In Embodiment 2, the mobile station MS#0 notifies the QoS
agent of a downlink receiving quality desired thereby and the
15 location thereof, using the signal format shown in Fig. 5A (step
S11). Fig. 5A shows the signal format used by the mobile station
MS#0 to notify the QoS agent (=signal indicative of a desired
receiving quality and information on the location of the mobile
station). This signal format includes a QoS agent address, a
20 connection request command, a mobile station address, a desired
downlink receiving quality, and information on the location of
the mobile station.
The QoS agent determines to which base stations the mobile
station is to be connected in order to satisfy the quality desired
25 by the mobile station MS#0 (step S12), and requests the radio
network control station RNC to duplicate and transmit a signal
to the mobile station MS#0 using the signal format shown in Fig.
5B (step S13). Fig. 5B shows the signal format used by the QoS
agent to notify the radio network control station RNC (=signal

30 indicative of information on desired base stations to which the



receiving quality and information on the |ocation of the nobile station).
This signal format includes a QoS agent address, a 20 connection request
command, a nobile station address, a desired downlink recei y NOVEMBERR005
and information on the location of the nobile station. The QoS agent
determ nes to which base stations the izobile station is to be connected in
order to satisfy the quality desired 25 by the nobile station MS#0 (step

S12), and requests the radi o network, cqntrol statLonEﬁg% to duplicate and
¢ r ansnMPDA Ll §h A 1 QT 16hEO b AaNRe GEFEN -VEFB IR Fighde EATHAF IRe hifeshown

et %op B! 3hoRe i SR B0 SeHR € SR RELRY APEERR, .
of I QRARLA AfhdeShERtRASH R, B B {0 8NhGR. e ¢ HVEVRER 5008, 12
mobi | e2SEALTON 15 Lo De conhect ed) . I's signal format 1 ncludes ~an R C

address, a £QNPRELT BASECAVEY CeMREht S ADBELE Bhakl 8t atilsligSEo @AY ch

I nformati on on desired bas stations to connect. In this case, the QoS agent
selgct ghbaRstBd | 988 tionwhi€htoSbehecmikdeedt af @alsulatingormect ed by
calculating the attenuation of a signal on the basis of the | ocations of

the sattenuditngpmacf at atiignsl aod tthiee rmdsis sffattlon bscalidwms nof Fitdre 6,

referenci ng the past connection history of the nobile station as shown in
Fi g. 78urgouwsshingi hgseogdidteionacamst Hde mobidieowtatiengas cshewWn7gn | n
Fig. 6, at step 521, a distance attenuation is calculated on the basis of

the di E&8nc® h&HeRELRIs iR hoCOABECTSIOR iRESRATY: RE HMP I18OBEAE on.
A Bl LSRR Ry AL 0BG R t ROERDs "
10 shown in Figs. 6 and 7B.

In Fig. 6, at step S21, a distance attenuation is calculated
on the basis of the distance between each surrounding base
station and the mobile station. At step S22, it is determined
which base stations be combined together in order to satisfy

15 the receiving quality.

Fig. 7A illustrates a past connection status history
possessed by the QoS agent. The QoS agent stores theé
correspondences between the locations of mobile stations and
receiving qualities and base stations to which themobile station

20 1is to be connected, as tables. In Fig. 7B, at step S31, a history
that satisfies the desired receiving quality is picked up. At
step S32, the history of a mobile station located closest to
desired base stations to which the mobile station is to be
connected is picked up. At step S33, base stations which are

25 shown in the picked-up histories to have been connected to the
mobile station are selected.

Referring back to Fig. 4B, the radio network control station
RNC duplicates a downlink transmitted signal, if any, and
transmits it to the selected base stations (step S14).

30 The mobile station MS#0 receives and synthesizes signals



Fig. 7Aillustrates a past connection status history possessed by the QS
agent. The QoS agent stores the correspondences between the | ocations of
nobile stations and receiving qualities and base stations toNOVEMBERR005
nobile station 20 is to be connected, as tables. In Fig. 7B, at step S31, a
history that satisfies the desired +acei-ving quality is picked up. At step
532, the history of a nobile station |ocated cl osest to desired base
stations to which the nobile station is o be connected is.picked up. At
step dAnsRittadboihakeae §td BoRRo(RteR $He)pi EReFeRyY FadidsfRing

have b en onnected.to nobi |l e _station sel ected. Referring back to
FI;. 4 ﬁ@sﬁﬁﬂ Iy F?&xﬁﬁ?%FV§HQJQR|f¥§@ ‘dupl i cates a dOQﬂ?Ink

