. Sen ' L v .
rg‘rvﬁ loE C@Ntﬁﬂ o SYST’E,M MOBI LE COVMUNI CATI ON METHOD, MOBI LE

TERM NAL AND BASE STATI ON 5 BACKGROUND OF THE | NVENTION FIELD OF THE
| NVENTI ON The present invention relates to a nmethod for saving power in a
nobi | e conmuni cati on system and nore 10 particularly, to a technique for a

power saving no r Lok O fobi ket erm i ' t
conmuni cati ons. W@%@{&@%%ﬁ%ﬁmﬁgﬂtgﬂwg% 8%2?&
nobi | e communi cAMETHOBy @B IslucRERMENAHSAMD BAPEREAANITORe 2 (Hi gh
Performance Radi o Local Area Network) is provided with a power saving node

function for reducing a battery consunption of a nobile termnal. 20 For
exanple, the cellular systemsuch as PHS is a conmmunication system of

circuit swgchingdvped ey £004; 6&Oend of communi cati on I/mwhmﬁ'“m,mllt hat ,

after the communication IS termn t he rmblletermn
transition to a power saving node for ntermttentl 25 recel vogg
fromradi o base statiy ofys. pffef @St one peri od for the int®PH ttent
receiving in this power savinhg no caI | ed super-frame period (see ARIB
RCR STD-28 secdit: gersat | oiﬂ‘cm@i@ssr@eal*é@ﬁoﬁ@ gyme bhodt pdasaving

speci ficatigilor 3 Al Snd 1k [ PEELANL YO 2ond kh@ngbELON Lo the  pover
saving node for intermttently receiving signals from access points (AP)

i s madd 9 n RHE iaEl@ kY poverd sefGyl AU Tehia pover savihg hede, at nost

si xteen typasfidihg didtermddientcdaeatyi non PeLG LY §apkbe selected, with
the 35 maxi mum value of the intermttent receiving period being 2 002 074
44- 1 gi vérPTRIE 43 WeP%han of the broadcast frame at which all

DESCRIPTION OF THE RELATED ART

Conventionally, the mobile communication system such
as PHS or HIPERLAN Type 2.(High Performance Radio Local
Area Network) is provided with a power saving mode function
for reducing a battery consumption of a mobile terminal.

20 For example, the cellular system such as PHS is a
communication system of circuit switching type in which the
end of communication is clear so that, after the
communication is terminated, the mobile terminal makes a
transition to a power saving mode for intermittently

25 receiving signals from radio base stations. There is only
one period for the intermittent receiving in this power
saving mode called super-frame period (see ARIB RCR STD-28
second generation cordless telephone system standard
specification).

30 Also, in the HIPERLAN Type 2, a transition to the
power saving mode for intermittently receiving signals from
access points (AP) is made in the case of power saving. In
this power saving mode, at most sixteen types of the
intermittent receiving period can be selected, with the

35 maximum value of the intermittent receiving period being
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the&ﬂenninaIS”fﬁﬁbile terniﬁ;Is) receive signals fromthe AP. These

si xteen types of the power saving node are provided in order to prevent the
concentration of nobile 5 termnals to one power saving node, so that a
negoti ati on between the AP and the nobile terninal is carried out to

determ ne r tent Jegel per i pes, at a
time of tr n5|%l % {yotttlﬁ% % O\s[,fla\r;hlglrfle %Ijoodgj c#rhaﬁneg g%erm(%%/ o
recei vi ng itdecaeringdadist tmpumquﬂqnmum&isﬂuiQﬂﬂ%NQHﬂﬂ&nﬁkﬁrﬁnﬂmithe

nuerm {tenh T8RS 10cRRH 44 Lo bhe hauer S 10 Jie sueh that he

intermtte receiving perio S not chan nanlc (see, ETSI TS 101
761-2 V1.1pIoEISbdBRANdﬂd@EQLNVﬁﬁﬁﬂ@ﬂZ tﬁaﬂﬂﬂnnﬁnﬁﬁﬂﬁmdn(nﬁ|mnbllﬂ5

However ;i 1L canvent ianaly i, desaribebANOS, N 1%, Ihg: POVES, savi ng

node, tﬁe e term nal |ntern1ttently receives signals fromthe radio
base statbenween ARS Ahd amelc dver obhid ecdremmingalt i ioh Gtratiedhmnt the

Si gnal s ar g eqgledonR0 (that it dhe. Gase o MG @ 20 dpansi tion to the

comruni cation state, a delay 1s at nost as mnuc eintermttent
recei vi ng péritednocomes adi rcé itniee ofi grralns idrieseimt fhromawr reali iodbase

station (Ag% “”th the Q%E%%Wf%%éd%’ﬁ% H%ﬂﬁ%l’ Q%gqgurlng ttgys reason,

when a tranS|t|on to the power saving e i s made he real tine
comuni8at L6ASE QnﬁagmﬁgQ@éWa@n@c@@ﬁ§fm%ﬂfqI#?ﬁﬁﬁﬂ&ﬁtQQﬁx¥QH¢le%gnot

carried Oube?%ﬁa'dh)h%% tmatpot“f&r Qahvd ng RIS Riddd WHL drhe quality
degradation due to the packet loss. In particular, in the cellular system

descri bed aﬁéﬁémltﬁﬁnénlr)?%ﬁéfllnﬁt Srediltderts Medei AaTRE §rdeRmiEa Ny t he

power Savggge”DQ?SUST%eHLMP7%Q;Qh@ﬁ th'ETﬁﬂWEﬁ4¢”HIﬁBKEﬁV”F§beQ?r'Od
nmust be reduced in accordance with the realtine communicati ons when the
real ti me ah@ChBACREalPiefd If&@d18) coexi st, but the reduction of the paging

del ay fgquires {B@edercorinespendions ehedwslalonraf ddwrd el MdwLnt receiving
"2 during the power saving mode, the mobile terminal
ihtefmittehtly receives signals from the radio base
stations or APs and recovers the communication state when
the signals are received, so that in the case of making a
20 transition to the communication state, a delay that is at
most as much as the intermittent receiving period occurs
since the signals are sent from the radio base station (AP)
until the communication state is recovered. For this
reason, when a transition to the power saving mode is made
25 during the realtime communications, a paging delay occurs
and the packet receiving is not carried out normally so
that there 1is a possibility for the quality degradation due
to the packet loss.
In particular, 1n the cellular system described above,
30 only one intermittent receiving period during the power
saving mode is set up so that the intermittent receiving
period must be reduced in accordance with the realtime
communications when the realtime and non-realtime packets

coexist, but the reduction of the paging delay requires the
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corresponding reduction of the intermittent receiving



period so that there has been a problemthat the sufficient effect cannot
be obtained froma viewpoint of the power saving. On the other hand, in

t he H PERLAN Type 2 described 5 above, a plurality of intermttent
receiving periods during the power saving node exist, but a value selected

at atime _of .the transi n to.the power savi s.conti aIl used
o B L O TSI G010 e BONET) SAVLNG, IO, | cont) pyeLL Y used

i mpossi bl e etfd ecope anirtdt the ahaniges d.Of iofm thev conmain tadt onhst adeeand t here
has been a %5@ | em that the sufficient power saving effect cannot be

realized. ‘'SUMMARY OF THE I NVENTION 15 It is therefore an object of
the present invémt itdre tarher ddmde al mothie & GEmLAT CRYpon2Z syssemibad nobi | e

conmuni gat i,gn e fat 1 y%é%rr{@me Vﬁ%aerb%geelé{dﬁ% ggrlg&l@aé"e of

realizing an e i've power saving mnmo g a response delay
by adj usti mgea@mmrersrmtltr@wtmdeeceaimmg per iod alee ngetdet popwet savimg node

and a tinipg far (8l ‘?J&Jigcfaorf rtaonsg}}é \J;eorn;[) |e‘lle éé‘erﬁ gviggcé@gln@%fn{- dlzgg

to a packet comTuni cation Format ommuni cat i on sys
Accor di ng U@ednesamtlrﬁiertmettm‘résmﬂcemmmm"i'drbrcef ilse pn@lvllied a

Tobi | oMLY 0MSYSLAM {101 LAY 10 AUl L ansplssipnf recept i on

between a nobile term na an a racPy ase atl(g;% conpri sing: ‘a power
savi ngldni pff Ghe exgouning & gowra Faving Trhﬁiee the s dieere @ powelem

consunpt i 0@8%@ gt @%f‘ﬂ%'e%tt %rd‘@e'}alsa@lr&acé(feﬁﬁ& assiddcatd {'eféffjg&ﬁrent

unit for judging a packet type of a packet tinmer Ing unit for
setting a sleep tiner value indicating a tine duratlon Si nce a | ast packet
is transmtted/received until the power saving node starts, according to a
35 judgenent result of the packet classification judgenent -3 unit; at

| east one BREEF tslbWRfYorOFnéré%rIlW§Wri[(@i apsed
15

It is therefore an object of the present invention to

provide a mobile communication system, a mobile
communication method, a mobile terminal and a base station
capable of realizing an effective power saving mode while

20 reducing a response delay by adjusting an intermittent
receiving period during the power saving mode and a timing
for making a transition to the power saving mode according
to a packet communication format in the mobile
communication system.

