Description Title of Invention RELAY STATI ON AND COVMUNCATI ON CONTROL
METHOD Techni cal Field The present invention relates to a relay station and
a conmuni cation control Background Arty [ 0002] In recent years, as a
techni que for enlarging coverage of a wireless comuni cation system relay
comuni cati on has been attracting attention (e.g., see 15 Patent
Literatures 1 and 2 below). In the relay communication, a relay station is
di sposed between two conmuni cati on_devjces for which there is difficulty in
directly transmitting and receivi n@S§P8PBss signals with good quality, and
the wireless signals are relayed by the relay station. For exanple, in Long
Tenn Evol ution (LTE)-Advanced (hereinafter, referred to as an LTE-A) which
is the next-generation 20 cel | ul &itlecsfimusmitioat i on standard bei ng pl anned by
the Third CGeneration Pal tnershl Proj ect 3GPP), it is proposed that the

t hroughput at aREBAY Sfyfd gﬁ OMhe }§9L59§ﬁﬁ Pcation of the
rel ay %tation. [ 0003] The relay connunlcation in LTEFAis classified into
two kinds known as 25 type 1 and type 2. Type 1 is relay conmunication of
the relay station to which the cefichhidai Bicldl | ocated. The relay station of
type 1 is treated as a base station in teinis of a termnal device. On the
ot her hand? Qﬂpe 2 is relay conmmuni cation corresponding to operations of a

repeatier in w1 o SOOUNLGAI A AN VL LVU8, Qb nd SLAYnBhRLAGARAN ch ¢ he

cell IDis not resence o at1on ype 2 is
typi cal | y mm@hod.ecogni zed by the term nal devi ce. [0004] 2

10
Background Art
[0002]
In recent vears, as a technigue for enlarging coverage of a wireless
communication system, relay communication has been attracting attention (e.g., see
15  Patent Literatures 1 and 2 below). In the relay communication, a relay station is
disposed between two communication devices for which there 1s difficulty in directly
transmitting and receiving wireless signals with good quality, and the wireless
signals are relayed by the relay station. For example, in Long Term Evolution
(LTE)-Advanced (hereinafter, referred to as an LTE-A) which is the next-generation
20  cellular communication standard being planned by the Third Generation Partnership
Project (3GPP), it is proposed that the throughput at a cell edge be enhanced using
the relay communication of the relay station.
[0003]
The relay communication in LTE-A is classified into two kinds known as
25 typel and type 2. Type 1 is relay communication of the relay station to which the
cell ID is allocated. The relay station of type 1 is treated as a base station in terms
of a terminal device. On the other hand, type 2 is relay communication
corresponding to operations of a repeater in wired communication by virtue of the
relay station to which the cell ID is not allocated. The presence of the relay station
30  of type 2 is typically not recognized by the terminal device.
[0004]



The relay station playing a leading role in the relay comuni cati on may
nove by itself in a simlar way to the nobile station. In particular, the
fourth-generation (4G cellular wreless comunication node represented by
LTE-A is expected to have acceptabl e noving speeds of the nobile station
and the relay station 5 of up to 500 kmh. As a situation in which the
novabl e relay station is used, for exanple, a situation in which the relay
station is dispqsed |n a train or a shjg i‘s? copsidered. In.this case,
passengers and Wi rSt3oR PIA¥ng ao"'a“_ihl"‘} el 15 e el CORBBT Ao PP ns
(e.9., teinMpl S leVh GeSnTUf magston@l@'d@oﬂ%%ae&n.srﬁﬁrﬂar@a@ﬁea)e tRrgarry out
the w rel ess comuni cation via the corresponding relay station. 10 Ctation
Li st Pat ergentsatien 4@y eclhif05lireRat eotmnbin@tiat unedel rebPes200d -181 22ZH 44 14 5Pat ent
Literature 2:JP 2007-221527A Summ%é/ gf%égven i,on Techni ﬁ%l Probl.em [ 0006]
20However ,CXRAES PHBVF afcahtabledpo gne ety pidhomabdilgsiation Ang e relry 53t bn
mentioned ghoVE, sopl the IORIkiGn 5h AN ML GLRY - ANESMSHY & REE, &
substar@fti al'l %osnozle%g@d t% a bfslenstatﬂlion gi sposedr oztl}fsél de the tr g{n or the
ship, a handopks af diwquenid ywhidcthesrelay stagpoisdsiiced e anbaiement stop i$ he rel ay
station. In particul ar, when many passengers are present, the handovers
occur al noensIgerefheltis Bie CPenPAERETD 3?&@“?%&19? b i Orzﬁlesfia?i%ﬁéﬁle Thi s
situation td if 0 naelel ' Wb, the nmovi ng
reans suot Sa R ERRY (£ Bl Rtk K8 e S ARG frt

conmuni catdudtheSyisdlecothfintatibh eixcthe resppadiing ramyitmgpnreans, and is thus
not preferable. [0007] 300n the other hand, when the relay station of type
1 is Uded in the situation nentioned above, since the nobile station is
connected to the corresponding rel gy, .1i4

Patent Literature
[0005]
Patent Literature 1: JP2007-312244A
15 Patent Literatare 2: IP2007-221527A

Summary of Invention
Technical Problem
[0006]

20 However, when the relay station of type 2 is used in the situation mentioned
above, since the mobile stations held by the users are substantially connected to a
base station disposed outside the train or the ship, a handover frequently occurs in
response to the movement of the relay station. In particular, when many passengers
are present, the handovers occur almost at the same time due to the many mobile

25  stations. This situation negatively affects not only the mobile stations within the
moving means such as the train or the ship but also the throughput of the
communication system outside the corresponding moving means, and is thus not
preferable.

[0007]
30 On the other hand, when the relay station of type 1 is used in the situation

mentioned above, since the mobile station is connected to the corresponding relay



3 station, the handover due to the nobile station does not necessarily
occur. However, in this case, the collision between the cell 1D allocated
to the relay station and the cell 1D of the nearby base station m ght occur
in response to the nmovenent of the relay station. The collision of the cell
I Ds means that two or nore base stations or 5 relay stations providing the
service in an overlapping position use the sane cell ID. Since the

col lision of, th& ?lel I[@gﬁcau}?es E{ie [of0) ni cation di.sturban due to data
i nt er f er erft3i0D; e hanqouediedpyhg HoguoFateTherss Shiivficesat! Yo?f?caf-stcfg%%”ﬁ&e as
mich as pqg%m?'cgse Q0051 D TB% <Rk §EEB IHUABLAON S SRy AKidESind he! ay
station and a commini cation control method which are novel and inproved by
avoi di ng aelidl bSihemeabydekd staldsn whiphteo@uppr espimg t¢ e threugtipdtthd r om

bei ng decreased in a re%g% .ccomuni cation of the nopvable Lel ay station.

15Sol ut i oriely SRR ehiq edbgpn of the ccll IRSpES TP FB0 CRPFT PLY LUPBR LT of the
present I nygl ts'ta%%n% grow(ﬁx?él;: gﬁte%eﬂﬁ&! fivén %&ﬂaﬁ@?éﬁgﬁ%hg’@% QRl&EH Dt here is

provi ded a relay station ayl ng wrel ess etween a base station
and a nobidigcsthacblbiBiontdfehd elllalDsstaatdsahe carahudicagon dis@obanoedunioccddta on uni t
configured to relay the wireless signals; a determ_patjon unit configured
to det er miipErigrach ot I%Pe?f‘é%afhtoi%’okfg@&é%?‘?“{llﬁa%ﬁﬁgn BICg | 3s IPH*%I A% order to

avoid a coIOIS%igfeon between a cell 1D of the relay station and a cell |D of
the base station due to a novement of the rel ay station; and a control wunit
confi guredobgsjcause a cell I D of an access point of the nobile station

bel onging to the relay station to be 25changed froma first cell IDto a
secondOcel | | D wWHErPreifat derahion Hasi BRVYST & 1§BY efFHoRed & A&PMMUN @it cessary

to change th el . LD . 10 - det.er i Kt 1S
notified o%ongfc’%%“s?ﬁ%" ﬁf’%ﬂ%@%‘% L?Y% aéigﬁfﬁpg?%&é%gﬁc L{bﬁgﬂgé (g 85@.%192%%6 t hat
det er mi neswhiesp@ssiibi Hid hraafhplhar@nibkingi detreadedtih e relly|colbsund@iased on
position data of the relay station and cell ID data in which the cell 1D
and a posithf sywwvaplerdiey ake. st ati on are associated with each other, the
deteilination unit may

15  Solution to Problem
[0009]

According to the first aspect of the present invention in order to achieve the
above-mentioned object, there is provided a relay station relaying wireless signals
between a base station and a mobile station, the relay station including: a

20  communication unit configured to relay the wireless signals; a determination unit
configured to determine whether or not it is necessary to change a cell ID in order to
avoid a collision between a cell ID of the relay station and a cell 1D of the base
station due to a movement of the relay station; and a control unit configured to cause
a cell ID of an access point of the mobile station belonging to the relay station to be

25  changed from a first cell ID to a second cell ID when the determination unit
determines that it is necessary to change the cell ID.

[0010]

When the determination unit is notified of a possibility of the collision of
the cell IDs by a node that determines the possibility of the collision of the cell IDs

30  based on position data of the relay station and cell ID data in which the cell ID and a

position of the base station are associated with each other, the determination unit may



4 detennine that it is necessary to change the cell ID [0011] The
relay station according to the first aspect of the present invention
further includes: a position detectiongunit configured to detect a position
of the relay 5 station; and a storage unit configured to store cell 1D data
in which the cell ID and a position of the base station are associated with
each other. Wen the determ nation unit determnes that there is a
possibility of the collision of the cell |Ds based on the cell ID data
stored in gﬁ@%@%fﬁlé@éiswf’éssﬁﬁdo ghapesiths GH I8 the relay station detected by
t he posit;[r%l%et ection unit, the determnation unit may determne that it
i's necessary *0Oto change the cell ID. [0012] The determ nation unit

may determ ne Wigichedlaktatioh dctortimighRCE&S Ary dspecthéhge pildeent ahientibn by
nonitoring a correlation between synchronjzation sequences and one or nore
cel | |Ds iMrthieinglugdes: eposisiop aicstiqreenf cedignigniereiachy Ppeiden of Beirelay .

15[ 001 ... The, det enni j I m ne. % e cessary
to chag’]ge Stt‘rf‘fleonf f"rrldé %tc%eﬁe “Irxl'% ct%ﬁé rlg% %;gtzoléﬁ 1I %e{%ag% %@,ﬁlsc‘ggﬁ% Sélt }Pegléggond cel |

| D that i spaithldf thObak swhibe Arcassadined atithtfach athide rwaehes dtdxidium after a
predetermned tinme has el apsed froma point of tine at which the

correl at i omitddteraings thatehey it hpowibibyi dribe eqjizpe ef 8fc wHyDsfoagghdetheel | | Ds

reaches the i 0 .. The control..unit .caus cell 1D

o the- ac el ont Bt somer et AR SR iR B BBy T ot cen

ID to the @e¢entos Gblectidd MMt CRUSHAGh I BatEMNGIN QR dabin®ic $hg ek nebeswhtych a
synchroni zati on sequence corresponding to the 25 first cell ID and a

synchriéni Zatchergesbeoehdd corresponding to the second cell ID are
mul tipl exeﬁ ﬁ be transmtted fromthe communication unit and causing a
handover i uction fromthe first cell IDto the second cell IDto be

transmtted fronTR@eteAHMABAC ahit Qfayu Bktbrntife GBIl oSk 3¢ inefbssdrPQd 5] 30The
control unit may cause the comuni cation unit to relay the wirel ess signal

usi ng t he seopnthecedl I} by afarstorihardeveglatondratwéra fHinchonizalion pgyueeeess he

second cel | : . . . .
and one or more cell IDs in the wireless signals received from nearby base stations.

15 [0013]
The determination unit may determine that it is necessary to change the first
cell ID that is a cell TD being used to the second cell ID that is a cell ID of which a
correlation value reaches a maximum after a predetermined time has elapsed from a
point of time at which the correlation value in the synchronization sequence of any of
20  the cell IDs reaches the maximum.
[0014]
The control unit may cause the cell ID of the access point of the mobile
station to be changed from the first cell ID to the second cell ID by causing a
synchronization signal in which a synchronization sequence corresponding o the
25  first cell ID and a synchronization sequence corresponding to the second cell ID are
multiplexed to be transmitted from the communication unit and causing a handover
instruction from the first cell ID to the second cell ID to be transmitted from the
communication unit to the mobile station.
[0015]
30 The control unit may cause the communication unit to relay the wireless

signal using the second cell ID after handover from the first cell ID to the second cell



51D by the nobile station is conpleted. [0016] According to the
second aspect of the present invention in order to achieve the
above-nenti oned object, there is proviged a comruni cation control rmethod
using 5 a relay station relaying wirel'ess signals between a base station
and a nobile station, the comunication control nethod including:

determ ning whether or not it is necessary to change a cell IDin order to
avoid a collision between a cell ID of the relay station and a cell 1D of
t he base dPduitbamihdesttian posparbeied.of the relay station; and causing a cel
| D of an %ﬁgﬁﬁs point of the nobile station belonging to the rel ay _
10station e changed froma first cell IDto a second cell IDwhen it is
determ ned that Adcohﬁzf@ﬁ@é %é’doYldIaQ%é‘clﬂ aNER: rbgne &lvkentidd in[ @8dr7h achieve
According to the third aspect of the present invention in order to achieve
t he above-theshdvemaentisbpeehjectt fhereds prrvirded\i Waemenipaiogcostralnehod BHiBg i ng

w reless signals 15 between a base station apnd a bile statjon,.the relay
statiof i r?cllggigi Siﬂé%‘{ﬂd’eg‘m%‘?ﬁli“’?‘é iSHie nkfeﬁwg%ln‘? E%Slﬁ_rséag%? é" _?raamn r%l1 Sq%thoél ‘Wi rel ess
signal s t gp¢ heniBiitiont @nhed makdl andanhgolctdRhhingoWht@er od 1@ jeause a
synchroni zation signal in which a synchronization sequence corresponding to
a first celekess@ydndhangyncdl Bhiz atdeote sejdanedliseor bespendicaly IPofdbeecond
cell ID are, nul t.i pl exed be transmtted from?20 the ication unit to
The mobi | 406t 2EYER “BERSADIRGTEs Te b Ry 6 Lof PoReRg FaPally THB et t he
mobi | e st gf,[1QAuifs GREN }IDQ&%n%E@QP@Im for am hbsiid ithsdn $@blgihdrd @ctrBigy second
cell 1D, [0018] According to the fourth aspect of the present invention in

order o atdticeve R5hahgedabou e- fmshedlbHedo elspemd, cellngy ehes itps dvictpined
conmuni cat j on, contr ol nethod6ﬁ%in31§ relay station relaying wreless

si gnal s betiebii NCHELY QL oA nmobi | e station, the conmunication
control 0h including: transmtting a synchroni zation signal in which a
synchroni zati on sequence corresponding to a first cell ID and a

synchroni zat i on seguing ® theothisbppedion ghd wesens gvenitbrcialdrddro acleevntht i pl exed
to the 30nmpbile statio ,belgggggg to the rﬁ%g%wstat on fromthe rel ay
t S

station; givavCHGEHARY Il Sl STRIPYEHC fortHsttRtE: TN SieIcs Sebifron o
carry @ut apdaver phioMatibe fddr 3t nfoBlib kbion, the relay station including: a
communication unit configured to transmit the wireless signals to the mobile station;
and a control unit configured to cause a synchromization signal in which a
synchronization sequence corresponding to a first cell ID and a synchronization
sequence corresponding to a second cell ID are multiplexed to be transmitted from
20  the communication unit to the mobile station belonging to the relay station and to
also instruct the mobile station to carry out handover from the first cell ID to the
second cell ID.
[0018]
According to the fourth aspect of the present invention in order to achieve

the above-mentioned object, there is provided a communication control method using