. | .
EQ?QSmsiifdhioﬂnﬁlﬁg isiTE 2 s, HADETPLEddoh OS] S FOE 88 e ! O
NOVEMBER; 2089 qugjéls | rggagmxté@élwn?heaxpfsseyﬁtaus%arigt £ReSKA)gnd g eby

satlsfylng t he ownl i nk reCeiving quality nbodi nent 2, the

noli | ers¢atiea Fodm 3d Yd$s shetides BeHEua [aky Fecawvt n§if aPGurse
synt hesi zing the signals 5 received fromthe base stations BS#0, #1, and #2,

but oftlseupseserite pneeant amvest hot ilsimbtedi tiot achio ¢ékampdeanpl e.

[ Enbodi ment 3] Fig. 8A shows a nobil e comruni cation system for inplenenting
recei viBgbgdament cdhtrol for an uplink. This systemconprises 10 the radio
network control station RNC, the base station BS, the nobile station MS, and

the QoS agdhitd - Nt EhaucAMeBLLE, C@n@unlswswwrﬂﬁerbawlﬁ%%hnss

(ncl uding, base SLAHLEP e 817 Mhr AASIPRRLS SHAYLMRIQ, dhg,radia

10 the radio network control station RNC, the base station BS, the
mobile station MS, and the QoS agent. More specifically, Fig.
8A shows how the base station BS (including base stations #0
to #N), the mobile station MS#O, the radio network control
station RNC, and the QoS agent are connected together according

15 to Embodiment 3, and Fig. 8B shows the flow of communication
control according to Embodiment 3.

In Embodiment 3, before transmitting information, the
mobile station MS#0 transmits a desired uplink quality received
by base stations and the location and transmittable maximum power

20 of the mobile station, to the QoS agent using the signal format
shown in Fig. 9A (step S41). The QoS agent selects base stations
. to which the mobile station is to be connected in order to satisfy
this quality in such a way that the transmittable maximum power

of the mobile station MS#0 is not exceeded (step S42), and
25 notifies the mobile station of corresponding transmission power
using the signal format shown in Fig. 9B (step S43). Further,
the QoS agent requests the radio network control station RNC
to synthesize a signal from the mobile station MS#0, using the
signal format shown in Fig. 9C (step S44). Furthermore, the QoS

30 agent requests each base station to receive a signal from the



station RNC, and the QoS agent are connected together according 15 to

Enbodi nent 3, and Fig. 8B shows the flow of comrunication control according
to Enbodi nent 3. In Enbodinent 3, before transmtting i nfor matNGVYEMBER 2005
nobil e station MS#0 transmits a desired uplink quality received by base
stations and the |ocation and transm titdabl e maxi mum power 20 of the nobile
station, to the QoS agent using the signal format shown in Fig. 9A (step

. Th b ' ich.,th bi J [ [
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QoS agent requests the radio network control station to synthesize a

si gnal ofr om t iR JEPi beastadidwd, M5#O0a Wsdmiei hleioH Bel thesernedyasin Fig.
9C (step $S44). Furthernore, the QS 30 agent requests each base station to
regei ve a Srig@amobridre tdieadibVIMEEER £08nsmiltds avbiilgaadt ais bngMb#e@ usi ng
the signal format shown in Fig. 9D. |In Enbodi ment 3, base stations to which
t he nobesigepdiddtiansnibe iconpeostesd (sdreh & &) ecard tly mpdihe mebtwe rkn

Fig. 6 or 7B, described above, or a conbination of these nmethods. 5 The
nobi | eceRirPdns kB#d anr R sya thes yagrs thegignalsdiesrgaaies byr Hhenbasicon

power (step S46), and the radi @ network . confrol station RNC synthesizes the
7 gnal SERELEAFeA BEOPRe s @nd: 3APdns (REEREYSTPaItE S08) thenden)ted

o b AL e B RS L b e 0 oo e Bty
thg QS agep] g(=5hgN@lescribed above, shows the signal format used by
the mobile station MS#0 to notify the QoS agent (=signal

indicative of a desired receiving quality, a transmittable
maximum power, and information on the location of the mobile
station). This signal format includes a QoS agent address, a
15 connection request command, a mobile station address, a desired
uplink receiving quality, a maximum transmission power, and
information on the location of the mobile station. Fig. 9B shows
the signal format used by the QoS agent to designate transmission
power that is to be used by the mobile station MS#0. This signal
20 format includes a mobile station address, a transmission power
designation command, and transmission power. Fig. 9C shows the
signal format used by the QoS agent to notify the radio network
control station RNC (= signal requesting synthesis of signals).
This signal format includes an RNC address, a signal synthesis
25 request command, a mobile station address, and information from
base station to be synthesized. Fig. 9D shows the format of a
reception request signal transmitted to each base station by
the QoS agent. This signal format includes the address of the

base station, a reception request command, and a source mobile

30 station address.



