o

10

15

20

25

DESCRI PTI ON  PAG NG SI GNAL TRANSM SSI ON METHOD, .MOBI LE
STATI ON AND RADI O BASE STATION 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a paging

signal transm ssion nmethod in which a radi o base

station transmts a paging signal for notification of

an incomng call for a nobile 10 station belonging to

any one of nultiple grolBESCRIRTIANSO relates to the
nmobi | e station and the radi o base stati on. BACKGROUND
EARE NCO GUSNAL RN TSt Ee MESHOD , FIMPBIZE §88GHOPt AW RADIO

| gg iyen of how a radio base station eNB in a
%%%ﬁl Ig[]ﬁ%ﬁnication system of the LTE (Long Term
Evol uti on) systemoperates to transmt a paging
signal for notification of an incomng call for a

TN ATStFdEIgN UE bel onging to any one of nmultiple

groups #1 to #3 (that 20 is, a paging signa

taCerigni ssi on method). [0003] As shown in Fig. 7, the

radi o base station eNBis configured to transnit a
PDCCHThRhyBF €&k Dowrt VeIkt Cont rsilat@ranhel )ai meqiding sagnal
P- RNTI, (Pagi ng- Radi 0 Network Tenporary 25 ldentifier),

ﬁﬁ@“&%lr%r@eﬁap t bR Whblp aradipnbeke Thalmer trensmits a

a rad o frame #

b
Rf & Sl n% g%%nfﬁconfﬁ§l8gff ﬁgrlPﬁgmﬁB%‘#@Hgggfﬁ%WOblle
§$§ﬂ¥3dnﬂéiﬁhéfh heo 9kQ ponEOgQA] lﬁi?%{géi%%§§{[%gaoalso

base station eNB is con i gure

mQlEtfes o HHee ndplillee s3taatiiodn aHE Beleongidng baset B€ation.
group #1, the resource block position, the resource.

bl ock size, and the like of a PDSCH (Physica
é%%ﬁ%&kﬂ§m§ﬁééfd Channel )
[0002]

With reference to Fig. 7, description will be given of
how a radio base station eNB in a mobile communication system
of the LTE (Long Term Evolution) system operates to transmit
a paging signal for notification of an incoming call for a mobile
station UE belonging to any one of multiple groups #1 to #3 (that
is, a paging signal transmission method).

[0003]

As shown in Fig. 7, the radio base station eNB is
configured to transmit a PDCCH (Physical Downlink Control
Channel) including a P-RNTI (Paging-Radio Network Temporary
Identifier), in a subframe for the group #1 (in the example in

Fig. 7, a subframe #0 in a radio frame #0), upon detection of

an incoming call for the mobile station UE belonging to the group

#1.
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5 to which a PCH (Pagi ng Channel) for the group #1 ( i
e. , a paging signal for notification of an
incomng call for a nobile station UE belonging to
the group #1) is napped. [0005] Moreover, the radio
base station eNB is configured to use 10 the PDSCH to

make notification of identification information
(UE- | BPtSh H9e bl Eadiat PaReUstahieh ¢M8B tis ramdiimired to

- ' ' ' [1. [0006] Meanwhil e,
T TG e
. ' incl uding.the P-FR is
(S RERE 837 e LIS G PRSP Tt e ce block
ipagi BgqRE Lakeryak Dpdar (Pflpgiggi’%vﬁ]]l'ix{]p}%gz%?%%ﬁannel)

nobile station UE is configured to receive t

20wborhes FOHd{ Pgg 1 0g tOhanRAGH o et HNgrbapisl ki .e., a paging

information included in the PDCCH (e.g., the resource

Dlasek posindtoriqdte aresburcenchhony csildefoamthoihel ¢ isketion
t he PDSCH) , when judgi ng; that the PDCCH including

[{OEL@ -RFIND L Bden Troawsiiltt ¢ TEEEES)- 25 The nobil e
g’on UE is also configured to perform incom ng

@tﬁ ]processi ng with the radi o base station eNB, when

the Uk, R4 u i_ny.th ceived P is a-Ue-1D

addr e?gggdviégj'i ?Eglffa@l%) ﬁ%%gpsgdtaetﬁtdoq_lgﬁgia %rore]fi.glugésﬁo use

thS3®D300, tOEmbERAN@nds Fc AMTERAN, o £ Quedrd il £ 1468SdPt @R mat 1 on

Stage 2", v8.1.0. Non-patent Literature 2: R2-073372,

(WPadilng ¢ otbdumebiiel ER gt idMI TUDoGalRh iRC.t0 NE€cebve the

-above-described incoming call.

[0006]
Meanwhile, the mobile station UE is configured to monitor
whether or not the PDCCH including the P-RNTI is transmitted,

at discontinuous reception intervals (paging DRX intervals) for

the group #1.
[0007]

The mobile station UE is cdnfigured to receive the PDSCH

‘corresponding to the PDCCH, on the basis of information included

in the PDCCH (e.g., the resource block pdsition, the resource
block size, and the like of the PDSCH), when judging that the
PDCCH including the P-RNTI has been transmitted.
[0008]

The mobile station UE is also configured to perform
incoming call processing with the radio base station eNB, when
the UE-ID included in the recei&ed PDSCH is a UE-ID addressed

to itself.
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[ 0009] However, with a conventional paging

transm ssion nmethod inplenentable in the nobile
comuni cation system of the LTE system only one
subframe (1 ns) is allowed to be set in each 10-radio
frane (10 ns) and used to transmt the PCH (pagi ng

dent Qf1 124G GrOYR- 3&99@%;5%‘?@@ Fﬁfﬂgéﬁ% E-UTRAN;

ni cation system has a pro

@\%rm%éﬁdﬁ:ﬂﬁcf&pp@’cécﬂe the subframe in a case
where the cell bandw dth is narrow, another signal (e.