Lo
]

a relay station relaying wireless signals between a base station and a mobile stafion,
the communication control method including: transmitting a synchronization signal
in which a synchronization sequence corresponding to a first cell ID and a
synchronization sequence corresponding to a second cell 1D are multiplexed to the
30  mobile station belonging to the relay station from the relay station; and causing the

relay station to instruct the mobile station to carry out handover from the first cell ID



6 to the second cell ID. Advantageous Effects of Invention [0019]
5According to the relay station and the comuni cation control nethod of the
present invention, it is possible to oid the collision of cell IDs while
suppressing the throughput from being decreased in a relay comruni cati on of
t he novabl e relay station. 10Brief Description of Drawi ngs [0020] [Fig. 1]
Fig. 1 is a diagramschematically illustrating an outline of a wreless
comuni cati on system according to an enbodi nent. [Fig. 2] Fig. 2is a
di agr am i | dstseaendwplld.exanpl e configuration of communication 15resources.
[Fig. 3] Fig. 3 is a diagramillustrating an exanpl e arrangenent of
reference signals. [Fig. 4 Fig. 4 is a sequence diagramillustrating a

fl ow of a genel:atolRATTREST IRVQgeEUr €. [Fig. 5] Fig. 5 is a diagram
iIIustrating a problem associated with the present 20invention. [Fig. 6]

Fig. 6 is{8MHlock diagramillustrating an exanple configuration of a nobile
station according to.a first .enbodi nen Fig. 7] ..Fiqg. 7.,is a block diagram
st Pating. an Sseanite L BRFrELratTD R bpegor Biafouph e B o | he
first enmbogédBninvedRIniis PBhsibiedo a8oidStha cHilaRnan dell! IS tutalel sm@%a@sﬁﬁé | ID
change determ nation process according to the first enbodi nent.

the throughput from being decreased in a relay communication of the movable relay

station,

10 Brief Description of Drawings
[0020]
[Fig. 1] Fig. 1 is a diagram schematically illustrating an outline of a wireless
communication system according to an embodiment.
[Fig. 2] Fig. 2 is a diagram illustrating an example configuration of communication
15  resources.
[Fig. 31 Fig. 3 is a diagram illustrating an example arrangement of reference signals.
[Fig. 4] Fig. 4 is a sequence diagram illustrating a flow of a general handover
procedure.
[Fig. 5] Fig. 5 is a diagram illustrating a problem associated with the present
20  invention.
[Fig. 6] Fig. 6 is a block diagram illustrating an example configuration of a mobile
station according to a first embodiment.
[Fig. 7] Fig. 7 is a block diagram illustrating an example configuration of a relay
station according to the first embodiment.
25 [Fig. 8] Fig. 8 is a diagram illustrating a cell ID change determination process
according to the first embodiment.
[Fig. 9] Fig. 9 1s a block diagram illustrating an example configuration of a base
station according to the first embodiment.
[Fig. 10] Fig. 10 is a flowchart illustrating an example flow of a cell ID change
30  determination process according to the first embodiment. |

[Fig. 11] Fig. 11 is a flowchart illustrating an example flow of a communication



[Fig. 9] Fig. 9 is a block diagramillustrating an exanple configuration of
a base station according to the first enbodi nent. [Fig. 10] Fig. 10 is
a flowchart illustrating an exanple flow of a cell D change 30determ nation
process according to the first enbodinment. [Fig. 11] Fig. 11 is a flowhart
illustrating an exanple flow of a comunication 7 control process
according to the first enbodinent. [Fig. 12] Fig. 12 is a block diagram
illustrating an exanple of a relay station according to a second

enbodi menteontrol prpgsgacepgjingiqthe figstiembgdigeagr am i | | ustrating a cell 1D

change detgrm,nati.on.pr.oce a i .the_s odi . [Fig. 14]
Fig. 14 is[% ég'fﬁgiv% 'arI? 1|8Ia} 3)2 C?(aéﬁ? Sgag%ééga{ﬁ% gnffigigl\%vggef Sggcgﬁl%e%ﬁ% ange
det er m natdceddieas eS$scordGaitdiigent0 t he second enbodi ment. Description of
Enbodi rrentsblo[3 021] ~ Hereinafter, preferred enbodi nents of the
present i MVentlBodia 13 isbe dipesen iibedrating detedi 1D whatgerdt@mandieontyoedie
append%d drg(\%/gdlrr%%\s}%thNeoteg?ﬁ %;t}b #ne{éthi s specification and the draw ngs,

a substanti a

el enent’s t1 r§,1 he sanme function and structure are

denot ed wi{ily. tm; FS@net [ef aTonrsert Sllghatin@Rd dxeRHhd Gdwexph *BRITDOhanSe

15om tted. [0022] "Enbodi ments for Carrying Qut Invention®™ wll be
descri bed determifatipppravgbsagcondénerto the segpid ¢mleodimen§ r el ess conmuni cat i on
system 201-1. Exanple configuration of system

Description of Embodiments
16 [0021}

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, clements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation is

15 omitted.
[0022]

"Embodiments for Carrying Out Invention” will be described in the
following order.

1. Qutline of wireless communication system

20 1-1. Example configuration of system

1-2. Configuration of communication resources

1-3. General handover procedure

1-4. Problem associated with present invention

2. Description of first embodiment

25 2-1. Example configuration of device

2-2. Process flow

2-3. Summary of first embodiment

3. Description of second embodiment

3-1. Example configuration of device

30 3-2. Process flow

3-3. Summary of second embodiment



1-2. Configuration of communication resources 1-3. Ceneral handover
procedure 1-4. Problem associated with present invention 2. Description of
first embodi ment 252-1. Exanple configuration of device 2-2. Process flow
2-3. Sunmary of first enbodi nent 3. Description of second enbodi nent 3-1.
Exanpl e configuration of device 303-2. Process flow 3-3. Summary of second
enbodi nent 8 [0023] <1. Qutline oess communi cati on system >

First, an outline of a wireless comrunication system according to an
embodi mentl08331t he present invention and probl ens associated with the

present 51 A el 2 Witd el o flFRGIRE -1 of erence to Figs. 1 to 5. [0024]

First, an outline of a wireless communication system according to an

embodiment of the present invention and problems associated with the present

w

invention will be described with reference to Figs. 1 to 5.
[0024]
[1-1. Example configuration of system]

Fig. 1 is a diagram schematically illustrating an outline of the wireless
communication system 1 according to the embodiment of the present invention.
10 Referring to Fig. 1, the wireless communication system 1 includes one or more

mobile stations 10a, 10b,..., 10n, a relay station 100, and a plurality of base stations

200a and 200b. In addition, in the specification, when it is not necessary to

discriminate between the mobile stations 10a, 10b,...,10n, they are collectively

referred to as a mobile station 10 by omitting the letter at the end of the reference
15  sign. Similarly, when it is not necessary to discriminate between the base stations

200a and 200b, they are collectively referred to as a base station 200.

[0025]

The mobile station 10, for example, is a terminal device (User Equipment

(UE)) held by a passenger or a crew member using the moving means 3 such as a
20  ftrain or a ship. The mobile station 10 carries out the wireless communication with

the relay station 100 or the base station 200 in accordance with the cellular wireless

communication mode such as LTE or LTE-A.

[0026]

The relay station 100 is a device that relays wireless signals between the

25  mobile station 10 and the base station 200. In the example illustrated in Fig. 1, the

relay station 100 is disposed within the moving means 3.  When the moving means

3 is positioned near the base station 200a, the relay station 100 is connected to the

base station 200a, In this case, the relay station 100, for example, relays the signal

transmitted from the mobile station 10 to the base station 200a. In addition, the
30 relay station 100, for example, relays the signal transmitted from the base station

200a to the mobile station 10. In the present embodiment, the relay station 100 is



[1-1. Exanple configuration of systenj Fig. 1 is a diagram
schematically illustrating an outline of the wireless conmunication system
1 according to the enbodi ment of the esent invention. 10 Referring to
Fig. 1, the wireless communi cation system 1 includes one or nore nobile
stations 10a, 10b,..., 10n, a relay station 100, and a plurality of base
stations 200a and 200b. In addition, in the specification, when it is not
necessary to discrimnate between the nobile stations 10a, 10b,...,10n,
they are dbt radax stetimyofrtepel desrribed aBove. ndbit 6. staidre rell B pyallepicdithg t he

letter at the.end of reference 15siagn,. .Si.m. arl Ida LS. not
necessary tﬁ%rqj?ggﬁag%{ ig(ﬁe etg\‘?vé%%m ]ﬁelﬁgsgrsateeds & 1(ﬁb§1’s%§(?\§g%%n#t588§? they are
col | ecti vekatichefoeris eds o B moblasfatidnat( R0at@Xithi0BRkIl 102 in whichit@e mobi | e
station 10, for exanple, is a term nal device (User Equipnent (UE)) held by
a passengeriayr canpnEgatipsmbaricasis ngrovided noy g reteasatians Lith cas thus 9@ train
or a ship. The mobile station 10. carri.es out t W rel ess communi cation
wh e rapayoleat rin bR 8y et Bt s Bo o SRR b e
cel lul ar wigeLSHSieaiMiHat ONards berah fids thEkelay chihnMicalifV2&]icdhe rel ay
station 100 is a device that relays wrel ess signals between the 25 nobile
stati on 10ofghd relhestotse 168 atlinerldtom. allmktbstvesnafp neohile| sigtonaliledndi the Fi g. 1,

the relay station .is dispgsed W thin.the in ans 3. en _the

movi ng. o 3aen SO0 Foen R Ak b SR RPSORRR: ¢ Ak P A ot at i on
100 is conpectigdsithht MR Hasee 54sakiafbn 2008 thd Reldyiisk GasAs Like relay station
100, for exanpl’e, relays the signal transmtted fromthe nobile station 10
to t hdtbad®02tlati on 200a. In addition, the 30relay station 100, for

exanpl e, relays the signal transmtted fromthe base, stat, 200a to the
mobi | e station 16" P#et #2Uy gggrﬁm‘élﬂﬁ%g? }Ietﬁ@mﬁlelling]i‘ gﬁ‘? oH™%® is 9

the relay c?;nﬂjnhﬁgatfbfn LP8e Lindee6rdaRed valtovR. cdifdlr kinelcds UBhEAMBGEbh I D 1S

allocated to the relay station 100. In the exanple illustrated in Fig. 1,

the cell |iBodd sudhensridiBayr ETBiA.onEdkB(ass sta 200 hes itobivheccBt atd ba ct | ocat ed
within the cell 102 in which the relay co nicatign service .S ovi ded by
the rel ay 1 5 allssated e 8%61?. ﬁ%u;q%@%ewi%m?ﬁgﬁlﬁl%ﬁt fhs Creglfg)yogtgjﬁti on 100
by vi rfsue of. (heiofYIeRnorcaat LN ReGHeNS & GRE HePansh N godwid e eellh 1D of
"C5" 0 benefit fromthe rel ay comuni cation service of the relay station
100. | n addiditicon theabidenkathet weEHEtdrel DI 1sereSiradi tonaslh &mdivehNadel By

station 100_is an access link (Access Link). On the other hand, a link
bet ween t HENPEFBAOTSHANHN 100 and the base station 200 is the relay |ink

(Rel ay Li “ﬂ@)ZS]

[1-2. Configuration of communication resources]

20 Fig. 2 illustrates a configuration of the communication resources of LTE as
an example of fhe configuration of the communication resources for the relay
communication. Referring to Fig. 2, the communication resources of LTE are
divided into individual radio frames each having a length of 10 msec in a time
direction. In addition, each of the radio frames includes 10 subframes, and one

25  subframe consists of two 0.5-ms slots. In addition, one 0.5-ms siot typically
includes seven OFDM symbols in the time direction. One unit of the
communication resources including the seven OFDM symbols in the time direction
and twelve subcarriers in the frequency direction is referred to as a resource block.
In LTE, the communication resources are allocated to each mobile station for each

30  subframe or resource block in the time direction. In addition, one unit of the

communication resources corresponding to one OFDM symbol in the time direction



10[ 0027] The base station 200 provides the nobile station 10 with
the wirel ess communication service in accordance with the cellular wreless
conmmuni cati on node such as LIE or LIEsA Each base station 200 has its own
cell, and the cell IDis allocated to each cell. In the exanple illustrated
in Fig. 1, the cell ID of the 15 base station 200a is -C2," and the cel

| D of the base station 200b is "C 1." In addition, the base station of LIE
or LIE-Ais referred to as an Evol ved Node B (eNodeB) or an eNB. [0028]

[ 1- 2. Confangumat Jubsarsfr wotkmitideardyodirectionuy celsTred Oy a resqureq gemstles a
configurati,on.of the co ni.cation r ces- qf ;4 a I f the
confi gur atrliLhc?ﬁ Lot hE°Coi (r)ﬁkcg rfeg Onrcg:tgﬁ% —57 19< o%bt]%%&?(éﬁ glf&)ég{gmguﬁpgati on.