I ndicative of a desired receiving quality, a transmttable maxi num power,
and information on the |location of the nobile station). This signal format

i ncl udes a QS agent address, a 15 connection request comang NOVEMBERR005
station address, a desired wuplink receiving quality, a maximumtransn ssion
power, and information on the |ocattord of the nobile station. Fig. 9B shows
the signal format used by the QoS agent to designate transm ssion power

h [ b db h bi i O Thi [ | 20
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address, a“signal synthesis 25 request comrand, a nobil e station address,

and i nf ppeedieedf 04y base station to be synthesized. Fig. 9D shows the
format of a reception request signal transmtted to each base station by

thes Q0S agepig.Thion gt Gaotier Nabbdas tdemmddl eat iain tdestbaseE st at i on,
a reception request command, and a source nobile 30 station address. 9
NOVEMBEHRp2@ffent ibg trecéeibdadigrentaBi tyheobtselsfatr dhe BS#1 ik . anTh#3 each
receive a signal fromthe nobile station MS#O, but of course the present

i nvent $pates aomprigesdhe ndd o aelipdrk ¢ambodilnghatipsRNCy. therbakens
anot her nohi |l e comruni cation system for inplenenting receiving quality
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10 simplification, the number of base stations is assumed to be
two), the mobile station MS#0, the radio network control station
RNC, and the QoS agent are connected together according to
Embodiment 4, and Fig. 10B shows the flow of communication
control according to Embodiment 4.

15 In Embodiment 4, it is assumed that at a certain time, the
base station BS#0, constituting a cell #0, is communicating with
the mobile station MS#0, which is present within the cell #0
(step S51). The QoS agent measures the traffic in adjacent cells
(step S52) and determines that the cell #1 has a low traffic

20 and that a signal can be transmitted to the mobile station MS#0
in the cell #0. The QoS agent requests the radio network control
station RNC to duplicate information transmitted to the base
station BS#1 (step S53, S54, and S55). As a result, the mobile
station MS#0 can receive and synthesizes signals from both the

25 base stations BS#0 and BS#1 (step S56). Thus, if the signal power
transmitted by each base station is assumed to be fixed, the
receiving quality of the mobile station is improved.

As shown in Fig. 11, the duplicate request signal

transmitted to the radio network control station RNC by the QoS

30 agent includes an RNC address, a duplicate request command, a



10 sinplification, the nunber of base stations is assuned to be two), the

nobi l e station MS#0, the radio network control station RNC, and the QS

agent are connected together according to Enbodi nent 4, and9NQVYEMBBRs2008s

the flow of comuni cation control according to Enbodinment 4. 15 In

Enbodi ment 4, it is assuned that at a Ifertain tinme, the base station BS#O

constituting a cell #0, is communicating with the nobile station MS#0,

which is present within the cell #0 (step S{1) The cgs %ﬁ Tt neasures the

traf f i QUPAiS@te PRsEltRd 1q pIzess . Feflestinat imnmebLllesttagions a

Iom1tr ﬁd C 20 and that a signal can be transmtted to the nobile station
tf&Scel | #0. The QS agent requests the radio network control

ctati on RNQ%W%&@%%A@QOWH%@OH YL ede! PnENELIRRE. 43 2l R

(step 553 a aresu nmobi staft can re ve

and Syﬁhee§b€"e3l\§ilg§ab%aflr106§} bgth thlee n?&opfées%h%tl&nscg%qaaﬁd Btk (step

S56) . Thus, if the signal power transmtted by each base station is

assamesrhﬁsmsfsi@ﬂ péREr dECEA¥hNBagBakthY idn Cae BRbirkelfddd ] othégeby
i nproved. As shown in Fig. 11, the duplicate request signal transmittéd to

t he raﬂedun&hgmhtménéneemibh e lrymod b1 ot a 8 oage st muld] ardesusi yRNC
address, a duplicate request conmand, a 9 NOVEMBER 2005 - 16 duplicate base
st at i opontindsAt amd wWiddsin nblheoseddbi | e station address. On the ot her
hand, in Enbodinment 4, if the object is to keep the receiving quality of
the mobPltBedt AMRPALWAHLE, , the 5 transni ssion power of each base station