- Npn-5pBCEH LBreadtast Tompr-ol7 3GHannebaging e ddele)ra $n LTE”,

mapped to the subfrane, or some other cases.
MI'SROBYRE GRCTHE NBQ/ENTI ON 20 [0011] The present

i nvention has been made in view of the above problem
and thus has an object to provide a pagi ng signha

gggg;gission met hod, a nobile station, and a radio
tation which allow a flexible change in the

tim ngdRivdd ansiht 4 Ia&véil%mgﬁaglﬁbge@énéﬁsgﬁ&h method
group. [0012]" A first aspect of e“présent I nvention

irp BRI Azied B$ tie PR NG S@dln tdANTH SSir®ihade LTE
in which a radio base station transmts a paging

syginah, farl ynohief Bobfireneoflans) i3 alleewridngochel séorim each

nobil e stati on belonging to any one of a plurality of

mopdramge HemsdRr A elsedl hg trivesetigpsheRCH fpagipimggnal)
romthe radi o base station to the nobile station, a
%dﬁﬁ?'ﬁ%%ﬂﬁ’Teception interval and a total nunber of

t &y groups, the di sconti nuous reception interval
epre%enting an

Thus, such mobile communication system has a problem that
the PCH may not possibly be mapped to the subframe in a case
where the cell bandwidth is narrow, another signal (e.g., BCCH:

Broadcast Control Channel or the 1like) is mapped to the subframe,

or some other cases.

DISCLOSURE OF THE INVENTION
[0011]

The present invention has been made in view of the above
problem, and thus has an object to provide a paging signal
transmission method, a mobile station, and a radio base station
which allow a flexible change in the timing for transmitting
a paging signal for each group.

[0012]

A first aspect of the present invention is summarized as

a péging signal transmission method in which a radio base

station transmits a paging signal for notification of an
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interval at which discontinuous reception of the

pagi ng signal is perforned; determning, at the

nobil e station, a timng for receiving the paging

signal on the basis of the notified discontinuous
reception interval and the notified total nunber 10 of

the groups; receiving, at the nobile station, the .

initHg e siadralforr ansabiledstabhet Heelauindase any one of a
tati.on, at_the determned tim ng; and perform ng

, t
R iogivl e°Et &EcoRs ihf&%nﬁﬁ&heénlfb%%fé%%gnébemﬁrﬁgs of:

e o868, BB RnEb oie & B 6°e 187 Do 13]¢ K ddenatation,
@%%%n@finhgﬁspkgégﬁtciBH‘é?H{:EQOaiSaﬁ&‘%d&%d mﬁ(ﬁ)e% of the

nmobi | e station configured to receive a paging signa

droups a thadi@sbaseistidtk Ofecépe: Padi M SidNHe RYURGting an
used for notification of an incomng call for a

irdiEdva Ist tvloictb diengnndgnl0 usoreryponen off ahplpddlnd ¥ignal
of groups, the nobile station including: a reception

15 RPAGCEBEEF At Sgliuming c o tharmebile sdetépm ne taming for
tim.ng for_receiving the paging signal, on the basis .
S i e | RGBUSCr SCOBRROMH nt BFRFS4Ad O {Bial notified

dl%g{ti%fuoutshﬁeg&gﬁf nq(?}tiefrié%q Qtht{})ee Eg?:i%iggsteotal number

station, the disc I NUOuUsS reception

JFeRITRS |HJuRG ;A iRl &fival, ak WAkChondi 8CARELABAUS the paging
reception of the paging signal is perforned; a paginhg
ssiggral teapbMettedi tf eonf kgur echd o r ecgievestBeiPagi N  the
signal transmtted fromthe radi o base station, at the
dq9teinrg negettermingd dydt herfecmpnion atti ilrgy debetei sitagion,
unit; and an 4 incomng call processor unit

ICGHFHGS é“altlopﬁei@faé?hﬂgncwﬂﬁgth%aqchirmﬁgﬁgxg whemal is
% S I Rs R d PR PPO01H) ~te T R ne

the "mobiT"e “st _
¥gaend aspect, the reception timng determn ning

A second aspect of the present invention is summarized
as a mobile station configured to receive a paging signal from
a radio base station, the paging signal being used for
notification of an incoming call for a mobile station belonging
to any one of a plurality of groups, the mobile station
including: a reception timing determining unit configured to
determine a timing for receiving the paging signal, on the basis .
of an discontinuoué reception interval and a total number of
thegroupsnotifi@jbytheradiobasestation,thediscontinuous
reception timing representing an interval at which
discontinuous reception of the raging signal is performed; a
paging signal receiver unit configured to receive the paging
signal transmitted from the radio base station, at the timing

determined by the reception timing determining unit; and an
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unit -can be configured to determne that the timng is
a subfranme which is selected fromanong a plurality
of subframes forming a radio frame to which the
pagi ng signal is mapped; and the paging signal can be
transmtted only in one subframe in a plurality 10 of
radio franmes. [0015] In the second aspect, the
Yrewepiriored I pygp kst ssrmiuni ing cami tgwesnd e geiffiogur €thcoming
to determne that the timng is subframes which are
el le YOS S5O anotigna thleurakiet yedf psabhg asesnd brin g paging
15 aradip fra to which the paging signal is mapped;
Salr%ﬁlheaép(%gqsrﬁ]e@sq%ﬁﬁ}e P e 5@t ted in two or
{qyfhfubfranes in one radio frame. [0016] / [0017] In

e second aspect, the reception timng determ ning

20 unitt, ¢aR Q%cﬁﬂ@fEgﬂégg,tghgefé%%%i¥%ﬁ'Fﬁmfﬂgaééqgéﬁining

is a predeterm ned subframe in radio frames spec
i tSEAh beatonk agede firtondd herh Dhé @WahrgHOE MM Ag is a subframe
[Formula 3] GUnod N SFN nodT=G T 25 where "T"
wheistesenes lehgedufben aforthe padirelfitgnes sunttamted fiorming
the discontinuous reception interval, "N' represents
% Rediettarmeurdanich treragbupsiongl Fepeepedt endthe paging
I.dentification inforpption on the nobi statjon, "G' |
He s GRa PP QB R PRCAEF B oPiraProR B EhE. 4 Gui EgaLicy
hichysther |l e station belongs, and "T > N' is
satisfied. [0018]/[0019] 5 In the second aspect, the
roclepti on timng determning unit can be configured
to determne that the timng is subfranes :

