DESCRIPTION PAGING SIGNAL TRANSMISSION METHOD, MOBILE STATION AND RADIO BASE
STATION 5 TECHNICAL FIELD [0001] The present invention relates to a paging signal
transmission method in which a radio base station transmits a paging signal for notification of an
incoming call for a mobile 10 station belonging to any one of multiple groups, and also relates to the
mobile station and the radio base station. BACKGROUND ART [0002] 15With reference to Fig. 11,
description will be given of how a radio baseﬁg%sl}]?oiﬁ 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 mehiterstatian i belorgingimo axycneefmaltiplegroups AT that20 isaapaging
signal transmission method). [0003] As shown in Fig. 11, the radio base station eNB is configured
to transmit 8PFCEM(PHySical Downlink Control Channel) including a P-RNTI (Paging-Radio Network
Temporary 25 Identifier), in a subframe for the group #1 (in the example in Fig. 11, a subframe #0 in a
radio frame #0), upon detection of an incoming call for the mobile station UE belonging to the group
#1.[0094] TECHNICAL FIELD

[0001]

The present invention relates to a paging signal
transmission method in which a radio base station transmits a
paging signal for notification of an incoming call for a mobile

10 station belonging to any one of multiple groups, and also

relates to the mobile station and the radio base station.

BACKGROUND ART
[0002]

15 With reference to Fig. 11, 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

20 is, a paging signal transmission method).

[0003]

As shown in Fig. 11, the radio base station eNB is
configured to transmit a PDCCH (Physical Downlink Control
Channel) including a P-RNTI (Paging—-Radio Network Temporary

25 Identifier), in a subframe for the group #1 (in the example in
Fig. 11, a subframe #0 in a radio frame #0), upon detection of
an incoming call for the mobile station UE belonging to the group
#1.

[0004]



Note that, the radio base station eNB is configured to use the PDCCH to notify, to the mobile station
UE belonging to the group #1, the resource block position, the resource block size, and the like of a
PDSCH (Physical Downlink Shared Channel) 5 to which a PCH (Paging Channel) for the group #1
(i.e., a paging signal for notification of an incoming call for a mobile station UE belonging to the group
#1) is mapped. [0005] Moreover, the radio base station eNB is configured to use 10 the PDSCH to
make notification ofﬂg%rétifjc%tign in(%cl)rm]ggari\ cgUEélg)Q osr%thg.rggbg%gtation UE %l%ll%h IS to_receive the

. . T . dto .
above-described incoming caﬂl. [0006] Meanwhile, the mobile station UlEslsccoonn éf(fto m%nltor 15

whether or nethenRDECHHN el ding the,/P-RNIkisdransmitteds ak diseantinupus seeeptignciatervals
(paging DRX intervals) for the group #1. [0007] The mobile station UE is configured to receive the
PDSCH 20 ebfredpoHdintlto thesPDETH 1St Bakisit Hifbifation irfcli@é@ i e PDTEH (e.g., the

e R s Mok e e s e ER G e e
to perférm ineontinglcall pracessing withctheradio) base statog.eNB, whenithe L IEIPageluged in the
received PDSCH is a LIE-ID addressed to itself.
signal for notification of an incoming call for a mobile station
UE belonging to the group #1) is mapped.
[0005]
Moreover, the radio base station eNB is configured to use
10 the PDSCH to make notification of identification information
(UE-ID) on the mobile station UE which 1is to receive the
above-described incoming call.
[0006]
Meanwhile, the mobile station UE is configured to monitor
15 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 configured to receive the PDSCH
20 corresponding to the PDCCH, on the basis of information included
in the PDCCH (e.g., the resource block position, the resource
block size, and the like of the PDSCH), when judging that the
PDCCH including the P-RNTI has been transmitted.
[0008]
25 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 received PDSCH is a UE-ID addressed

to itself.



Non-patent Literature 1: 3GPP 1536.300, "E-UTRA and E-UTRAN; Overall description; Stage 2",
v8.1.0. Non-patent Literature 2: R2-073372, "Paging Procedure in LIE", NTT DoCoMo, Inc., NEC. 5
[0009] However, with a conventional paging signal transmission method implementable in the
mobile communication system of the LIE system, only one subframe (1 ms) is allowed to be set in 10
each radio frame (10 ms) and used to transmit the PCH (paging signal) for each group. [0010]

Thus, such mobile_ communication system h r that.the, RC y not possi > mapped to
the subframl{goﬂl\ a 8%seemig£\]/vcceér]é?ﬁé¥ cell éﬁ%&% tf?%%%fr%@v@ hno%hg&éf?gnaad égﬁ quO%AI—?ﬁBroadcast
Control Channet o1 theikke)is prapped tothesubframesonsome other cases. DISCLOSURE OF THE
INVENTION 20[0011] The present invention has been made in view of the above problem, and
thus has ant6BjeEbPrévide& pagineesighatl trahdmission Methbad £ robRe $&fidh &dd aradio base
station whi%l%egﬁéibl%ggang%%he timing for transmitting 25 a paging signal for each group.
[0012] ’ " '

5

[0009]
However, with a conventional paging signal transmission
method implementable in the mobile communication system of the
LTE system, only one subframe (1 ms) is allowed to be set in
10 each radio frame (10 ms) and used to transmit the PCH (paging
signal) for each group.
[0010]
Thus, such mobile communication system has a problem that
the PCH may not possibly be mapped to the subframe in a case
15 where the cell bandwidth is narrow, another signal (e.g., BCCH:
Broadcast Control Channel or the like) is mapped to the subframe,

or some other cases.

DISCLOSURE OF THE INVENTION
20 [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

25 a paging signal for each group.
[0012]

A first 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



A first 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
radio base station to the mobile station, a discontinuous reception interval and a total number of the 5
groups, the discontinuous reception interval representing an interval at which discontinuous reception

of the paging signal | perfﬂm , deter iniri , at. the maobile st tion, a timing for rec iviqg the paging
signal on the Caginnsl(r)l th%anotifétgjrdigcénr%to%sSrgge%t%}l %?er?glg[alr?ag th%on%tl %édoto%alonunﬁber 10 of
the groups;geceiving: at the mobitestafion; ke paging signal dransmigeddrem thedadio base station,
at the determined timing; and performing, at the mobile station, incoming call processing, when the

received pagitig-$ighadis & paging Sighaladireased 36 &t Robile $tafoRCPs[0013F Atseednd aspect of

the present [’vertion s symmarized.as 2 mobile, siaion configuied 1g receivs, & paging signal from a
radio base station, the paging signa Ing use for notification of an Incoming ca for a mobile station

belongig 2§rtewasy,one ef aphwalityiefigsaups.dbepnabile statieninrcudingaseception tming
determining unit configured to determine a timing for receiving the paging signal, on the basis of an
discontinuotid Féeeptibriinté Rt arfti & EtalAamBES of Beglotps Rétified Byfié RedicBase station, the

dsconnnuogg performed; determining, at the mobile station, a timing for

receiving the paging signal on the basis of the notified
discontinuous reception interval and the notified total number
10 of the groups; receiving, at the mobile station, the paging
signal transmitted from the radio base station, at the
determined timing; and performing, at the mobile station,
incoming call processing, when the received paging signal is
a paging signal addressed to the mobile station.
15 [0013]
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
20 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 discontinuous reception interval and a total number of
the groups notified by the radio base station, the discontinuous
25 reception timing representing an interval at which
discontinuous reception of the paging 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



25 reception timing representing an interval at which discontinuous reception of the paging 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 incoming
call processor unit configured to perform incoming call processing, when the received paging signal is
a paging signal addressed to the mobile station. [0014] 5In the second aspect, the reception timing

determiningiunit can be coﬂigured t determinetthat th% timin% i asu frarfne which is selected from
among a plurrzl;l |'?y 31‘“ s({Jb?r%lme§ ﬁ)?r%%nsgsgrraéllgjfrarﬁg Itlo which tﬂse poa rlegrsi%ﬁgl ié“rﬁé)ﬁ“&e“o? and the

paging signakcan pedransgiitied omhein ane-subitameda agelyrality 10 o sadio frames.d0035] In
the second aspect, the reception timing determining unit can be configured to determine that the timing
is subframe ik apeSEREfRFfrém drieng apldraliftefsubirames forming 15 a radio frame to
which the p?giwﬁignal is mapped; and the paging signal can be transmitted in two or more subframes
in one radio frame: [0016]/[0017]

5 In the second 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
aradio frame towhich the paging signal is mapped; and the paging
signal can be transmitted only in one subframe in a plurality

10  of radio frames.

[0015]

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

15 aradioframe towhich the paging signal is mapped; and the paging
signal can be transmitted in two or more subframes in one radio
frame.

[0016]/[0017]
In the second aspect, the reception timing determining
20 unit can be configured to determine that the timing is a
predetermined subframe 1in radio frames specified by SFN
calculated from the following formula:

[Formula 3]

G=UmodMN

SFNdeT:G-%

25 where “T” represents the number of the radio frames
included 1n the discontinuous reception interval, “NT

represents the total number of the groups, “U” represents



In the second aspect, the reception timing determining 20 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] 25where "I" represents the number of the radio frames included in the
discontinuous reception interval, "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 ol staffon,belonas. anc N i satisfied. [991810049),5In the second ashegs the
reception timing determining unit can be conjflguredoto determine that the timing is slbframes
correspondingde<SIBEN injeach ofirasha tames specitied hyob R ealctdated fram the felilewing

formula: [Formula 4] mod N
mobile station belongs, and “T 2 N” is satisfied.
[0018]/[0019]

5 In the second aspect, the reception timing determining
unit can be configured to determine that the timing is subframes
corresponding to SUBFN in each of radio frames specified by SEFN
calculated from the following formula:

[Formula 4]

G=UmodN

zZ|o

SFNmod T = [

]

SUBFN = Gmod( %J

10
where #“T” represents the number of the radio frames
included in the discontinuous reception interval, *“N”
represents the total number of the groups, “U” represents
identification information on the mobile station, “G”
15 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
20 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
25 unit can be configured to determine the two or more subframes

used to transmit the paging signal in the one radio frame, on



G 10 where "I" represents the number of the radio frames included in the discontinuous reception
interval, "N" represents the total number of the groups, "U" represents identification information on the
mobile station, "G" 15 represents identification information on the group to which the mobile station
belongs, and "1 < N" is satisfied. [0020] In the second aspect, the reception timing determining
unit can be configured to determine the two or more subframes 20 used to transmit the paging signal

in the one radio frame, on the hasis of an offset from a d,subframe in the one radig frame, the
offset being%lr%oetifflloe(iljsolfgbyO ﬁtwegrgo |8IB% elsr%gtjl'ogna.lié&?l]{]ﬁgthgwsoec%ﬁd% aosrpgec%,ut%%rrg&gpsti%notiming
determinings25 uRitian hescanfiguied te determing theltwe Be morersupbfmaaiessused tortragsmit the
paging signal in the one radio frame, on the basis of a bitmap indicating the two or more subframes to
which the paging¥sighd is atappedcffe Bifmap deing notified of by the radio base station. [0022]

[0022]

5 In the second aspect, the reception timing determining
unit can be configured to determine the two or more subframes
in the one radio frame, on the basis of a mapping pattern
indicating a pattern of the two or more subframes to which the
paging signal is mapped, the mapping pattern being notified of

10 by the radio base station.