Ref erring th@ubhghit o theh@ats QRMiGakioaNis @RUs@emsofutl Bsaherediedbgied i nto
i ndi vidual radio frames each having a |length of 10 nsec in a_ tine

di rect i on.blocksadeliniocated fondie dita commuaiation waikelhe ispor bhges widthsugithames, and
one 25subfj-a onsists of two 0.5-ns slots. In addition, one 0.5-ns sl ot
typicaPIyE?ﬁ@E§8§9n3even OFDM synbols in the time direction. One unit of

t he comunipgad)i on resources including the seven OFDM synbols in the time
direction and twel ve subcan-iers in the frequency direction is referred to
as a resource bllockldition, HREsynchenizstinn segenrons issiet cedl Arms atpdbat ed to

each nobil e statji.on for, each 30subf.ra or resour,ce block i he,.t.i me

G ot Ton. errangs g A i sonpingn Bo R RTEAT 8 feisel Pe bdfy i
correspongdhg qrehee&?edi@mﬂ E¥BRIMpIB, & yhiBnidh@Cidy0hce i itRAedRfo
subcarrier in the frequency direction is referred to as a resource el enent.
That i1, dhe suldsmasc® didddh cods tespontenizati@ysegrenpexthe®)are éwoliinge oé| enent s.
The throughgg% of the data connuniﬁﬁggon i S increase _ins%nuch as nore
resource bt IFEREYAYRCLPHEHIORSIYYFe )@5¢ 4 3¢ A SR O “M Pt € ane band
wi dth and (ke) Sae £k aiAroni B8P kequence is usddto L thePeribdISf 5 ms and

synchroni zati on sequence is inserted each 5 nms into the resource bl ock
| ocat ed attoaidunétiettbe ngmee @oshd il (Pypi Qal the, otheceral &f sdvendrand) in

t he frequency, direction (for. exanpl.e, the synchronizatian s ence is

i nserted i WPETROZEHE %eﬁaél}csfa%%ﬂ% 1§‘Ff_ﬁlf¥ Seelt Wét'hgyﬁl@ﬁ?%ff%tar%w
sequenge, {#NeLEemIL whiP e ey Of the cBfi THBhYs SYRCRE@NIEhE @Rl S8GMeAeE (PSS)
and a secondary synchroni zation sequence (SSS). The primary synchronization

sequence igousaas @8 Kiatlgct totdhef pé4d kodls@b0b=ris* dnl) vDcdlldBi mfty be weedgr oup of
the cell | t he, ot her, hand he secondary s i I

used to i dﬁ@%iya $5BE BT SPOATEhE BRI Bt prauERe P i e S eSS
IDs, the Zadoff-Chu sequence is used. In addition, the OFDM symbol subsequent
to the synchronization sequence may be used as a broadcast channel for transmitting
20  or receiving system information. System-specific or cell-specific information is
included in the system information on the broadcast channel.
[0030]
Fig. 3 is a diagram illustrating an example arrangement of reference signais.
The reference signal is a signal used to estimate the channel. In the example
25  illustrated in Fig. 3, the reference signals are arranged in the first and seventh
subcarriers of the first OFDM symbol and the fourth and tenth subcarriers of the fifth
OFDM symbol for each resource block. The mobile station 10 may carry out the
channel estimation by receiving the reference signals and demodulate the received
signal for each subcarrier based on the estimated result. Here, the number of the
30  pattern of arranging the reference signals is equal to the number of kinds of cell IDs

(e.g., 504 patterns). Different reference signals are arranged in the adjacent cells



15 For exanple, when the group of the cell I1Ds has three kinds and the cel
I D for each group has 168 kinds, a total of 504 kinds (504 = 3 x 168) of
cell IDs may be used. Typically, as t signal series of the
synchroni zati on sequence for identifying the cell IDs, the Zadoff-Chu
sequence is used. In addition, the OFDM synbol subsequent to the
synchroni zati on sequence nay be used as a broadcast channel for
transmtting 20 or receiving systeminformation. Systemspecific or

cel | - specitviagidiffeoentacidRsi anditheodaie sdhinpricnented Sermeingfisiciistadon on t he
broadcast[ﬁgﬁ_nel. [ 0030] Fig. 3is a diagramillustrating an
exanpl e ar genent of reference signals. The reference signal is a signa

used to estimat antdgithanmel thd fudlfe o8 Bbramabickliddisidnatiegiehsirdd By 3, the
reference signals are arranged in the first and seventh subcarriers of the

first OFDVesyvibplthamefetanee fsumek hatishigs tepteHetsupiaed cppdi§onf 2 thepddyof tih OFDM

synbol _for each resqurce ock. .The bi l.e station 10 carry t he
chanpeﬁ eéfFﬁ%t@ﬁn 8§e#%Eé%%ﬂ?ﬁﬁdfﬁgdggPeﬁgd%%m§$%ﬁ%%@ﬂgﬁ%q&%ﬁg gﬁﬁ%e t he
recei ved siogfidnié@oneacnsUBE an khchasedl 88 bder abid MBE afialigsuf tthe Her e,
the nunber of the 30pattern of arranging the reference signals is equal to

t he nunbercoofmiieedionshasl bf thpsell alsp refend tpas ¢ egrrigp celbi beieg egineeted.er ence
signals are ,arr ed. in the adjacent cells . 11 havin ifferent cell 1Ds,
and the aded oMRasrslafr o B Sl fmatristlr e thoafi e 8B 1
addi tion, yheniddutdeabart bnhe tHa8il6 MYRbLGALILOON GaBRS|stAea DM R Y
receiving the reference Signal satisfies a predeterm ned condition, a

handovér issatencarried out. The predeterm ned condition, for exanple, is
t hat the ﬁ@#%ty of the conmmuni cation channel of an adjacent cell be better
t han the 3 ]ty of the communication channel of the cell (also referred to

as a servq@%.qghgklggmBgmqgaaﬁﬁ&ﬁd, and so forth. In particular, in the
rel ay communi cation of type 1, the handover nay be carried out not only on

the nobile statifg Buillalstes anflphe of shayhasdatdr grroordurheviiese thostlayi on.
03 L e AR SO sl LB EIES 2. Lo
the geper aétatﬂ)%n@mﬁ? hePSREQAME stdHBh qSolRe Habi kg tail%t shat ktor W) get t he
source base station (Source eNB), the target base station (Target eNB), and
a nobi | i t yeN#Bnagdnenbolehtyi mynddehEnt anetyi (MdIK)earei mvelved handovendgreocedur e.
' procedure.
[0033]
In a phase previous to the handover, the mobile station first reports the
20 channel quality of the communication channel between the mobile station and the
source base station to the source base station (step S2). Reporting the channel
quality may be periodically carried out, or may be carried out after the channel
quality falls below a predetermined reference value.
[0034]
25 Next, the source base station determines whether or not measurement 1s
necessary based on the quality report received from the mobile station, and allocates
the measurement gap to the mobile station when the measurement is necessary (step
S4). The mobile station then searches a downlink channel (i.e., carries out the cell
searching) from an adjacent base station in a period of the allocated measurement

30  gap (step S12). In addition, the mobile station may know the nearby base stations

to be searched in accordance with the list provided from the source base station



[0033] In a phase previous to the handover, the nobile station first
reports the 20 channel quality of the communi cation channel between the
nobil e station and the source base st%i on to the source base station (step
S2). Reporting the channel quality may be periodically carried out, or may
be carried out after the channel quality falls bel ow a predeterm ned
reference val ue. [0034] 25Next, the source base station determ nes whet her
or not measurenent is necessary based on the quality report received from
t he nobi | esweltdngn, and al | ocates the nmeasurement gap to the nobile station
when t he gﬁmemnt IS necessary (step 54). The nobile station then

sear ches link channel (i.e., carries out the cell searching) from an
adj acent base styadys OphéMi@ R&¥ilc0dath &hendlrbacat asthBaguwerEntha0gap (step
S12). In addition, the nobile station may know t he nearby base stations to
be sear chelie mvbie setidanveienptihe hgadurgneneingdbel raleronsa hgnas netuded bias e

station 12 beforehand. [0035 t, en,the, nohile stati.on is
synchr éni ztﬁ‘ac?/ﬁrffsﬁo’i'cﬁ%g 8‘6\5%]11 ?i%‘lrba]&’?%\rgﬁg? gl?%she hryﬁ%ﬁ?ﬁpge’gt{l%f‘?u(gﬁee%aﬁ P 1ia!te1(s)n out the
nMeasur eNent,siNgedide FefR! apGe cshanAlcalidit laddRttdd wiiht IR eokEpSRANREI Ny
downl i nk channel (step S14). Meanwhile, the source base station limts

al | ocat i onmoffile figicdatosasao prevenctht ideta fams beingttedsmitted byribe corespspdngi ng

nobil e stati an $o. as to prevent the data frombeing transmtted by the

corr espond!i§'$tBi9% station. [0036] 10The nobile station that has fini shed
t he neasur DBt transmts the measurenent report including the measurenent
result to the 'source base station (step S22). The neasurenent result

i ncl udeéd in the Teasusteleestatioepbatt hamyfidehedn they encgercmahtudrapsmis the

representative val ue of .t t]e .neg,&ur enent val ueﬁ oglt ai nedbt hr?u%h tthe
plural ity BFSHERSH BReHIecufine Redpeastirmeghissiit fp ResPira PR F&uency
bands §22). The measurement result included in the measurement report may be an

average value or a representative value of the measurement values obtained through

the plurality of measurements. In addition, data in a plurality of frequency bands
15 may be included in the measurement result.

[0037]

The source base station that has received the measurement report determines
whether or not it is necessary to carry out the handover based on the contents of the
measurement report. For example, when the channel quality of the other nearby

20  base station is better than the channel quality of the source base station by a
predetermined threshold value or higher, it may be determined that the handover is
necessary. In this case, the source base station determines carrying out the
handover procedure using the other base station as the target base station, and
transmits the handover request message (Handover Request) to the target base station

25 (step S24).

{0038]

The target base station that has received the handover request message
determines whether or not it is possible to accept the mobile station in response to the
availability of the communication service provided by the target base station itself.

30  When it is possible to accept the mobile station, the target base station transmits the

handover approval message (Handover Request Confirm) to the source base station



15may be included in the neasurenent result. [0037] The source base
station that has received the neasurenent report determ nes whether or not
it is necessary to carry out the hand?¥er based on the contents of the
measur enent report. For exanple, when the channel quality of the other
nearby 20 base station is better than the channel quality of the source
base station by a predeterm ned threshold value or higher, it may be
determ ned that the handover is necessary. In this case, the source base

st ati on ddstep ARfies carryi ng out the handover procedure using the other base
station aﬁﬂﬁgﬁ target base station, and transmts the handover request
nmessage ( ver Request) to the target base station 25(step S24). [0038]

The target basegtabiRe ghattfas MReek veditdehhandaner appduvashetBSSage
determ nes whether or not it is possible to accept the nobile station in

response ttontihis thedidhdbvdriitsiroofion fdardovenMiromhndntogke wicbde prativi ddeb by t he
target basg station jtself. 30Wen it is possible to accept the .npbile
stati oR, ﬁﬁ@itgbﬁépobé§émgpﬁﬂ?3ﬁnﬁﬁaﬂgﬂ?¥§fﬁﬁglhﬁﬁ%ﬁvgwﬁé%6WH%§ﬁ ssage
(Handover (Regugst. & ($Mp K921 heUSOULE EmDRRE s@lih Ic@Ries 1ot (1B @Pnd34P) -

[ 0039] The source base station that has received the handover

approval message theaaswi basd ketidransioy ghe irmslonu etdesn chiddanad dispese@ommand) to
the nobile station (step,5 S28). The nobile station.is then synchronized
with the dﬁséﬂtqrwweéﬁgﬁﬁéiotdﬁtef 534t argempie Wﬁnbaéeﬁ@a%é%ﬁmﬂ%x;, the
mobi | e st gfl Aka OB hRSreAlfed! i€ HANHOMAGLRS TreORrdNBalPligfin RAGLSSH)AL T ON

usi ng the random access channel disposed Iin a predetel mned tine slot

(st ep 1834)TheMrabiMistagiont then Soumsmés ihs dasdater contplamsninessaph dHdadavet hat has

o1 | o st ARSI FEREFSIH D HADY B CarAEP ot FOTeBSERGEA Hahdover
Conplete)[b@(}he target base station when the random access is successful
(step $S42)- ?é040] The target base station that has received the
handover conpl etihenaffessagatatiequkstias rdwatvet tbe Miidowpdedneplttien messtage Wi t h
regard to rtcaglfestrsr[‘zl?eixtltfc ﬁﬁ%iu%gatgsfﬁee 1%11’[864@1?1:1.‘1 regard to the mobile station (step S44).
15 By causing the MME to update the route of the user data, it is possible for the mobile
station to communicate with other devices via the new base station (i.e. target base
station). The target base station then transmits the confirmation response
(Acknowledgement) to the mobile station (step S46). This causes the series of
handover procedures to be finished.
20 [0041]
[1-4. Problem associated with present invention]
As is understood from the description mentioned above, the handover
procedure consumes a large amount of resources of the mobile station, the source
base station, and the target base station. For this reason, when the handover occurs
25  frequently, a risk that the entire throughput of the wireless communication system 1s
decreased occurs. The risk is further increased in the situation using the movable
relay station 100 in the wireless communication system 1 shown in Fig. 1.
[0042]
Fig. 5 is a diagram illustrating a problem associated with the present

30 invention. Referring to Fig. 5, each of seven cells having the cell IDs of C1 to C7 is

shown in an ellipse with the base station at the center thereof. In the arrangement



15 By causing the MVE to update the route of the user data, it is possible
for the nobile station to communicate with other devices via the new base
station (i.e. target base station). ngetarget base station then transmts
the confirmation response (Acknow edg nt) to the nobile station (step
S46). This causes the series of handover procedures to be finished.