In the second aspect, the reception timing determining

unit can be configured to determine that the timing is subframes
which are selected from among a plurality of subframes forming
aradioffametovmichthepagingsignalisnmpped;andthepaging
signal can be transmitted in two or more subframes in one radio
frame. |
[0016]1/([0017]

In the second aspect, the reception timing determining
unit can be configured to determine that the timing is a
predetermined subframe in radio frames specified by SFN
calculated from the following formula: |

[Formula 3]

G=Umod N

SFNmod T=G '—:'

where “T” represents the number of the radio frameés
included in the discontinuous reception interval, “N”

represents the total number of the groups, “U” represents
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corresponding to SUBFN in each of radio franes
specified by SFN calculated fromthe foll ow ng
formula: [Formula 4] G=UnbdN SFNmod T N T SUBFN = G
nod T 10 N where "T" represents the nunber of the
radio franes included in the discontinuous reception
interval, "N' represents the total nunber of the

loﬂﬁﬂfﬁbpﬂé§éﬁﬁ§t1ﬁﬂbn6¥¥|6§@|oﬁqbﬁﬂ@rnﬁﬁﬁéﬁoﬁm NG

h : f
RIS %%ﬁébﬁ%% Jf%r‘%fvﬁﬁra Ao e r LS T Poen the
HQJGAloﬂgsstaa&L%n E% o[}{rgé S I>e(ii],, [ %(e)%%]tlsl} telae

second aspect, t edeﬁtlon timng determning unit
Rﬁnqulggm@ gured to determ ne the two or nore

subf ranes 20 used to transmt the paging signal in

t he oner thaei setpadeaspact hetbastescaft iam dfifrdetg Heamraining
head subfrane in the one radio frane, the offset

Wi thgands Fphédgpfedyca ﬁ@tealai@e mé Shattiiging {9e2bframes

In the second aspect, .the rece n m ng determ,nin
BH Umike DEOCHR T Y et £ F@ FrP F e Fﬁﬁ%? ﬁ‘rﬁlrkgy SEN

5%¥ng éﬁ f?g%jéﬁ%tféﬁ Snifntl¥%ﬂ%d¥ ng signal in the
one radi 0 frame of “a bi t map

iPhigatd ng the two or nDre subfranes to which the
paglng signal is mapped, the bitmap being notified of
by the radi o b@semsdati on. [0022] 5 In the second
aspect, the reception timng Teternining

SFNmod T = l% - T

SUBFN = Gmod( %)

where “T” represents the number of the radio frames
included 1in the discontinuous reception interval, W“N”
represents the total number of the groups, “U” represents
identification information on the mobile station, “G”
represents identification information on the group to which the
mobile station belongs, and “T < N” is satisfied.

[0020]

In the second aspect, the reception timing determining
unit can be configured to determine the two or more subframes
used to transmit the paging signal in the one radio frame, on
the basis of an offset from a head subframe in the one radio
frame, the offset being notified of by the radio base station.
[0021]

In the second aspect, the reception timing determining
unit can be configured to determine the two or more subframes

used to transmit the paging signal in the one radio frame, on
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unit can be configured to determ ne the two or nore
subframes in the one radio frame, on the basis of a
mappi ng pattern indicating a pattern of the two or

nore subfranmes to which the paging signal is napped,
the mapping pattern being notified of 10 by the radio
base station. [0023] A third aspect of the present
ey doret 5 don dfs asbhimmap zedd &sat Bng adieo thaser state aubframes to
configured to transmt a paging signal for
vivt ¢ | e irAD i0T9 @i gnadoAisngapakt, f bhe B Woip ot irmtified
bel onging 15 to any one of a plurality of groups, the
‘?‘goﬁﬁb Waé]er%‘i“a‘fi?ﬁge iHA%Wdi™hy: a pagi ng si gnal
L itter unit configured to transmt the paging

ignal only in one subframe in a plurality of radio
frames; I4f Ler it n§.J NOt | o
the Bl |8 ST o5, "SRl 6chEl huocet F dbapti gl etdimining
&Miﬁﬂﬁﬁ{hﬁﬂdoafggutéﬁaior&5ﬁ5¥miﬁetﬂMé gLeuUPSs mdF€ subframes
di sconti nuous reception interval representing an
imt ehgabnat naldiich fdiageontdmuoius bastepbfon okpplieg pattern
paging signal is perforned, wherein a timng for the
¥mgl-¢%t}sfti%ta oatterreekitie thie pAGhewe Siugdalames to which the
det erm ned hased on the discontinuous reception .
AT A S 158 TR Gt H RABER e iR Ty PouRg. notified of

ggOgﬁg Adeyrgh aspect. of the present invention is
slnmari zed ~as a radi o base station configured to
to@msmt a paging signal for notification of an

Incomng call for a nobile station 7 belonging to any

one ofA ahplndr abpéyt off gheupsesthe imdirxikases stmbaphzed as
including: a paging signal transmtter unit configured

2 gadignbabe statizagragisognal o tnaosod treopagsoigf sagesl for
in one radio frame; a notifier unit configured to .
MOt HF{CateoR I ADBHINCETS ISt GR L brf %A RIidGnEEAtibas Pelonging
{gcg §|83e|Q%eévgiunghé§t§¥E%réﬁg?ﬁrthe radio base station

-including: a paging signal transmitter unit configured to

transmit the paging signal only in one subframe in a plurality
of radio frames; and a notifier unit configured to notify, to
the mobile station, an discontinuous reception interval and a
total number of the groups, the discontinuous reception
interval representing an interval at which discontinuous
reception of the paging signal is performed, wherein a timing
for the mobile station to receive the paging signal is
determined based on the discontinuous reception interval and
the total number of the groups.
[0024]

A fourth aspect of the present invention is summarized
as a radio base station configured to transmit a paging signal

for notification of an incoming call for a mobile statiocn
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of the groups, the discontinuous reception interval
representing an interval at which discontinuous

reception of the paging signal is performed; and an
adjuster unit configured to adjust the discontinuous
reception interval and the total 10 nunber of the

groups, in accordance with the two or nore subfranes
bl o I thse apagPRg ef ghalluralitansd gredpswhdieirpdip base