[0023]

A third 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

15 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
of radio frames; and a notifier unit configured to notify, to
the mobile station, an discontinuous reception interval and a

20 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 1is
determined based on the discontinuous reception interval and

25 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 station



5In the second aspect, the reception timing determining unit can be configured to determine the two or
more subframes in the one radio frame, on the basis of a mapping pattern indicating a pattern of the
two or more subframes to which the paging signal is mapped, the mapping pattern being notified of 10
by the radio base station. [0023] A third 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 L5 {0,ay,one,of 4 pluraliy ofigroups. e sadig base station including; apading
signal transmitter L?nlt gon igured to transmit the paging %’ignal 8n|y in ohe su%frame ina pﬁurality of
radio framestand amatifier waitrcpnfigued taqetifyntothe-mobile station; antdiseontiguausireception
interval and a 20 total number of the groups, the discontinuous reception interval representing an
interval at wifich 6iSeoRtitushs récehtion Sfitfie paging Sithad s Persrmed wReRM AtirfiikRy for the

mobile statign to receive the paging.signal is.determined based on the discaontinuyous reception interval
and 25 the %o?égllnourgn aeIr%%f tﬁer?ggrj%ﬁgzgfbélﬁ]% Eo%%&ﬁt eés%%c?%? %hgg p’)roecs?eﬁ%%\ﬁeor?t)ﬁ)eﬁels
summarized as@ikadjoase stadinn conbigured tetransmit a pagingsignaldar aodificationof an
incoming call for a mobile station belonging to any one of a plurality of groups, the radio base station
including: affagingSigna¥ ransmitter bAR contigifed td-frarsmit tHeepadng Synalnt@e et imore

subframes in one radiocf.rame' a notifier unit cqcnf;/gHre to notifg l;é).the mobile 5 st%tion an
. . re$resen lngeaq 1N erva# a 1? discoh ﬁ?ugus rece 1on of .
discontinuous reception interval and a total number of the groups, the discontinuous reception interval

representingan gpuenvabat wihch disceontinustsdaceptiansef thejpaging signal isqerfamesdiand an
adjuster unit configured to adjust the discontinuous reception interval and the total 10 number of the

groups, in deeordaiitetwiti thelivis oF idre Subfraffexrin LHich e pagihgSign Allis tiamisitted,
wherejp a timing for the. mopile station to ref“*“"%é%%?%%mgeg%fﬂ? ‘}[tem\i]%%d hased opthe
discontinuous reception intervaland t%e totaPnumber 0] the groups. 1 825

subframes in which the paging signal is transmitted, 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.

15 [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 mobile station.

20 [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.

25 [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.



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
mobile station. 20[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. 25[0027] In the third or fourth aspect, the adjuster unit can be
configured tPO%(HIé%t the discontinuous reception interval and the total number of the groups, in
accordance with a‘frequency of change in broadcast information in each cell. [0028] In the fourth

aspect, the radio framesicarr beeach:formed of- 12 subframes; bhreadeast infogmationcandae
transmitted in the first subframe in each radio frame; and the paging signal 5 transmitter unit can be
configured tfpreferenfialpliss the itk SabframelaiditHelfith Sabfr&netindaehraditrame in this
order, as su%l;grear@es incwshi hfthe aging esja%qlalri% gagsgrit %de' ,[Og%%] %gln the secondia§pae t, the radio

r U ame aglng..s .
frames can be eaéh orme Ofrl subtrames; broadlcast Information canebéjtrgnsr%ltteagm the first

subfrarfe inceachsratia Fame; anddhe neeepleit timing detesminiag anircandae gonfigureddo
determine the tenth subframe in each radio frame as the timing. 15[0030] A fifth aspect of the
present invérfitrisStmmanzed as a p&gihg Sidghdl Wansafission riethbdlin Sfich a3a8iolBase station
transmits a paging signal for notificat'op of an.incoming cal fort%mobile station belongﬁingitg any one

of a 20 plurality of groups,’thear%etﬁg ﬁéaﬂgi?lg the steps of: notlf%/in]cj,aL ffomthe radio base station to

the mobile statioran disegntinuous reception interval and a mapping pattern, the discontinuous
reception interval representing an interval at which discontinuous reception of the paging signal is
performed, [0029]

10 In the second aspect, the radio frames can be each formed
of 10 subframes; broadcast information can be transmitted in
the first subframe in each radio frame; and the reception timing
determining unit can be configured to determine the tenth
subframe in each radio frame as the timing.

15 [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

20 plurality of groups, the method including the steps of:
notifying, from the radio 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,

25 the mapping pattern indicating a pattern of a plurality of
subframes to which the paging signal is mapped; determining,
at themobile 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



25 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
station, the paging signal transmitted from the radio base station, at the determined timing; and
performing, at the mobile station, incoming call processing, when the received paging signal is a

paging signg| addresseq fo the mobie stalion SN0 ,; . A.spdp,aspect of the presept invention is
summarized as a mobile stati n%onﬁgureg to receive a paging signal from a ra i0 base station, the
paging signat beingrused fornaaiificatian atantingaming Ladl osarvehile statiendelangingl £0 to any
one of a plurality of groups, the mobile station including: a reception timing determining unit configured
to determiné &2ty for: FECENIRG tiie pagifg Sigat 16w theBasis bfan Brstdhtiftolrs fEgeption
interval and_a mapping. pattern natified by the radio base station,.the discontinuqus reception 15 timing
representina la%nlﬁot]gr\%l aat ﬁhﬁgﬁa%c%ﬁéﬁﬁoﬁusggegggﬁgﬁ Cc%f t%woe pa?g%lngr][1 %ﬁ%ﬁ%?issp%ear olrron%d, the
mappirsg patteos 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 20
the paging signal tr&n8ritiétl #oRT tHe PAdibIsaSE StafiBh, ab i timiPg déteTHiRed by tite #6ception

timing determini Hnit; %ndcan incomilpg calleo({ogessor unit configured to performlin omin% call
! ﬁlol}i%. e’sta 1é>n con Ur G Técelvé a dagln% signa Jiom .
processing, when the received paging S|8nal iS a paging signal addressed to the mobile station.
25[0032] radn the sixth-aspect:thereceptien tipling deterpiining Uniteambe capfiguredde determine
that the timing is a subframe which is selected from among a plurality of subframes forming a radio
frame to WHP@?WI%@@@@G[PI’% Mb%‘@@él?gnﬁathé ﬁ@@r@ Hﬁ@%&l%ﬁ Bé %@hé?ﬁi%l@ﬂ%?fhgin one
supframe ina pl%alltyocgeradol% fr%meshlg%?is’l]tln thogfspggglslr%%ct, t ﬁﬁrecn?&ta'?rﬂet'mé (g%toe;lmlnlng 5
unit can be conflgu¥ed to determine that the tiniingis subframes which are selected from among a
plurality of subirames fprming adagio: fsameite whjch dhe pagingrsignalis mapped; andthedqpaging
signal can be transmitted in two or more subframes in one radio frame.
determine a timing for receiving the paging signal, on the basis
of an discontinuous reception interval and a mapping pattern
notified by the radio base station, the discontinuous reception
15 timing representing an interval 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
20 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.
25 [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

aradio frame towhich the paging signal is mapped; and the paging

10



10[0034] In the sixth aspect, the reception timing determining unit can be configured to determine
that the timing is subframes corresponding to SUBFN in each of radio frames specified by SFN
calculated from the following f ormula : 15[Formula 4A] aPrN mud MOEN c= where "I" represents
the number of the radio frames included in the discontinuous reception interval, "N" represents the
total number of the groups, and "U" represents 20 identification information on the mobile station.
[0035] A seyenth gsnec of the present invention s, summarized a8, facliq base stgtion eogfigured to
transmit a pag?ng signal for notification of an incoming call for a mobile station eﬁonglnﬁ to any one
of a plurality, ef geoups, thearadio. 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 t6%ftity, to the mobile station, an discontinuous reception interval and a mapping pattern,
the discontinuous reception interval representing an interval at which.discontinuous reception of 5 the
paging signal is per?c?rn%é%e, the >ri\ghppflr%gp §§t¥érngclr%(%c§tlgncge§%é?tgrntéfﬂ a %ﬂjrghé:)g%?gﬁgﬁ%lr%es to
which the paging sighnaldsdnapped:mdieteinia tisring for thesmahbile stationdoi keerive thenpaging signal
is determined based on the discontinuous reception interval and the mapping pattern.

which are selected from among a plurality of subframes forming

aradio frame towhich the paging signal is mapped; and the paging
signal can be transmitted in two or more subframes in one radio
frame.

10 [0034]

In the sixth aspect, the reception timing determining
unit can be configured to determine that the timing is subframes
corresponding to SUBFN in each of radio frames specified by SFN
calculated from the following formula:

15 [Formula 4A]

SFHmndT=[“P1E- 'fL.ImadhE}J

1

where #“T” represents the number of the radio frames

—=H|=

SUBFN = U med |

included in the discontinuous reception interval, *“N”

represents the total number of the groups, and “U” represents
20 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

25 Dbelonging 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

11



10[0036] A eighth 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 15 station including: a paging signal transmitter unit
configured to transmit the paging signal in two or more subframes in one radio frame; a notifier unit
configured to notify the mobile station of an discontinuous reception interval and a mapping pattern,

the Qiscqntig)\%pgg fece ]ifonn%lge;rvglngpareggrtltil an 219ni£1£erggln .which di %orgg\ttjogs,reggption of the
paging signal is per orme&, the mapping pattern m&catlng a pattern of a plurality of sdbframes to

which the pagingrsighakissnapped; ardcaniadjusien unib cenfiguesto adjusttibe chiscentimuous
reception interval and the mapping pattern, in accordance with 25 the two or more subframes in which
the paging SigRBHEIranBmitiet: Wherédif% tirfihg ForthemeBife staBERES tcteivethe$agig signal is
determined baseg on the disconti.nuogi; \;%(ie[%lt_itoreq i{\]{%r}\l/al an% gr]lecrinnalpcglilnsg pattern. BRIEE

00

DESCRIPT]IC&I\)Ir Eerrll—ﬁil%%?&\?wﬁ&ts 7] [Fig. 1]Fig. éﬁows acon iguratlocnegi%gl;roélmooﬁ an entire

mobile Tompnnicatiam systesn accorlinge @-tirstiembediment DL S therpresant investiennfig. 2]Fig. 2
shows a functional block diagram of a radio base station according to the first embodiment of the
present invénBiéh.HFETg! SIEFRP3 'shaws tdiagfamistdachiTor explaiing theé HRmg FofSreadsitting a
PCH in the mobile co munrilcation syst%rpmal%corging tc the fg%tiﬁrgbggg@entnoftthe  Present invention.