O e L eUBE o B P boRAC iy, PABRL G 510 B ndoBLe et ons

10 invention can be accomplished by providing a system or an
apparatus with a recording medium (storage medium) in which
software program codes implementing the functions of the
embodiments described previoﬁsly are recorded so as to be
readable by a computer, and causing a computer (or a CPU or an

15 MPU) in the system or apparatus to read out the program codes
stored in the recording medium and execute commands-in accordance
with the program codes. In this case, the program codes read
out from the recording medium implement the functions of the
embodiments described previously, and the recording medium

20 having the program codes recorded therein constitutes the
present invention. The recording medium having the program
codes or variable data such as tables recorded therein may be,
for example, a magnetic disk such as a floppy disk or a hard
disk, any optical disk, any photo-magnetic disk, or any

25 non-volatile memory card.

The present invention has been described in detail with
respect to preferred embodiments, and it will now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention

30 in its broader aspect, and it is the intention, therefore, in



[ & her Enbodinents] It is needless to say that the object of the present 10
i nvention can be acconplished by providing a systemor an apparatus with a
recordi ng medi um (storage nmediun) in which software program NOMEMBER 2005

i npl ementing the functions of the enbodinments described previously are
recorded so as to be readable by acdf¥pudter, and causing a conputer (or a
CPU or an 15 MPU) in the systemor apparatus to read out the program codes
stored.in the recording nedi um and execute .co nds. in_accqQrdance .with the
ot oor dhe crisat ERY Fladali do Bl ar Syrh A haags S8 oA LB ng
medi um J he f ti 0, | e cri bed previously, and
t he rg%%?g%ggeﬁédﬁﬂﬂ?zgﬁ a&$ﬁ§3t%%&%?§g§§?ﬁ§%g§§h§€%§$Lé%'therein
constitutes the present invention. The recordi ng nedi um having the program
codes or variable data such as tables recorded therein may be, for exanple,
a magnetic disk such as a floppy disk or a hard disk, any optical disk, any
phot o- magneti ¢ di sk, or any 25 non-vol atile nmenory card. The present

i nvention has been described in detail with respect to preferred

enbodi ments, and it will now be apparent fromthe foregoing to those
skilled in the art that changes and nodifications may be nade w thout
departing fromthe invention 30 in its broader aspect, and it is the
intention, therefore, in 9 NOVEMBER 2005 - 17 the apparent clains to cover
all such changes and nodifications as fall within the true spirit of the

i nvention. 9 NOVEMBER 2005 WHAT IS CLAIMED I S: 1



- 18 A nobile comrunication systemincluding a plurality of base stations,
a network control station conceptually |ocated above said plurality of base
stations and nobile stations receiving signals fromsaid pluNOVEMBER 2005 e
stations, said nobile comunication systemcharacterized in that: said
nmobil e station determnes to which base stations the nobile station is to
be connected in order to satisfy a dowd iugk - receiving quality desired by
the nmobile station and notifies said network control station of the desired
base st #EPEnESt 6LARMERhIfhe nobile station is to be connected, said network
control station transmts a. duplicated information signal to said desired
base stations in order to allow a nobile station to sinultaneously '

communi gate with at |east two base 9fakivise NahdcERbide si-akicon
further receives and synthesizes signals transmtted by the plurality of

base st ahicdnsdimgcplintal hey cbwalsenk teadevs NG gealwdyk contirodstetion
comuni cation system according to claiml1, characterized by conprising:

qual i t ycoomtemtuaddys lomapted abovei dainct pdik cbhtyobfsbaiseos tamdons and
comuni cating with the nobile stations; wherein said,nnbilep;?ation notifies

sai o QUEPRY GO FBF OMfeaRE 6 VERS doWiiTrk FECE A QRARF EY. eI P87 he
mobi | e Sl Qe and, LI ACAL FBRnof e BBRIL S PLAIION, o83t pBHLLY fQRLT O

means determnes’to I C 1 ons e S ron |

connect ed i nsQridemd®i sat sebit it b S NEMEMBER 200 1 c A% ad@Wylt 41ki 686§ et ¥Nng
quality and notifies said network control
mobile station is to be connected in order to satisfy a downlink:
receiving quality desired by the mobile station and notifies
said network control station of the desired base stations to
which the mobile station is to be connected,
said network control station transmits a duplicated
information signal to said desired base stations in order to
allow a mobile station to simultaneously communicate with at
least two base stations, and
saidmobile station further receives and synthesizes signals

transmitted by the plurality of base stations to control the

downlink receiving quality.