20[ 0041] [1-4. Problem associated with present invention] As is
understood fromthe description nentioned above, the handover procedure
consunes antmioged abmwniorakameko treaeky gfativhé 0ol vee aBhatthormutd et sdur ce base

station, and the tar?et base station. For this reason, mhen,th% handover
occurs 25 hise@tferies jelamstaiiak 104 sequengllymasses hrughdip erllsdravingehgicrldl ess

comruni cat i . i L i rther increased in
ChaTalt ot IRV ARG Rl RALRARE, RENCS o BN i ! LPE) b
conmmuni catfipo#3]system | shown in Fig. 1. [0042] Fig. 5is a

diagramillustrating a probl em associated with the present 30i nventi on.

Referring to Fi glers, Whancthe oplax sipiipn A0 Isshaaslpngatioieotiepe 21 maoothecrllto C7 is
shown in El l { B Wdttggater}gia %’E{%Pﬁtl% R0 Iisilb{:'n%f ﬁl%rl‘]teﬁrIDE Hg‘%selﬁ)ft oli t he
arrangemnen 14" went i oned ab6 e, ror €xanple, the relay station noves

al ong t he Mewéer,1i@4hisldasé, ths nadsle stdiibes mekvay sbag wom (hOGelseqtatiod itabl y
passes through the cells having the cell IDs of C2 (hereinafter referred to
as a cel | seuigr be wellegtively, sipctedy el e hapdiysn)at g8 edgefhehhe wellpcivay

21 Tocat ed ey o iRl HoBlk Sl 1oy pRENERAMREEDL it B ot

occur .joHows¥®eMm, whithtififis@@sprefdritde.nobi | e stations noving along with the
relay station 100 should be collectively subjected to the handover at cel
edges. ThdOB#tll ective handover of the many nobile stations negatively

affects the thr ut, of, the entj.re 10syste whj,ch Ji.s thus t
et or bl o [ 00ddy M B nanflwfH it SUELETooROIE e shallds ol Bloci Ly 100 1

the relay @tati o0 i9hlIdMRR tb,thé h@aeahtiod R(.S Bld ReElEsdatidhstoh@ihehidygst ation
100. The nobile stations noving along with the relay station 100 are thus

directly coiihdstreldy swtiphd 00 ereafius tiaedtiyeonp@tedHertke relay station 100.  Here,
15  in the example illustrated in Fig. 5, when the cell 1D of the relay station 100 is C5,

the collision of the cell ID occurs when the relay station 100 reaches inside the cell
C5 or reaches the vicinity of the cell C5.  As a result, interference occurs in the data
communication of the mobile station connected to the relay station 100 and other
mobile stations within the cell C5. As in the following two embodiments of the
20  present invention that will be described in detail, 1t is beneficial to introduce the
structure that suppresses the throughput of the entire system from being decreased
while avoiding the collision of the cell IDs before it happens.
[0045]
<2. Description of first embodiment>
25  [2-1. Example configuration of device]
(Mobile station)
Fig. 6 is a block diagram illustrating an example configuration of the mobile
station 10 according to the first embodiment of the present invention. Referring to
Fig. 6, the mobile station 10 includes a communication unit 20, a communication
30  control unit 40, and an upper layer 50. |
[0046]



15 in the exanple illustrated in Fig. 5 when the cell ID of the relay
station 100 is C5, the collision of the cell 1D occurs when the relay
station 100 reaches inside the cell C§ or reaches the vicinity of the cel
C5. As a result, interference occurs % the data conmunication of the
nobil e station connected to the relay station 100 and ot her nobile stations
within the cell C5. As in the follow ng two enbodi nents of the 20 present
invention that will be described in detail, it is beneficial to introduce
the structure t e euppressies whe20 Hs eugmputnioftianhmtefack rfer hesmehild r om

s e sl RS L ol bl
confi gur atjiggn, Qfe GRYsGEIn ML T8 SrithiPBAtion unit 20 inkldes Butknad 2bh @k di agram

illustrating an exanple configuration of the nobile station 10 according to
the first Bhbadiamekt wfit Lheapreslepte invegital enovaRel dALGIg26G,02 Rigital & t he

nobi |l e station 10 incl udes nmuni cati.on. unit. , a,co nj catjon

30cont Pol ARATOLUS FONERGT gﬁf@pi - ¢ SYRFTEBLA0F o] %91% deeoder” °A=ﬁ%1 an

comuni catdam 4Rkt 20 is a conmunication interface for the nobile station
10 to transmt and receive the wireless signals with respect to the rel ay
station 1J004t) the base station 200. The communi cation unit 20 includes

ant ennas 22a and_22b, an anal og unit 24, an anal oguge to digital. converter
(ADC) 26, a di gi {8l aﬂ@@g5‘aﬁb%gw@cgoq?%?€?ﬁﬂé‘ s Gb&éﬁglg’sﬁge%eg%gﬁ)oﬁf%%i on unit
32, a decodap,; RERASE 38rechMRE anals receiyed g (ROMQthaynbs 24,

whi ch corre 6lon§§“‘£§%g%‘?ﬁ?‘§gig frgquelﬁeg;}q( REs}gngisrrgﬁ?W? anplifies aand

f r equancy-mdm2erdng outpets heepbitban ADQDAI sTheABIC/RE coivartt e fanherofabe 22a 10

and 22b and outputs themto the ADC 26. The ADC 26 (foné?ﬂrts the.f.oE mat of
the receptiCeAptiap GHARY PPEUFOm rtBemapee ¥AKI Foliomi 30 2eleg HrnghthAsigE! f or mat

L
moni t or i NGarkdhBe e@oh&Argtsiychrbeik aransdghence dyeptmianing oabselatipubetfeam t he ADC
26 and t hethlé ?ﬁg:\ém;ti(;sni s%ggls fn%gzy f?’gr%eﬂsle lj’;sDICn %’6 and the known signal sequences using,

15 for example, a matched filter, and is synchronized with the desired cell ID. The
decoder 34 demodulates and decodes the data signal included in the channel
synchronized by the synchronization vnit 32. The data signal decoded by the
decoder 34 is output to the upper layer 50.

10048]

20 In addition, when the data signal is input from the upper layer 50, the
encoder 38 codes and modulates the corresponding data signal. The data signal
modulated by the encoder 38 is output to the DAC 28 as the transmission signal.
The DAC 28 converts the format of the transmission signal input from the encoder
38 from a digital format to an analog format. The analog unit 24 then amplifies and

25  frequency-converts the transmission signal input from the DAC 28, and then
transmits the transmission signal via the antennas 22a and 22b.

[0049]
The communication control unit 40 controls operations of the
communication unit 20 mentioned above using a control device such as a cenfral

30  processing unit (CPU) or a digital signal processor (DSP) and a storage medium such

as a semiconductor memory. For example, when the handover instruction is



15 for exanple, a matched filter, and is synchronized wth the desired
cell ID. The decoder 34 denodul ates and decodes the data signal included in
t he channel synchronized by the synchr%nization unit 32. The data signal
decoded by the decoder 34 is output t 4% he upper layer 50. [0048] 20In
addition, when the data signal is input fromthe upper |ayer 50, the
encoder 38 codes and nodul ates the correspondi ng data signal. The data
signal nodul ated by the encoder 38 is output to the DAC 28 as the

t r ansmi ssiroceiwddyfrah. thiEhelHAGa28 dodver ths hase stapionvlOlpfthe kemimanshdssi on
signal input fromithe encoder 38 froma digital format to an. apal fonnat .
The analodmﬂﬁp{mﬁh&}ﬁ@ﬁ%é PYEREes 8“?%?#2&%§Wé§?5%ﬂW%¥?§“Pﬁgaﬁ?ggsnission
signal i np#ﬁcﬁrﬁﬁi%& REHDAC 48y RAG hewnts IS MadRvENG kEARSH &8 A9 isi gnal
via the antfennas 22a and 22b. [0049] The conmuni cation control unit

40 cont r ol sicapsiuit tho nenohutibeiononeninil catii ¢ camkses 2@ henlovenedmplebve using a
control device such as a qu}ral 38grocessLn .unit,
4ot &

U), or,a.digital
si gnal opr JE&SaHT tq DSPyansAytt _ BT ERE NS 'séﬁi%%WHﬁbﬁ%? nmenory.
For exaﬁp'c%mm%%ogec ndover '4933;514& 1k Othd Sombudi&tieh Vv achihg onr the Lg' ay

station 100 or t ase station t he communi cation control unit
causes t hecoaynalicomnzatii A0 wiikt rSPpeaf td hehee odevines cat rervrdemict REh ttbe be

synchroni zed with the new cel] ID. Wen the handover to the newcell IDis
successf ulschedyging éfffﬁﬂ?ﬁ‘@étqf%ﬂg"&%ﬁ%% &te gpmfre! %@n%gl% the 4@@5w§ndover

conpletioquﬁﬁssage to be transmtted fromthe communication unit 20. In
addi tion, e ‘communi cation control unit 40 controls the conmunication

ti m ngoof the comeuppeatayensfot e2Bapie tdariessmedie rocast béthedeydrdegher n
accordance with the scheduling information distributed on the contyol
channel ofthgmtheddil ey of fisompiocelbstidk: uSise examplervisy, the gobds sitiee Ccarri es

out the procegs,p fph&ré? tﬂeaﬂﬁfer %}QP%’O provides the user with an application service

such as an audio call service or a data communication service using the wireless
communication via the communication unit 20.
15 [0051]
(Relay station}
Fig. 7 is a block diagram illustrating an example configuration of the relay
station 100 according to the first embodiment of the present invention. Referring to
Fig. 7, the relay station 100 includes a communication unit 120, a correlation
20  detection unit 156, a change determination unit 160, a storage unit 162, a control unit
170, and an insertion unit 172.
[0052]
The communication unit 120 relays the wireless signal transmitted and
received between the mobile station 10 and the base station 200, In addition, the
25  communication unit 120 is also used to distribute various signals for providing the
relay communication service of the relay station 100 such as the synchronization
signals (the primary synchronization sequence and the second synchronization
sequence) of the cell ID allocated to the relay station 100. The communication unit
120 includes antennas 122a and 122b, an analog unit 124, an ADC 126, a DAC 128,
30  asynchronization unit 132, a decoder 134, a buffer 136, and an encoder 138.
[0053]



than the MAC | ayer of the protocol stack. For exanple, when the nobile
station 10 is a smart phone, the upper |layer 50 provides the user with an
application service such as an audi o q |1 service or a data comuni cation
service using the wireless communi cati‘on via the comuni cation unit 20.

15[ 0051] (Relay station) Fig. 7 is a block diagramillustrating an
exanpl e configuration of the relay station 100 according to the first

enbodi ment of the present invention. Referring to Fig. 7, the relay station
100 i ncl udes a cOmmumleatniond 2d4nwhich2@yrrapasisriel at Roncikdde teplifion anthi t 156,

a change determ nation ynit 160, a storage unit 162, a c r ol Lt 170,

and an i ns%WFEW“EﬁﬁVFﬁﬁ%f fe[c?ﬁg’?] SIENALS Tec 1V?ﬁlﬂé’ i Jrniiiegt ﬁ%ﬁ &Pl‘ii ﬁa?ﬂ?o rel ays

Lhe wir el o3y BbIBAbULIALSTh HeAnRNTE CoRlRBCDRINERR okl BBk shal | on 10

and the base station 200. In addition, the 25 conmunication unit 120 is

al so used receptiiostsigdalifrpuy &ohothe mbpgalst 5% frpmoar aialgg fdreat & aydigital

communi catjon service of the relaxéi%atio 100 such gf t.he. synchroni zati on
i

si gnal € (tIRENHr i rhaF §YRVHEOWEAR 281 g6 MY SYRETQEEYIRY sequence
synchroni i : C : : tion
100. The é%ﬁﬁﬁ%f%gﬂgo un??g?% 9?5%%33%?*ik?gﬁﬁggga%§§£§§%ﬁ§%%ﬁ?ﬁﬁﬁ anal og
unit 124, thardbid6gn#As DAG 18 ,thSABDC ychrdohe kadwokignai seqid2es widgcoder
134, a buffer 136, and an_encoder 138. [0053] . 17 ) The al og unit
124, whi choE sr#BRISoh ateisd dtermnd iy gynchrongegivith B desiged F‘Jé}q&éngij]‘-%% nverts
the recept, iana : i Ve, I n 1 ang it hen

out put s tﬁg%?t§5 ghﬁﬁ%ﬁgg%gs$ﬁ§ﬁ§f%@@%gq%§nggﬁggg%ﬁgﬁﬁg$#%%ng@gﬁg
receptiocon sSignehizedputh the cell Ihef dinatlag stativh 10@4vifiteahe aynchralagof anftat to a
digital 5 format. The synchroni zation unit 132 detects the primary

synchr oni zZE¥% ehtheciiangaiandot Fesywbumasdyvidy dbh cehill atfi 96 isetiebise by

moni tor i nau NG SR T Q8NP FANGER0bIG L BRPALAE, HEANR SeldRtbudiig the ADC
126 and the known si‘gnal sequences using, for exanple, a nmatc ed filter,
and i s synabrarpgadsighdlh Theddesichsdcaridilatdd bylthe tb®decl 4y cagrmuntheat i on,

t he synchronj zation unit 32 of the nobile station 10 is 10 synchroni zed
with the cefferlppof the relay station 100, while the synchronization unit
132 offghnggggy station 100 is synchronized with the cell 1D of the nearby
base §Eati n 0. The decoder 134 denodul ates and decodes the data signa

i ncluded in the Tecapbian 3si@aal andlhedsata i Quradigale waducdtie thdyuffdne

decoder 34 is output to the buffer 136. 15[ 0054]
136. The data signal modulated by the encoder 138 is output to the DAC 128 as the

—+)

transmission signal. The DAC 128 converts the format of the transmission signal
input from the encoder 138 from a digital format to an analog format. The analog
20  unit 124 then amplifies and frequency-converts the transmission signals input from
the DAC 128, and outputs them via the antennas 122a and 122b.
[0055]
The correlation detection unit 156 detects the correlation between the
synchronization sequences and one or more cell IDs in the wireless signals received
25 by the communication unit 120. The correlation detection unit 156 then outputs the
correlation value for each cell ID to the change determination umt 160. In addition,
it is preferable that the correlation detection unit 156 have a plurality of correlators
{e.g., matched filters) to enable correlations of the plurality of cell IDs to be detected
in parallel as will be described later.
30 [0056]