[Fig. 4] Fig.lzlssﬁlg\ﬁg% (nctional block lagram of a mo jile'station accord}r?g to the first embodiment of

the presentimventiog i hofFig: i &ig. bsshowsdingrasas eack for explaiingithedimingnuous
reception interval and the mapping pattern.
10 [0036]

A eighth 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

15 station including: a paging signal transmitter unit configured
to transmit the paging signal in two or more subframes in one
radio frame; a notifier unit configured to notify the mobile
station of an discontinuous reception interval and a mapping
pattern, the discontinuous reception interval representing an

20 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

25 the two or more subframes in which the paging signal is
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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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 20 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. 25[Fig. 8] Fig. 8 shows a diagram for explaining

operation OE%?%%??E%%IQ%W% t%ﬂlﬁ%}%@r receiving a paging signal according to

Alternative E e present invention. [Fig. 9] Fig. 9 shows a diagram for explaining
operation off th@3 mobile station to determine the timing for receiving a paging signal according to
Alternative Embodiment 3 of the present invention. [Fig. 10] Fig. 10 shows a table for explaining

operation of theé% mobile stafion td detertifing thetirifiy forreeeiving dliRgG sighdaeedRling to

Alternative En}gbopiment 4 of the present invention, [:Féq. 11]tFiga. 1l sh%ws %gi ram forgxplaining
PCH tralnsrrr1ﬂ|gsi<l)netir%i)nrgn;rg‘.ml hcgonlv%rrlltiso 3 ren%bﬁlcéccoommﬂ%icﬁion 1 ]é)s/steeﬂ. égl%el\ﬁblgES FOR
CARRYING: QY ToTHEINY EMTAON {0038] (Configuration of Mobile Communication System

according to 15 First Embodiment of Present Invention) With reference to Figs. 1 to 5, the
configuratiohf6f% mbbile coffunic&istrsysteht AcEdreiyitda ditst émpedmfenttopticpredent
L”(;’rﬁm'l?rrl‘ig’;&t'zl'gbﬁeed%%%r bed, Note that;althqugh this embodiment will e deseribgd using.a mobile
invention.
[Fig. 3] Fig. 3 shows diagrams each for explaining the timing

10 for transmitting a PCH in the mobile communication system
according to the first embodiment of the present invention.
[Fig. 4] Fig. 4 shows a functional block diagram of a mobile
station according to the first embodiment of the present
invention.

15 [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

20 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.

25 [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

13



20 system of the LTE system as an example, the present invention is not limited to such example, and
can be applied to any other mobile communication systems. [0039] As shown in Fig. 1, the mobile
communication system 25 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. [0040]

Specifically, as shown.in Fig. 1,.the ile station UE#1 belonging to the group #1 is configured to
receive a P%ﬁ% p%%gir?é: gi%ﬁ\a f%? n%%:gc%a];[%hngf gnrll1 ?nc%lrﬁllﬁa%a Iof%r %en%%giYel r5P tgtiér?l UE elonging to
the group #3; thfaugh a RRGCH# 1tandha RRSGH#Ldramspytech by the radio biase statiosn@NB. [0041]
Here, a setting is made so that paging DRX interval for all the mobile stations UE belonging to the
group #1 wélldStt-ésifespond to the timing (subframe unit) for transmitting the PCH for the group #1.

an iterval & TS G U6 RO SGAR oL Tecephon o T PCH (RogiHg Sghal) naihed of by the
radio base stabon €NB.40043] to determine the timing for receiving a paging
signal according to Alternative Embodiment 4 of the present
invention.
[Fig. 11] Fig. 11 shows a diagram for explaining PCH

transmission timings in a conventional mobile communication

10 system.

BEST MODES FOR CARRYING OUT THE INVENTION

[0038]

(Configuration of Mobile Communication System according to
15 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

20 system of the LTE system as an example, the present invention
is not limited to such example, and can be applied to any other
mobile communication systems.

[0039]

As shown in Fig. 1, the mobile communication system

25 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.

14



The mobile station UE#2 belonging to the group #2 is also configured to receive a PCH (paging signal)
for notification 20 of an incoming call for a mobile station UE belonging 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 25 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#F@e&qging to the group #3 is also configured to receive a PCH (paging signal) for
notification of an incoming call for a mobile station UE belonging to the group #3, through a PDCCH#3

and a PDSCH#3 transaitted by the ragdio asestationieNB1 p[0046hob i 1Hese & settingzisimade so
that paging DRX intervals for all the mobile stations UE belonging to the group #3 would correspond to
the timing (S\WHfRAIAé 1hif) Fok ransmiti g the PEH fok & §fblip #3 Crof0647]FCE (RRidiib base

saton o) palquesio Bseesa Pt p A ol gl Vet o by
As showvn i Eig: 2o theradie hasegistatien eNBingtudes @n jneominggalpooessarunihdlaa PCH
transmitter unit 12, a BCCH transmitter unit 13, a cell bandwidth manager unit 14, and a parameter
amuaerunﬁ@ch#l transmitted by the radio base station eNB.
[0041]
Here, a setting is made so that paging DRX interval for
all the mobile stations UE belonging to the group #1 would
10 correspond to the timing (subframe unit) for transmitting the
PCH for the group #1.
[0042]
Note that, the paging DRX interval represents a
discontinuous reception interval indicating an interval at
15 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
20 of an incoming call for a mobile station UE belonging 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
25 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

15



20[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. 25[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. [0051] The PCH transmitter unit 12 is configured
to transmit the PCHSs (paging srl;%nalsz]to thepr&gbi(le ség{ations UE#1 ig UE#3, each.of which belongs to

on . ce a I 1 n O, .
any one of t%e muI%p e groups #1 o # . gupon dep[e |longofslrl1gom|ng calls for the mobile stations

UE#1 to UE#S, sespectivelynthe RCHs being usedifoe netification ofthedncoipingscatls, raspectively.

[0052] Specifically, the PCH transmitter unit 12 is configured 10 to determine the way to map

each of the PCH® td & subkaPvel J085BPC CH tbragi@miplBPas Brewhtia g 3tAE the P Clt transmitter

unit 12 may be, canfigured %% %?Qarrpiteq\IBCH (paging signal) in multiple subframes (subframes #0 and
[

: d . o
#1) in one rgalolframe (a 15ra rame #0 or #1). [0054] Alternatively, as shown in Fig. 3(b), the PCH

transmgter goit 2 may be configured to transmit a PCH (paging signal) only

Here, a setting is made so that paging DRX intervals for
all the mobile stations UE belonging to the group #3 would
correspond to the timing (subframe unit) for transmitting the
PCH for the group #3.

10 [0047]

The radio base station eNB is configured to broadcast a
BCCH to all the mobile stations UE#1 to UE#3 by using
predetermined resource Dblocks through BCHs (Broadcast
Channels) or the PDSCHs.

15 [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.

20 [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.

25 [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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in one subframe (a subframe #0 in a radio frame #0) in any one 20 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 25 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
correspondip(g;oqﬁl [0057] The PCH transmitter unit 12 may also be configured to change the
way to map eac FlCH to a subframe, depending on the frequency of change in the BCCH (broadcast
information) in the Seerrespondingsealk {8358h it 1TheB&GH trpnsmittes unizksisicorfigured to
notify, to each of the mobile stations UE#1 to UE#3, the corresponding paging DRX interval
(discontinuiidireceptivhtifterval) ahd tHec1 bhstaI Heibdise £ 6PGroeps Hraugh thBBCCHJ0059]

el RSO e RS PRI PRI Scaton
5 upon detection of incoming calls for the mobile stations UE#1
to UE#3, respectively, the PCHs being used for notification of
the incoming calls, respectively.
[0052]
Specifically, the PCH transmitter unit 12 is configured
10 to determine the way to map each of the PCHs to a subframe.
[0053]

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

15 radio frame #0 or #1).
[0054]

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

20 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 correspondingmobile station

25 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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15 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 to
UE#3, a 20 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. 25[0062] The parameter adjuster unit 15 is configured to adjust
the paging ?%i%erval and the total number of groups, in accordance with the way to map the PCH
to a subframe described above. [0063] For example, the parameter adjuster unit 15 is configured

to adjust each paging ®RX intervahand thestotalmumber ofgrounss én Becerdance withdthe @amount of
incoming call for the 5 corresponding one of the mobile stations UE#1 to UE#3. [0064] The
parameter &djaSt8F UAitSL3 RValse Eotitigired t6 @djlist cadt pagingDRICREEFaIh®thé ftal number

of groups, ip accordance with,ihe ayailable bapdwidthyin the corresponding 10csll, (4963,
5 corresponding cell.
[0058]

The BCCH transmitter unit 13 is configured to notify, to
each of the mobile stations UE#1 to UE#3, the corresponding
paging DRX interval (discontinuous reception interval) and the

10 total number of groups through the BCCH.
[0059]

For example, as the paging DRX interval, the BCCH
transmitter unit 13 may transmit identification information
which defines the paging DRX interval, or alternatively,

15 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#1l to UE#3, a
20 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.

25 [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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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 15(broadcast information)
in the corresponding cell. [0066] As shown in Fig. 4, the mobile station LIE 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. 20[0067] The BCCH receiver unit 31 is configured to receive the
above-menq&@%?aging DRX interval and total number of groups, from the radio base station eNB
through the . [0068] 25The BCCH receiver unit 31 may be configured to receive the subframe
offset M, bitmap, orrappingnpattgrn ta-be-desedbed lateffenrthe: radiohasesiatfaryeNEthrough the
BCCH. [0069] The PCH reception timing determining unit 32 is configured to determine the
timing for réceiggthe PEH (BagingSighal) rethedbhasis ofthe paging DRYCHterral ARd e total

number of groups so teceived. 5100701 .. Spegffically the PCL feception fiming:determyining unit 32
IS conflgureqd to életermlne, as the a ove-lglescrl‘t?;eé]1 timing, a s&bframe%electerg from among multiple
subfrarfes (@ the-exampteny Kge3(a), thasublranies #0 and #4.4n the: radio frem3s 10 #0 or the
subframes #[f% ggg]#l in the radio frame #1) to which the PCH (paging signal) is mapped.