25 According to one aspect of the present invention thére
is provided a mobile communication system for carrying out
packet transmission/reception between a mobile terminal and
a radio base station, comprising: a power saving unit for
executing a power saving mode to reduce a power consumption

30 at the mobile terminal; a packet classification judgement
unit for judging a packet type of a packet; a sleep timer
setting unit for setting a sleep timer value indicating a
time duration since a last packet is transmitted/received
until the power saving mode starts, according to a

35 judgement result of the packet classification judgement



time since the packet is transmtted/received; and a sleep execution unit
for activating the sleep tinmer after the packet is transmtted/received,
and controlling the power 5 saving unit to execute the power saving node at
atimng at which the elapsed tinme neasured by the at | east one sleep
timer exceeded the sleep tiner vaIue.,Accordingﬁto anot her aspect of the

present i nvBhtTor?ttheteli QM probf eRd  AM%bbf P EBARURLEEL PBnCAEPREA for 10
carrying ouwimackeicé ransnpssket/ 1 ecepihoni betweencaimebi;l andt ar giisab
having a power saving npde_to reduce a power .consunEtion and a radi o base
station, conpiqiiy t el stEPs a%?¥V?5}n$uHB?n§1§eBaE BETt §p&esf thepacket ;
(b) settingparkst eep trawsmyated/ rodecatiingandt coptdyrat hentiiengewarl ast 15
packet is transmtted/received untjl the power saving.node starts,
hecor di iy 1A JEdgehento r6Xaf ¥Lof PR SYeR TAY1hE(BYdGcetvat FrliaF Plast
one sl eep twHWRIh fHe NEBSHIE A0t Bile wéapseedtbyetsenge tLbaspacket sigep
transm tted/received; §n9 éd) fontrglling the nobile termnal to execute
R at a 't 4

the power Z0-™SHviSHHF o "hg AP hni&h T he el apsed tine neasured by
the at | east onaasteepitgnes excelededatbecs| eepthenpreseakuenvAacandi ng to

anot her aspect of. the $ge$e t inggn%éon thgre %sﬁﬁrog%ﬁeg % nobi | e
ternminal deviTe fot %%.Yﬁ %@ HUECP L p%%ﬂ%? transh'seronfre 85tion wth a
radi o hase tratyiorg conprackeay: t sapeones s sany ngecepiiohobeéxeeut engohipewer
savi ng node_ to reduce a. power_consunption h N erm nal device; a
packet claéﬁg%%%éﬂo aYﬂ@%e%e%?“%ﬁiggﬁ%ﬁg ?%%%iﬁ%ngggggﬁe% P?BSrof a
packet; a slceepunip treon sendiagrd8@ianbaséostseionngcamstéepngi nbe sakpe

i ndi cating ti tlon.si cket i ransm Lrecei ved
anti 1o the Touet s ol MG L1G5e 8 L PETE P ebRet DB LLERERAPESE Gy
t he packet Llesgsifimat i onl jedyedeedtimgta bime| @asétdoe slivep ti restfor

Teasur ifig a1, lApsed LAl PESa AP 40Py PACKEL 11 SchEaPSALE! el igehyad: and

a sleep execution -
starts, according to a judgement result of the step (a);

{c) activating at least one sleep timer for measuring an

elapsed time since the packet is transmitted/received; and
(d) controlling the mobile terminal to execute the power

20 saving mode at a timing at which the elapsed time measured
by the at least one sleep timer exceeded the sleep timer
value.

According to another aspect of the present invention

there is provided a mobile terminal device for carrying out

25 packet transmission/reception with a radio base station,
comprising: a power saving unit for executing a power
saving mode to reduce a power consumption at the mobile
terminal device; a packet classification judgement unit for
Judging a packet type of a packet; a sleep timer setting

30 unit for setting a sleep timer value indicating a time
duration since a last packet is transmitted/received until
the power saving mode starts, according to a judgement
result of the packet classification judgement unit: at
least one sleep timer for measuring an elapsed time since

35 the packet is transmitted/received; and a sleep execution



unit for activating the sleep tinmer after the packet is
transmtted/received, and controlling the power saving unit to execute the
power saving node at a timng at which the elapsed tine nmeasured by the at
| east one sleep tiner 5 exceeded the sleep tinmer value. According to

anot her aspect, of, the i on there i s provided a radi o base
station de\F/)I Rd b g cé’rc m&ut\f‘ﬁl cskleet B rtisih sdsq T rdteptd o with a

nobi l e ter nmmahsmha\tlemigr@creamrd ,Savidng omde 1t10 mee ditoe ;m\mv\mamr@um)iu OE
10 conpri sing: a _pagl et cass,lflcatlonju mt pac et
type_of o phckert DT as Biler SRty R T o i w b S

val ue i ndi calkpnged ttume m@larsatrle(aln byi e ad dfagracket dlseep tlmer‘

transmt ed/recel v%d . E .pover zLaw ng node starts, according to a

j udgemen? 18%F&SUFe tﬁe ﬁgc &%) 8% cation judgement unit: at | east
one sleep tiner f%@lcormlamgr |t|@gaauotelleerp$asqbetcltrre>fsmnee pztdmeruaqkﬁtemsion

transmtted cei sleep permssm nal transm ssion unit for
activating ﬂ%g gl \ée trlorVncaji‘rd daft &F dife bﬁasc?ket O?‘r (Jne‘rﬁ(ﬁ e%n? Tt §&diVed!® and
transmtti nguZOpackIeeep;rpelsmlssu@lrn/sleg:rwlt ifomr mom reolmdtnigl ¢ heee i e
termnal to eyt o e at t which the el apsed
time n"easurgg)égglgt %ebgﬁege\gg‘ l%%elmsgl%eeg‘%% tlaer(rjéfrEé excéﬂ%egﬂ t%onsqmge%qq mer

val ue. Oherompatigisg :andradkant ajes soffltChelpmeSJemgammm]tum 25 will

becone appat fro f.al Qnt ] ion wth
the accompani P E, BwPack ot B BESARPBARG 02 THE BRAWTS a0 . "1 T's
a di agr am shpwitngoa sasitd ngonf isgaeat |ton1e@f Vallumblnldammmlazaium syst em
accordi ng ! guthe;Bhesefle LNYEAL! ARkl s2 drandnfll Qe A AURDSGM NG an

internal 35 configuration of e termnal and a ra ase station -5
in the nobi FBecBAaHi 6aVieE @yéteemtaééér-dna@gqr@ilﬂxe ta restjudgement

15 result of the packet classification judgement unit; at
least one sleep timer for measuring an elapsed time since

the packet is transmitted/received; and a sleep permission

signal transmission unit for activating the sleep timer

after the packet is transmitted/received, and transmitting
20 a sleep permission signal for controlling the mobile

terminal to execute the power saving mode at a timing at

which the elapsed time measured by the at least one sleep

timer exceeded the sleep timer value.

Other features and advantages of the present invention

25 will become apparent from the following description taken

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Fig. 1 is a diagram showing a basic configuration of a
mobile communication system according to the present
invention.
Fig. 2 is a block diagram showing an internal

35 configuration of a mobile terminal and a radio base station



enbodi nent of the present invention. Figs. 3A and 3B are diagrans show ng
packets to be transmtted/received in the nobile conmunication system5
according to the first enbodi nent of the present invention. Fig. 4 is a
flow chart show ng an operation flowuntil a transition to the power
saving node in _the nobile communication systemaccording to the first
enbodi nent 1&f thtehéloﬁ’rléseerﬂo”}%rﬁaiwn Y Hgs. a%@%ﬁfdl%Bt%r’éh@h%b’F%ﬁs

showi ng i nkab@diMt o Al A e tirgnsiitdred/ recei ved in the nobile
conmuni cati on S)éstem accor dj g%ato the first enbodi nent of the present

invention. Fig. '68&Ss 2% |36 ot & KoV ST h DI RE oW 95 Biri ng t he

power savi RgamRee tive d/fe Jahide GO 1an coﬁr&ﬁﬁlrﬁiﬂéﬁﬁ&ﬁ dingrép the
first enbodi nent. of the present invention. qefg @r is a block diagram
t

showi ng®an3FRCEHaE t@oﬁ»rhegdrléﬁfor?ﬂ@rodalﬂrﬁdbﬁ | Srifvat Sehd BN Yt bobase

station 20 in Fhe.mabiilse acqmmm&ﬁimorsrﬁyﬁtrﬁgnmw@m@lm t ey second
enbodi nent of the present invention. V%él 8 is,a flow chart show ng an

operation fi SRt ong 4o 44 PoSiE Tt FAHE ARt i Ty iifel 1% the nobi | e

communi cat b@mm@ylatc@mlwcsry@m ta@ ddel ighe ol Wb odi menterMod Zhert heo Present
invention. Fig is a.flowchart show ng an operation flow during the

power savi fi em%@seﬁltt HEYSSFiC& -comuni cation  system according to the
secondienbodi memti g&f. e aprdeSENtard nMeryriaoms  SHbvREIA LHR BESGRIPTI ON OF THE

| NVENTI ON L}Ei it Errb r%JoSISCRef rring now to.Fi o Fig. 6, the
first -6 SHBOHLGETE OF & IS oM Ca o by e A il ng to 1t he
present i n¢emmuond cwitlilonbe ydesar iavedidi ndettal [the first embodiment of
the present invention.
Fig. 6 is a flow chart showing an operation flow
15 during the power saving mode in the mobile communication
system according to the first embodiment of the present
invention.
Fig. 7 is a block diagram showing an internal
configuration of a mobile terminal and a radioc base station
20 1in the mobile communication system according to the second
embodiment of the present invention.
Fig. 8 is a flow chart showing an operation flbw until
a transition to the power saving mode in the mobile
communication system according to the second embodiment of
25 the present invention.
Fig. 9 is a flow chart showing an operation flow
during the power saving mode in the mobile communication

system according to the second embodiment of the present

invention.
30
DETAILED DESCRIPTION OF THE INVENTION
[First Embodiment]
35 Referring now to Fig. 1 to Fig. 6, the first