L1800, LA IOl LE LI, LS00 L1 BEOLOR . e
' ' .and_ . ; I f .
£SSERI AN, S Yab A0 MR, |1 S PUEDREB1 e i ono

ﬁgﬁﬂ§%%émﬁﬂhin%%@f@@rthhj:EQHEE?HE@Qt&Pn@QiE?Ftkﬁ@henmbile
di sconti nuous reception interval and the total nunber

©f a t 1en gaauDSs cornt ancrdascepwii bh iartemnénd ef total number
incomng call for each nobile station. 20 [0026] In

¢he thierdagsoupsurt tlaspediscoheimdpust eregrptican beterval
configured to adjust the discontinuous reception _
FRREFSRNT MY 2Nt HEtegtvall AtnBeichfdi feoRyf bupus jFpception of

ccordance w th. an avajl abl bandwi dt.h i n each cell..
PEGIPE THOTTE JCHPT B OF TFOLATR B8 pEPS eI RHT (e i gured

bLdfel g coLLautglg wiLugt it floEpat e coun

GERBES , oF N tAEC A KANSE, Wk hadcbragHencYi tof hang@oi Br more
broadcast information in each cell. 8 [0028] In the

$aof tdmes piectwhitdie thadbagfingnesgoan be teschsiortet, wiferein
10 subfranes; broadcast information can be transmtted
antindeg fiastthaupobamke shagaeh Fadfectiwdethampaing signal
g?gi:eg%éﬁ{lggg: }glasﬁéé%?)ﬁtg}lxé td?rscggltgngg{]lsbreecceopngilo%urirelge.tmoral and
the total number of the groups.

[0025]

In the third or fourth aspect, the adjuster unit can be
configured to adjust the discontinuous reception interval and
the total number of the groups, in accordance with an amount
of incoming call for each mébile station.

[0026]

In the third or fourth aspect, the adjuster unit can be
configured to adjust the discontinuous reception interval and
the total number of the groups, in accordance with an available
bandwidth in each cell.

[0027]

In the third or fourth aspect, the adjuster unit can be

configured to adjust the discontinuous reception interval and

the total number of the groups, in accordance with a frequency

of change in broadcast information in each cell.
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tenth subfrane and the fifth subfranme in each radio
frame in this order, as subfranmes in which the paging
signal is transmtted. [0029] 10 In the fourth
aspect, the radio franes can be each forned of 10
subfranmes; broadcast information can be transmtted in
the first subfrane in each radio frane; and the
F&&&ption timing determning unit can be configured
to deterghne the tenth subfranme in each radio frane

as t hepFBAet¥HnithedPEFHY nghe TRSiPobsRTeA 451 PR *apedrrmed
of the present invention is sumarized as, a pagin .
& g BT ess PER et R0t r RO ERS Saing pagg oMt tted in
tdsQndr i i j.gnal , i £ j on. of_.
TG TealT Fare e s r as B hS s s ioma
aryh Oftec o r ard@ Rlawr aki Ey¥nol gGredPsSe dherd®iothlly use the -
including the steps of: notifying, fromthe radio

trasteh stuitfireme @ncheheoliifFehstabfpane #am «hcicadinudirsme in
reception interval and a mapping pattern, the

sz ortdgiousa s ecapifiremesnt &t vahicaprigdsentieggngn signal is

interval at which discontinuous reception of the
?ﬁﬁﬁ?ﬂf@ﬁ%ﬁmﬂ is perfornmed, 25 the mappi ng pattern

kép&iﬁting a pattern of a plurality of subframes to
I ch the paging signal is mapped; determ ning, at

the mofj LgeStALHAN aspeltM Al FRIGiILEEAME BG4 B ePRYENSF o rmed
signal, on the basis of the notified discontinuous

¢ £ Cleptdudit riafteay;V blroadnd stheénfotink t €6n neppi by Paiieditted in
receiving, at the nobile 9 station, the paging signa
thaddmstiseb frams theacddradbaseamt;aghdtheareception timing
deternmined timng; and performng, at the nobile

SRR THHN IO hgCahl Pepresawgd vendeharpéeei 8¢ tenth

%ﬁﬁ%%%@%?% F%%#%%gﬁﬁggg%%gmfugp%hém%¥€g%(g%&f%ég“%iming.
[0030]

A fifth aspect of the present invention is summarized as
a paging signal transmission method in which a radio base
station transmits a paging signal for notification of an
incoming call for a mobile station belonging to any one of a
plurality of groups, the method including the steps of:
notifying, from the radic base station to the mobile station,
an discontinuous reception interval and a mapping pattern, the
discontinuous reception interval representing an interval at
which discontinuous reception of the paging signal is performed,
the mapping pattern indicating a pattern of a plurality of

subframes to which the paging signal is mapped; determining,

at the mobile station, a timing for receiving the paging signal,

"on the basis of the notified discontinuous reception interval

and the notified mapping pattern; receiving, at the mobile
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A sixth aspect of the present invention is summarized

as a nobile station configured to receive a paging

signal froma radio base station, the pagi ng signa

bei ng used for notification of an incomng call for a

nobil e station belonging 10 to any one of a plurality

of groups, the nobile station including: a reception

didl ch dedies Mk DYy UBE e ONELaHERE L8y #ELAr FHhR€ 18di 0 base

timng for receiving the paging signal, on the basis

ofatairordi searntd aaodsmi re€ plimdmgi; nded yak faniliagheaPt @ mobile

pattern notified by the radio base station, the

sfi asfcionti nuoten e el brpdEddaiing ramEmedént inegedved paging

interval at which discontinuous reception of the .