The parameter adjuster unit 15 is also configured to
adjust each paging DRX interval and the total number of groups,
in accordance with the available bandwidth in the corresponding

10 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

15 (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.
20 [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]

25 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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[0071] Here, the PCH may be designed to be transmitted in multiple subframes in one radio
frame as shown in Fig. 3(a), or 15 alternatively, transmitted only in one subframe in any one of multiple
radio frames as shown in Fig. 3(b). [0072]/ [0073] In addition, when "1N", the PCH reception timing
determining unit 32 may determine, as the above-described 20 timing, a predetermined subframe in
radio frames specified by SFN calculated from the following formula: [Formula 5] G(F)N ifprA
[0074]/[0075] 25In qE?lner ,djl\_{hen "1 < N", the PtCH receptié)enttiergingnd,lertl rmi@riln.gﬁunig 312 may

tra .
- . ception min S7 .
determine, as the above- escrlbég tln'ﬁ)ngl, subfra%né}s gorrespon&?ng to UBFN In ea o%radlo frames

specified by-ShNicalewated fremdhe aboventormuanf-emnuta 6ESCANN the PCH (paging
signal), on the basis of the paging DRX interval and the total
number of groups so received.
5 [0070]
Specifically, the PCH reception timing determining unit
32 is configured to determine, as the above-described timing,
a subframe selected from among multiple subframes (in the
example in Fig. 3(a), the subframes #0 and #1 in the radio frame
10 #0 or the subframes #0 and #1 in the radio frame #1) to which
the PCH (paging signal) is mapped.
[0071]
Here, the PCHmay be designed to be transmitted inmultiple
subframes in one radio frame as shown in Fig. 3(a), or
15 alternatively, transmitted only in one subframe in any one of
multiple radio frames as shown in Fig. 3(b).
[0072]/ [0073]
In addition, when “T 2 N”, the PCH reception timing
determining unit 32 may determine, as the above-described
20 timing, a predetermined subframe in radio frames specified by
SFN calculated from the following formula:

[Formula 5]
G=Umod N

SFNmodT=G'%

[0074]1/[0075]
25 In contrast, when “T < N”, the PCH reception timing
determining unit 32 may determine, as the above-described

timing, subframes corresponding to SUBFN in each of radio frames
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[0076] SHere, "T" represents the number of radio frames included in the paging DRX interval
(discontinuous reception interval), "N" represents the total number of groups, "U" represents the
identification information on the mobile station UE, and "G" represents the identification information on
the group to which 10 the mobile station UE belongs. [0077] Meanwhile, it is conceivable that the
hash value of an IMSI (International Mobile Subscriber Identity) a TMSI (Temporary Mobile Subscriber

Identity), or the like l%e uggg] 1% %%%agerglfl atiol I’ngm%tl Lon the r@blle station UE, for
a

example. [O%%)%f own in the PCH reception tlmlng determlnlng unit 32 may also be
configured t[EdﬁtﬁUmme&’ij 20 predetermlned number (e.g., 2) of subframes (e.g., subframes #0 and
#1) as multiple subframes in one radio frame in which the PCH is transmitted, the predetermined
number of subframes being ¢hosen through sequential selection starting from the head subframe (e.g.,
subframe #0) in the radio frame. 25[0079]

G
SFN dT= =
mo {N TJ

SUBFN = G mnd[ B J
[0076]
5 Here, “T"” represents the number of radio frames included
in the paging DRX interval (discontinuous reception interval),
“N" represents the total number of groups, “U” represents the
identification information on the mobile station UE, and “G”
represents the identification information on the group to which
10 the mobile station UE belongs.
[0077]
Meanwhile, it is conceivable that the hash value of an
IMSI (International Mobile Subscriber Identity), a TMST
(Temporary Mobile Subscriber Identity), or the like may be used
15 as the identification information on the mobile station UE, for
example.
[0078]
As shown in Fig. 5(a), the PCH reception timing
determining unit 32 may also be configured to determine a
20 predetermined number (e.g., 2) of subframes (e.g., subframes
#0 and #1) as multiple subframes in one radio frame in which
the PCH is transmitted, the predetermined number of subframes
being chosen through sequential selection starting from the
head subframe (e.g., subframe #0) in the radio frame.

25 [0079]
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As shown in Fig. 5 (b) , the PCH reception timing determining unit 32 may also be configured to
determine multiple subframes (e.g., subframes #3 and #4) in one radio frame in which the PCH is
transmitted, on the basis of a subframe offset M (e.g., 5 M = 3) from the head subframe (subframe #0)
in the radio frame, the subframe offset N being notified of by the radio base station eNB through the
BCCH. [0080] As shown in Fig. 5 (c) , the PCH reception timing 10 determining unit 32 may also be

configured to determine multiple subframes (e.g.,.subframes # d #4) in ane radiQ frame_in which
the PCH is transmi'%esd, o%%“gnbasﬁg o?g]ll%fmag i)be}ljrig ﬁ%ﬂteled %?@y tﬁg) Crgg?(t)lboarze %téﬁéﬁl %NB and
indicating midtiple subframes ta witichaihe PE€HIs mappedula{fAdllict e riionexamplepif eeceiving a
bitmap (10 bits) shown in Fig. 5 (c) , the PCH reception timing determining unit 32 may determine that
the PCH is fraRSMATRPin thedsubfrakiesase 314 3#7nand 48R prejerfrhméd 1adio- framés20[0082]

sy sE e pingpalave piipiea LSS bais nassa g £t subvames
configuied to detgrminenmitiplesubiraimes (eng., sulbbames#0 1o #9 (inha case 0 acmapping pattern
#0) ) in one radio frame in which the PCH is transmitted, on the basis of a mapping pattern being
mﬁmedofﬁﬁméﬁgﬁgameoffsetD4beingnotifiedofknztheradiobasestation
eNB through the BCCH.
[0080]
As shown in Fig. 5(c), the PCH reception timing
10 determiningunit 32 may also be configured to determinemultiple
subframes (e.g., subframes #2 and #4) in one radio frame in which
the PCH is transmitted, on the basis of a bitmap being notified
of by the radio base station eNB and indicating multiple
subframes to which the PCH is mapped.
15 [0081]
For example, if receiving a bitmap (10 bits) shown in Fig.
5(c), the PCHreception timing determining unit 32 may determine
that the PCH is transmitted in the subframes #2, #4, #7, and
#8 in predetermined radio frames.
20 [0082]
This notification of the bitmap allows notification of
all the possible ways to map the PCH to subframes.
[0083]
As shown in Fig. 5(d), the PCH reception timing
25 determiningunit 32 may also be configured to determinemultiple
subframes (e.g., subframes #0 to #9 (in a case of a mapping
pattern #0)) in one radio frame in which the PCH is transmitted,

on the basis of a mapping pattern being notified of by the radio

base station eNB and indicating a pattern of multiple subframes

22



base station eNB and indicating a pattern of multiple subframes to which the PCH is mapped. [0084]
For example, in a case where the PCH reception timing determining unit 32 stores mapping patterns
#0 to #7 shown in 5 Fig. 5(d) and receives identification information (3 bits) representing the mapping
pattern #0 from the radio base station eNB through the BCCH, the PCH reception timing determining
unit 32 may determine that the PCH is transmitted in all the subframes #0 to #9 in predetermined radio
frames. 10_[_9%8_%]hi n T@kilsengtggaygn r%‘l %}hee icgfantification informatiqn ind_icating a mapping pattern
allows notification OFV&I’IOUS ways to map the PCH to subframes while using a small amount of data.
15[0086] [oDke PCH receiver unit 33 is configured to receive the PCH (the PDCCH including the
P-RNII and the PDSCH including the PCH) transmitted from the radio base station eNB, in the timing
(subframe) determifiéd by FREPEH rédepliof Aikfing detdniififg 20uries2H0687] timipeé incoming

col oSN e sl meaecslenee o M e
addressed toiits. own anohilestationddke[@088kntification information (3 bits)
representing the mapping pattern #0 from the radio base station
eNB through the BCCH, the PCH reception timing determining unit
32 may determine that the PCH is transmitted in all the subframes
#0 to #9 in predetermined radio frames.
10 [0085]

This notification of the identification information
indicating a mapping pattern allows notification of various
ways to map the PCH to subframes while using a small amount of
data.

15 [0086]

The PCH receiver unit 33 is configured to receive the PCH
(the PDCCH including the P-RNTI and the PDSCH including the PCH)
transmitted from the radio base station eNB, in the timing
(subframe) determined by the PCH reception timing determining

20  unit 32.
[0087]

The incoming call processor unit 34 is configured to
perform incoming call processing, when a judgment based on the
UE-ID included in the PCH received by the PCH receiver unit 33

25 shows that the PCH is a PCH addressed to its own mobile station
UE.
[0088]
(Operation of Mobile Communication System according to First

Embodiment of Present Invention)
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(Operation of Mobile Communication System according to First Embodiment of Present Invention)
With reference to Fig. 6, operation of the mobile station UE in the mobile communication system
according to the first embodiment of the present invention will be described. [0089] 5As shown in Fig.
6, in Step S101, the mobile station UE acquires the number of radio frames (l) included in a paging
DRX interval and the total number of groups (N), on the basis of information included in a BCCH

received from the radio base station eNB. 10[0090] In, St 02, the mahile station UE makes a
comparison betwee%rfil t }é ﬁ&rﬁ%gre of i rea io #alrg?wés% 0 ?r?c?&c%dl i%ﬁthge%p%l?glj%ng1 D l;b‘(L ?ntget%\?é%) la%% the total
number of graups (MNhJ0R9L} 1%f judging thad the numpet ohradie driagmes;(1} thctudedintbe paging
DRX interval is equal to or greater than the total number of groups (N), then, in Step S103, the mobile
station UE SERSIHSE ehlctfatiohcusiig 29 itod: NV €6 tHereby aduikRe thecisieatfRetion information (G:
group ID) O%%Egﬁoup to 20 which the mobile station UE belongs. [0092] In Step S104, the
mobile station determines radio frames specified by SFN satisfying "SFN mod | = GI/N", as radio
framesancluding a subfrareto whieh @.PEH tsimappeds29[0P98he molhiStepst408,dheunobile
station UE receives the PCH (a PDCCH and a PDSCH) in a predetermined subframe (e.g., a head
subframe #0FHtheadio fPamesspeciiedtthe SEFRMpPI4]) included in a paging

DRX interval and the total number of groups (N), on the basis
of information included in a BCCH received from the radio base
station eNB.

10 [0090]

In Step S102, the mobile station UE makes a comparison
between the number of radio frames (T) included in the paging
DRX interval and the total number of groups (N).