(Configuration of a nobile comunication systen) Fig. 1 schematically

shows a basic configuration of 5 the nobile conmunication system according
to the first enbodi nent, which is also applicable to the second enbodi nent
to be described below. As shown in Fig. 1, the nobile comunication system

according to s enbodj nent has a conmunication network 12 10 formed by
i nt er connect® t?fba%?ﬁﬁm‘?%ai‘|'P)(hb3c3r1%n‘h‘e'1”§“ma°%b‘?nesy%eﬁfﬁ1 Aarci18ipg be used by

a user and mmmht Oi if ien EOHAUMN] CRIBONd Ot MO &d 12n A@etadio base station
14 for carryi ng(n(;) acket co ni cat | Ofs with the npbile term nal 13,

and a location i Yioht HefhayerfediO Rk ?/e?ori“imilsc%%ﬂ%c?eﬁtﬁinﬁh t he

cormmuni cat i on netmor KL 12ch ded t Tvedaly Nghéws I@CI&MD@ ¢ ofh o1 grat & 0noAf ot he
nobi | e term.nal quS Each nobjle termnal 13 is é)cated within a cell 15

fornmed by tImee oL UYL G Ok, SHERL R T TREIHE BO FReaf i bRt

regi strati CH‘mmfditnthIOWl'}dﬁc/hCﬂsle@lmlali@be@ tegtératéondarea 16 formed
by a set of the radio zo esql] Th| ocation information is managed by
the | ocati oi'°Hf b Hat i s%%%‘? 11. Each nobile terninal 13 has
a function for mekisigpven ina?nsgtllon ttme anqsmm Sawhngi a®teof 0§y stem
interm’ttentloy 25, rece| V|n ﬁg}ﬁs fromthe radjo base station 14
peri odi cal 137 §%" s“hio pea{[e e l”ﬂer st o%?r?%lt’:lejp??lbhonvxﬁ“f’ﬁ“?é%pett to
the radilo fasenest aiy oxmﬂmrd(mneacnrmoaforﬁmmMIeﬂmd ciahhé@®s evemnmavileg t he
comuni cat i ons; lg 1:? tso Wws an er nal confi uratl on_o the nobile 30

t er m nal 13t Fe Fadio base st aty dh AHF Aot I WY o ¢ EBodi ment . As
shown in FICg)mUQJ,HJId'EéilmJbIﬂ@ZVt(HTHHM| d 3r drdiso taaseecseta/eroﬂhanﬂoa

transmtter, ]IBr fi9g J&cggis atl grﬂxﬁliﬂ tdd g3l 4 {Haéﬁ SHE ML 351 P2 e%rgl"“%i

respect t0 the tadi a 'signal” conversi on Ui for
carryi ng out3 praetﬁe%lhg%ﬁjm a:lSlfmUrcmﬁlngl gkmet sdre¢rc. 11w th respect

to thelﬁﬁc@%ﬁiéé%éﬁawith the communication network 12, for managing a
location information of the mobile terminal 13.
Each mobile terminal 13 is located within a cell 15
formed by the radio base station 14, and carries out a
location registration of the own device on a location
20 registration area 16 formed by a set of the radio zones 15.
This location information is managed by the location
information management server 11.
Each mobile terminal 13 has a function for making a
transition to a power saving mode for intermittently
25 receiving control signals from the radio base station 14
periodically if there is no packet transmission/reception
with respect to the radio base station 14 for a prescribed
period of time even during the communications.
Fig. 2 shows an internal configuration of the mobile
30 terminal 13 and the radio base station 14 according to this
embodiment. As shown in Fig. 2, the mobile terminal 13 has
a receiver 17 and a transmitter 18 for
receiving/transmitting signals such as packets with respect
to the radio base station 14, a signal conversion unit 19

35 for carrying out processing such as encoding, decoding,



transm tted/received, a signal analysis unit 20 for analyzing contents of
the received signals, and a power saving unit 24 for executing the power
savi ng node. The signal analysis unit 20 receives signals converted by the
signal conversion unit 19, extracts a sleep permssion signal fromthe
received signals, and controls the power saving unit 24 to execute the
pover saV|ﬁﬁt%nde“lé%cb?ﬁPﬁﬁttBOtﬁEesPéébeﬁérﬁPSQPon signal . 10 The power

savi ng uni tt%%?@t‘é@ﬁréb&ﬁ@&l\eraséygﬂﬂl ardeyE9E neducixng fokke pover
consunption at the nobile termnal 1 and nore specifically, the power

saving uni tBNBWEIRRsCORFEALBaRk FNEhECBEIRCADALEBALSH PRE RDBPMET ter mi nal

13 or carrifsy D &Ililﬁtlmefmtéﬁ@&uwﬁgl YhBgpbRebesalIngemoniched bel ow. On
t he ot her hand, as shown in Fi the radi o base station 14 has a

recei ver’ 27, a ttahsti €Pat ?@ag}ésé’ﬁgHaFt ¢8nVBFELBRSUAIIEN2YS SOopaEkeEd

classifi catmonum@dgﬁ@zﬁem @@Mer§@onauﬁh€ep9tl BRErsetki agsuriep 31, sl eep
timers 32a and 20 32b, feﬁ ger ] SSion nggal,geHiratiog uni t 3%
|ntern1ttenﬁe%ﬁiﬁﬁﬁoﬁeﬁé?%? i tN85T SR AR At EPAICreAfd SPGHEP ﬁerlod
changi ng unitfe B{ﬁo“érhesﬁ angnihier 228tandxtbateeckeVebwa? Garfiyigotibde

transn155|on/rec$ﬁ$ ghg §Et data and.control signals 25 with respect
to the nobidE e AU ERePEFPRaFLCT oS 882 ransni tt ed/ recei ved are

conver tied by therségm@WeconyetﬁgonnmnlQ429erbEepachetp@h&$5bbh¢a@ion
j udgenent uni for

30 is_a, circu riority. lLeve t he packet
ot orea sgtd e her SruhiE bbb BhfiBuBaRing A sbErfordne el
|nd|cateS\Mﬁﬁmﬁnthis pam&emors Qtealfeahnnne tbénﬁbwer ehviagnan4ireal ti nme
f or mat , gz Nbr; sp ffflcal pa ketm fIC%FIOHO% g enent unit
L i yoe et RalSEt b Far 1R PRE R R B3R L bEC Bhboob
descri bed itemmjpackel3 3b amdraesoodtnghbo1nhesmndeahmfreCﬁlymdge$othe
prlorlgy qu gcrlé%d below.

On the other hand, as shown in Fig. 2, phe radio base

station 14 has a receiver 27, a transmitter 28, a signal

conversion unit 29, a packet classification judgement unit
30, a sleep timer setting unit 31, sleep timers 32a and
20 32b, a sleep permission signal generation unit 33, an
intermittent signal generation unit 35 and an intermittent
signal period changing unit 38.
The transmitter 28 and the receiver 27 carry out
transmission/reception of packet data and control signals
25 with respect to the mobile terminal 13, and the signals to
be transmitted/received are converted by the signal
conversion unit 29.
The packet classification judgement unit 30 is a
circuit for judging a priority level of the packet entered
30 from the signal conversion unit 29 and a packet type that
indicates whether this packet is of a realtime format or of
a non-realtime format, etc. More specifically. the packet
classification judgement unit 30 analyzes an identifier for
identifying the packet type that is described in a packet,

35 and according to this identifier, judges the priority level



of the packet and that the radio base station 14 or the nobile termnal 13
is carrying out the realtinme comrunication. This judgenent result is sent
to the intermttent signal period changing unit 36 and the sleep 5 tiner
setting unit 31. The sleep timer setting unit 31 is a circuit for setting
a sleep timer value that indicates a tinme duration since the |ast packet
is transm teledireckisedt umid| thae thowepdsavbagendlatérar ¢, oacédrdi ng to

the judgemepiy fesutd -dOnby 1He; packetyehassiiti ¢abi pRah¥dgement unit 30.
More specifically, the sleep tinmer setting unit 31 receives the judgenent

resul t fromemeuphekeiorl akkisi sadeoneptidgeneht 16nFensotoakdeaccording to

the packet fﬂ@@r[ﬁb@feﬁﬂdw@s@ﬁpw%@e&héﬁﬁiﬁgtbﬁi&e_@bt LB €AEM4Rkeati on or
the non 15 realtine communication, etc., the sleep tinmer setting unit 31
i nputs a vatieeset et ewe fdht aShturality of sleep tiner values stored in

an internal nenorye igtOeh heidbeePerPEAF g8l ON3EI gBak geperaki eprunit 33.
The sleep tiners 32a and 32b_are tiners for neasuring 20 an el apsed tine

since the pHKeln§ <2 15593 LBV reebiGetilatwhBf &CEREST Bcéiifer dugathsp
detected theifeceivd noaof Phexepacketracthyvates,/thectivaar uardit hgeel apsed
time is inputted into the sl eeg Perm ssi on_ si gnal generatl on unit 33. Note
that, whil @NEEsUTI Ty & Heo ¢ a?)%' % i nRCCARERNE8 250 ah ?héPdﬁéﬁaﬁéﬂ 6 S8 litype
differend fowpmidepdyper od1ddei f pagkednr ghagedeho thecngasumement is

recei ved, another. one of_ the gl eep. tinmers 32a and s activated in

order to cHTY olEEthe nbisuf ‘f’r%‘ﬁtt*%?rtﬁ‘étbhﬁﬁeP“g%baldFFFéﬁgﬁF thépe.
More speci fjudddnyent heesheepftometh82patikeactizat edidftnbanjuheepaaket of
the realtine CO ,ni ca(%(i on irsdrece' ve vvhere%ls t he %Ee?p.ti mer 32b is
act i vated WHEH CHE GRCkETCBITOtHE HonchBabEf We chint DAk RO &oFBtei ved.
The sl eep peratisst oit signehe geeel atmoncommtn88atachi yat eset hensl eep ti mer
ggrﬁgggﬁ%hqgnﬂﬁgﬁﬁg ééhéﬁhfég'f@%?tggéf?Cghgegleggdtggg?r22%%1%Qeuﬁk%9p
31 inputs a value selected from a plurality of sleep timer
values stored in an internal memory into the sleep
permission signal generation unit 33.
The sleep timers 32a and 32b are timers for measuring
20 an elapsed time since the packet is transmitted/received,
where the receiver 28 that detected the receiving of the
packet activates the timer and the elapsed time is inputted
into the sleep permission signal generatidn unit 33.
Note that, while measuring the elapsed time, when
25 another packet of a type different from the type of the
packet related to the measurement is received, another one
of the sleep timers 32a and 32b is activated in order to
carry out the measurement for the packet of a different
type. More specifically, the sleep timer 32a is activated
30 when the packet of the realtime communication is received,
whereas the sleep timer 32b is activated when the packet of
the non-realtime communication is received.
The sleep permission signal generation unit 33

activates the sleep timer 32 after the packet is

G
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transmitted/received, and generates the sleep permission