The change determination unit 160 determines whether or not it is necessary



The encoder 138 codes and nodul ates the data signal buffered in the buffer
136. The data signal nodul ated by the encoder 138 is output to the DAC 128
as the transm ssion signal. The DAC 15[% converts the format of the

transm ssion signal input fromthe encoder 138 froma digital format to an
anal og format. The analog 20 unit 124 then anplifies and
frequency-converts the transm ssion signals input fromthe DAC 128, and
outputs themvia the antennas 122a and 122b. [ 0055] The correlation
det ect i on tarmhtngkSBe del 82 to$ thehelayotatehadtidan obdsdrwe evoit hise sathehn befivzat | on

d 1 in th i rel i gnal ived 25 b
the. commurifE el n ot soratrmd Bt ehaesbl Lo (0056 ErBh out put s
the Co”e'dtgHzéh‘il:nY%.lf‘fﬁe fQLy &3t ¢66. &%Ma&lﬁ?iﬁhﬁ”ﬂ%g&?%ﬁ%@ﬁ%ﬂ&ﬂeumt

160. In additron, it 1s preferable th the correlation detection unit 156
have a pl uhahgd Yetefmiaaioretdt 06 dé¢terngings whtthhedr hotl it é3 Bicesare rabiamge

correl ations of the pl ural,ité of C?H ID% to be deteﬁgﬁd in parallel as
will bé dedercphdl pamanitonpg gisseyrelagns o oRg fganeecdels PPHOFORHEC el ay
station 100 | d j he 1S, 0 e Il t he

el ay st atrog gl e PnataL by DA Eh R RO 58 dhe T ke
novenent odectdierifyghayotslt Fikomisldhe tall ot t Fouksamplent shespblesemtduce

enbodi ment, the change determ nation unit 160 ,deterqi nes whet her gr not it

i s necessahy RraceshARgle 5L (ih eIy | B e FRAREBHIENY tHRag Akt [ORE of one

or nore cel]l. . i t . ki ) r -] i i i

addi ti on, 4‘ %&Oggdeb’gg%n%eﬁleﬂ?é’ff:ag‘f @gﬁ’aofée?%%ﬂ%%gféggaafﬁkf%h% C%ig?’é’fddgﬁ ki nds

of thejccelin thPsystdmoinfoxasfunalisttibuted opass bivhécdsochapdeicieort hie: pasocesion Cost

that is necessary for the nonitoring by limting targets to be nonitored on

the cell 14%.-0of one or nore adjacent cells and the serving cell included
10in the s%)agﬁm information distributed on the broadcast channel fromthe
base stati'on” 200. [0057] Fig. 8is a diagramillustrating a cell

| D change det er iipag isondipgraeeisiastafing heell NBrgien ged@érminaiongiRosns of thé0 of t he
present enbodinent. Referring to Fig. 8, as_15an exanple, the relay station
100 noves dlepgrydetienippiament [phehtheoereset sajodintenhl | Reipaes whisuyst he
cells , O, _and I hi_s..cas fi : r i.Qn I t he
cell Ilgzofan(:’fx%lfﬁ1 lﬁﬁh?r%}% t ﬁ%tlglgrﬁjg arllltulgv%%l %}é{%c‘[ﬁ ?oﬁr[llgt%%léfnqlg%ﬁow % ﬁEé rel ay
st ati on 10Qqgh@aeheSpdshehfteh Mg agRr CeheChagel s15at ilanth2dQaed fike wel | C2.

Next, the correlation value of the cell ID of O reaches the maxi num near
the base 2@stelatiosryapoighe eelklle of IC2Qutpdiam thgreorecdatioa detqcian waitUédof t he
cel | 1D of of(%ge ?eefgycpcgt%on 100 reaches the maximum near the base station 200 of the cell C2.
Next, the correlation value of the cell ID of Cl reaches the maximum near the base
20  station 200 of the cell C1. Next, the correlation value of the cell ID of C5 reaches
the maximum near the base station 200 of the cell C5.
[0058]
On the movement path described above, the change determination unit 160
determines that it is necessary to change the first cell ID that is a cell ID being used
25  to the second cell ID having the maximum correlation value after a predetermined
time has elapsed from the point of time at which the correlation value of the
synchronization sequence of any of the cell IDs reaches the maximum. In the
example illustrated in Fig. 8, the cell ID of the relay station 100 1s changed from C5
to C2 at a timing at which a time T has elapsed from the point of time at which the

30  correlation value of the cell ID of C2 reaches the maximum. In addition, the cell ID

of the relay station 100 is changed from C2 to C1 at a timing at which a time T has



t he maxi num near the base station 200 of the cell C5. [0058] On the
novenment path descri bed above, the change determ nation unit 160 determ nes

that it is necessary to change the first cell IDthat is a cell |ID being
used 25 to the second cell ID havingl he maxi mum correl ati on value after a
predeterm ned tine has el apsed fromthe point of tinme at which the

correl ation value of the synchronization sequence of any of the cell 1Ds
reaches the maximum In the exanple illustrated in Fig. 8, the cell 1D of

t he rel ay ekipatd 6omlde psntcifangedt fvhatn (B85 cooelBloatvalmetdfthagelaiDwfiC€h a tinme
T has el apsed fromthe point of time at which the 30correl ati on val ue of
the cel |l [TERcHEs @2 MEEHEWEs the naxi mum In addition, the cell ID of the

rel ay sta%b8§)100 is changed fromC2 to C at a timng at which a tinme T
has 19 elapséd fromthe point of ine at which the correlation value of the
cell 1D of Cl reéachasrat hemii Msnmf pHBSD} fixedgetieraad alibdreed dbfordhBsad of

adj acent fixed cells are allocated heforehand 5 w thout duplication in the
cel | ul &r withepb syplicsiven ninctie | GHUD darelesh sPBIBECcalian Heder i eerivlict AS

refer ence d.Qulbled-with (B AEANeRtd %log%'p%gﬁé]ﬁiahpﬁlsﬁl? the! B 195 digeCehl S

t hrough whi'cC e relay statio ses, possi ble to avoid the

col | i si on theuyeeritihehe ebihy IsBitioh tdvepasetsayt $¢ pbistiie 10 Qvalild thehevligbs | D of
t he nearby base station 200. 10[0060& The storage unit 162 uses a
st or age mewtveendc pelbE af harelayperon d 0G ardiiccsh di f dhe prarbT §ase 6talitdre t he
correlatigﬁovalue for each cell 1D output fromthe correlation detection
unit 156 t©0 the change detelmnation unit 160 along the tine axis. The
changegdetjgpgilnati on unit 160 recogni zes .the point of time at which the
15correl ation val ue of each cell 1D reaches the maxi mnum based on such
changes in cor r éibgt $terago dinife 167 @o®1} storage medium such as a hard disk or a

semiconductor memory to store the correlation value for each cell ID ountput from the
correlation detection unit 156 to the change determination unit 160 along the time
axis. The change determination unit 160 recognizes the point of time at which the
15  correlation value of each cell ID reaches the maximum based on such changes in
correlation value.
[0061]
The control unit 170 controls relaying of the wireless signals of the
communication unit 120 using the contro! device such as a CPU or a DSP and the
20  storage medium such as a semiconductor memory. For example, the control unit
170 causes the data signals received from the base station 200 to be temporarily
accumulated in the buffer 136 of the communication unit 120, and then causes the
corresponding data signals to be transmitted from the communication unit 120 to the
mobile station 10. In addition, the control unit 170 causes the data signals received
25  from the mobile station 10 to be temporarily accomulated in the buffer 136 of the
communication unit 120, and then causes the comresponding data signals to be
transmitted from the communication unit 120 to the base station 200.
[0062]
In addition, when the change determination unit 160 determines that it is
30  necessary to change the cell ID of the relay station 100, the control unit 170 causes

the cell ID of an access point of the mobile station 10 belonging to the relay station



The control unit 170 controls relaying of the wireless signals of the
communi cation unit 120 using the control device such as a CPU or a DSP and
the 20 storage nedium such as a senicg ductor nmenory. For exanple, the
control unit 170 causes the data signals received fromthe base station 200
to be tenporarily accunul ated in the buffer 136 of the conmmunication unit
120, and then causes the corresponding data signals to be transmtted from
t he conmuni cation unit 120 to the nobile station 10. In addition, the
control uritt t& 7@ daugelsiromethddirst sillghaks theesebnddel2 3D r bnpatieulnobihd e
station 10 to be t orarily accunul ated | he buffer 136 of the

conmuni catBEeluH ?%6{1‘5%??&15?%&\? IRSEYS uflﬁgl%@o?or EWB%Ei&nﬁ’nﬁgﬁoﬁméF%al s to
be transm L0 3y [ ' Sdiatn g 200.
o062 R e e R o o

det er mi nesh¢ kptchidnidasod Ga@eess anyespondihgng éhet sreondktll [D apd niieplesdday
station 100, the control unit 170 causes the %} | D of, an acces oi nt of
the nobBi | elbsteonirghunip 1 HR tesmgransest BC tertHag Wyt i? {9 gisert 3¢ $UEFSPPBRE changed
from the fs:yB&}mlﬁEAtionl R hﬁ Hag 386 WEnGRkdasb®: udin 198 {d GUEALRrohRErGent r ol
unit 170 fPrst causes the insertion unit 172 to generat e "a synchroni zati on
si gnal i n chhakredh of helosynhiek o nhe abobde seaquéhceThoromspomd 1§ then thesef i r st

cell 1D and the synchronization sequence correspondin t he second cel
ID are mulths prkes. ingrughen (o Mgk F?]‘ﬁlifm s ﬁﬁ@’ntgégﬁgiégﬂhﬁéoiﬂﬁ%?r‘"“ti’? n unit
172 10 | NSRADIGAOIEARRANGDMSYASLRMEAL bAl 150 ANAL LA ddifen 10,
conmuni cation unit to a synchroni zation channel of a downlink to the

mobi | ggost artioenables tHhmobidektatbn Udid cHhn@e thearlidBusitbe bbeshpmdofren the
instruction to indicate the handover fromthe first cell ID to the second

cel | 1D tdiseell Rrignhg sesand rehil) Reacsendanss €k thspsardarbapdover Preqsdtitobi | e
ion 1 i i|e i . | ID of
Statl on trortlalf ?Wﬁ}&?ﬁlgﬁ?ﬂnﬁg@er@ﬂpleﬁlﬁﬁ%sls%s%pe ;eegeggpfla&] %P&oﬁﬁé 0

t he access poin 0 I'rst ce tot secon I'n accordance
Wi th the psewdo1basiagriy prbe eduy eatidrol 0@ XadTpberol wherefuneeshalagimgahe

conpl eti on nmessages are received fromall nobile stations 10 belonging to
the rel ay Erdessonignao usingethgoireensl cehilP: r &8 asdiligne fay ichynplRe WRFR dhéss

S| gnall% usl{arﬁg \;e %ox%ﬁfé%ﬁ' m%%ée!geé B’e nloFre%ggE& f‘rggl’ ﬁofrrperofqﬁ@%hﬁe st} ]té)be 15
handover conpletion nessages-are not receive rom sone of the nobrle

stations Xfe cbitrl @Rt 7l may kdsuhéQelabiy g s uieldkse biayale gsinpehakgceh@ssll si gnal s
using the second cell ID after a predeterm ned tinme-out period is el apsed.
[0063] ThdD #ftespivreststemmined timpe-pHsriod isfhgpsedinchr oni zat i on sequences
correspond[igpg3 20 to the cell ID of the relay station 100 (primary
synchroni zati an sequence and secondary synchroni zati on sequence) fromthe

relay station 10€heti@sdién 8¥inGN2 e aticonmeirannetioricqubitced ovmbspokdihg t he
nobile station 10. In addition, after the cell IDis determned to_be

changed® bytot he etaHeofdbrceradihatation 108i trivsoy tyRehropizalion 6pUGATY 20G2
inserts the synchronization signal iR i.chsynchronj.zatio 5.8 ences
GO ROARRENSF enied, g ol TSR, P ey

correspondﬁeﬁ are mu exe uring the period

until the sg/‘ﬁ@ﬂ}bﬁffz&m dRhndlioTehOdWn1Rk tb e BekildQafantnydn aoditiah) aftebi | e
stations 10 fromthe relay station 100 to the synchronizati on channel of

t he downl i thk celd IPHe detsivininedsip drei dhanag bintherchepgr dekmapnatitreubhp@.obhe uni t
g:-Z‘PI ;I'f[l)e déi\gllg 1{5%%15“&83%%1%6{80 Lf]rs]}gnicﬁlac;[n?za i(r)]r? sfiggr'l’aﬁtinc %lh%chl Qyn%ﬂldontizq iogecond
25  sequences corresponding to two kinds of cell IDs are multiplexed during the period
until the completion (or time-out) of the pseudo-handover of all mobile stations 10
from the relay station 100 to the synchronization channel of the downlink to the
mobile station 10 under control of the control unit 170. The two kinds of cell IDs
indicate the first cell ID and the second cell ID described above.

30 {0064]

(Base station)



(Base station) 21 Fig. 9 is a block diagramillustrating an
exanpl e configuration of the base station 200 according to the first

enbodi ment of the present invention. R?ferring to Fig. 9, the base station
200 i ncludes a comunication unit 220? a control unit 250, a storage unit
262, and an insertion unit 272. 5[ 0065] The conmuni cation unit 220
is a conmunication interface for the base station 200 to transmt and
receive the wireless signals with respect to the relay station 100 or the
nobi | e stati on I0g. Mivea blonkdirgrat iidmtating a@ 2Qamplel codégumnivrenhtls B28@a and

222b, an anal o nit 224, an ADC 226, a DAC 228, a.decoder 4,. 10and an
encoder 23%@“?8@@@?““‘ﬁgtoamﬁﬁét%%ér%@eﬁﬁﬁ?h?ﬁﬁSﬁﬁPP@gﬁ@hd TIH8 e
circuit, | 4 4 : : : XS on i cgived via
Che ant ennag 2380 R e 20 e AC
226 converdgiaagdenif 262atd af insbeoneee@f2on 15 signal input fromthe anal og

unit 224 froman analog format to a digital format. The decoder 234
denodulPat d80atd decodes the data signal included in the reception signal

AD- converted by +he ﬁ$§; 26 T8 oSl dgcodger 234 is
output to the cé%?r% unﬁggggbpﬁfg%@gf é%?%hé %%??gﬂ?éﬁ%%ﬂ%Fh%‘data si gha
i s input fdtafont @ econtsmbit und tre@bl; theheireleeodignal? 38itlc agpsct andheoday at es t he

correspondi ng data sigpal. The data signal nodul ated by the encoder 238 is
out put to THONDAY pgihgsmabile sativns 4P-on 18F gipammumtpionaenis oB 0c £s the

f oonat of .S S [ |, . digita
foim at t T HIEh A 00} arau FheAnras, Hf RDCHS. SRARCER kiR,
25f r equencymdcmnrvesdes 28h1e transm ssion signal input fromthe DAC 228, and

then transmts the transm ssion signal via the antennas 222a and 222b.
[ 0068] [0066] The control unit 250 controls operations of the

ggrgrgpi fﬁtei %gpugi;]ﬁg %ﬁ%g&%ﬁtﬁ%&ﬁ&%@&‘ﬁ? &'%h BY LiRGiCORbARLs H8Vt&ResHCh as the
converts the reception signal received via the antennas 222a and 222b, and then
outputs them to the ADC 226. The ADC 226 converts the format of the reception

15  signal input from the analog unit 224 from an analog format to a digital format.
The decoder 234 demodulates and decodes the data signal included in the reception
signal AD-converted by the ADC 226. The data signal decoded by the decoder 234
is output to the control unit 250.