2. A mobile communication system
according to claim 1, characterized by comprising:

qualitycontrolmeanscoupledtosaidnetworkcontrol station
and communicating with the mobile stations;

wherein said mobile station notifies said quality control
means of the downlink receiving quality desired by the mobile
station and the location of the mobile station,

said quality control means determines to which base stations

the mobile station is to be connected in order to satisfy said



station of the desired base stations to which the nobile station is to be
connected. 3. The nobile comruni cation system according to claim 2,
characterized in that: said nobile station notifies, before ¢ NOVEMBER 005
information, said quality control neans of a desired uplink receiving
quality received by base stations and/or a transmttable maxi num power of
the nobile station and/or the |ocation afsthe nobile station, said quality

control _neans. has_neans for identifying.base. stations o ich. said nobile
stati oriP¥ EBRRA | 0B 1000 B SheSBad MAPUBFIME SRR Y ng
qual i tygi B SUE %’é”é'ésitfbga yﬁetéﬁgﬁ%?;fsa%ewﬂ@ﬂ@eoﬁ 108 Sdion
nobil e station is not exceeded and means for requesting the base staftions
and saifls et W kcganlercdle®t ation to receive and synthesize a signal from
said nobile station and designating transm ssion power that is to be used
by said nobile station, and said nobile station transmts information using
said designated transm ssion power, and the network control section

synt hesi zes signals received by the base stations to control the uplink
receiving quality. 4. The nobile comuni cation system according to claim 2,
characterized in that: said quality control means has neans for measuring

e Tt TofRE, AU B ool 4 Pl ADRLE Serld PR e
2005 - éﬁaracdupgizaﬁeigiqnaétto one or nore stations, if any, which have a
| ower neasured traffic and which can transmt information to
said mobile station notifies, before transmitting
information, said quality control means of a desired uplink
receiving gquality received by base stations and/oxr a .
transmittable maximum power of the mobile station and/or the
location of the mobile station,
said quality control means has means for identifying base
stations to which said mobile station is to be connected in order
to satisfy the desired uplink receiving quality in such a manner
that the transmittable maximum power of said mobile station is
not exceeded and means for requesting the base stations and said
network control station to receive and synthesize a signal from
said mobile station and designating transmission pcwer that is
to be used by said mobile station, and
said mobile station transmits information using said
designated transmission power, and the network control section

synthesizes signals received by the base stations to control

the uplink receiving quality.

4. The mobile communication system according to claim 2,
charactefized in that:

said quality control means has means for measuring traffic
incells surroundingacell inwhichsaidmobilestationispresent:

and means for requesting the network control station to transmit



said nobile station communicating in an adjacent cell, and said nobile
station receives and synthesizes signals from base stations that have been
conmmuni cating with the nobile station and fromthe one or YINGVEMBER 2005
stations, thereby inproving the downlink receiving quality. 5. A receiving
quality control nmethod for a nobile comrunication systemhaving a plurality
of base stations, a network control statgon conceptually | ocated above

said plurality of base stations and nobile stations receiving signals from

sai d plurdHPHyCat @RI bt FOnSNe RE MATHOS boF AEN SoharaclaY r ZBBIGR fiRge
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d
to be connec I'n or S ecel vi ng qua esired

by. t hee%p@i herstad | 9pa2Rd N dihas i Al thHet wolh coathek st ation obde
desired base stations to which the nobiTe station is'to be connected, said

net wor k contg®idsmabiqr tsrtansibhsraceupldsaired synthomiion signalst &rsmd
desired base stations in order to allow a nobile station to sinultaneously
comunilag e stiathians that hammbbagec emavingres t Bng vsiat d tisbinbd isteastakion

further receives and synthesizes signals, transmtted by the plurality of
base ST GREOTo WU SRMOASWRTTH § ERELOMYy GAFFERY GMIF PECRITHE

qgual ity : or di g claimb5, characterized in that: 9
I\IC)\/EI\/BI§135§‘%5E)Er%BIlk g%&gggygﬁ%béﬂkgﬂé%gfion notifies quality control neans,
which is coupled to said network control station and comunicates with the
nobil e stations, of the downlink receiving quality desired

5. A receiving gquality control method

for a mobile communication system having a plurality of base
stations, a network control station conceptually located above
said plurality of base stations and mobile stations'receiving
signals from said plurality of base stations, the method being
characterized in that:

said mobile station determines to which base stations the
mobile station is to be connected in order to satisfy a downlink
receiving gquality desired by the mobile station and notifies
said network control station of the desired base stations to
which the mobile station is to be connected,

said network control station transmits a duplicated
information signal to said desired base stations in order to
allow a mobile station to simultaneously communicate with at
least two base stations, and

saidmobile station further receives and synthesizes signals
transmitted by the plurality of base stations to control the

downlink receiving quality.