-9 signal for controlling the nobile termnal 13 to execute the power
saving node at a timng where the neasured tine by the sleep tinmer 32
exceeds the sleep timer value. The generated sleep perm ssion signal is
transmtted to the 5 nobile termnal 13 through the signal conversion unit
29 and the transmtter 27. Note that, when a plurality of the sleep

timers are being) acbivabgerolNengl eBp REBMISSiteRmisiagnals genenalcuar unit 33
generates and transmts the pernlsslonpiﬁgnal after all the sl eep

sl eep
tiners are %&%l?%ﬁerlﬁdTﬁ%glﬂPa?n?Ft@nFlgﬁﬁﬁa feltd€i BFAFHTE )35 ¢ 5

circuit forb)petm@dspaébytmaﬁsmztékagéﬂecehw Bgekhe ta@Rtr elalusl.gmales Wi th
respect to the nob I

% mnal 13 in B Ee[ savi n%,nndg] where the
period for 5?%%%%%%§|5 €f8 H%f@?ﬁ?h%ﬂ Big Re At &FAPCReAT e ﬁﬁaﬁhﬁerlod
changi ngs umidbi 15 BérmTheli nsetmbngnt tseg@agnp@r cod velranginn@nuni t2936 is a
circuit for Qaggln? t he geriod 2 { ? bernlt ent Si naI accqr |ng to

t he j udgenett Tl FroRSERE phcRE 8s&MPieat' 'R FuBg ﬂtén

(Mobi | e commugatimer sedhodbeshpgat bevaobil, ethBOSQ@m@U@Ie(i@tlls@ﬂo&yst en) The
procedure of, the nobile comunic¢ n netho% u5|n t he

t
comuni cat i eS8 FRAELRR Wi n gﬁFQFFS eSmFP 6&@8@1&§55P@b§&eeﬁlgs
3A and 3B s;favmp@@k@msﬂgn@e aftaﬁsmnteﬁéreaeepedmetr\seemet kR&piadida base
statio (%4 and b|l } Fig. 3A §homs t he case of
the | radltim comhnTRAETBRE R F ot Fene T sbebRERE Phauaide 35t teng
non-realt|nEim@mnunfcatpenlo@$cshbmntranﬁmgrtBAg/kathelugseh@fcbh&rol
real tine e i ia Iy 30 after
the sixth paq%H¥i ransngf?gé/?§02b€§@05§l E ¥%E§% egp %grlggwfﬁomer

savi ng nndeyivsn@rmwddedwhﬁtethberadrDObaﬁerstaanem1$4;ont1ss j udged t hat
wocor oy TR ARy T AR R0, pPRAROHLAA SNBSS
15 The intermittent signal period changing unit 36 is a
circuit for changlng the period of the intermittent signals
according to the judgement result of the packet
classification judgement unit 30.
(Mobile communication method using the mobile
20 communication system)

The procedure of the mobile communication method using
the mobile communication system in such a configuration
will now be described. Figs. 3A and 3B show packets to be
transmitted/received between the radio base station 14 and

25 the mobile terminal 13, where Fig. 3A shows the case of the
realtime communication while Fig. 3B shows the case of the
non-realtime communication.

As shown in Fig. 3A, in the case of the realtime
communication, the sleep timer is activated immediately

30 after the sixth packet is transmitted/received, and then
the sleep period (power saving mode) 1is provided.

At the radio base station 14, it is judged that the
radio base station 14 is carrying out the realtime
communication according to the identifier described in the

35 packet header of the sixth packet. Then, sleep timer value
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35 packet header of the sixth packet. Then, sleep tinmer value -10is
determ ned at the sleep tiner setting unit 31 according to this packet
type. At this point, the sleep tinmer 32a has started the mneasurenent of
the el apsed time by detecting that the 5 receiver 27 received the sixth
packet, and the sleep perm ssion signal generation unit 33 generates and
transmts tife ddtepnpeedi a5i bhessynaP AfMer cRetingepniftnéd acrpeding

deternlnedgalgﬁggﬁéggpeglﬂy% esetting unit 31 has elapsed. 10 On the other
hand, as shown in e case of the non-realtinme comunication is
simlar in that 4% %mbs Patket thanshfeP el PeEePvadnrimEdRELE Y ThEf or e

making a tfansidddht 0ot henpowespsayi e9meDEe hstbheihif thapaeket, the
radi o base station 14 judges the packet type of the 15 fifth packet, sets

the sleép tigfi ¥Rl ue’ akbeo? oY 7Y ’E%etﬁiéthj HH@E%ntaPQSGPF S4€fPvates the

sleep timenpd4h Aieh sigpasngéhénglisaeiningsbhgehbthiepagkat, and
generates and transmts the sleep perm ssion signal after the sleep tiner

tinme set f&WQHﬁ?%ﬂ%xﬁp?lﬁ%ﬁe%z%eﬁ%éséigbséag“?b %ﬁbéFaFPSnséFePhélWﬁﬁlle

comuni cat i+am e Yed €M miThed CoNCcEiet es ppep at i ABr Okt benpobhlie geMuBI cation
system for reaI|Z|ng t he above described nobile conmunication nmethod w il

now be des@iasEdFig. 4 shows the operation flow of the nobile

comunijgat i on syt ethe 25tiéF Shandheibesnhbhereni sig. pagkethe case of
transm ssion/reception Wth the nobil e termnal not is %udﬁed by the

packet cl asdii |%ﬁ?}ﬁﬂ&%n%%wmﬁ%??a§b°6f1Stﬁém9iﬁfolﬁa§€a§té

($41). In tpwelcasecwhespittedregeitiged ihatdibeepackefore making a

transn155|on/rece Ilon |s got 39 cargbed outdat th{ s%eQ ﬁ41 o %oop

pr ocessi ng HAEE bl Wet® t BRIV 20 ULREi MigiSt Abe BRe T F FRePB°RETa packet

transm ssi ae aecapie dmsdhetationt he gadgewhene packstj ugpedofhahet he

packetls fifth packet, sets the sleep timer value according to this
judgement result, activates the sleep timer 32b after:
transmitting/receiving the fifth packet, and generates and
transmits the sleep permission signal after the sleep timer
time set for the sleep timer 32b has elapsed.

20 (Operation of the mobile communication system)

The concrete operation of the mobile communication
system for realizing the above described mobile
communication method will now be described. Fig. 4 shows
the operation flow of the mobile communication system.

25 First, whether there is a packet
transmission/reception with the mobile terminal 13 or not
is judged by the packet classification judgement unit 30 of
the radio base station 14 (S41). In the case where it is
judged that the packet transmission/reception is not

30 carried out at this step S41, a loop processing takes place
to make it a waiting state until there is a packet
transmission/reception.

Then, in the case where it is judged that the packet
transmission/reception is carried out by the radio base

35 station 14 and the mobile terminal 13 at the step S41, the
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transm ssion/reception is carried out by the radio base 35 station 14 and
the nobile termnal 13 at the step S41, the -11 identifier of the header
is anal yzed to judge whether the packet being transmtted/received is a
realtime type or a non-realtine type at the packet classification

judgenment u 30. (S42). During.this jud roce S|n by, t he packet
cl assi fi catl erpﬁlfg]g%ﬁe%% %?th%%derfhles s?ré% %’Ef’)% J]‘é ﬁ& gﬁﬁrdéggct t hat
t he recei vqradﬂemasermetmﬁdsrmitpm,kxeécemdd bBQOJﬂEramlatmevaypenomhti ng

state. In the cas vvhere ed as realti e at _.this step $42,
The packet TGSt LIt ottt trrre Sot Faot AEReRYPEa ) LageheRT rsul
to the sl eemitti mr (&Btl)ng)mmimg 31 s apdd g dree st eppot eseingebyi ngeunlt 31

setsthe.slee timer vaJ espect, to hes
perm ssi “on S|cg‘nalf mg;lener a |(i)‘htluonr?tJblg%gefpenn%fl\lle%ﬁ%)%){ns%ISJ %h # per m gsi on
signal gendé¥Zat iaond Uit B3tect | Madestitdher dSe 5veep2Ti nes Béae(ﬁéa)d In

t t , I th
[osPonse ! SN LYo OB, LRl PEP, LLgeL B8, el cases the
the receiver 27 eded vats¢ hehpaeckit . i Onjttheedthera hapa]l timet hepease where
th d t. he,sl ee
timer Sett g it (R Set o Mha AT heh ¢raet £ DETaR PR R TReh PG Fas cet
to t he 19l eeye by ni 531 o s¢mgral Ig@me\ﬂatt@nth%misle@@ timer espbhieg thétsl eep
per P ssi on s 0Ala AROCALLON HILE S5 Activaes dhesslechLitprogab (S44).

In 25 response to this activation comand, the sleep tinmer 3 el eases
the waiti ng istent evalite skarts ouht: ﬁglt}her@@m‘édtotthr@ $teepa timng at

whi ch the rneegiver gf JE60IVEAINS ¢ PRk ltwne%ﬁh?e%@ﬁeepef Lssion

signal generation unit 30 acquires the el aps time nmeasured by the
sl eep ti mers1ZxEp Rﬁr@lzflﬁl%!hoﬁ} sEhRE hekor hen 5t edp ¢ hEYatvasueBeTs, and

T.--2 3¢ hyiddie slRap $24e(s£8f1ifY Mdfordde 28 €XP LGt Phation
command, the sleep timer 32a releases the waiting state and
starts counting the elapsed time from a timing af which fhe
receiver 27 received the packet.