[0067]

20 In addition, when the data signal is input from the control unit 250, the
encoder 238 codes and modulates the corresponding data signal. The data signal
modulated by the encoder 238 is output to the DAC 228 as a transmission signal.
The DAC 228 converts the format of the transmission signal input from the encoder
38 from a digital format to an analog format. The analog unit 224 amplifies and

25  frequency-converts the transmission signal input from the DAC 228, and then
transmits the transmission signal via the antennas 222a and 222b.

[0068]
The control unit 250 controls operations of the communication unit 220
described above using the control device such as the CPU or the DSP and the storage

30 medium such as the semiconductor memory. For example, the control unit 250

distributes the scheduling information for the mobile station 10 or the relay station



30nmedi um such as the sem conductor nenory. For exanple, the control unit
250 distributes the scheduling information for the nobile station 10 or the
relay station 22 100 on the control channel of the downlink. In addition,
the control unit 250 transnits the dat’d signal received fromthe nobile
station 10 or the relay station 100 to another base station 200 in
accordance with the route control of the MME. In addition, the control unit
250 controls the handover procedure of the base station 200 5in a simlar
way to theigoase t6¢ abhesl éHanhéleohandavenlinks odeduddaiote sler icbeeblwirtih 26@f er ence
to Fig.4. [0069] ~ The storage unit 262 stores the cell 1D sllocated
to the baseansmisithmdaossuditeeivaddram shagebiriptivn S enthsscleKatahan 404 sk or
the sem .ngdalil]%¥h%{: haeRLon Jdbe in Jb%olaﬂﬁ@g Mtﬁr}}}'y L %Zi?t dirlff‘%ﬁ%%/ﬂgﬁ? In .
synchroni zat1on sequence corresponding to the cel °TD of the base station
200 to t hexgastiahaRoaabl @ Xaaebisahe hiiodawrbiddird sfahe bie shaise 280 at i on
200. [0070] [2-2. Process flow] 15Hereinafter, the flow of the
cormmunifcatinon ssohT BRY gpobedasatstative 1 the kAndegsraproseduiamicedticdnvik cor di ng
to the present e%$?dhpent will be described with reference to Figs. 110 and

11. Fig. 16 TELE Y B har t illustrating an exanple flow of the cell ID
change detmigdpati on process included in the conmmunication control process
of the present enbodi ment. 20[ 0071] First, referring to Fig. 10,
the correl ation Bfe sthmgeainit 363 gpreshie rcghl dbt allasatsd woihip thgpe atatian 888 ected by

the correlation detection unit, 156 of relay. i e 102) .
The cell IT?%%ﬂ?ﬁ r%%fﬁ% w?émgéa%gﬁiagiggg%%&ﬁgg%%%%?gﬂfég%?g§ieRggrving
cel | and OR€erAbn Rt 272¢hRACMe $BLhGniANeX seqhbeCRiegiontiingnovat vel tet ect ed
by 25 the correlation detection unit 156 is stored for each cell 1D al ong

the tine axitbe bysctstesiont20p dgehaminchrogzaiet dpngalod the qorenlstrafiere taebaseni nat i on
unit 160 o& thgxbelay station 100 nonitors such a correlation value for
each cel | yiion <0

[0070]
[2-2. Process flow]

15 Hereinafter, the flow of the communication control process at the time of
relay communication according to the present embodiment will be described with
reference to Figs. 10 and 11.  Fig. 10 is a flowchart illustrating an example flow of
the cell 1D change determination process included in the communication control
process of the present embodiment.

20 [0071]

First, referring to Fig. 10, the correlation of the cell ID of the target to be
monitored is detected by the correlation detection unit 156 of the relay station 100
(step S102). The cell ID of the target to be monitored may be cell 1Ds of the
serving cell and one or more adjacent cells. Next, the correlation value detected by

25  the correlation detection unit 156 is stored for each cell ID along the time axis by the
storage unit 162 (step $104). The change determination unit 160 of the relay station
100 monitors such a correlation value for each cell ID,

[0072]

Next, the change determination unit 160 determines whether or not a time T

30  has clapsed from the point of time at which the correlation value of any of the cell

IDs reaches the maximum (step $106). Here, when the cell ID is not present after



[0072] Next, the change deteniination unit 160 determ nes whether or not a
time T 30has el apsed fromthe point of tine at which the correl ation val ue
of any of the cell IDs reaches the maximum (step S106). Here, when the cel
IDis not present after 23 the tine F3has el apsed fromthe point of tine
at which the correlation value reaches the maxi num the process returns to
step S102, and nonitoring the correlation value for each cell IDis
continued. In addition, when the correlation value is the maxi num val ue and

the maxi mife vigleUB hiSelspsl e tHegiig @riteiernvndd ddifcbahaldhfk rexaktie, the
change determ nation unit 160, for exanple, may jgnore the timng at which
t he cor r elthe Mepinyahyide pexreHasurtetorsy anghngnigeingheverelatie Vels | | D

from bei ng. changed,,at- an in r,opriatg.tim d ' fi t:]
vari ati ongf8f eflﬁr?g ngrlﬁDell%tﬁO%@ﬁ&%gl uél?1 aB[ng’t%] %Pnﬁgt éeogréé%g)él, k]aﬁ%n& Fﬁee cell 1D
is presentmafii@m Vhge bhidtheTmhamuel apseds smatertihe »pradetephired MRrestioldvhi ch t he

correl ation val ue reaches the maxi num the change determ nation unit 160
det er nibnesvalisatthg thinge istemmdinatipn tunitc hethder exnenplel may peegretthe todpgyt st at i on

100 (step S108) 0074] 15Fig. 11 is a_fl.owhart, .ill ratj anpl e
flow of t h‘@sh‘ffﬁrff%k?rcrg#%lnv%lgntr?aé:fl‘esp?nc?clél%?%ﬁ%%or@?’“%ﬁa?g& ‘%‘eﬂ g% e@nﬁj( ™
enbodi ment godriveslo cHaBESY &t MUinkbripriate Lling Bee eeihk A whargeattiet @ the nat i on
process describeg with reference to Fig. 10 is carried out by the rel ay
station 10@n{httiop v8202). Next, whether it is necessary to change the cel

I D as the rﬁz It of the cell 1D change determ nation process is determ ned
by the 20#8 :@ station 100 (step S204). Here, when it is not deteiu ined

that ify is necesgagdy $WeChaBend figl Beld prbdont bhg BYBSRAVGRE elRpRAEESn| S not
carried out. [0075]
the point of time at which the correlation value reaches the maximum, the change
determination unit 160 determines that it is necessary to change the cell 1D of the
relay station 100 (step S108).
[0074]

15 Fig. 11 is a flowchart illustrating an example flow of the communication
control process according to the present embodiment.  First, referring to Fig. 11, the
cell ID change determination process described with reference to Fig. 10 is carried
out by the relay station 100 (step S202). Next, whether it is necessary to change the
cell ID as the result of the cell 1D change determination process is determined by the

20  relay station 100 (step S204). Here, when it is not determined that it is necessary to
change the cell 1D, the subsequent process is not carried out.

[0075]
When it is determined that it is necessary to change the cell 1D as the result
of the cell ID change determination process, transmission of the synchronization

25  signal in which the two kinds of synchronization sequences are multiplexed is
initiated by the communication unit 120 of the relay station 100 (step S206). As
described above, the two kinds of synchronization sequences are the synchronization
sequence corresponding to the first cell ID being used and the synchronization
sequence corresponding to the second cell ID of which the correlation value reaches

30  the maximum.

[0076]



When it is determned that it is necessary to change the cell 1D as the
result of the cell |ID change determ nation process, transm ssion of the
synchroni zation 25 signal in which the two kinds of synchronization
sequences are nultiplexed is initiate§4by t he conmmuni cation unit 120 of the
relay station 100 (step S206). As described above, the two kinds of
synchroni zati on sequences are the synchroni zati on sequence corresponding to

the first cell ID being used and the synchroni zati on sequence correspondi ng
to the second celidxt| Beofontlal ahitt 1T 6Dl kdiy antival W nemedieshathoblie
maxi rum [0076] 24 Next, the control unit 170 of the relay station

100 i nst r uations B8 beisbeing te the el station &P dn gy ovighe handoxpraijomtthe fi5% 100 to

carry out t ndover fraom,t i el | e C I LD (step
S208) . Eacﬁ‘?nglfﬂ]?%g&rrﬁ%ﬁef]g Crsgllalibﬁc()grtég %gog)her}i% alfi}gtotefgl?és rl}fc}@%ssg%c ngglr(l)i tzhg ion
signal fr széc&et}feeslyﬁyhrﬁhi@hﬂi&ﬂsi%ﬁ)ﬂ, fr@f thé $elsy RENOANIOD e ghd ik inhidae.edecond
cell ID In addition, the two kinds of synchronization sequences described
above ar e witlh thepfasred cith [IPhe I gdiien rihe AFP dindsi ¢fnanclirpppiiofe sSeuEEREES st at i on
100. However, .si.nce the signal serjes of, the synchronj zaki o nces are
in ort hogo‘f?ﬁ?mfegla% V%ﬁre\/ﬁ]?lﬁp%é% moihﬁesyl,l d}r}tﬁnelz% Ve ag SE &% r%§%%ylggepar ate
the two Kim@s @fovayBeninRi #atdismhl seaeREake tsﬁn@ﬁékﬁ:kitﬁmt Reyusydes hrohzat i on.
10[ 0077] Here, the access point of the nobile station 10 is the

rel ay st atdrtogtod rdueen witheptroethgrethermeotiledstaifondd) minesdparstiothe twe Sindact ed by
t he nobi | efstati on %to in the ctormuni cation,control process of Fig. 11. That
is, the cotrERYBRUFHE HSHETE OAIHEY BF YIS handover for changing t he
cell 43 Apothe time of carrying out 15 such a pseudo-handover, since the
access point of the nobile station 10 is not changed, adjusting the timng
of signal transniles;tbaateesnpdihieolithbbiriobile slatipmh? isthagddnstategn U8 o et ed.

Accordingly,.in this cas he mpbi |l e station 10 may, .skip.the rangdom access
in the har%eﬂ?\?gpb%?igc%‘@ﬁ?géra@‘e?Wgaﬁvﬁrncoﬁld&qec_ﬁ b{”t%ﬁ W%@lg@s‘{g’?% iq8rim1 5 _
cor r espondg, i QuReidbnofontBE pRRNGE MASEl. Sttt A taNhrilfordd PRInddRAGEsSt at i on
in Fig. 4). 20 1In addition, the neasurenent to be carried out by the

nmobi | e st ahtwely i@stwlodmmdoessiar ghafgdQy 8ie cell ID.  ANghet timt lvd ceomingodutuni t 170
of the relay, statiaon 108%avvai.ts recepti on of the ha dlfver .conpl etion

messagl f ol tnESHEBTABIRER. FBFE T (atesp DB 6Y DoRSP e e Be Henk dilr
conpl et i on.RSSAY8R st O &ldin s §i536: WAkl Bsish abOMme Hilf@)ﬂ@rs%t%ﬁql@iagﬁg (or

when the tinme-out "occurs), the control unit 170 changes the cell "ID for
rel ayi ng tiney werehgsd. shgoalisigho it Heissesantle ordbilel Pafiot ép 1824 2kip thhe

I M R R A Oy e A
S214) . 30[ QRhordd 3 HoRUIMBE Yotke bhicStatiTPA dB™rbet base station in Fig. 4).
20 In addition, the measurement to be carried out by the mobile station 10 is
unnecessary.
[0078]
Next, the control unit 170 of the relay station 100 awaits reception of the
handover completion message from the mobile station 10 (step S210). When the
25  handover completion messages from all of the mobile stations 10 are received (or
when the time-out occurs), the control unit 170 changes the cell 1D for relaying the
wireless signals to the second cell 1D (step 5212). The communication unit 120
finishes transmission of the synchronization signal in which the two kinds of
synchronization sequences are multiplexed (step S214).
30 [0079]

[2-3. Summary of first embodiment]



25 So far, the first enbodi ment of the present invention has been
described with reference to Figs. 6 to 11. According to the present

enbodi ment, when it is determned that it is necessary to change the cel

ID of the relay station 100 in order £8 avoid the collision of the cel

I Ds, the relay station 100 uses the pseudo- handover procedure to cause the
cell ID of the access point of the nobile station 10 belonging to the relay
station 100 to be changed fromthe first cell IDto the second cell ID. In

this case, althaughstie Mendav&limed: 68 pedsa@ltint¥ntieRtas ket iesombbd | e
stations 10 belonging to the relay station 100, the base statjon 200

out si de t heithosferegearpahigs30 ite Thot Apaevding ée tharprehet corbeeEphadivhep Hahdover
procedure., Therefqre,.. at |least .the 10 thr p of . t he.: nj i.on

ervi e pristraaragying nsSatech et At LRI REbetre HEUPRITHIAES T ¢ hus
not reducad.,vbia BEEHNILRA.of Shd (&R TDREHRIBIAP K08 200 iuesk 1adhsdidotHagdsmbi | e
stations 10 belonging to the relay station 100 is the pseudo- handover

wi t houts changeuiatoaesesidepoll P of the dosessawsitifshe wobitmstaton 0 belengingt cel |