Pty 13 ghd2 I DetiBrate R dd1es shshfichFhsamodrid e Isdiafgon.
ified of by the radi o base station and indicating a

Qﬁijérn of a plurality of subframes to which the

pag'ngk§ﬁ§@ﬁla%b§c@QBp%ﬂé %@&59QH%é¥¥¥onr?g%#ﬁﬁ{arized as

unit configured to recelve the pagi ng signa

d mnslid kedtficamcbhei fade@ base&didid ANpadingt $gnal from a

timng determ ned by the reception timng deferni ning

it ek astatwdem,ngtbel | ppgoagsseigruai t woinfg gureti for

to perform incomng call processing, when the

nddld et iy e s ilgeaning cal pdgimg mwbgAsl sbadiesswd onging

to the nobile_station. 25 [0032] In the sixth aspect, )

theFéc Pt ont t Prifhigi et Af nGrowmSy cHif pEObILe Station

configured tqQ determne.that the timng is subf rane
TREIT S8 SO T TP BT ANORY SSpPUPATITY o1 sUt e ed to
dddidithe 8 861 @y FbanE 4O WHE BnEhe Pad 8998490 £8e basis
mapped; and the paging 10 signal can be transnmitted

@hlah idlsere tsuhiduame elcepa iphui akbtyal ofnd adinhddidEpattern

[0033] In the sixth aspect, the reception timng
it ief ichbyg-h& raniit lwese beatdnh| guredisoodei pnouseeception
éihn?fngt heret;;rn(;snegntlisngsugfnr arirg?:erval at which discontinuous
reception of the paging signal is performed, the mapping pattern
being notified of by the radio base station and indicating a
pattern of a plurality of subframes to which the paging signal
is mapped; a paging signal receiver unit configured to receive
the paging signal transmitted from the radio base station, at
the timing determined by the reception timing determining unit;
and an incoming call processor unit configured to perform
incoming call processing, when the received paging signal is
a paging signal addressed to the mobile station.
[0032]

In the sixth aspect, the reception timing determining
unit can be configured to determine that the timing is a subframe

which is selected from among a plurality of subframes forming

a radio frame towhich the paging signal is mapped; and the paging

10
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whi ch are selected fromanong a plurality of subfranes
formng a radio frame to which the paging signal is
mapped; and the paging signal can be transmitted in

two or nore subframes in one radio frane. 10 [0034]

In the sixth aspect, the reception timng determ ning

unit can be configured to determne that the timng is
ssupfalanas beot r&sqonidi ey dro SUBFbnEns@atharod iradi plurality
frames specified by SFN calculated fromthe follow ng
dfomadia fimnjeor nul a 4A] SFNnod T~ N (U nmod N) |

SUBEN = Unod | T 1 where "T" represents the nunber of
WS Fadi o frames included in the discontinuous
reception.interval, "N'  represents the total n er . _.
ot haTorBnS L4k 25BR ep P BEot EL P56 ST AT PAC LG L Rg
tﬁﬂﬁpégﬁﬁk98ﬁ99i§9§eHQQf&gtéfﬁ{ﬁgﬁha&qg%§kiﬁi %Vﬁ?%ﬂbframes
aspect of the present invention is sunmarize as a
JrﬁdﬂrpaQ@S§e§é@Eé@&r@ﬁﬂfam6H?eéﬂ 1@ nargbt SuiAGn® forming
signal for notification of an incomng call for a
amwddie fstaatel omwl5chellengiggng ¢ igmp loemeppadplamdat ¢ paging
of groups, the radio base station including: a paging
ssignedl cenadps inanenigied corfigoregore ¢uafaesmest iphe radio

aging signal only in one subframe in a plurality 11
152§ radio frames; and a notifier unit configured to
i&gﬂjy, to the nobile station, an discontinuous

eception interval and a nmapping pattern, the

discoﬁﬁiQﬁ&”%ﬂ%%Hﬂ&édE&ﬂJmﬁﬁyékcéﬁﬁﬂﬁﬁQﬂhﬁ%% ?%termining
e

interval at which di scontinuous reception of

e BgnBgBah i gupedftiay aetderhbee MRR Hige padi®gNis subframes
i ndi cating '

corresponding to SUBFN in each of radio frames specified by SFN -
calculated from the following formula:

[Formula 4Al

SFNmodT=l":4; -(UmodN)J

SUBFN = u.nodf4}]

where “T” represents the number of the radic frames
included in the discontinuous reception interval, “N”
represents the total number of the groups, and “U” represents
identification information on the mobile station.

[0035]

A seventh aspect of the present invention is summarized
as a radio base station configured to transmit a paging signal
for notification of an incoming call for a mobile station
belonging to any one of a plurality of groups, the radio base
station including: a paging signal transmitter unit configured

to transmit the paging signal only in one subframe in a plurality
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a pattern of a plurality of subfranmes to which the

pagi ng signal is nmapped, wherein a timng for the

nobil e station to receive the paging signal is

det erm ned based on the discontinuous reception

interval and the mapping pattern. 10 [0036] A eighth
aspect of the present invention is sunmarized as a
cﬁ?@b@iga§§aﬁé§t! %p%HtQ%F%Q‘EHiErégﬁfq%uf?@qgﬁ%%tify, to
signal for nofification of an incomng tall for a

tMRbinbe 1Skast 801 oMLl ONWIRG @ 13 uBNEe8bp i BhUI M d £YaDfand a
groups, the radio base 15 station including: a paging
msipgrialg t reatsmtt,er tumeét doaEogtiedous o teamphibnt hénterval
paging signal in two or nore subframes in one radio
Haphesend 1@t ehi entanve lcahf viglekdissamstimipushe ansipitiion of
tﬁ%%tion of an dj scontinuous reception interval and a

BRAG Ipat 4%t n 1 St AR HPEESHt i roliePPERE R [ Thiervgpting
o RLEPERSTE LADL BBl el o 8500 ignan

ception o e pagi'ng signal” 1S performe

i@mbggdpa&h@wihngiﬁaﬁﬂr@ RPahkehdb Pie &t P WRHI Yeceive
of subframes to which the paging signhal is mapped;

tad payiaty usigfaunids eenéiguned besadj ust thBediscontinuous

di sconti nuous reception interval and the mapping

geterdrimn jim tegyerld amce thiet maph inige Pt eon - mor e

subfranmes in which the paging signal is transmtted,
inatimng for the nobile station to receive

th | is det i ned based the . .
di ScORt FRABUS “PBEEHt Pont AR VAT arid WY hilpgith g ommar zed
t : E T ; -
PR 5o B R T AL T IS o 0 tonan
i | i@t 1 FDd ¢ £o1¢ 0OBPUAKC AlNcIMiYS tmMmiacksy dhngob18 station

first enbodinent of 5 the present invention. [Fig. 2]