On the other hand, in the case where the judgement
20 result at the step S42 is a non-realtime type, the sleep
timer setting unit 31 sets the sleep timer value T: to be
T:1 with respect to the sleep permission signal generation
unit 33. In response, the sleep permission signal
generation unit 33 activates the sleep timer 32b (S44). In
25 response to thié activation command, the sleep timer 32b
releases the waiting state and starts counting the elapsed
time from a timing at which the receiver 27 received the
packet.
Then, the sleep permission signal generation unit 33
30 acquires the elapsed time measured by the sleep timer 32a
or 32b, and judges whether the sleep timer values T:) and
T:: set by the sleep timer setting unit 31 are expired or
not (S45). In the case where it is judged that the sleep
timer value 1s not expired at this step S§45, whefher there

35 1s a packet transmission/reception between the radio base



not (S45). In the case where it is judged that the sleep tiner value is

not expired at this step S45, whether there 35 is a packet

transm ssi on/reception between the radio base -12 station 14 and the
nobile termnal 13 or not is judged (S46). In the case where it is judged
that there is no transnj ssion/reception at the step S46, the lo

he Pt

processi ng 5 %8 H&gked Gl

10, p
t e Bips SAC Y 5465 sbu‘é’ée‘?o conti nue
the timer ggamat.ion. On the other hand, in the case where it

is judged

that there is ransm ssi on/ reception. at.the st S46, the sleep tiners
32a and 32b ar etllnest}te aid ¢ H"ébec?pégrlart i 'oh b‘f&%‘i ﬁ%%sg@ €td° 18° 546
descri bed abawenis siepgateathp diror ket case siar eS44, i sh¢ utlges phatesbengl eep

timer val

es Ti -and T-2 are expired at the ste t he sl eep
perm ssi’on §%§ﬁalplgiéfr?ert TSP S5 s et ;§e4e% atrﬁ%sézf%e ° perht sk?bélon si gnal
and t ransnicbs ttilne egemer atiech rslogpayr dlthi qrer s stiton «tlgial hded | hen nothé | e
termnal 13 _through the .signhal c ersign unit 29 and the transmtter 28
($47). At CfRE MOBiTI% ter' %ﬁd%f&%&t ttﬁhetrer eceived this sl eep permssion
signal, therneceiised ogi/gralepts comaertied dert 816 signal s tosnvet shens unit 19,
anal yzed b%@tgh%n%l %@%l ata}'%glr%ssle% Za%dj.nc'hte ﬁq%jaeraantdiot&hgqiﬁg%% %s e\e/églg%ézgl £024 'S

controll ed execute power ‘savi ng e acc

per m sdlonSgbgnalscrifen ablvere ntsemspdatad recei ving in the power saving

node i s execut eg{lﬁghfeolcla%vgswl,]tléirg?sﬁ%sg&ql%kdsh&vgg h&@%féﬁeﬁéﬁ{{oﬁn of the

nmobi | e comuni c n systema I ng a transi

The power

savi ng nodgailweshils 1 emsodi: rertre Astesihoth dth HegssTEA 3, S8je ashtepal ity
of inter nb{etfﬁﬁtssri% e's\i'gj?l%lp%re'n%lqsagi n td}ﬁ % %(?efd}énlgae%egsoﬁ%r%g?&gw' ng

node are set up, and appropriately selected acco

packet confanmdagsiion. siignehli ¢nd transmits the generated sleep

f the

15 permission signal to the mobile terminal 13 through the

signal conversion unit 29 and the transmitter 28

(S47). At

the mobile terminél 13'side that received this sleep

rermission signal, the received signal is converted by the

signal conversion unit 19, analyzed by the signal analysis

20 unit 20, and the power saving unit 24 is controlled to

execute the power saving mode according to the sleep

permission signal.

Then, the intermittent receiving in the power saving

mode is executed as follows. Figs. 5A and 5B show the

25 operation of the mobile communication system at a time of

making a transition to the power saving mode in this

embodiment.

As shown in Figs. 5A and 5B, a plurality of

intermittent receiving periods for the time of the power

30 saving mode are set up, and appropriately selected

according to a format of the packet communication. In this

embodiment, two types of period 1 and period 2 are set up

as the periods in the case of the realtime as shown in Fig.

5A, and three types of period 1, period 2 and period 3 are

35 set up as the periods in the case of the non-realtime.
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enbodi ment, two types of period 1 and period 2 are set up as the periods
in the case of the realtine as shown in Fig. 5A and three types of period
1, period 2 and period 3 are 35 set up as the periods in the case of the
non-realtime. -13 Then, the period is selected such that the intermttent

receiving period at a tine of the power saV|ng mode takes the maxi mum
val ue, accol@fhg tdetRer padkés F?bécéﬁdtﬁéChp BRét theaddfetrfdd/teadei ved

bet ween ther&agi pihaspestiali 88 & t4mandrt BReNPBivke takANBALCER. Rl that,
in the header of the packet according to this enbodi nent, an identifier

for operatthgy PHEIBHBep? L Hfer aFSORBSRE] bRt REr PRSKR Tpa&REt Ofy fEe

i ndependentpyckén trahbeitdeiarbeethbs PEEWOENSEhBCHRANO $adONE tAT 1 0H0
foll ows._The slggp timer is activated |nde9endentl¥ for each packet
f

accordi ny to* tHed pERketoPype, *aRBI R L AAsi PPOR 1B thénpéﬁérh§é@ﬁﬁgoﬁnde

having the shorpesket nteest&iLpt tor e6e5VERBoRENEAE , 1ahs iaRde ifiikst ror
according to the elapsed tine since the packet transn155|on/recept|on

Then, the l%P?ﬁ?E+%$tF%%ts}%%%lQfﬂarpéFlSESF§1HﬁeefP6n§éFh38d6§ﬁﬁléPP?
step by stemagsondémgiyo the el apsed tine to make a transition to the

intermttent receivin er that s .set as described above. As a result,
inthis enbodlneﬁ? %Tﬁgﬁ § B%hfvaFﬁéso?efh8dlﬁ?i?ﬁ?ﬂ?@nﬂsrgeélv@ﬁg perlod
at a 20101 nfobfothe T)mveslsam ngmepdes becomesttheiseepoddeangestorperiod in
the case of the realt t | onges intermttent receiyving
period in t n% dg%$£ no(ﬁin g?t gg gt FrgPee &H8wE £hENSPE&RaRT on
fl ow of thetmntméepéﬁeEOﬂmwhmgamoda Byslng1aheash0nﬁe9t theepaweresaavi ng
node in e S ' ig..6, when.the packet
transnlsS|on re%glfégﬁgégoﬁz%r?%gﬁ%ﬁg g§9%ReanaF§ 55558 gFStF&ﬁpfﬁdand t he
nobi | e ter nf e ﬂﬁncehehgankekeBOtnaaswittcan/oacppdgenenTthLttB@ j udges
the pr'f%'tﬁh%§¥%qttent recelving period is made longer sequentially

step by step according to the elapsed time to make a

transition to the intermittent receiving period that is set

as described above. As a result, in this embodiment, the
maximum value of the intermittent receiving period at a

20 time of the power saving mode becomes the second longest
period in the case of the realtime type, and the longest
intermittent receiving period in the case of the non-
realtime type.

Fig. 6 shows the operation flow of the mobile

25 communication system at a time of the power saving mode in
this embodiment.

As shown in Fig. 6, when the packet
transmission/reception is carried out by the radio base
station 14 and the mobile terminal 13, the packet

30 classification judgement unit 30 judges the priority level
of the packet being transmitted/received and the packet
type indicating whether this packet is a realtime type or a
non-realtime type, etc (S51).

In the case where the packet is a realtime type at the

35 step S51. the intermittent signal period changing unit 36
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of the packet being transmtted/received and the packet type indicating
whet her this packet is a realtinme type or a non-realtine type, etc (S51).
In the case where the packet is arealtine type at the 35 step S51. the
intermttent signal period changing unit 36 -14 makes the internittent

receivin eriod sequenti on wthin a e of not exceedin
brescri bod THE SSnoi. ThGREPeEeT o heetheBEnREr CoPnEeRHERG A Ta Ton e r”

non-real ti meitype aatahbe sfep085éxcébeln@terﬁrégeﬂﬁbsﬁgmake@abu@d changi ng
5 unit 36 nakes the.in grnlttent ece se uentlahkﬁglon ger from

ivin

> brescribed Crataarh vaPuseSENkpeFELlpr PBRPY Lent: HefChed
packet is jMdgEMeastapnsﬂireaheln&ttymetabnthelgnem Sét;oﬁhehamguegnlttent
si gnal perlod chgggT n%ﬁ f %Q % maxi gun1va£ue Tc of the
interm tfent"tec 6d* 3 ﬁml HBLof °FR& Y pB&er ¢549 ng mode to be
Tc_ma<i (S5h29quéhsbalin 1bhgecaSEOmh&rpreberpaeﬁestasdpmdgedlas a realtlne
type at the stﬁ$ S51, the_int mtten%ﬂ1 g r|od han gg uni_t
sets the maximu %%?u%p%%lg%cf yinf%r ﬁfe SfVI é 15 b i“od Sat a tlne
of the pome5u$@w&n@snmd&omerbelalméanﬂaedatvahuesfeaxszlgSSBk Not e t hat,
in this enbpd nent Tc. and Tc2 ar e. dﬁ gged such t C_maxi Tc_aax 2.

er

Then, the st FE?%EI oh®4fgnaf” b% ?P%ﬁnﬁnPP 33 a§?F@a%5§ the sleep

timer 3@ onaﬁﬂmumovslaetTdhefZﬁhaeaBUeemEntent theeélapgedetiing aitnee a

time of transm ssion/r t| n of th di at Iy reV| et S54) .
BIFALSP oRL! BBl o Ol LASALEBALALEL ¥, LoVl aus pagkel ¢

The sl eep pernlsS|on gj enera i on°t j udgés & i bed
time has el tpseckoe mber¢555¢,paahdt|nStmedgaéeaahereeaﬁtu$ejmdgedamhat t he

prescri bed { e, 25, has, N0t el apset 1 Pey pr 09ER% NP0 ohNEngeRs SHhsko_ S55

descri bed above IS repeat éd. case eep per §i on Si gna
generati on ni$eB3 flelgeaximar vabuel| dpsefl theelekeewdétent receiving

15 period at a time of the power saving mode to be a standard
value Tc_mex2z (S53). Note that, in this embodiment, Tc_ma«:
and Tc_ns«2 are defined such that Tc_ma«1 < Tc_maxs .

Then, the sleep permission signal generation unit 33

activates the sleep timer 32a or 32b to start the

20 measurement of the elapsed time since a time of
transmission/reception of the immediately previous packet
(S54). The sleep permission signal generation unit 33
judges whether a prescribed time has elapsed or not (S35),
and in the case where it is judged that the prescribed time

25 has not elapsed, the processing of the steps S31 to S55
described above is repeated.