ID by omttinhg sone of t andover .procedure h,as _neasu nt._and
random acc@é@%efaf%%{?@d]da% %e ¢ angﬁﬂﬁﬁxﬁ;? i 15%,“& rs‘#&?l_gwﬁf; 3 ncteﬁg%o&? ment ,
the relay glaldOMmitdded M ERIIRCS WNRLRRT 0@ bPRhcH bf Hi: MOBRS SAki¥nd 00 Change
the cell 1D by nonitofing the correlation between the synchroni zation

sequences thehgrstodhe rabaestaiinl 100 Die baset stasioni 08| casssdesthg malvangr measisviad f r om
t he nearby base statiop 200. Accordi ngl since the 20 .inplenentation does
not i npact™ 1GEAVE l%ttH%rcofrﬁﬁlﬁm ngl?aé]ggéérs?ré’f?‘ﬁﬁe‘18,Th‘?r?f°bearﬁtglgaﬁletgFi zed at

a rel afj Vethyou? tl ofGAS ot @B 88eNRE RHRAL BBRhe bhROBHIon 200 outsidkn
addition, 1n the present enbodi ment, the change determ nation unit 160 of

the rel ay tht atovorg hédhsdet drusinvesedubalt il additinecassdhyhandoedramagesdtdvé fir st
cell IDthat 25 is the cell 1D bein sed to the cond cell .ID.that is
cel | 1D of bcH e s df ATsmeai b Fame Haion KT ReRF RoHoarEapods

predet er m g & I R3S agéeépgﬁﬁk, friopadsinge RAIMAheOf the PRt &l MY $ Bm‘itlﬂﬁig
correlation value I'n the syhchroni zati on sequence of any of the cell IDs
reaches t henmefiteimnddhérgreceditedsudhhe noabilricsicomadetydrenatdess)cel | | D of the
relay station 100 and the cell ID of nearby the base station 200 to be
avoi deld wi ORI 30predicting the position of the relay station 100. [0082]

26 <3. Descripti@n,@bictesRndl BRRAH! SRR, WeraRCandoLTho dieiiinerl { he
present invention, a relay station 300 that wl| be described belowis used
i nst ead of whétkerr @l @yt istiahéw@msat0® chwown thacdtl §O bly. mpOi®@8Ig the correlation
between the synchronization sequences and one or more cell IDs in the wireless
signals received from the nearby base station 200. Accordingly, since the
20  implementation does not impact a device other than the relay station 10, it can be
realized at a relatively small cost in the present embodiment.
[0081]
In addition, in the present embodiment, the change determination unit 160
of the relay station 100 determines that it is necessary to change the first cell ID that
25  is the cell ID being used to the second cell 1D that is cell ID of which the correlation
value reaches the maximum after a predetermined time has elapsed from the point of
time at which the correlation value in the synchronization sequence of any of the cell
IDs reaches the maximum. This enables the collision between the cell ID of the
relay station 100 and the cell ID of nearby the base station 200 to be avoided without
30  predicting the position of the relay station 100.

[0082]



5[3-1. Exanple configuration of device] (Relay station) Fig. 12 is
a block diagramillustrating an exanple configuration of the relay station
300 according to the second enbodi nent of the present invention. Referring
to Fig. 12, the relay station 300 incPfides the communication unit 120, a
position 10detection unit 358, a change determ nation unit 360, a storage
unit 362, the control unit 170, and the insertion unit 172. [0084]

The position detection unit 358, for exanple, corresponds to position

det ecti on PE@RScriMieh oRSc@ndbABalinRasl tioning system (UPS) function or a
train 15 positioning function of a railroad system and detects the

position of the IndéhasecendtinbndiBRot off the pdelett mmentidne a pdsy siaben ded dwti on uni t
358 may si npl etect. .the position of .the . relay s i,on 30Q.by contrasting
The ool B s bl Bost St beb Bt Salp h He R ol 1D o
the rel ay rghgji on 300. The position detection unit 358 then outputs the
detected position of the relay station 300 to the change determ nation unit
20360. 5 0085]. Example confiperatbranfévdef er mi nati on unit 360 deterni nes whet her

or not it is,necessary to change the cell ID of the relay station 300 in
order to fay sfaHetkof | i si on between the cell 1D of the relay station 300

and the cell IDmf bhe .RAS& §h@bmANudlPindUR kImbRE&odBIMNENB e Ofla) he rel ay
station 300. In particular, 1nthe present enbodi nent, the change

det er m natsdt@vnbiidtac360inded drerdenes! ditedpossgidbithd prysaf invhetiae! IRefdxiggl | i si on

based on the_ novenent history of the relay station. 300 angd the cell 1D data
as shown iR Iiigggz’q‘g‘?‘ reps taten; P0qieckude ﬂ‘(?dcctl?l’&fm’tcﬁté‘?nem?%qgoﬂp%§§§‘BPlFi ty of

the celqy | S el i [ ' LRes that
O U A i T L
di agr am i hinitstAadnduye idvertealdnitl ID2change det erm nation process of the change
determnation unit 360 according to the present enbodi nent. The history of
t he positﬂ@ﬁgﬂf the relay station 300 detected by the position detection

32;; 3|52 ; It SO; ! ::iulg%er Bb&foP HctddBoMMETBE, RirSERIYp1a! ORGeshBiist tdodtbs to the

detection means such as a global positioning system (GPS) function or a train

15  positioning function of a railroad system, and detects the position of the relay station
300. In addition, the position detection unit 358 may simply detect the position of
the relay station 300 by contrasting the cell ID data that will be described below with
the current cell ID of the relay station 300. The position detection unit 358 then
outputs the detected position of the relay station 300 to the change determination unit

20 360.
[0085]

The change determination unit 360 determines whether or not it is necessary
to change the cell 1D of the relay station 300 in order to avoid the collision between
the cell ID of the relay station 300 and the cell 1D of the base station 200 due to the

25  movement of the relay station 300. In particular, in the present embodiment, the
change determination unit 360 determines the possibility of the cell ID collision
based on the movement history of the relay station 300 and the cell ID data as shown
in Fig. 13. When it is determined that there is a possibility of the cell ID collision,
the change determination unit 360 determines that it is necessary to change the cell

30 ID.

[0086]



5 13. The novenent history may be stored at a constant tinme interval, or
alternatively, may be stored whenever the base station 200 of the access
point of the relay station 300 is changed. In addition, the noving speed of
the relay device 100 may be further iﬁgluded in the novenent history. In
the exanple of Fig. 13, the relay station 300 noves along the path 304, and
is then positioned in a position (Xm 10Ym and al so positioned within the

cell G at the tinme tn. [0087] On the other hand, an exanple of the
cell 1D data is Higlinsd s disgehnonllishetihikercell 6Dt chahgdtgerniidatidnnprbbess pf esent

specification, the cell 1D data is data_associ ating the position_of the
base st at b choneadetrmpinatioe i) §90 perordiag |to) hegpresent rapbodingAs e The s 15

hel d and undat.eqt DA PREACIANE SHGDS AP b MEm TR ERANARGF AT M nat i on

unit 360 acquires s a and causes e ato be stored in the

storage uriss i8Gistrhtad bhheenargtadt bistoy glond e tirheatiekd thkRpdatiaft bitlpudes the
position of the base station 200 and the cell radius in each of the seven
cells @ t-crThe maganent ohistoyal mas ¥ sipasd rlint t PRRTEH SENONTERET $7f or

determ ni nﬁ&e#@%va&,ﬁ%?gée g‘%%?i[ %g%—lﬁvgrat%e lggsezs%ltgbg i’(@e& th@ 8&,@?5 ;%c]ﬁ# C{é {.data

i nst ead of e Cé I us change deter ation unit

360 det er Mengstdibe 3p0$stinktd.y @fadtiftenCk misinnsmeid bheéhegelak debise a00a future
point of time (such as several seconds or several m nutes Iaterg based on

the cel |l [mBayihe Aushra in¢ledadoinethe inovamenppiptosy. tlethe exapplst &ft Fignl3,28¢300. In

t he exanpl e, of Fi g. for, ex | e Ll f station 300
after a LiRS AP Haa0 Tl o b a8 b R hnb i GOy

ext rapel atvgaddh@somvRizaad witht Bk Yell C ac@0 tig: fenown that the position
(XnrAt, YmtAt) is within the cell C5 fromthe cell 1D data. The relay

station 30008Hus uses the current cell IDof C5. That is, in this case, at

the time tnral, bi s detiersined Lhat Lhers s A.RoSRIRLLLLY RORl,d he

collision of the en | et erm ne ere’1s a possibility

of the colfefioifeng.of3. t he titepesdPSpedi @6 ARG ecld € QTatd RatatOabsdtihting360
determnes that it is 28 necessary to change the cell 1D to another cel

ID (e.g., ®8iton c4bhe haseistajionc2(Possh Bid dellylDof ThyeceldD dagi.dar etamme igel | | Ds.
[0089]..In addition, instead of extrapol at, e vement history., for
el @ e and ARl B S APt R f Yy TRESTER b iiaten

posi tion ofnit ¥ doghiddk SEREEIPID ANQ 2y cAREHHNY datd 10 BeRASE] MONSEBALe Rhist or i es
in the storage unit 362 and conparing the current novenent path with the

past noven¥Eit i shoeiaemic Whéie. tile theowdlng deanisclgdgssthe pesitipmioh they bashe shi p
(het T epea el APLSE 10N SANELALcROH Ny, SHRLYLND 1, Bredichonproves:
values of maximum transmission powers for determining the size of each cell may be
20  included in the cell ID data instead of the cell radius.
[0088]
The change determination unit 360 determines the possibility of the
collision of the cell IDs at a future point of time (such as several seconds or several
minutes later) based on the cell ID data and the movement history of the relay station
25  300. In the example of Fig. 13, for example, the position of the relay station 300
after a time At from a time tn is predicted to be (Xaqian Ymiad) by extrapolating the
movement history. It can be known that the position (Xaear, Ymear) 18 within the
cell C5 from the cell ID data. The relay station 300 thus uses the current cell ID of
C5. That is, in this case, at the time tn+At, it is determined that there is a possibility
30  of the collision of the cell Ds.  When it is determined that there is a possibility of

the collision of the cell 1Ds, the change determination unit 360 determines that it is



10accuracy. [0090] The storage unit 362 uses the storage nedi um
such as the hard disk or the sem conductor nmenory to store the cell ID data
and the novenent history of the relay station 300 described with reference
to Fig. 13. 15[0091] In addit@%n, i nstead of the relay station 300,
an upper node such as the MVE may determ ne the possibility of the
collision of the cell 1Ds described above with reference to Fig. 13. In
this case, the relay station 300 periodically reports the position of the
rel ay st atneosss3Q0todeliangt able yllt ik tpeabtheoneltdDe (. g.03unt t(C433&ving tdie 20
upper node. The correspondi ng upper._node holds the cell ID data illustrated
in Fig. 130syiReHy ptthesolfgica 'E}FFe‘ET%tIPét there is a possibility of the
collision ﬁ%S%he cell 1Ds, the correspondi ng upper node then notifies the
relay station 300 to that effect, as well as of the other cell 1D having no
possibility of tlheddelhsstend ol Barapblnge tibaneremam thisomyufor exB8bfle, thpon
receipt of the notification, determnes that it js 25necessary tq_change
the celd |®apgs fejermiraiopprmHsio0apy predit the fytpre nosttioniod hegekestaEgr oy p
(second c . - . . o LS a
fIomchartq%%F%é%?g%gg%a%ﬁﬁéﬁéﬁﬁfggﬁﬁgﬁf%bgﬁ%%a %P?ﬁﬁﬁggﬁ%ﬁgggmu%ﬁhé

30det er m n@irie@nmpt @L&R pathool tHengist Mot diec hes@eits. effiedi thenovinGd3d 29
Referring to Fig. 14, first, the position (and the speed) of the relay
station 30D if shegBpiacarelde shin Hat paspiedbnmaseseer idorPnskit Palig applyivgethe o) ay

station 300. (St 3 ; L4 : e -t he
position }?é%§§§ﬁ§ﬁ%§%mégggﬁ§8§ %#@ﬁhggqﬂﬁéﬁﬁ%éﬁgﬁﬁF“%ﬁé?%%ﬁggﬁﬁﬁg t he
time apis.ad¥esby. the future position of the relay 5 station 300 is

predi cted by the change determination unit 360 (step 5304). In addition, as

descri bed B98Yk, predicting the future position of the relay station 300

may be carried ﬁﬁ%e sg%rﬁgg R@E{%SE tqggsd%ﬁssyo%ggegé?&i% ir\ldagﬁais Ji ﬁﬁ‘g @%b&%%?change

determ nation u ( € chang erm onunit et erm nes
whet her or sei@borddREOE nietncity ROSEIrBIthd tyll 0D dabieakDitel Bbodmadht HidieryCel thel Ds in

the future
relay station 300 described with reference to Fig. 13.
15 [0091]

In addition, instead of the relay station 300, an upper node such as the MME
may determine the possibility of the collision of the cell IDs described above with
reference to Fig. 13. In this case, the relay station 300 periodically reports the
position of the relay station 300 detected by the position detection unit 358 to the

20  upper node. The corresponding upper node holds the cell 1D data illustrated in Fig.
13.  When it is determined that there is a possibility of the collision of the cell IDs,
the corresponding upper node then notifies the relay station 300 to that effect, as well
as of the other cell ID having no possibility of the collision. The change
determination unit 360, upon receipt of the notification, determines that it is

25  necessary to change the cell ID being used (first cell IID) to the notified other cell ID
(second cell 1D},

[0092]
{3-2. Process flow]

Fig. 14 is a flowchart illustrating an example flow of the cell ID change

30  determination process according to the present embodiment.

[0093]



10 position of the relay station 300 (step 5306). Here, when there is no

possibility of the collision of the cell IDs, the process returns to step
5302. On the other hand, when there is a possibility of the collision of
the cell 1Ds, the change deteimnati o?%unit 360 deternmines that it is
necessary to change the cell ID of the relay station 300 to the other cel

I D (step 5308). 15[0094] When it is determned in the cell 1D
change determ nation process that it is necessary to change the cell 1D of

the relay stati onef39Rgtte rog.her, fegl thel fRsitiAeashangipeadoét thbeelaglstatib® i s then
carried out in accordance with the procedure shown in steps 5206 to 5214 of
Fig. 11 und¥ris detaetedby 8fc nosbiopaistacbon umit 858 7the felahdatian 3P teay384)- 300.