[0091]

15 If judging that the number of radio frames (T) included
in the paging DRX interval is equal to or greater than the total
number of groups (N), then, in Step S103, the mobile station
UE performs a calculation using “U mod N” to thereby acquire
the identification information (G: group ID) on the group to

20 which the mobile station UE belongs.

[0092]

In Step S104, the mobile station UE determines radio
frames specified by SFN satisfying “SFNmod T = G-T/N”, as radio
frames including a subframe to which a PCH is mapped.

25 [0093]

In Step S108, the mobile station UE receives the PCH (a
PDCCH and a PDSCH) in a predetermined subframe (e.g., a head
subframe #0) in the radio frames specified by the SFN.

[0094]
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On the other hand, if judging that the number of radio frames (T) included in the paging DRX interval is
smaller than the total number of groups (N), then, in Step S105, the mobile station UE performs a
calculation using "U mod N" to thereby 5 acquire the identification information (G: group ID) on the
group to which the mobile station UE belongs. [0095]/[0096] In Step S106, the mobile station UE
determines radio frames specified by SFN satisfying 10[Formula 7] as radio frames each including

subframes to which the PCH is mapped. [0097] 15There is a,possibility that.the PCH is transmitted in
multiple subframes C|)tnne1<"§tce raO % r]'[gr%g %éfer%n]%ngél #r? é?e% ?%g I%ge%uéfoe{ tﬁ%:eﬁgr%??he mobile
station UE detefiminesrsubirames specifiechbySIUBRY calgulated by 2SUBFMw= Glmod (N/1)", as the
subframes to which the PCH is mapped. 20[0098] In Step S108, the mobile station UE receives
the PCH (a PEFCEH ahda PRSCAY i #ie'siibffamestSpetifidd by the SUBEN ineadPstthe radio

ﬁamesSpegg%%£%ﬁh8§”ggrforms a calculation using “U mod N” to thereby
5 acquire the identification information (G: group ID) on the
group to which the mobile station UE belongs.
[0095]1/[0096]
In Step S106, the mobile station UE determines radio
frames specified by SFN satisfying

10 [Formula 7]
SFNmod T = {%TJ

as radio frames each including subframes to which the PCH is
mapped.
[0097]

15 There is a possibility that the PCH is transmitted in
multiple subframes in each radio frame determined in Step S106.
In Step S107, therefore, the mobile station UE determines
subframes specified by SUBFN calculated by “SUBFN = Gmod (N/T)"”,
as the subframes to which the PCH is mapped.

20 [0098]

In Step S108, the mobile station UE receives the PCH (a

PDCCH and a PDSCH) in the subframes specified by the SUBFEN in
each of the radio frames specified by the SFN.
[0099]

25 Note that it is possible to use any of the above-described
four methods shown in Figs. 5(a) to 5(d) as to which subframe
in the radio frame specified by the SFN the SUBFN specifies.

[0100]
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[0099] 25Note that it is possible to use any of the above-described four methods shown in Figs. 5(a) to
5(d) as to which subframe in the radio frame specified by the SFN the SUBFN specifies. [0100]
Meanwhile, in this embodiment, after determination of groups as well as determination of the timings
(subframes) for transmitting PCHs (paging signals) for the respective groups, the mobile stations UE
belonging to the same group (i.e., the 5 mobile stations UE having the same timing (subframe) for

transmitting the PCH (paging-signal n.be further. divided intq subgr .[0101] Moreover, in this
embodiment, as deggrﬁ)%%iglﬁén-ﬁgtgﬁ% 10 Leltrggroéjtﬁ%én . % is é%s%ﬁe%g ?rgaﬁggrhgtall%e&Hosﬁncluding
P-RNIlIs whighddiffer remyene subgdrotiprta anotherm os alterratively nigdransmpit eaRBECH svhich has a
different format from that of a normal one and which includes an identifier of a subgroup to be paged
with the PCH@ReBlbroup Réres15 eafrespoRds e the) gictip escribedirNonHatertitérature 2).

010 o SRR s i St i ol oy pincit 1 s
presensinventionlis applicabieas amethad efdeterminingdhedinmingdor teansmitiing)a RGH (paging
signal). [0103] (Advantageous Effects of Mobile Communication System according 25 to First
Embodimerit’ctPiBséritindertivh)” CH - Wity e mvbile TbhmEAiealiBn Systent Acesndittt this
embodimen{htpg tiSrrllligg I(g%tggqme) for transmitting a PCH
[0101]
Moreover, in this embodiment, as described in Non-patent
10 Literature 2, it is possible to transmit PDCCHs including
P-RNTIs which differ from one subgroup to another, or
alternatively, to transmit a PDCCH which has a different format
from that of a normal one and which includes an identifier of
a subgroup to be paged with the PCH (the subgroup here
15 corresponds to the group described in Non-patent literature 2).
[0102]

In this case, a value which identifies the number of
subgroups 1s included in the Dbroadcast information.
Nonetheless, regardless of whether or not to employ the

20 subgrouping as above, the present invention is applicable as
a method of determining the timing for transmitting a PCH
(paging signal) .

[0103]
(Advantageous Effects of Mobile Communication System according

25 to First Embodiment of Present Invention)

With the mobile communication system according to this
embodiment, the timing (subframe) for transmitting a PCH

(paging signal) for each group can be changed flexibly.

[0104]
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(paging signal) for each group can be changed flexibly. [0104] Here, in this embodiment,
reducing the number of groups and thus reducing the number of timings (subframes in which PCHs
are transmitted) for transmitting the PCHs (paging signals) is desirable in terms of reduction in the

overheads of the PDCCHs 5 for transmitting the PCHs (paging signals). [0105]

This is because

such reduction allows a single PDCCH transmission to make incoming-call notification (signaling)
efficiently for more %uoblle statlc%n NL@JEe 1%19 %]ior@n - Me nwhlle g\(lherg1 th adgast ionl];orgnation IS

re e num

changed, the radio base statlon e

needs to transmit S|gna n , used to mal e notlﬁcatlo% of the

change in th@br@ﬁd@ﬁb@ﬁﬂiﬁﬁ%@@@ﬁﬂ@Jpr@fnp&ﬁhﬁur@@b(n@ﬁa&iw@e@E_towalreﬁeﬂx@nm
broadcast 15 information. [0107] Since such signaling needs to be delivered to all the mobile

stations UESK @rt idhé ibdetinPadiPEelt fit AeBdS to- be repeatédly tiarmiftedsatine timings for

transmitting thg 20 %? } %%n% 5'%'}3:§£09r atlf:[h% qrgugﬁe[%%oe8gheadgn ggdlthon
y fail

ing at the timing for transmitting tﬁe PCH (paging

station UE may pOSS to recelve the signa

mobile

signal) addressed te thengrotiprig whieh timimobie @brsfatary il itself belongs. With this taken into

considerationo, tge signaling needs to be transmitted sufficiently repeatedly. [0109]
[0105]

This 1is because such reduction allows a single PDCCH

transmission to make incoming-call notification (signaling)

efficiently for more mobile stations UE.

10 [0106]

Meanwhile, when the broadcast information is changed, the

15

20

25

radio base station eNB needs to transmit signaling, used to make
notification of the change in the broadcast information, so as
to prompt the mobile stations UE to re-receive the broadcast
information.

[0107]

Since such signaling needs to be delivered to all the
mobile stations UE in an idle mode in each cell, it needs to
be repeatedly transmitted at the timings for transmitting the
PCHs (paging signals) for all the groups.

[0108]

In addition, some mobile station UE may possibly fail to
receive the signaling at the timing for transmitting the PCH
(paging signal) addressed to the group to which the mobile
station UE itself belongs. With this taken into consideration,
the signaling needs to be transmitted sufficiently repeatedly.
[0109]

Accordingly, reducing the number of groups and thus

reducing the number of timings (subframes in which the PCHs are
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Accordingly, reducing the number of groups and thus reducing the number of timings ( subframes in
which the PCHs are transmitted) for transmitting the PCHs (paging signals) is desirable in terms of
reduction in the overhead of the signaling for notification of a change in the broadcast information.
[0110] 5In this embodiment, on the other hand, reducing the number of groups and thus reducing the
number of timings (subframes in which the PCHs are transmitted) for transmitting the PCHs (paging

signals) involyes a risk of reduycing the paging.capacity, 10 1] This is due to the fact that the
§r§%?_|5 W%Fcﬁ? % Rl R%ul%e Ep&} i&gél,ganoa S0 1 = ;

number of PD can be transmitted per ame is lim also that tﬁé number of bits
which can he=tsarsmitted byra PRSCH s limited and thus éherermkercobYEHBsswhich cande included
in the PDSCH 15is limited. [0112] The LIE is a system which supports various bandwidths within
a range frorCE6 M2 t- 20 WAz, &d thecalidvérdéstribed IPRRIORAS Hre RISoCdEFeEndent on the
system ban?lmqtgj 20[0113] Accordingly, in a case where the bandwidth is narrow or where the
amount of incoming call is large for a bandwidth, it is desirable to secure the paging capacity by
increasing the number ©f groURS aNdribus inereasiagthedwmben pitiaings fioy 2bdransmiting the
PCHs (paging signals). [0114] As can be seen, there is a trade-off relationship between the

signaling overheadard the pagittpcasatityl afd the optiftiad Aufber BF breifps BUHhGS dependent on

thesygen19§n%ﬂqgﬂ’¥ﬁ% PCHs are transmitted) for transmitting the PCHs
(paging signals) involves a risk of reducing the paging
capacity.
10 [0111]

This is due to the fact that the number of PDCCHs which
can be transmitted per subframe is limited, and also that the
number of bits which can be transmitted by a PDSCH is limited
and thus the number of UE-IDs which can be included in the PDSCH

15 is limited.
[0112]

The LTE is a system which supports various bandwidths
within a range from 1.6 MHz to 20 MHz, and the above-described
limitations are also dependent on the system bandwidth.