In the case where the sleep permission signal
generation unit 33 judged that the elapsed time exceeded
the prescribed value and the packet transmission/reception

30 1is not carried out, one step longer intermittent receiving
period T::~ and the maximum value Taa. oOf the intermittent
receiving period that has been set are compared, and one
with the shorter intermittent receiving period is selected
as a new maximum valﬁe Tc of the intermittent receiving

period (S58). The steps S51 to S$56 described above are

o
(9]

-15-



the prescribed value and the packet transm ssion/reception 30 is not
carried out, one step longer intermttent receiving period Tc'N and the
maxi nrum val ue Tna:. of the intermttent receiving period that has been set
are conpared, and one wth the shorter intermttent receiving period is
sel ected as a new maxi mumvalue Tc of the intermttent receiving 35 period

(S56). The stppstSeluheiSo6ndesptibgdtabaveraceivihe pepealed urlnds the
intermttent receiving period becomes maximumw thin a range of not

exceedi ng t%%X%%P@sﬁéga%nAé 5anggsAft Noth&XFREELRB L8Rt ThEEsPilNg Peéridod i s
made | onger-@syithecperifdewht RtBAcpPacket vi hanpBir$SHoRkr @GRt hom Recares S5
| onger. [ Second Enbodi nent] Referring nowto Fig. 7 to Fig. 9, the second
embodi ment e aPfbbP e e biniiAi BAEKBH §§§?éﬁ%é€é8PdFﬁ§eP61°Ph§eﬁﬁﬁ§ént
inventioh Wohebe described in detail. 10 This enbodiment is characterized
in that the packet «classification_ judgenent unit, the sleep tinmer setting
unit, and the inteffPRtehPPef§RaNheri od changing unit as described above

are provided on kbeepBbhlenber BbnRkgsi deto Fiig. 9,SBAWS sakonat er na
configuration of the nohile 15 term nal 53 according to this enbodi nent.
Nanmely, as SPORAIPANE §f & MPRELRoBPIBURSFATL AP §QSE§§ A5 COrEAEM t'er 18, a
receiver 17tha srrgpahtCOonvension wnil bd9deacpaskat iel assikfincati on

j udgenent unit 2?,,a sleeg, tinmer segting uni. t %1“ SlﬁeQ timers 22a and
22b, a sl eep 20 thher BRBELPPBA Gfii £P2525°poGER AVICRG ul™E BACKEH
intermttentlssgnaicperondjdetenshnatthon, unht 2deccandiaerngkitftiie@t i on

signal generatjon_unit e receiver 17 carry out

26, The transmtter 18 and th
transnissidﬁ?+5ceﬁ??oﬁh8flB&EE@%tggPﬁ ﬁﬁénéinP?BFogi§H§P§1n§5qﬁl§haﬁespect
to the radidebasebstiahboneS5dreapdothacdi gnakbe tmobheet tansninktied/idecei ved
are converted by the sianal ; CRYRLS! Q0nEPkhrdRion of the mobile

15 terminal 53 according to this embodiment.
Namely, as shown in Fig. 7, the mobile terminal 53 has
a transmitter 18, a receiver 17, a signal conversion unit
19, a packet classification judgement unit 20, a sleep
timer setting unit 21, sleep timers 22a and 22b, a sleep
20 timer execution unit 23, & power saving unit 24, an
intermittent signal period determination unit 25, and a
notification signal generation unit 26.
The transmitter 18 and the receiver 17 carry out
transmission/reception of packet data and control signals
25 with respect to the radio base station 54, and the signals
to be transmitted/received are converted by the signal
conversion unit 19.
The packet classification judgement unit 20 is a
circuit for judging a priority level of the packet entered
30 from the signal conversion unit 19 and a packet type that
indicates whether this packet is of a realtime format or of
a non-realtime format, etc. More specifically, the
judgement is made according to an identifier described in a
packet header. This judgement result is sent to the

35 intermittent signal period determination unit 23 and the
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The packet classification judgenent unit 20 is a circuit for judging a
priority level of the packet entered 30 fromthe signal conversion unit 19
and a packet type that indicates whether this packet is of a realtine
format or of a non-realtine format, etc. )lore specifically, the

j udgenment is nmade according to an identifier described in a packet header.

Thi's judgenended e§%ér|§e§§mgt@n£pe2§5 intermttent signal period
determ nation unit 25 and the -16 sleep tinmer setting unit 21. The sleep

tinmer setting unie23l¢ep atbnecusettbre Yeiti Al iheasFéepuiitméprval ue

accordi ng ts‘éﬁﬁ%d udgeneniep restdt Py tbeapaskeing! asskhkcaligBnkHggement
unit 20. More specifically, the sl ee}p timer setting unit 21 receives the
¥

j udgenent rr&Suﬂtt fRont i heP patketC b2 assT i ¢eht Pon) pdagBABAL UndRi £020Mo8Ad

accordi ng tQdder pd prdtychevel cof theepasketingruthe @@ckekeayee that
i ndi cates whether it is the realt| nme communi cation or the non-realtine

comuni cat iJotflgemenetgesut het rs‘l"@ee’ﬁ)h‘%l%?k%’ét‘t‘l%@shﬁi%dﬂopn@uﬂgeaevél ue

sel ected frome 1 Urahd tycfr&1€ePcd 1 OBE YRl Mestst 0Eed1i Br @Rel phekBal
nmenory into the sleep tiner execution unit 23. The sleep tiners 22a and 22b

are tiners Ofrort%a&ftﬁlf%b URE ethpsetn€i Rt ef nekether phtkdft fhe

transni t t ed/d=L66i Ve de ommhdn Wt £oit Ner I E6€1 N6 - Adat bahe debpalifdchBeonecei Vi ng
of the packet activates the tinmer and the elapsed tine is inputted into

the sl é&p tGhfer XECUTIOWP unifeRSeNotRE t WAt b hi i ePHESsAr VA§UEhe el apsed

time, whenseanotdtwd Pagkel Pfudalype oFféesept cimem vheubypetefetihen 20
packet related to the neasurenent is received, another one of the sleep

timers 22a3&hd P HE RIFUA d Th O eetleoP tHRFY SHECEhLORedBiFefBnt for

t he packet of ameffsejr@sm t trydes Meaxs@emtﬁl@laélylméhg sbeepebkiiBing2a is
activated wheg cket of the realtime comunication i.S recei vgd, 25

wher eas t h&'s|% 1Lf'méeZbS]i% Acti Yt 2K Wheh® t We?pEBKEFE g?reFﬁéve

non-realst i mqnmmma cdd@ivdrs I'ecehaeddetected the receiving of the
' .packet activates the timer and the elapsed time is inputted
into the sleep timer execution unit 23.
Note that, while measuring the elapsed time, when

another packet of a type different from the type of the

20 packet related to the measurement is received, another one
of the sleep timers 22a and 22b is activated in order to
carry out the measurement for the packet of a different
type. More specifically, the sleep timer 22a is activated
when the packet of the realtime communication is received,

25 whereas the sleep timer 22b is activated when the packet of
the non-realtime communication is received.

The sleep timer execution unit 23 activates the sleep
timer 22 after the packet is transmitted/received, and
controls the power saving unit 24 to execute the power

30 saving mode at a timing where the measured time by the
sleep timer 22 exceeds the sleep timer value. Note that,
when a plurality of the sleep timers are being activated,
the sleep timer execution unit 23 controls the power saving
unit 24 to execute the power saving mode after all the

35 sleep timers are expired.



The sleep tinmer execution unit 23 activates the sleep tinmer 22 after the
packet is transmtted/received, and controls the power saving unit 24 to
execute the power 30 saving node at a timng where the nmeasured tinme by the
sleep tiner 22 exceeds the sleep tinmer value. Note that, when a plurality
of the sleep tiners are being activated, the sleep tiner execution unit 23
controls the pomelrhesammrmynténezlsi@nexe@@feo@heep@mmeaybﬂgumdezafter

all the 35 s]eep tiners_are, e -17 The jntermttent si naI r

det er ni nat i éir?‘ifﬁml Infs g e]r’?#%g% Thert n?]eg?ﬁdrt%?l’fl% gR&aFope P%dtﬁcéb?dl ng
to the judgjenHﬁme‘rEtSLﬂetsxb}yttﬂn\e packeickéassliscafiontjodgeuestmenni t 20,
and out puts thet%e)term er|od to he 5 notcliflcatl n S|g al generation
unit 26. Al sG* it rC?'H WEHY S gnt PP e e bt A nkPi BRACunit 25
controls5s th@trﬁmmaﬂmrorﬂ?sm dgmgeﬂa)tidme aet er 26 nedl@erl ode so as to
carry out th tenter trent. rec e|V| %ﬁ)y {1e rer(l:e ver g notifi ation
si gnal generatidn u et r2632'i% cUF RS Ja?'n%nwﬁn 2 CHBH? tation
si gnal for tﬂlmm)dquetrhel'[ niceafcmdjtreg‘]ttcslqmald@eerroﬂneletﬁemcﬁed by tbe
|ntermttent S|Cg‘l per.i tcheIermnann uni t radi o base station

54 during tHhE povverny SA ng ]dete%tt?f&|]f?%%ﬂjorngsl?"én5}ileg%%?éf 88 by the

notification sigridle It gehieration wigriaPbeesetaahem thed 26 fvearadi o base

station 004 & gchft(ne tsllaq_[@g‘dn_cpl[ r§| Hpiéaé'lOl?nglégal %ransmtter 18.
not i

The content 0 e transmt |ca Ion " Si anal zed by the
si gnal anal ymtgfwmng I atintermiagiot asen st am¢lomr54de‘aﬂdm1medanal ysés

result is i p&ttﬁﬂ&%d tsqgtr{'éel xﬂ% rcggt&éapéme rg%@i rpelgljlpg %Dgapgl fe unit 36.