Hea lgnndirshaws aayf oneté dralplblradk tdi agramoebs a tradiadio base
station including: a paging signal transmitter unit configured
to tfansmit the paging signal in two or more subframes in one
radio frame; a notifier unit configured to notify the mobile
station of an discontinucus reception interval and a mapping
pattern, the discontinuous reception interval representing an
interval at which discontinuous reception of the paging signal
is performed, the mapping pattern indicating a pattern of a
plurality of subframes to which the paging signal is mapped;
and an adjuster unit configured to adjust the discontinuous
reception interval and the mapping pattern, in accordance with
the two or more subframes in which the paging signal 1is
transmitted, wherein a timing for the mobile station to receive
the paging signal is determined based on the discontinuous

reception interval and the mapping pattern.
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base station according to the first enbodi nent of the
present invention. [Fig. 3] Fig. 3 shows di agrans
each for explaining the timng 10 for transmtting a
PCH in the nobile comruni cati on system according to
the first enbodi nent of the present invention. [Fig.
4] Fig. 4 shows a functional block diagramof a nobile
BBl Ok ReCerdidig d° e drasivegbodi ment of the
present invention. 15 [Fig. 5] Fig. 5 shows di agrans
eHCIVif or explaining the timng for transmtting a PCH
in the nobile communication system according to the
Fi¥st dnbodiEdent 1ofhewe presdnguratenni dhagrifigf 6] entire
Fig.6 shows a flowhart illustrating operation of the
“i‘ﬁ)tb]illeecﬂnﬁttlpéﬁaﬁéeér%ﬁ*‘gep{‘ GCrRre dingsto enbodpfresitbeiment of
1;@; x&§§%ﬂ§j1%p Hpvention. [Fig. 7] Fig. 7 shows a
J}aéfanf?or exprhfﬁVﬁg operation of the nobile

Al | to er g i1 ecej V. pagi_n :
b accor arng (aRA ar Pabr Ve et R Mig e AP RE £ Saaio
HYeseftatiionyaatbefingdtd itk f8lrski mb8dshens & dirRgrd®sent
for explaining operation of the nobile station to
idetesrtniare the timng for receiving a paging signa
according to Alternative Enbodi nent 2 of the present

iFventiloAigl FB gshofs MHiggmamsheashafdr agpar iming the timing

xpl ai ni ng, operation of the 13 npbile station to
%%?e?ﬁ?%%g{% L9 nfng ot Ty 2 VAR he psgIRynispghar system

| t ef;nat, i t f th t
BT 49 3 b MG ESTEN, 38U SR on,

ExiRt aiqi g oper ahbea Qffﬁﬂ@tiéﬂﬂpri@bﬁtﬁgééghﬂ(%f a mobile
determne the timng for receiving a paging signa

sicoorati ngctordi hgr nat i vte: EAbodt mefbodiaknthe Presenpresent
invention.

[Fig. 5] Fig. 5 shows diagrams each for explaining the timing
for transmitting a PCH in the mobile communication system
according to the first embodiment of the present invention.
[Fig. 6] Fig.6 shows a flowchart illustrating operation of the
mobile station according to the first embodiment of the present
invention.

[Fig. 7] Fig. 7 shows a diagram for explaining operation of the
mobile station to determine the timing for receiving a paging
signal according to Alternative Embodiment 1 of the present
invention.

[Fig. 8] Fig. 8 shows a diagram for explaining operation of the
mobile station to determine the timing for receiving a paging

signal according to Alternative Embodiment 2 of the present
invention.

[Fig. 9] Fig. 9 shows a diagram for explaining operation of the
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invention. [Fig. 11] Fig. 11 shows a di agram for
explaining PCH transmssion timngs in a conventiona
nobi | e comuni cati on 10 system BEST MODES FOR
CARRYI NG QUT THE | NVENTI ON [0038] (Configuration of
Mobi | e Communi cation System according to 15 First
Enbodi nent of Present Invention) Wth reference to
nkilgsle bBtied i®n thedeonfmigue dticoniofing fopbidéeeiving a paging
communi cati on system according to a first enbodi ment
gfInalhe Gsrastimg it drtticgmatiive Fabgpekamented. dottdet paesent
aIthough this enbodi nent. wll be described using a
Formuni cation 20 system of the LTE system as an
; r ti imted t
%L?‘SF 1RGSR R o Bon et R p a0 SH T ene
W's%%tt'l% $¥S&&MBrm{ P039]e '%imﬁlfl%wgoknrgéeglﬁﬂn?l gaglng

mobi | e communi cation system 25 according to t

siredi nrido ref i dde Prasettn dtIventin®d disen&0Rf ilgUR@@ present
such that a radi o base station eNB transmts pagi ng

igivipmalisn(-PCHs) for notification of incoming calls for
mobi l e _stations UE#1 to UE#3 each bel onging to any
G -of 1r3nJ|th|ge b ougiPwEL o #gagxam[ 0b4p] explaining PCH

é%gﬁﬁ‘flcal as, shown in FI%' . nDblle station
M i Gr R ﬂ“ﬁlso floqur&d Gegmunication
ive a PCH (paging signal) for notification of an
|ncon1ng call for a nobile 5 station UE belonging to
the group #1, through a PDCCH#1 and a PDSCH#1
transmtted by the radi o base station eNB. [0041]
BEST MODES FOR CARRYING OUT THE INVENTION

{0038]
(Configuration of Mobile Communication System according to
First Embodiment of Present Invention)

With reference to Figs. 1 to 5, the configuration of a
mobile communication system according to a first embodiment of
the present invention will be described. Note that although
this embodiment will be described using a mobile communication
system of the LTE system as an example, the present invention
is not limited to sﬁch example, and can be applied to any other

mobile communication systems.
[0039]