20 [0113]

Accordingly, in a case where the bandwidth is narrow or
where the amount of incoming call is large for a bandwidth, it
is desirable to secure the paging capacity by increasing the
number of groups and thus increasing the number of timings for

25 transmitting the PCHs (paging signals).
[0114]

As can be seen, there is a trade-off relationship between

the signaling overhead and the paging capacity, and the optimal

number of groups is thus dependent on the system bandwidth, the
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amount of incoming call, and the frequency of change in the broadcast information. [0115] With
these taken into consideration, the optimal number 5 of groups should be desirably set from viewpoints
of the overhead and the paging capacity. [0116] The present invention can provide a method which
allows flexible optimization of the balance between the overhead and 10 the paging capacity on the
basis of these conditions. [0117] (Alternative Embodiment 1) In Alternative Embodiment 1 of the

present invepfign, the, PCHregeptign tinyng defermiping pnit 32, of he motile.siation 48 E is
configured to é)etermine the timing for receiving a paging S|gr(1qa noti¥ie8 o] by thi radio base station
eNB, on the-basis ©f ap discomntindeus reception interval (paging DRX interval) representing an interval
at which discontinuous reception of the paging signal is performed, and also on the basis of amapping

20 pattern béidd npétified of by the radio base station eNB and indicating a pattern of multiple
e e e A ST o O S, 50 S o o
determfne asubframerspecifiediby isalcutatad witha femaula given i cSifiarae index"tindig. 7, in
each of radio frames specified by SFN calculated with a formula given in "Radio frame" in Fig. 7.
overhead and the paging capacity.
[0116]
The present invention can provide a method which allows
flexible optimization of the balance between the overhead and
10  the paging capacity on the basis of these conditions.
[0117]
(Alternative Embodiment 1)
In Alternative Embodiment 1 of the present invention, the
PCH reception timing determining unit 32 of the mobile station
15 UE is configured to determine the timing for receiving a paging
signal notified of by the radio base station eNB, on the basis
of an discontinuous reception interval (paging DRX interval)
representing an interval at which discontinuous reception of
the paging signal is performed, and also on the basis of a mapping
20 pattern being notified of by the radio base station eNB and
indicating a pattern of multiple subframes to which the paging
signal is mapped.
[0118]
Specifically, as the above-described timing, the PCH
25 reception timing determining unit 32 of the mobile station UE
may be configured to determine a subframe specified by i
calculated with a formula given in “Subframe index” in Fig. 7,

in each of radio frames specified by SFN calculated with a

formula given in “Radio frame” in Fig. 7.
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[0119] Here, as shown in "Example 1" in Fig. 7, with "1 = 128" and "N/I = 4", in a "UE-ID" formed
of 12 bits, the values of bits #1 to #7 are used for the calculation of the radio frame 5 SFN and the
values of bits #8 and #9 are used for the calculation of the subframe i, whereas the values of bits #10
to #12 are not used for these calculations. [0120] Moreover, as shown in "Example 2" in Fig. 7, with "1
=10 32" and "N/I = 8", in the "UE-ID" formed of 12 bits, the values of the bits #1 to #5 are used for the
calculation %tpfi?dio frame SFN and the values of the bits #6 and #8 are used for the calculation of
the subframe i, whereas the values of the bits #9 to #12 are not used for these calculations. 15[0121]
Furthermore, as shawndn "Exagmpiard" imFige Zamithe' 117 640 andg' N/ K45 iin the UE2ID” formed of
12 bits, the values of the bits #1 to #4 are used for the calculation of the radio frame SFN, whereas the

values of the'sits A5 fo #12 are D0 riot Uded ¥or theaeeft fatidns. j61£22] (AeriativiéEmBédiment 2)
o e AT e B v e S e D e unt 22
5 SFN and the values of bits #8 and #9 are used for the calculation
of the subframe i1, whereas the values of bits #10 to #12 are
not used for these calculations.
[0120]
Moreover, as shown in “Example 2” in Fig. 7, with “T =
10 32" and “N/T = 8”, in the “UE-ID” formed of 12 bits, the values
of the bits #1 to #5 are used for the calculation of the radio
frame SFN and the values of the bits #6 and #8 are used for the
calculation of the subframe i, whereas the values of the bits
#9 to #12 are not used for these calculations.
15 [0121]

Furthermore, as shown in “Example 3” in Fig. 7, with “T
= 64" and “N/T = 1/4", in the “UE-ID” formed of 12 bits, the
values of the bits #1 to #4 are used for the calculation of the
radio frame SFN, whereas the values of the bits #5 to #12 are

20 not used for these calculations.
[0122]
(Alternative Embodiment 2)

In Alternative Embodiment 2 of the present invention, the
PCH reception timing determining unit 32 of the mobile station

25 UE is configured to determine the timing for receiving a paging
signal notified of by the radio base station eNB, on the basis
of an discontinuous reception interval (paging DRX interval)
representing an interval at which discontinuous reception of

the paging signal is performed, and also on the basis of a mapping
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signal notified of by the radio base station eNB, on the basis of an discontinuous reception interval
(paging DRX interval) representing an interval at which discontinuous reception of the paging signal is
performed, and also on the basis of amapping pattern being notified of by the radio base station eNB
and indicating a pattern of multiple subframes to which the paging signal is mapped. [0123]
5Specifically, as the above-described timing, the PCH reception timing determining unit 32 of the

mobile station UE may, be caonfigured to determine a,subframe specified by i calcul with a formula
given in "Stﬁ)?rt;{rﬁéf in e%l8 Ffég? ,l%llgégchogfnr%lﬁio% rgm]ég%]b%c?ﬁ%gebysgéll\tllc%%cu atedaV\rlllt al0
formula givem i 'Radia drames it Eign & {0hd4} 1 p1 Hete mssshown inwhxample d "ga &g, with "1 =
128" and "N/l = 4", in a "UE-ID" formed of 12 bits, the values of bits #1 and #2 are used for the
calculation 6f-thessubianiePP5 and the values of bits #3 to #9 are used for the calculation of the radio
frame SFN, [vglihezrg?s the values of bits #10 to #12 are not used for these calculations. [0125]
Moreover, as shown in "Example 2" in Fig. 8, with "1 =

5 Specifically, as the above-described timing, the PCH
reception timing determining unit 32 of the mobile station UE
may be configured to determine a subframe specified by i
calculated with a formula given in “Subframe index” in Fig. 8§,
in each of radio frames specified by SFN calculated with a
10 formula given in “Radio frame” in Fig. 8.
[0124]

Here, as shown in “Example 1” in Fig. 8, with “T = 128"
and “N/T = 4”, in a “UE-ID” formed of 12 bits, the values of
bits #1 and #2 are used for the calculation of the subframe i

15 and the values of bits #3 to #9 are used for the calculation
of the radio frame SFN, whereas the values of bits #10 to #12
are not used for these calculations.

[0125]

Moreover, as shown in “Example 2” in Fig. 8, with “T =

20 32" and “N/T = 8”, in the “UE-ID” formed of 12 bits, the values
of the bits #1 to #3 are used for the calculation of the subframe
i and the values of the bits #4 to #8 are used for the calculation
of the radio frame SFN, whereas the values of the bits #9 to
#12 are not used for these calculations.

25 [0126]

Furthermore, as shown in “Example 3” in Fig. 8, with “T
= 64" and “N/T = 1/4", in the “UE-ID” formed of 12 bits, the
values of the bits #1 to #4 are used for the calculation of the

radio frame SFN, whereas the values of the bits #5 to #12 are
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20 32" and "N/I = 8", in the "UE-ID" formed of 12 bits, the values of the bits #1 to #3 are used for the
calculation of the subframe i and the values of the bits #4 to #8 are used for the calculation of the radio
frame SFN, whereas the values of the bits #9 to #12 are not used for these calculations. 25[0126]
Furthermore, as shown in "Example 3" in Fig. 8, with "1 = 64" and "N/I = 1/4", in the "UE-ID" formed of
12 bits, the values of the bits #1 to #4 are used for the calculation of the radio frame SFN, whereas the

values of thr(?O itsuﬁé5etcg> #12 are not uggq_g%rltggg% rgalculations. [0127] (Alternative Embodiment 3) In

Alternative Embodiment ?%ft e present invention, the 5 PCH reception timing determining unit 32 of
the mobile gtatiory UE is configured to determine the timing for receiving a paging signal notified of by
the radio base station eNB, on the basis of an discontinuous reception interval (paging DRX interval)
representing‘ahtifiterdal at e eseBhtitucUs reception of 10 the paging signal is performed, and

s on e s LATEEPUR RIS bR ol o by U sl e Sl el edgoatng o

above-flesaribed-tiving: thenPGih teeeptiaretiming defesminingunit 32nef theonobile statioshUE may be

configured to determine a subframe specified by i calculated with a formula given in "Subframe index"
in Fig. 9, in'éachSof Rithic frahfss Spetifiet By SEN-ealculdted Witk a 26 foriiia giveRdn *Radio frame"

"‘Hg'g[oé%gnal notified of by the radio base station eNB, on the basis
of an discontinuous reception interval (paging DRX interval)
representing an interval at which discontinuous reception of

10 the paging signal is performed, and also on the basis of a mapping
pattern being notified of by the radio base station eNB and
indicating a pattern of multiple subframes to which the paging
signal is mapped.

[0128]

15 Specifically, as the above-described timing, the PCH
reception timing determining unit 32 of the mobile station UE
may be configured to determine a subframe specified by 1i
calculated with a formula given in “Subframe index” in Fig. 9,
in each of radio frames specified by SFN calculated with a

20 formula given in “Radio frame” in Fig. 9.

[0129]

Here, as shown in “Example 1” in Fig. 9, with “T = 128"
and “N/T = 4”, in a “UE-ID” formed of 12 bits, the values of
bits #1 and #2 are used for the calculation of the subframe i

25 and the values of bits #5 to #11 are used for the calculation
of the radio frame SFN, whereas the values of bits #3, #4, and
#12 are not used for these calculations.

[0130]

Moreover, as shown in “Example 2” in Fig. 9, with “T =
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Here, as shown in "Example 1" in Fig. 9, with "1 = 128" and "N/l = 4", in a "UE-ID" formed of 12 bits,
the values of bits #1 and #2 are used for the calculation of the subframe i 25 and the values of bits #5
to #11 are used for the calculation of the radio frame SFN, whereas the values of bits #3, #4, and #12
are not used for these calculations. [0130] Moreover, as shown in "Example 2" in Fig. 9, with "1 = 32"
and "N/I = 8", in the "UE-ID" formed of 12 bits, the values of the bits #1 to #3 are used for the

calculation qf,the subframe i and the values of the hits #5 to #9 ate used.for the calculation of the radio
frame SFN,gwhe?enaofthe%?aluegs of tjf%alg%se #%an? 5 #1%%%%?1% %are no?%%s%a'foecr%?egg calculations.
[0131] barthesmare s asishowiin rexasyle 35 dnthig. & with1'dt= 64" @nd hN/kw 3.4 irethe
"UE-ID" formed of 12 bits, the values of the bits #5 to #8 are used for the calculation of the 10 radio

frame SFN,iwhefeb8thea/aiess of thesld ¥2 too#acand A9 fouaedabe Adtirédfor tHése falculations.
recopton ting St NARG 52 f he FAABTS SEata UL 1s SoAfotred to Hetermire e timing fo
receivisg a pagingsignal, by eeferingtoca magppinttadle shawn ik Figs16. [0133] For example, when
receiving a paging DRX interval "1" and
[0131]
Furthermore, as shown in “Example 3” in Fig. 9, with “T
= 64" and “N/T = 1/4", in the “UE-ID” formed of 12 bits, the
values of the bits #5 to #8 are used for the calculation of the
10 radio frame SFN, whereas the values of the bits #1 to #4 and
#9 to #12 are not used for these calculations.
[0132]
(Alternative Embodiment 4)
In Alternative Embodiment 4 of the present invention, the
15 PCH reception timing determining unit 32 of the mobile station
UE is configured to determine the timing for receiving a paging
signal, by referring to a mapping table shown in Fig. 10.
[0133]
For example, when receiving a paging DRX interval “T"” and
20 a mapping pattern from the radio base station eNB, the PCH
reception timing determining unit 32 of the mobile station UE
extracts “Nfr” corresponding to the mapping pattern from the
mapping table shown in Fig. 10. Then, the PCH reception timing
determining unit 32 calculates “N” from the “Nfr” thus extracted,
25 and applies the “T” and the “N” in any one of the formulae given
in “Radio frame” in Figs. 7 to 9, whereby “SFN” and “i (= SUBFN)"”
are calculated.