6. A receiving quality control method

according to claim 5, characterized in that:



by the nobile station and the |location of the nobile station, said quality
control neans determ nes to which base stations the nobile station is to be
connected in order to satisfy said downlink receiving qualiéNOVEMBERI2D0SS
said network control station of the desired base stations to which the
nobile station is to be connected. 7. The receiving quality control nethod
according to claim®6, characterized inthhat: before transmtting

information, said nobile station notifies said quality control means of_ a
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that: said quality control nmeans neasures traffic in cells

is to be connected.

7. The receiving quality control method according to claim 6,
characterized in that:

before transmitting information, said mobile station
notifies said quality control means of a desired uplink receiving
quality received by base stations and/or a transmittable maximum
power of the mobile station and/or the location of the mobile.
station,

said quality control means identifies base stations to which
said mobile station is to be connected in ordexr to satisfy the
desired uplink receiving guality in such a manner that the
transmittablemaximumpower of saidmobile stationisnot exceeded,
requests the base stations and said network control station to
receive and synthesize a signal from the mobile station, and
designates transmission power that is to be used by said mobile
station, and

said mobile station transmits information using the
designated transmission power, and said network control section
synthesizes signals received by the base stations to control

the upliink receiving quality.



surrounding a cell in which said nobile station is present, and requests
said network control station to transmt a duplicate signal to one or nore
base stations, if any, which have a |lower neasured traffic aNOWEMBERQ805
transmt information to said nobile station comunicating in an adjacent
cell, and said nobile station receives and synthesi zes signals from base
stations that have been communicating wtiethe nobile station and fromthe
one or nore base stations, thereby inproving the downlink receiving
quality. 9. A recording nmediumhaving a receiving quality control program

for a nobil e gommunicati.on systemrecorded -t herei th ile .
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synt hesigi agios gahsuhiaesmnind edinbwynt ksl phaeaki toge bl , base stations to
control ’

: said mobile station receives and synthesizes signals from
base stations that have beencommunicatingwith themobile station
and from the one or more base stations, thereby improving the

downlink receiving quality.

9. Arecordingmediumhavingareceivingqualitycontrol program
for é mobile communication system recorded therein, the mobile
communication system having a plurality of base stations, a
networkcontrol stationconceptually located above saidplurality .
f base stations andnnobilei;tations receiving signals from said
plurality'of base stations, the recording medium being
characterized in that said program allows execution of a step
of:

in said mobile station determining to which base stations
themobile stationis tobeconnectedinorder tosatisfyadownlink
receiving gquality desired by the mobile station and notifying
said network control station of the desired base stations to
which the mobile station is to be connected;

in said network control station transmitting a duplicated
information signal to said desired base stations in order to
allow a mobile station to simultaneously communicate with at

least base stations; and



the downlink receiving quality. -10. A recording nedium according to claim?9,
characterized in that: in said nobile station notifying quality contro
means, which is coupled to said network control station andy NOVEMBERDESS
with the nobile stations, of the downlink receiving quality desired by the
nobil e station and the | ocation of the nobile station; in said quality
control neans determning to which base 28tations the nobile station is to
be connected in order to satisfy . the _receiving quality and notifying said
netwior k cont gl S Afi BREIAM (e bibShr 647 SEF oA D A YR hBeRIG N

stati Onsiisgr{élls b@r%ﬂ%’ﬁ%ﬁ!@@d by the plurality of base stations to control

the down

=

ink receiving qgquality

10. A recording medium according to claim 9, characterized in
that:

in saidmobile stationnotifyingqualitycontrolmeans, which
is coupled to said network control station and communicates with
the mobile stations, of the downlink receiving quality desired
by the mobile station and the location of the mobile station;

in said quality control means determining to which base
stations the mobile station is to be connected in order to satisfy
the receiving quality and notifying said network control station
of the desired base stations to which the mobile station is to

be connected.