The i nterm ttent si gn peri od angli ng unit an est ermttent
si gnal peri ¢@ddecdedind tad idre q:ﬁbrﬁhemna)fthmpom@tlﬁawmgormo@e gndhe and the

| ntermi t{enbioslignaly aRperatdon dr SR A ENdOPr] S EISh L phati Onal S
according to the 25 changed period
1 generation unit 26 is transmitted to the radio base station

54 through the signal conversion unit 19 and the

transmitter 18. The content of the transmitted notification
signal is analyzed by the signal analysis unit 30 at the

radio base station 54, and its analysis result is inputted
20 into the intermittent signal period changing unit 36. The
intermittent signal period changing unit 36 changes the
intermittent signal period according to the content of the
notification signal, and the intermittent signal generation
unit 35 generates the intermittent signals according to the
25 changed period.
(Mobile communication method using the mobile
communication system)
The procedure of the mobile communication method using
the mobile communication system in such a configuration
30 will now be described. Fig. 8 shows the operation flow of
the mobile communication system.
First, whether there is a packet
transmission/reception with the radio base station 54 or
not is judged by the packet classification judgement unit

35 20 of the mobile terminal 53 (S61). In the case where it is
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(Mobi I e comuni cati on nethod using the nobile conmunication system The
procedure of the nobile comrunication nethod using the nobile

comuni cation systemin such a configuration 30 will now be described. Fig.
8 shows the operation flow of the nobile communication system First,

whet her thetedis a_Fa%kgh transm ssion/reception with the radi o base
station 54 dP9ERGt (PEY) (8G§el by Cthd  BACRES S PRLLIEEITRA %N judgément uni t

: 35 20 of thernobtl eutenm nalis53teP6tki,l A ttbepcase cwheariag ttakes pl&ideudged
that the pagket %ranﬁnisaionﬁgecegg%on hg.no% carr.ied outigg:this step
S61, a | oop PrB2esst figit SRES T PPas&® (o Rike 1%L Cwdi%t itnd *State until there
is a packettranamsssssngnercepepbnon. 5 Then, in the case where it is judged
t hat the.packet .transnission/reception i.s carried aut by the radio base
station 54 and tRECHobt Po rer fas TE5 8t 1End ooy dg2eat e THadIARer of

t he header tsamsalygédnyoepadgéoca tigppeaotitdeoupabketthiereirmagiio base
transmtted/receiyed,a h ack 10 .cl assification_judgenen nit 20
(S62) . Durisngaf oi °f‘uéﬁén§ﬂ§ BP%E%ESitrelémgéaghé’%pggkgthec%gtsegi seda 1R
judgenent iladent2Ojetrhefsktbephtrdersi22anansz22b tdetjaciget Rattyiplee ofr et ver

17 has recejl t tivati iting state. 15 In
t he case %gg?? ?gfﬁgdaégﬂgggg%ggZF??ﬁgg%gpgkagﬂet ig&fﬁép S62, the
packet L0 assléssafioatjiodgéndgemanitt uBdt 86nds§6i2tds puddemertthisesult to the

sl eep tinmer; ' upn| .and . t S i ner, N .unit. 21 sets the
sl eep tinerjégéégggttgkége%%}pg gﬁtEﬁseégggfktggeﬁéﬁgﬁgg%lﬁﬁndegfﬁe%%
execution uwnnit230,| bheesponperimhessk@apandmibexececitorthanithe23

activat es tp@c?ﬁ@@? i%”ﬁéiggécéf@éb-a'pﬁEE§QQU§ﬁdtBec%%ksa%c%%%%%h%Qon

command, the sleep timer a releases e waiting state and starts
counting theaelapgedteétde froma timng at which the receiver 17 received

the packet. In the case where it is judged as a realtime type at
this step S62, the packet classification judgement unit 20
sends its judgement result to the éleeb timér setting unit
21, and the sleep timer setting unit 21 sets the sleep
timer value T: to be T:2 with respect to the sleep timer

20 execution unit 23. In response, the sleep timer execution
unit 23 activates the sleep timer 22a (S63). In response to
this activation command, the sleep timer 22a releases the
waiting state and starts counting the elapsed time from a
timing at which the receiver 17 received the packet.

25 On the other hand, in the case where the judgement
result at the step S82 is a non-realtime type, the sleep
timer setting unit 21 sets the sleep timer value T: to be
T:1 with respect to the sleep timer execution unit 23. In
response, the sleep timer execution unit 23 activates the

30 sleep timer 22b (S64). In response to this activation
command, the sleep timer 22b releases the waiting state and
starts counting the elapsed time from a timing at which the
receiver 17 received the packet.

Then, the sleep timer executidn unit 23 acquires the

35 elapsed time measured by the sleep timer 22a or 22b, and
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25 On the other hand, in the case where the judgenent result at the step
S62 is a non-realtine type, the sleep tinmer setting unit 21 sets the sleep
timer value Tto be Ti with respect to the sleep tinmer execution unit 23.
In response, the sleep tiner execution unit 23 activates the 30 sleep
timer 22b (S64). In response to this activation conmand, the sleep tiner
22b rel easgadges waidtiheg sttat eslareh sineet svalowy ihg tdred eTapsedctbyre from a
timng at which . the r.eceiver, 17 receiyv t he packet. Then, the.sleep tiner
execut on UMY 5 e duiids Tt nes B et e s et £g° t nes & Bep
tinier 22alor t22b,caaed whel® jiuddges jigdiertiide dleepléepetivat veslde, and
T2 set by .th | eep .t ner_.settin it re ir or not (S65).. In

t he case V\ﬁésrgmlsct 9 ljrjueggea t haS %nﬁjeégslse%%’ f3}hrreetr%{(e\?rlal Ll;eﬁejereil;sl%o‘% %?(%%er%d at
this stép $6%nswhetsiem Arteare tiiora Ipaoken Stita anshi s sh s recepioonsbet ween
the radio e.stat] 54 t.he bi termn 3.0 is judged
(S66). In t%?@ ctzlseeH\ﬁ%grlee itte%?ngr}a[}dgigé Citjhgfofhlesr eﬂdsgsen% (5&9}'

t ransm ssi on/ r edeptthen s hdiegteepl 1S6I65  duhigd dopgigr odesise njs t@akes pl ace to

repeat the . n a 0 i%tket tq eration. On
t he ot her ﬁgﬁla%%%}l%%tqﬁ%ﬂcea%%%gr}%?C}}]es Sjctg ge t’hat?&f hie(ﬁxgilss)tpoc‘gIéSlng
transm ssi dakeesc@pgricen tat nepeadst d eSe6 encheb &1 el tSGfkrso 22atand 22b are

reset d ratd f EPS; 1 6 gﬁécr' VE. 1S
r epeat eei@ tf%%lt%%?ﬁeetﬂg%getq\ﬁﬁg{]gpﬁ IS (ﬁj'dgderg ttr%a?) the 5}1%@%’ ?{l)r?re?hé val ues
Tsi and T2case avsineed tatlst Haldgesh 68, e sligep tinmer execution unit 23

control s the  POWETs SAH NG Wi A ad A IRXCGULE d41, POYETs SaY NG; ipde (S67) .

Then, the intermttent receiving in the power saving 20 node I's executed
as foll ows22@ gndg 2&howg & We segergdtd dife fAraw adfiatheo froldie es tominiyli katd on

system at agli R sQf- it POWRS iSAVIdHESRAE in this enbodi ment. As shown in
Fig. 9, when the packet
15 In the case where it is judged that the sleep timer
values T:1 and T:: are expired at the step S65, the sleep
timer execution unit 23 controls the power saving unit 24
to execute the power saving mode (S67).
Then, the intermittent receiving in the power saving
20 mode is executed as follows. Fig. 9 shows the operation
flow of the mobile communication system at a time of the
power saving mode in this embodiment.
As shown in Fig. 9, when the packet
transmission/reception is carried out by the radio base
25 station 54 and the mobile terminal 53, the packet
classification judgement unit 20 judges a type of the
packet being transmitted/received (S71).
In the case where the packet is judged as a non-
realtime type at the step S71, the intermittent signal
30 period determination unit 25 sets the maximum value Tc¢ of
the intermittent receiving period at a time of the power
saving mode to be Tc_max: (S72). Also, in the case where
the packet is judged as a realtime type at the step S71,
the intermittent signal period determination unit 25 sets

35 the maximum value Tc of the intermittent receiving period
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transm ssion/reception is carried out by the radio base 25 station 54 and
the nobile termnal 53, the packet classification judgenent unit 20 judges
a type of the packet being transmtted/received (S71). In the case where
the packet is judged as a non- realtine type at the step S71, the
intermttent signal 30 period determ nation unit 25 sets the maxi mrum val ue
Tc of the Jﬁt@fﬂimée@f teeepuivag peviog abda tbnbeoh tshenpawer vasane ng

node to be 2) Is |n the ase er.e e packet i udged
as a realtfﬂe %ype 8§4$Z &P p g?i tRe At efH Pgéﬁfnglgﬁér péri %&
det er m nat i'Dn A& 4 25esee§165dthechaxhamnfvamuenTs Of .thezi.ntermttent

recei vi ng perlodRB? t a, t e{WQEt%n%059ﬁ§5%58¥¥n9d”%g%e3§i%%t?o%tandard

val ue Tc(S73) i's enb _are
defi ned %uuhnihazaTcendsnthe deteriined ;ntpr@ltt@h@nﬁlghallmEenmﬁtE@nt

si gnal per| d deg rﬂ1 n 21 4nit Zgnggng§0£hgng%t§%nlggg pterm ttent
si gnal perlo t8° 1 no P¥ication |gna eneration uni Zé, and the
notificati anosifihattenesagnah aaher261genenate§6tbenemaweﬁi¢a@ion si gnal

for notifying.ipec.delehnefah Nbgrhbtepy 5bopaL BREEAMy @ad transmts it

to the radio ase s on 5 hroug signal conversion unit 19 and
the transmineerdBttentt hégnadi nebasd.sendi 6naBaniliat itedei vég trhidg o

notiflcalt of, oL oDk o5 bhes gogﬁﬁeﬁéﬂftBQGSIEHthksawggelghgnahtlaga alyyzed by

t he signal analysrs unit ts analysis result is outputted to the
15 interni ttleat tsigsal tperi b8 changhagradie BeseTh&atiignepri tthekt si gnal

peri od Chanﬂaggly@att§§scﬂa99?§c5@§onle&sﬁgutt%ng sbanah tPel egeaccor ding

to the content notification signal, and the intermttent signa
gener ati on neh} figst jenef 48R3 1t hE ﬁﬁﬁéVﬁ?@tEhtt@?gﬁag§aécé6ﬁdWﬁgSt@nﬂﬁe 20

changed perg@d. ;Then;sthgaslgen Pbgﬁite¥§CHh%9ﬁt¥@Htt%3tﬂ%t'vates the
sleep timer 22a or 22b to start the neasurement of the
15 intermittent signal period changing unit 386. The

intermittent signal period changing unit 36 changes the

intefmittent signal period according to the content of the

notification signal, and the intermittent signal generation
unit 35 generates the intermittent signals according to the
20 changed period.