[0134]

In the example shown in Fig. 10, a paging signal is
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20 a mapping pattern from the radio base station eNB, the PCH reception timing determining unit 32 of
the mobile station UE extracts "Nfr" corresponding to the mapping pattern from the mapping table
shown in Fig. 10 Then, the PCH reception timing determining unit 32 calculates "N" from the "Nfr" thus
extracted, 25 and applies the "I" and the "N" in any one of the formulae given in "Radio frame" in Figs.
710 9, whereby "SFN" and "i(= SUBFN)" are calculated. [0134] In the example shown in Fig. 10, a

paging signal is, uansitied only in ene subframe in 4 radio frames in 8 case of Netification of a
mapping pattern %% FOl% ] Iqlerg, itis assumeaé)n%ﬁat "= 0" always correspondgs tosa su%?rame #9 and
the paging signalds tirerefaredransmitiechipthengupframer#9"4o radio frames specified by "SFN"
calculated with any one of the formulae given in "Radio frame" in Figs. 7 to 9. [0136] 10A mobile
communicafiBa 3ystem of the LIE system is configured such that: radio frames are each formed of 10
e T TP oo D e 0 e o e
the even-numberethrado framesd [Ak3 ]pagithus,idseof semerathersubirame fenthetaging-signal
transmission is favorable from a viewpoint of securing the paging channel capacity. 20[0138]

in the “subframe #9” in radio frames specified by “SFN”

calculated with any one of the formulae given in “Radio frame”

in Figs. 7 to 9.

[0136]

10 A mobile communication system of the LTE system is
configured such that: radio frames are each formed of 10
subframes #0 to #9; broadcast information (MIB) is transmitted
in the first subframe #0 in each of the radio frames; and
broadcast information (SIBl) is transmitted in the sixth

15 subframe #5 in each of the even-numbered radio frames.

[0137]

Thus, use of some other subframe for the paging-signal
transmission is favorable from a viewpoint of securing the
paging channel capacity.

20 [0138]

In addition, in a mobile communication system of the LTE
system, when the broadcast information is changed, notification
of the changing is made using a paging signal.

[0139]

25 Upon receipt of that notification, the mobile station UE
first receives the broadcast information (MIB) transmitted in
the first subframe #0, and then receives the broadcast

information (SIB1l) notified of in the sixth subframe #5.

[0140]
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In addition, in a mobile communication system of the LIE system, when the broadcast information is
changed, notification of the changing is made using a paging signal. [0139] 25Upon receipt of that
notification, the mobile station UE first receives the broadcast information (NIB) transmitted in the first
subframe #0, and then receives the broadcast information (SIB1) notified of in the sixth subframe #5.
[0140] Use of the tenth subframe #9 for paging-signal transmission is favorable because when
notification is made,as to a change of t roadcast informatiqn, the changed broadcast information
can be acquired quilgs(iey. 5f0%141 © Ir?% ba%on,sblss%%f%{ﬁee fi]%ﬁbsub%rgarme <211Q<[allsntﬂégnle ?ggbframe to

the tenth subframen#9 farcpaging-signakirarsmissions is faverahledin disparsing the leagon a random
access channel when the mobile station UE responds to an 10 incoming call and accesses a network.

[0142] frPotheradeds Cthe o BilCestRmtinieatior 8pstemiactarding 6 AferrafrcEmbediment 4 is
configurgd s%@otrh%ylleotené%gu frame #lgiigeecgchurlagjplfra}me as v_veII as the fifth sgbframe 15 #6 in
each radio frame are preferentially usedcin this orger as subframes in which the paging signal is
transmgted.[[©0143] Here, the operations of the mobile station UE and the radio base station eNB
may each be implemented by hardware, a software 20 module executed by a processor, or a
combination of bothtn addition, use of the fifth subframe #4 as the next
subframe to the tenth subframe #9 for paging-signal
transmission is favorable in dispersing the load on a random
access channel when the mobile station UE responds to an
10 incoming call and accesses a network.
[0142]
In other words, themobile communication system according
to Alternative Embodiment 4 is configured such that the tenth
subframe #9 in each radio frame as well as the fifth subframe
15 #6 in each radio frame are preferentially used in this order
as subframes in which the paging signal is transmitted.
[0143]
Here, the operations of themobile station UE and the radio
base station eNB may each be implemented by hardware, a software
20 module executed by a processor, or a combination of both.
[0144]
The software module may be provided in a storage medium
in any format such as a RAM (Random Access Memory), a flash memory,
a ROM (Read Only Memory), an EPROM (Erasable Programmable ROM),
25 an EEPROM (Electronically Erasable and Programmable ROM), a
register, a hard disk, a removable disk or a CD-ROM.

[0145]

The storage medium is connected to the processor so that
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[0144] The software module may be provided in a storage medium in any format such as a RAM (
Random Acce s s Memory) , a flash memory , a ROM (Read Only Memory), an EPROM (Erasable
Programmable ROM), 25 an EEPROM (Electronically Erasable and Programmable ROM), a register,
a hard disk, a removable disk or a CD-ROM. [0145] The storage medium is connected to the
processor so that the processor can read and write information from and into the storage medium.

Moreover, the storage medium may be jntegrated into the processor. Additionally,.the storage medium
and the prolggses§rr rﬁg)e/ %gegp])fro?/?1 eg ?nagn%é\ I(jfl.rTltiEeeAjéi((%:(?nﬁgé[fi?l égpr}o%ﬁ:l%% g |§rc1!l alcnotr?eté%oegding one
of the mobiletsiatioe: Wk @ndnthe nadic-base-station eNB: Altermadively ibhg sterage snedivasand the
processor may be provided in a corresponding one of the mobile station UE and the radio base station
eNB, as distfete coripbrerts SEop14612d1 tharsiddbove: e Presertiniestioiithas Beehescribed

in detail using the ve emb iments;;L ever, it i arent to Isﬂkille in the art that the
present invgntloocneiggngcﬁ Im}]eg %o%ﬁg \ém 8c\§%lji%nner?tg egsfc):éfoibe %‘eere%jr%f I\?Iod%‘\(cgtleoﬁsr 8\57 %i%%lgvariations
of the present iaventioneeasvbe Mmage witheat tepartiigiffemsthespiit axl seepe vEthe prasent
invention defined by the description of the scope of claims. Thus, what is described herein is for

illustrative pRp6se taHdiRas Abintentibh SiiaSairek Yo likdiEthetsresent meertoh. 2ofotdn Note
that, the entire content of Japanese Patent Application No, 2008-24620 (filed-on February 4, 2008) is
pky K%lﬁ%Y ﬂ?ﬁi%‘?bl}ie

incorporated i this description by reference. 25 INDUSTRIAL APPLIC,

station UE and the radio base station eNB, as discrete
components.
10 [0146]

Hereinabove, the present invention has been described in
detail using the above embodiments; however, it is apparent to
those skilled in the art that the present invention is not
limited to the embodiments described herein. Modifications

15 and variations of the present invention can be made without
departing from the spirit and scope of the present invention
defined by the description of the scope of claims. Thus, what
is described herein is for illustrative purpose, and has no
intention whatsoever to limit the present invention.

20 [0147]

Note that, the entire content of Japanese Patent
Application No. 2008-24620 (filed on February 4, 2008) is

incorporated in this description by reference.

25 INDUSTRIAL APPLICABILITY
[0148]
As has been described above, the paging signal
transmission method as well as the mobile station and the radio

base station according to the present invention allow the timing
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As has been described above, the paging signal transmission method as well as the mobile station
and the radio base station according to the present invention allow the timing for transmitting the
paging signal to be changed flexibly for each group, and thus are useful. CLAIMS [1] A paging signal
transmission method in which a radio base station transmits a paging signal for notification of an 5
incoming call for a mobile station belonging to any one of a plurality of groups, the method comprising
_the steps of. | natifying, from the radio blage_ S‘st‘i‘ti%% to the @eot%iﬁa% ti nf? giSf,BTtin%%l%S reception
interval and & total number of the groups, the discontinuous reception interva 16<repr%sent|ng an
interval at whiehn digeontiucusareerpiion oktheseaming signal is performed, determining, at the
mobile station, a timing for receiving the paging signal on the basis of the notified discontinuous
reception interval and the notified total number 15 of the groups; receiving, at the mobile station,
the paging signal transmitted from the radio base station, at the determined timing; and

performing, at the mobile station, incoming call 20 processing, when the received paging signal is a
paging signal addressed to the mobile station. [2] A mobile station configured to receive a paging
signal from a radio base station, the paging signal being used for
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25 notification of an incoming call for a mobile station belonging to any one of a plurality of groups, the
mobile station comprising: a reception timing determining unit configured to determine a timing for
receiving the paging signal, on the basis of an discontinuous reception interval and a total number of
the groups notified by the radio base station, the discontinuous reception timing representing an
interval at which discontinuous reception of the paging signal is performed; 5 a paging signal receiver
unit configured to receive the paging signal tranéﬂ%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 10 a paging signal
addressed to the mobile station. [3]The mobile station according to claim 2, wherein the reception
timing deterbdihing Bnitd¢ EBATI§ULER BERMRTHES i thEdiRtiAg i shbfanfeWikléle i®38Rcted from

15 among a plurality of subframes forming a radio frame ich the ing signal is mapped; and
the-paging SGATE e Sy 3 oRLL o & ploraity OF ot Marea 20T hE ol
station accardingrtorclaion 2, 1wheteia mob thesreception tinkag setgraining unitiscoafigared to
determine that the timing is subframes which are selected from among a plurality of subframes forming
a radio franfe torwhithithe agiriRrsignaltis thalspee ane 25t paditgSighat isRansmitted in two or

nK”eSUbﬂamesIngg%{%%gggyn%rom the radio base station to the mobile

station, a discontinuous reception interval and a total number
of the groups, the discontinuous reception interval
10 representing an interval at which discontinuous reception of
the paging signal is performed;
determining, at the mobile station, a timing for
receiving the paging signal on the basis of the notified
discontinuous reception interval and the notified total number
15 of the groups;
receiving, at the mobile station, the paging signal
transmitted from the radio base station, at the determined
timing; and
performing, at the mobile station, incoming call
20 processing, when the received paging signal is a paging signal

addressed to the mobile station.