- 3, f dj ]. . h d
emboai nbnt 15 PR el af rRRO R Rob b on dewrimn R TR o 0B 3RCe o

Figs. 12 t@e HoveleaPhiidng adhpt fie thheseR! Rebodidmitire pRRIdN df the réeyei m ned
that it is necessary to change the cell ID of the relay station 300 in

order 525 staficavoP@ is eedeased ibsi ba dfanghdetwahinatips unithdo( édtgy SSP4k i dm 300
uses the psguydo- handover  procedur.e to cause the.cell. 1D of t access point
o “the. mobiRE g 4 Agmisist B oG vE ERaTFe a bRt bR ey BBt hangec
fromthe fihpstheC@ilied But BytReusRe oflieCRIch dsDhel MMMBIiissteASES 11l bheh the
handover is carried out by each of the nobile stations 10 belonging to the

rel ay statdaemg@@iont et Bpde S¥exti dre 20@ngsudstcumnatie mwouti A Metmwi®si s 30not
i nvol ved in the correspondi ng handove rocedure, At | t.the throughput
of 'the coniiigat B1 SBPvF CobproUTded 15 CHEBnes e 575 B sb8 %ot EFde ¢ he
movi ng g 30,dRAMSeEnE SeliNMBHAPL0T BRAYCSTH6) ) nH@ifégbvqlb@'ﬁler§[sﬂ%ﬁpéé@%ilﬂ?r@)@over _
carried out by the nobile stations 10 belonging to the relay station 300 is

t he pseuddhbandsicerofitht lselhdDe hageodenss muras testsp $60AL , Ontthe stheossidl e to

change to the fast. cell . b mtting some o he. handove rocedure (such
e nas ur e s AL b6 B8 ol uabe <oh 1% by ARGt e IR e
present enbodid®Mierntif RASSIsHebéds¥rvab c'h%‘r:'gectﬁé Léisio0r ol lieﬂg stagbineocel | 1 Ds

is determ ned based on the position’of the relay station 300 detected by

t he posi titorthdethectaldD @rptS3888 and the cell 1D data in which the position
of the baﬁ% § ation 200 and the cell 1D are associated with each other.
When i i Y098 determined that there is a possibility of the collision of

the cell 1Ds, thgnchangcdehaeaiDad QN BNiHin 38 Beimihfod Hl8dks ik @n 300

detennines that It Is necessary to change the cell 1D of the relay station
300. Accorthicagatyooshedpeahe odif IIYyof dteirohy siation S0P ossthbd @It 1D, dardhyngiug t he

determnation on_the cell 1D change w thout depending . on the correlation
value in t ethgfﬁéﬂpdﬁitgaﬂt F%ﬁe‘iaahghe%wr &5 v fﬁ?@ﬁ?ﬂ%ﬁ ea%p%éﬁtﬂ%ase 15

station 22%06%%&?&8??@. $ D&l 6&§Jf'thé Gntrd1 81 1 REGERS Aty Harkhaitged even

when the adj acent base station 200 is changed, 1t Is p055|6¥e to reduce the
frequency [@Dh9%he pseudo- handover and to suppress the throughput of the
system from bej ng decreaseg in conparison with the first enbodi nent. [0097]
[3-3. Summary of second embodiment|
So far, the second embodiment of the present invention has been described
with reference to Figs. 12 to 14. According to the present embodiment, when it is
determined that it is necessary to change the cell ID of the relay station 300 in order
25  to avoid the collision of the cell IDs, the relay station 300 uses the pseudo-handover
procedure to cause the cell ID of the access point of the mobile station 10 belonging
to the relay station 300 to be changed from the first cell ID to the second cell ID.  In
this case, although the handover is carried out by each of the mobile stations 10
belonging to the relay station 300, the base station 200 outside the moving means 3 is

30  not involved in the corresponding handover procedure. At least the throughput of

the communication service provided by the base station 200 outside the moving



20The preferred enbodi nents of the present invention have been descri bed
above with reference to the acconpanyi ng drawi ngs, whilst the present
invention is not limted to the above exanpl es, of course. A person skilled
inthe art may find various alternati 8ds and nodifications within the scope
of the appended clains, and it should be understood that they wl|
natural ly cone under the technical scope of the 25present invention.

Ref erence Signs List [0098] 1Wrel ess comrunication system 10Mobile station
30100, 30Qn&@k ay issthat inan rdd0&D MTH NiddAton Rindaithe hakiol&0card6d oGhanghe det eanon

unit (determ nation unit? 162, 362 Storage unit 170Control unit 200Base
station 3pobile stations 10 belonging to the relay station 300 is the pseudo-handover with no
change in an access point, it is possible to change to the fast cell ID by omitting some
of the handover procedure (such as measurement and random access).
5 [0096]

In addition, in the present embodiment, the possibility of the collision of the
future cell IDs is determined based on the position of the relay station 300 detected
by the position detection unit 358 and the cell ID data in which the position of the
base station 200 and the cell ID are associated with each other. When it is

10 determined that there is a possibility of the collision of the cell IDs, the change
determination unit 360 of the relay station 300 determines that it is necessary to
change the cell ID of the relay station 300. According to such a configuration, it 1s
possible to carry out the determination on the cell ID change without depending on
the correlation value in the synchronization sequence received from the adjacent base

15  station 200. Therefore, since the cell ID is not necessarily changed even when the
adjacent base station 200 is changed, it is possible to reduce the frequency of the
pseudo-handover and to suppress the throughput of the system from being decreased
in comparison with the first embodiment.

100977

20 The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention is
not limited to the above examples, of course. A person skilled in the art may find
various altemnations and modifications within the scope of the appended claims, and
it should be understood that they will naturally come under the technical scope of the

25  present invention.

Reference Signs List

[0098]
1 Wireless communication system
10 Mobile station

30 100, 300 Relay station

120 Communication unit



CLAIMS Caim1l A relay station relaying wireless signals between a
base station and a nobile station, the relay station conprising: 5a

comuni cation unit configured to relay the wrel ess signals; a
determination unit configured to detefhki ne whether or not it is necessary
to change a cell IDin order to avoid a collision between a cell 1D of the
relay station and a cell ID of the base station due to a novenent of the
relay station; and a control unit configured to cause a cell ID of an
access poiln, o0 ChagabickRinadibh stiatdetimielion@hy to the relay station to be
changed froma first cell IDto a second cell ID when the detel m nation
uni t det erl®2n¥s? $theageiuniti s necessary to change the cell ID. Claim2 15The
rel ay statH%n a ordgn. to claim1l, wherein, when the determ nation
unit is noti'fi edBF° ug%ssibility of the collision of the cell IDs by a
node that detei paspestibhe possibility of the collision of the cell IDs
based on position data of the relay station and cell ID data in which the
cell 1D and a position of the base station are associated with each ot her,
the 20determ nation unit detennines that it is necessary to change the cel
ID. Cdaim3 The relay station according to claim1, further conprising: a
position detection unit configured to detect a position of the relay

station; 25 and a storage unit configured to store cell ID data in
which the cell ID and a position of the base station are associated with
each ot her, wherein, when the determ nation unit determ nes that
there is a possibility of the collision of the cell 1Ds based on the cel

I D data stored in the storage unit and



30a position of the relay station detected by the position detection unit,
the determnation unit determnes that it is necessary to change the cell
ID. Caim4 The relay station according to claiml, wherein the
det enui nation unit determ nes whether3%r not it is necessary to 5change the
cell 1D by nonitoring a correl ation between synchroni zati on sequences and
one or nore cell IDs in the wireless signals received from nearby base
stations. Caim5 The relay station according to claim4, 10wherein the
determ nation unit determ nes that CtaimsiSnecessary to change the first cell
ID that is a cell 1D being used to the second cell IDthat is a cell ID of
whi ch a cdflrist &tion val ue reaches a maxi mum after a predeternined tinme has

Synehroni at1 on viedentigPiy YR sttt AR st Lobble, 1o

G ai m 6 Theatiog! @Y r@hpith@ih aasgisiddg to claim 1, wherein the control
unit causes the cell I D of the access point of the nobile station to be

changed from t he coimmainieasion uny configived weclivdhe wirelepigialsausi ng a 20
T Pt el I e R D R R S BB B RS HERER (F RESERP D! N9 1O

the first cell guerice cor respondi ng he

second celih chidg@rellUbt inRir@x%ad at GdRolilsaskativtads E4IDID bh@ecaapuiiicat i on
unit and causi ng a handover instruction fromthe first cell IDto the

second celdndlaDell 4D ther bass siative dud focrmevrenand whtheirelay sehonisine t o t he nobil e

station. 25 a control unit configured to cause a cell ID of an access point of the mobile

10 station belonging to the relay station to be changed from a first cell ID to a second
cell ID when the determination unit determines that it is necessary to change the cell

D,

Claim 2
15 The relay station according to claim 1,
wherein, when the determination unit is notified of a possibility of the
collision of the cell IDs by a node that determines the possibility of the collision of
the cell IDs based on position data of the relay station and cell 1D data in which the
cell ID and a position of the base station are associated with each other, the

20  determination unit determines that it is necessary to change the cell ID.

Claim 3
The relay station according to claim 1, further comprising:
a position detection unit configured to detect a position of the relay station;
25 and
a storage unit configured to store cell ID data in which the cell ID and a
position of the base station are associated with each other,
wherein, when the determination unit determines that there is a possibility
of the collision of the cell IDs based on the cell ID data stored in the storage unit and
30 a position of the relay station detected by the position detection umit, the

determination unit determines that it is necessary to change the cell ID.



7 The relay station according to claim®6, wherein the control
unit causes the comunication unit to relay the wreless signal using the
second cell 1D after handover fromthe first cell IDto the second cell
301D by the nobile station is corrpletg%i. 34 Claim8 A

comuni cation control nmethod using a relay station relaying wreless
signal s between a base station and a nobile station, the conmunication
control nethod conprising: 5determ ning whether or not it is necessary to

change a cell IDin order to avoid a collision between a cell 1D of the
relay station and a cell ID of the base station due to a novenent of the
rel ay st at¢laim 4 and causing a cell 1D of an access point of the

nobi |l e station tﬁlegélg%%ti%r%a&c%?diﬁﬂoaéfaiﬁ{[ tion to be changed froma first
c

cell IDto a secon when I's 10determned that it is necessary to

change the cel |l WHareifklad @t&mination unitAdat@hdyessviadtharormel &yik ngecossaret@ss
signal s between a base station and a nphile station,the relay station
conpr i §i nghansathe saMIR RaosHoIRE # OBRRIGHDENVEE SYRARINFIEYFICET ess

si gnal s toantd% egpxl%ioleeceﬁtlﬁtsiig 'ﬂ‘ie \%@Q\?&%_sﬁ als re&i&e%rftr&ﬁ Beé}ﬂgbas%%@e{tfogw ed to
cause a synchroni Zation si gnal 1n i¢h a synchroni zat 1 on sequence
corresponding to a first cell 1D and a synchroni zati on sequence
corresponding to a second cell ID are nultiplexed to be transmtted from 20

t he comurflé®d fon unit to the nobile station belonging to the relay station

and to al so instgruct, the.. I]e.statl o carry out handover fromthe
first cell ID tl;)Ir eﬁéagét%g%%:cgﬁ}ﬁ#%.&%P]azi&’m 0

10 wherein the determination unit determines that it is necessary to change the
first cell ID that is a cell ID being used to the second cell ID that is a cell ID of which
a correlation value reaches a maximum after a predetermined time has elapsed from a
point of time at which the correlation value in the synchronization sequence of any of
the cell IDs reaches the maximum.
15
Claim 6
The relay station according to claim 1,
wherein the control unit causes the cell IID of the access point of the mobile
station to be changed from the first cell ID to the second cell ID by causing a
20  synchronization signal in which a synchronization sequence corresponding to the
first cell ID and a synchronization sequence corresponding to the second cell ID are
multiplexed to be transmitted from the communication unit and causing a handover
instruction from the first cell ID to the second cell ID to be transmitted from the
communication unit to the mobile station.
25
Claim 7
The relay station according to claim 6,
wherein the control unit causes the communication unit to relay the wireless
signal using the second cell ID after handover from the first cell ID to the second cell

30  ID by the mobile station is completed.



25A comuni cation control nmethod using a relay station relaying wireless
signal s between a base station and a nobile station, the conmunication

control nethod conpri sing:

transmtting a synchronization signal

whi ch a synchroni zati on sequence corré§ponding to a first cell IDand a

synchroni zati on sequence corresponding to a 30second cel

I D are

mul tiplexed to the nobile station belonging to the relay station fromthe
relay station; and 35 causing the relay station to instruct the

nobi | e st atiafm8t o carry out handover fromthe first cel

IDto the second

cel l

| D.

10

15

20
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30

A communication control method using a relay station relaying wireless
signals between a base station and a mobile station, the communication control
method comprising:

determining whether or not it is necessary to change a cell ID in order to
avoid a collision between a cell ID of the relay station and a cell ID of the base
station due to a movement of the relay station; and

causing a cell ID of an access point of the mobile station belonging to the
relay station to be changed from a first cell ID to a second cell ID when it is

determined that it is necessary to change the cell 1ID.

Claim 9

A relay station relaying wireless signals between a base station and a mobile
station, the relay station comprising:

a communication unit configured to transmit the wireless signals to the
mobile station; and

a control unit configured to cause a synchronization signal in which a
synchronization sequence corresponding to a first cell ID and a synchronization
sequence corresponding to a second cell ID are multiplexed to be transmitted from
the communication unit to the mobile station belonging to the relay station and to
also instruct the mobile station to carry out handover from the first cell ID to the

second cell ID.

Claim 10

A communication control method using a relay station relaying wireless
signals between a base station and a mobile station, the communication control
method comprising:

transmitting a synchronization signal in which a synchronization sequence
corresponding to a first cell ID and a synchronization sequence corresponding to a
second cell ID are multiplexed to the mobile station belonging to the relay station

from the relay station; and

in



35

causing the relay station to instruct the mobile station to carry out handover

from the first cell ID to the second cell 1D,