As shown in Fig. 1, the mobile communication system
according to the first embodiment of the present invention is
configured such that a radio base station eNB transmits paging
signals (PCHs) for notification of incoming calls for mobile
stations UE#1 to UE#3 each belonging to any one of multiple

groups #1 to #3.
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Here, a setting is nmade so that pagi ng DRX interval

for all the nobile stations UE bel onging to the group

#1 would 10 correspond to the tim ng (subframe unit)

for transmtting the PCH for the group #1. [0042]

Note that, the paging DRX interval represents a

di sconti nuous reception interval indicating an

fodaevsyval at |1 15 which to perform di sconti nuous
reception of the PCH (paging signal) notified of by

the rdifierifdses siat BersleNBl 1p0DUB] 1Theheolsitlid esshetoan UEHL
UE#2 belonging to the group #2. is also configured to
Retrvena tPcH ¢ |§a¥@iuﬁ’g gllgsn%Pljlf%%Fr%‘éttlof F%%?FB% a BgHpfpaging

ST OuRCH2 2t i 4 18 PRCOHD DB Pbethks Ton @ hobile
L2080 LRt g, (a0l Rebas, staLl AnuehEn LOPAbs1 and

a setting s made so at padi ng i nterva

poscHLD etdndmec@bibe siationso Wk hel ongl ing taig he
group #2 would correspond to the tim ng (subfrane

Lnd4l)] for transmtting the PCH for the group #2.
[ 0045] The nobile station UE#3 bel onging to the group
#3 is Hnp alseshahiggipetiade Feddiate pagrPCe PBEgim@erval for

| I f f { | f
S|gna swgﬁﬁg%thEEZEbggPﬁg 3°Pb2%%gkggﬁjﬁ%<ﬁ¥ﬁﬁb would
P tted
SoEFPOROIRAY 5hro0R) et SIS TR, E8T 5EReR RERa wne

pagi P9y DR 1 pLeryaks for all the nobile stations UE
bel onging to the group #3 would
[0042]

Note that, the paging DRX interval represents a
discontinuous reception interval indicating an interval at
which to perform discontinuous reception of the PCH {(paging
signal) notified of by the radio base station eNB.

[0043]

The mobile station UE#2 belonging to the group #2 is also
configured to receive a PCH (paging signal) for notification
of an incoming call for a mobile station UE beionging to the
group #2, through a PDCCH#2 and a PDSCH#2 transmitted by the
radio base station eNB.

[(0044]

Here, a setting is made so that paging DRX interval for
all the mobile stations UE belonging to the group #2 would
correspond to the timing (subframe unit) for transmitting the
PCH for the group #2.

[0045]

The mobile station UE#3 belonging to the group #3 is also
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correspond to the timng (subframe unit) for
transmtting the PCH for the group #3. 10 [0047] The
radi o base station eNB is configured to broadcast a
BCCH to all the nobile stations UE#1 to UE#3 by using
predet erm ned resource bl ocks through BCHs (Broadcast
Channel s) or the PDSCHs. 15 [0048] As shown in Fig. 2,
tbver 1 et @ bas e esleakicon elB (PEGULHESs i gial NCAH kB tGaHilcation
processor unit 11, a PCH transmtter unit 12, it a
BCCH t¥ramsmirtd era liniforld, mabéékl shahden dih belageing to the
unit 14, and a paraneter adjuster unit 15. 20 [0049]
JHeUP ritom g @l apPEEEEEdr andi @ BASTR# Ednfaguitidet @@ by the
nonjtor the presence or absence of incoming calls for
THE QOB Te S RIbARNHUE#L to UE#3 each bel onging to
¢Qy4gﬂe of the multiple groups #1 to #3. 25 [0050]
e Incomng call processor unit 11 is also configured
to formard iangept Ngq Cd naldaf ebMatd O ihBrRADPAE Ervals for
stations UE#1 to d%#s upon recei pt of response
slgnahs ihobibhe PECHBiHnONUEL Bbelsnbihg sbathengrdio#l #30 would
UE#3, respectively. 16 [0051] The PCH transmtter unit
dorrespond itgurtde tbminansibitdee uPGHS fpagimgnsmitting the
signals) to the nobile stations UE#l to UE#3, each of
chobefBRgEreeP ahd- one of the nultiple groups #1 to
g@ ? upon detection of incomng calls for the nobile
U7bns UE#1 to UE#3, respectively, the PCHs being
used ffﬁer#gdﬂa %@Ebogtgéioﬁnﬁﬂﬁqu%b%&iﬁﬁkga’to broadcast a

respectively.
BCCH to all the mobile stations UE#1 to UE#3 by using
predetermined resource blocks through BCHs (Broadcast
Channels) or the PDSCHs.
[0048]

As shown in Fig. 2, the radio base station eNB includes

an incoming call processor unit 11, a PCH transmitter unit 12,

‘a BCCH transmitter unit 13, a cell bandwidth manager unit 14,

and a parameter adjuster unit 15.
[0049]

The incoming call processor unit 11 is configured to
monitor the presence or absence of incoming calls for the mobile
stations UE#1 to UE#3 each belonging to any one of the multiple
groups #1 to #3.

[0050]

The incoming call processor unit 11 is also configured
to forward incoming-call information to the mobile stations
UE#1 to UE#3, upon receipt of response Signals to the PCHs from

the mobile stations UE#1 to UE#3, respectively.
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[0052] Specifically, the PCH transmtter unit 12 is

configured 10 to determ ne the way to map each of the

PCHs to a subframe. [0053] For exanple, as shown in

Fig. 3 (a) , the PCH transmtter wunit 12 may be

configured to transmt a PCH (paging signal) in _

mul ti pl e subframes (subframes #0 and #1) in one radio

f4%d (a 15 radio frame #0 or #1) [0054]

Altern |ver, as shown in Fi , the PCH

trans Hﬁ@t BrH tlfﬁlntsmfftl%yu%ét &%n%? @Lﬂ*@d&udfe(q RAshiansmit the
a I n,one subfrane subfra