[2] A mobile station configured to receive a paging signal

from a radio base station, the paging signal being used for

25 notification of an incoming call for a mobile station belonging

to any one of a plurality of groups, the mobile station
comprising:

a reception timing determining unit configured to

determine a timing for receiving the paging signal, on the basis

38



[5]The mobile station according to claim 3, wherein the reception timing determining unit is configured
to determine that the timing is a predetermined subframe in radio frames specified by SFN calculated
from the following formula: [Formula 1] G 5where "I" represents the number of the radio frames
included in the discontinuous reception interval, "N" represents the total number of the groups, "U"
represents identification information on the mobile station, "G" represents identification information on

the group to,hich the.10 moble stariqn belangs, and, kT 2 1Y is satisfied 61 he, mobjle station
according to claim 4, wherein the reception timing determining unit is configured to determine that
the timing is subframegsscosespardingte ISJBIN dSoineash of fadio frames speaifiechby SEN
calculated from the following formula: [Formula 2] =U mod N SFN mod T = AT
reception timing representing an interval at which
discontinuous reception of the paging signal is performed;
5 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

10 a paging signal addressed to the mobile station.

[3] The mobile station according to claim 2, wherein
the reception timing determining unit is configured to
determine that the timing is a subframe which is selected from
15 among a plurality of subframes forming a radio frame to which
the paging signal is mapped; and
the paging signal is transmitted only in one subframe in

a plurality of radio frames.

20 [4] The mobile station according to claim 2, wherein
the reception timing determining unit is configured to
determine that the timing is subframes which are selected from
among a plurality of subframes forming a radio frame to which
the paging signal is mapped; and
25 the paging signal is transmitted in two or more subframes

in one radio frame.

[5] The mobile station according to claim 3, wherein

the reception timing determining unit is configured to
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J SUB EN = G mod N\ T, where "I" represents the number of the radio frames 20 included in the
discontinuous reception interval, "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 "1 < N" is satisfied. [7]The mobile station according to claim 4,
wherein the reception timing determining unit is configured to 5 determine the two or more subframes

used to transmit the. paging signal in the .ane radio frame, on the basis o ffset from ahead
subframe in%%%egril%%gig rajcmg,%t etéﬁslent éﬁgangtrlfleeg g‘et]):;/n 'Eh%%aaoﬁg ag%egnéteatjfgn.r f(%é he mobile
station accardingle el 4f Whersin SN die raceptien timing deterayningwuinitgsreanfigueed to
determine the two or more subframes used to transmit the paging signal in the one radio frame, on the
basis of a bithf¥iAditating the two or more subframes to which the paging signal is mapped,

G=UmodN

SFNmndT:G-%

5 where *“T” represents the number of the radio frames
included 1in the discontinuous reception interval, 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

10 mobile station belongs, and “T 2 N” is satisfied.

[6] The mobile station according to claim 4, wherein
the reception timing determining unit is configured to
determine that the timing is subframes corresponding to SUBFEN
15 1in each of radio frames specified by SFN calculated from the
following formula:

[Formula 2]

G=UmodN

SFN1n0d71:[£Z-TJ
N

SUBFN = Gmod[—];,—]

where #“T” represents the number of the radio frames

20 included in the discontinuous reception interval, *“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
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15 the bitmap being notified of by the radio base station. [9] The mobile station according to claim 4,
wherein the reception timing determining unit is configured to determine the two or more
subframes in the one radio frame, on 20 the basis of a mapping pattern indicating a pattern of the two
or more subframes to which the paging signal is mapped, the mapping pattern being notified of by the
radio base station. [10] A radio base station configured to transmit a paging 25 signal for notification of

an incomingﬂgglﬂoer asrtngpy% 1§tagigfotl)qeI%ngiggl o any Qnﬁ,pf lasplgracli{ys gfi groups, the radio base
station comprising: a paging S|gnaﬂ transmitter unit conflgure(?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 5 Tepre8ertn§ af ittt at AhratdisCorthuehs ¥ecéptio'6fféhaging signal is
performed, wherein a timing.for the mobile station to receive the paging signal is determined
based on the discor%t]lﬂneuoruescree%negpl)t?gn Fnlt(ranr%/% aﬁ%%tﬁéf Itnoltgllr?tﬁ’ng(relrl §f tjhsg gcr%upé.g 10 G[Telfii radio base
stationTonfigired ta ransmit eweagingnsigead formadifieation €f anvincomisg calkfos oapbilg station
belonging to any one of a plurality of groups, the radio base station comprising: 15a paging signal
Uansmhmwﬁﬁ@%éﬁﬁ@@é@@%ﬁ%ﬁ%mﬁdio frame, on the basis of an offset from

a head subframe in the one radio frame, the offset beingnotified

of by the radio base station.

10 [8] The mobile station according to claim 4, wherein
the reception timing determining unit is configured to
determine the two or more subframes used to transmit the paging
signal in the one radio frame, on the basis of a bitmap indicating
the two or more subframes to which the paging signal is mapped,

15 the bitmap being notified of by the radio base station.

[9] The mobile station according to claim 4, wherein
the reception timing determining unit is configured to
determine the two or more subframes in the one radio frame, on
20 the basis of a mapping pattern indicating a pattern of the two
or more subframes to which the paging signal is mapped, the

mapping pattern being notified of by the radio base station.

[10] A radio base station configured to transmit a paging

25 signal for notification of an incoming call for a mobile station

belonging to any one of a plurality of groups, the radio base
station comprising:

a paging signal transmitter unit configured to transmit

the paging signal only in one subframe in a plurality of radio
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the paging signal in two or more subframes in one radio frame; 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 20 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 number of the groups, in accordance with the two or more subframes in which the
paging 25 s%qfnaarhésst,ragsnrgitted, 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.
[12] The radio basesstationiacicording ta claish 1 gwhereinco ndhe agdjustes urihis canfiguked to adjust
the discontinuous reception interval and the total number of the groups, in accordance with an amount
of incoming=¢alitfo P Bachb s Stafigr 1 3] THeE  adis bk Station aeeotdirng fo cRMPEL, wherein
the adjuster_unit is configuredto adjust the .discontinuous reception interval and the total.-number of
the 1OJgrou8L§]in %%gord r]ipcoeu ith f’m %%/gilab?elggﬁ&vj\t/ﬁj?ﬁl?nuegacﬁrceeﬁ.eﬁ%ﬁor e ra |8%Iégglstation

accordig te elaimskl; whesein indbewgjuster whit imcanfigusedtoradjust theception 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.

10
[11] 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 comprising:

15 a paging signal transmitter unit configured to transmit

the paging signal in two or more subframes in one radio frame;
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
20 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 number of the groups, in
accordance with the two or more subframes in which the paging
25 signal is transmitted, 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.
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discontinuous reception interval and the total number of the 15 groups, in accordance with a frequency
of change in broadcast information in each cell. [15] The radio base station according to claim 10,
wherein the radio frames are each formed of 10 subframes; 20broadcast information is transmitted in
the first and sixth subframes in each radio frame; and the paging signal transmitter unit is
configured to transmit the paging signal in the tenth subframe in each radio frame. 25 [16] The radio
base station acgording.to,glaim 1, whetsin the radio frames are eachsformed pf 10,supframes:
broadcast information is transmitted in tﬁe ?il’S'[ sub?rame in ea%h radio frame; and the paging

signal transmitter uRitis cenfigused to preferentially use Hie tantle subframe and the fifth subframe in
each radio frame in this order, as subframes in which the paging signal is transmitted. 5 [17] The radio

base statiof &&€6Hang fotgint 2 TSWhefSin thd PTG fratmes AFeeatlt formBtNerT0 Shibframes;

broadcast information is, trnsmitied, in.the fest sybifame in gach radieTame: #ndk o, ey

5 mobile station.

[13] The radio base station according to claim 11, wherein
the adjuster wunit 1is configured to adjust the
discontinuous reception interval and the total number of the

10 groups, in accordance with an available bandwidth in each cell.

[14] The radio base station according to claim 11, wherein

the adjuster wunit is configured to adjust the
discontinuous reception interval and the total number of the

15 groups, in accordance with a frequency of change in broadcast

information in each cell.

[15] The radio base station according to claim 10, wherein
the radio frames are each formed of 10 subframes;
20 broadcast information is transmitted in the first and
sixth subframes in each radio frame; and
the paging signal transmitter unit 1is configured to
transmit the paging signal in the tenth subframe in each radio
frame.
25
[16] The radio base station according to claim 11, wherein
the radio frames are each formed of 10 subframes;
broadcast information 1s transmitted 1in the first

subframe in each radio frame; and
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10the paging signal transmitter unit is configured to transmit the paging signal in the tenth subframe in
each radio frame. ABSTRACT A paging signal transmission method according to the present
invention includes: notifying, from a radio base 5 station (eNB) to a mobile station (UE), a
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 (PCH) is performed,;
det_e_rmini_ng, at_the Jghoebile gta{ircl)n (lgliz_é a timiﬁgalnos%?{ r%%eri"ir&%'ihce pla$ingo%%rialuornetcgle_ggsis of the
notified discontinuous rec%p%on ?nterv Pandt e noti |e8 total number of the groups; receiving, at the
mobile statipp{HE) theipaging sigoat transeitted famrthentadinbase, stationtBNE) bat-the«etermined
timing; and performing, at the mobile station (UE), 15 incoming call processing, when the received
paging signalisa pagingsignalatitRessed to'thethebife statioh UE)2pRSe.in which the

paging signal is transmitted.

5
[17] The radio base station according to claim 11, wherein
the radio frames are each formed of 10 subframes;
broadcast information 1s transmitted 1in the first
subframe in each radio frame; and
10 the paging signal transmitter unit is configured to

transmit the paging signal in the tenth subframe in each radio

frame.

44



10

15

ABSTRACT

A paging signal transmission method according to the
present invention includes: notifying, from a radio base
station (eNB) to a mobile station (UE), a 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 (PCH) is
performed; determining, at the mobile station (UE), a timing
for receiving the paging signal on the basis of the notified
discontinuous reception interval and the notified total number
of the groups; receiving, at the mobile station (UE), the paging
signal transmitted from the radio base station (eNB), at the
determined timing; and performing, at the mobile station (UE),
incoming call processing, when the received paging signal is

a paging signal addressed to the mobile station (UE).

Fig 6.
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