%@4 &Bagra i %ql‘ag]r%) g é/}?‘?lmg}?)}l(?n%tatzbo%? Ugﬁj%llt FpIEER3, each

cﬂa@%QC%r%gﬁén%%agboaﬁgagﬁé g@'@ﬂ?rﬁﬁkﬁ;hpo%%bups #1 to #3,

| e, PCH transmtter unit 1

Wit deueediohoo € hanggn tdie ceay st Qo%@%f@* stt%te_{ons UE#1
subfranme, depending on the anmount of incom ng cal

tfooVE#Re maspestponsl yng tiebPtes S:teatrigonsea5f<§JEnc{tQQ56:]atlon of
The PCH transmtter unit 12 may al so be configured to

RadGEMHEIWER LS  mEs seac iPEMYt 0 a subfrane,

[g) ding on the available bandwidth in the _
g):%?gspondi ng cell. 17 [0057] The PCH transm tter unit

12 o998 0001 LU, L0 pChR0RE UG, Y LS TR e
thafede rind nhe NBCGH ( Road a%%chnggrgﬁé'gahs'Eotgesugframe
corresponding cell. [0058] The BCCH transmtter uni

[®539 configured to notify, to

For example, as shown in Fig. 3(a), the PCH transmitter
unit 12 may be configured to transmit a PCH (paging signal) in
multiple subframes (subframes #0 and #1) in one radio frame (a
radio frame #0 or #1).

[0054]

Alternatively, as shown in Fig. 3(b), the PCH transmitter
unit 12 may be configured té transmit a PCH (paging signal) only
in one subframe (a subframe #0 in a radio frame #0) in any one
of multiple radio frames (radio frames #0 and #1).

[0055]

Meanwhile, the PCH transmitter unit 12 may be configured
to change the way to map each PCH to a subframe, depending on
the amount of incoming call for the corresponding mobile station
UE.

[0056]
| The PCH transmitter unit 12 may also be configured to

change the way to map each PCH to a subframe, depending on the

available bandwidth in the corresponding cell.
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each of the nobile stations UE#l to UE#3, the

correspondi ng paging DRX interval (discontinuous
reception interval) and the 10 total. nunber of

groups through the BCCH [0059] For exanple, as the
paging DRX interval, the BCCH transmtter unit 13 may
transmt identification information which defines the
g DRX interval, or alternatively, 15 transmt the
nunber of radio frames included in the pagi ng DRX

I nt er Vidle. ACB0GGEnMeanwer] enithé2BE@EK tlaons bt tenfunutred to
13 may be configured to notify, to each of the nobile
GratJondeUry §o MIEHS2ch PO torr espbrarag depsrdhmy on the

ffset i tmap, ar ' pattern to  be described,

FladRndheduohete SacHie 1Oas TP Prcast LBEAtaRbL ) Lo the
it 14 .i.s configured to nanage it the

TS KA 51 dch i n each cel . 25°[0062] The

pegaet er adjuster unit 15 is configured to adjust

the paging DRX interval and the total nunber of

gr oupshe BCCHI t e danee uniitth1 8 hiss wey figurep tbend¥GHy, to

to a subfrane described above. 18 1'l [0063] For

N e, thchenqiarlansttert imdjsudiFerl tol UEES,i $heombirgesednding

to adjust each paPi ng DRX interval and the total

RRAEEF PBK rlotpsel (HAsgepsindnee ¥FITP i anmbervasy and the

SIET B E) f Td5, Eg Rty o o e
[0059]

For example, as the paging DRX interval, the.BCCH
transmitter gnit 13 may transmit identification information
which defines the paging DRX interval, or alternatively,
transmit the number of radio frames included in the paging DRX

interval.
[0060]

Meanwhile, the BCCH transmitter unit 13 may be configured
to notify, to each of the mobile stations UE#1 toc UE#3, a
corresponding subframe offset M, bitmap, or mapping pattern to
be described later, through the BCCH.
[0061]

The cell bandwidth manager unit 14 is configured to manage
the available bandwidth in each cell.
[0062]

The parameter adjuster unit 15 is configured to adjust
the paging DRX interval and the total number of groups, in
accordance with the way to map the PCH to a subframe described

above.
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[0064] The paraneter adjuster unit 15 is also

configured to adjust each paging DRX interval and the

total nunber of groups, in accordance with the

avai | abl e bandwi dth in the corresponding 10 cell

[ 0065] The paraneter adjuster unit 15 is also

configured to adjust each paging DRX interval and the

taaed] nunber of groups, in accordance with the

frequency of change in the BCCH 15 (broadcast

i nf or ety @naimphet Hérecperespoadiang usgldr. uh 0066] 1 Asonfigured

shown in Fi 4, the nobile station UE includes a BCCH

teeel vaF qAfit Paging qféﬂ—llrﬂ‘é%léml enditiim hgtaétramian af groups,
unit 33, .and an jncom ng cal

HF oeeS85r=0nr  whls 555 oUBH Thi RO TLE P Sxm?or the
ﬂé%ﬁHHH é%f&%%t LV 4 lQﬁ %qu ”%@%ﬁo%%d F

pagi ng DRX Interva t'otal of  groups,
tdusajadi o base statlon eNB through the BCCH. [006m
25 The BCCH receiver unit 31 may be configured to

recei \fhe tgwerasudfamnsd pidtset Miti1vaps alssappnfidgured to
pattern to be described later, fromthe radi o base
a1t toracNBr 2 & o GIR% heteBmHar{oboae]tqtgal number of groups,

in accordance with the available bandwidth in the corresponding
cell.
[0065]

The parameter adjuster unit 15 is also configured to
adjust each paging DRX interval and the total number of groups,
in accordance with the frequency of change in the BCCH
(broadcast information) in the corresponding cell.

[0066]

As shown in Fig. 4, the mobile station UE includes a BCCH
receiver unit.31, a PCH reception timing determining unit 32,
a PCH receiver unit 33, and an incoming call processor unit 34.
[0067]

The BCCH receiver unit 31 is configured to receive the
above-mentioned paging DRX interval and total number of groups,
from the radio base station eNB through the BCCH.

[0068]

The BCCH receiver unit 31 may be configured to receive
the subframe offset M, bitmap, or mapping pattern to be
described later, from the radio base.station eNB through the
BCCH.

[0069]
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