Then, the sleep timer execution unit 23 activates the
sleep timer 22a or 22b to start the measurement of the
elapsed time since a time of transmissioﬁ/reception of the
immediately previous packet (S74). The sleep timer

25 execution unit 23 judges whether a prescribed time has
elapsed or not (S75), and in the case where it i1s judged
that the prescribed time has not elapsed, the processing of

"the steps S71 to S75 described above is repeated.

In the case where the sleep timer execution unit 23

30 judged that the elapsed time exceeded the prescribed value
and the packet transmission/reception is not carried out,
one step longer intermittent receiving period T¢-wn and the
maximum value Tna. of the intermittent receiving period
that has been set are compared, and one with the shorter

35 1intermittent receiving period is selected as a new maximum
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el apsed tine since a tine of transm ssion/reception of the imrediately
previ ous packet (S74). The sleep tinmer 25 execution unit 23 judges whet her
a prescribed time has elapsed or not (S75), and in the case where it is
judged that the prescribed tinme has not el apsed, the processing of the
steps S71 to S75 described above is repeated. In the case where the sleep
timer executdlore uhi to23thg80iyp egedt téat theeceVapgedetiog efcéedednehe

prescri bed valdle o - hey pagkel . [ 20sm 5oL 0ALLePERLL B! 8B AL ed out,

one step Iong ihter i tT ent rece|V|ng perio maxi num val ue
Tn, E, of tmﬁﬁenmﬂtﬁem@nme¢@béiw@n@eDE@@o@90©ma$ nasipeenwééhiare conpared,

and one wi th, {fle Shorder, 35. i M1 8L ML e0k - ESRE ¥ NgoPer Lodyis sehgcted as 2

new maxi mum ntermttent receiving period 76) . The
steps S7Al tm%d‘e‘s@mt beelc aboies ap er t epehs edadnt LPnghE apntbenbeténd

recei ving aﬁsgrpql@e@@ﬁt ks W%I&Hﬁr@ceﬁ@ﬂ&ﬁ QEcBﬁIEse%SﬁEQk”g t he

t hr eshol d. resu ermttent recelving period s nmade | onger
as the period wﬁ$rﬁm@ﬂp@h&@tab¢%msn@@@@b@iﬁécé@tFbﬁ peesads | onger. As

descri bed abqyg,AGEOr di nﬂstgow?bpéeégnf a]lf‘é’@n hOfobEtE§epB§§bpl eto

realize an e ectlve power ‘savi ng node e reducing a response del ay by
adj usting @®vling medeivhiehe rede¢inaigapeespendar fpagayhbypaderssavingnnode

and a tign ng, { ofy ekl ng @e&éﬁmgllﬂ&wdt@@rpﬁgefhéaybngr BRdenackepding to
a packet communi cation format iIn | e communi cati on System

Accor di ng tad he preseatfonvedtive, 2 atrinshgleor La5ThakPAYe R ERHEABRtI on to

the power spyd0d@wedifsthe Pasketet CONHMM CaLt OPnSYSERAYI $nSeheaccordi ng
to the comunication format by which the |ast comunication was carried

out such R laH MR ER pabket ©oRheMi cation format is the realtine

comuni cation, tAecdiding £Or cH@kp Pgséntr ameeht 0Ont Oat Bem2AgpovRr savi ng
node can be delayed by using a | arger sleep tiper value, and the |nfluence
due to]fheﬂﬁﬁﬁ9€)%e?%%n%%hlon to e power saving mode in the packet

communication system is Set accord;ng to the communication

format by which the last communication was carried out such

that, when the packet communication format is the realtime
communication, the timing for making a transition to the

20 power saving mode can be delayed by using a larger sleep
timer value, and the influence due to the paging delay can
be made smaller by reducing the number of transitions to
the sleep, for example. Also, in the case where the packet
communication format is the non-realtime communication, the

25 paging delay is tolerable so that the timing for a
transition to the power saving mode can be made earlier by
using a small sleep timer value, and the effective power.
saving can be realized.

Also, the intermittent receiving period can be set

30 according to the packet communication format by which the
last communication was carried out from a plurality of
intermittent receiving period at a time of the power saving
mode such that, when the packet communication format is the
realtime communication, the paging delay can be suppressed

35 Jlow by setting the intermittent receiving period at a time



be made smaller by reducing the nunber of transitions to the sleep, for
exanple. Also, in the case where the packet communication format is the
non-real ti me conmuni cation, the 25 paging delay is tolerable so that the
timng for a transition to the power saving node can be made earlier by
using a small sleep tinmer value, and the effective power saving can be
realized. Afsqhd hwdit efan tdgeniodeeca W Perl @t eantixen setpr 8dc ackcod di ng
to the pacl%t C(r)[a ication forlmat ,%Whi.ch t}pe Iastwcgm’ru icati&g was
carried outt FEGMoE Pl rHl i 5B S i At tentDF BT Vi HE ber F3d BeCaCti ne of
t he power sawmug idadesutdritd@tis wien rtdre- pecketme ovommi e at & ohof Or e | S
the realti comuni cation, the pagi del ay. ca S ressed 35 | ow by
setting thé%r%%r?tcgcrlr}'iet FEnt®r escae‘llvl}%gcagle?%o eaaq}/]az%c?n%? S—%@%ﬁgtﬁ}é@‘ power

savi ng modd ntte rive trten 1 ongeri wihen perpresart bedtindreShohe, pdoer exanphe.

Al so, in the case ere the packet Q nication fo t.is.the

non-real ti r%)dc?orsﬁ?umeca d|Xolnnfa]’[%‘r?'ekloenf gJ&”}TE\J/Oe apglwee\renlsa?/tf %O%a?\dbeer?ee]aﬁ zed by
setting thdndliuetnerimg terd gyecnv ng period at a tinme of the power saving
node to be maxi Ly, | t.0 |.evel. .of. n dyers i nfluencing the
system It is alrfgjo o angS%nt)Jt?oecPetﬁjaott,ee etsr}ddte's %Sglsaéegél L‘raﬂe%(tsoleil chrrr\e\% (iq]yoned
above, manyemodiomiedatabanse ,amdhnyamicatii forns: ofortheand Ov abiovel emboaf nem¢ s nmay
be madg wi LhoUL %%J%%kfii dﬁsf ‘?r[Q“be pIVE waintdncfﬂ?yat{] BOEOUS, T AL LN ES, of the
present i nvention. ccording 37 al I such 'nodi T1 cationsS and vari ations are
i nt ended t achyeli meldudedan tadgapushd escopee Ofoft hehappenskadt theemeionds 20

25 30 35Acb%%dingly, all such modifications and variations are
intended to be included within the scope of the appended
claims.

15

20

30
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WHAT IS CLAIMED IS: 1. A nobil e conmmuni cation systemfor carrying out
packet transm ssion/reception between a nobile termnal and a 5 radi o base
station, conprising: a power saving unit for executing a power saving node
to reduce a power consunption at the nobile term nal; a packet
classification judgenent unit for judging a packet type of a packet; 10 a
sl eep tinmer Y8&Yk ilig UMEiMBDrisetting a sleep timer value indicating a tine
duration since a |last packet is transmtted/received until the power
saving node starts, according to a judgenent result of the packet

cl assi ficatilon jWdgerheinte urmmmUNEC &l QaSY s bofe 5P FTHERST OR tnRASKEfng an

el apsed timg 8ol dihg RackEl i sn thansmd tediseces vesym ang) aaghegp
execution unit for activating the sleep timer after the packet is

transm t ted/reede b e ik ot r FITMGL S & power saving unit to execute the

power saving nmode ok P& ddiHNUR t W £he ideu €l @psedpbh e sBasHEedoly the
at least one sleep tiner exceeded the sleep tiner value. 2. The nobile

communi cat i &9 FEAUER 6F R M ACnSHER Bl o0 dhetlat Tebkieoheraieap:ti ner

includes a plurald tps Ofe 5l @0 s 20l A PRES Suddedbiat WHED 2Pt hed pagket of
the packet type different fromthat of the packet is received during a
nmeasur enent PeiCkade BIRH<Fd & iFAEH DY t he packet, another sleep tiner is

activatag to carry derR tERsUreetin@fut e ret apsedihgne §oeep heimapt her
packet; and 3Q the sLeep execution upnit controls the gomer saving, unit to

execut e t he Fowt 9 GRf i whidhe fYr &t edp $imes @ hReteRpried. 18, The

nobi | e comMMuaGadn it sy/ateia Bfecl @it L, tharghiegr Sbv COFPROSE NGtar 24, an
Intermttent recejVvi ng%ﬂunl t, deI’ executl ng. an fI nrtlerm t_}t(ent recel vi ng for
recei vi ng cGRGFd g & Judgement result of the packet

classification judgement unit;
15 at least one sleep timer for measuring an elapsed time
since the packet is transmitted/received; and
a sleep execution unit for activating the sleep timer
after the packet is transmitted/received, and controlling
the power saving unit to execute the power saving mode at a
20 timing at which the elapsed time measured by the at least

one sleep timer exceeded the sleep timer value.

2. The mobile communication system of claim 1, wherein
the at least one sleep timer includes a plurality of sleep

25 timers such that when another packet of the packet type
different from that of the packet is received during a
measurement of the elapsed time for the packet, another
sleep timer is activated to carry out a measurement of the
elapsed time for the another packet; and

30 . the sleep execution unit controls the power saving
unit to execute the power saving mode when all sleep timers

are expired.

3. The mobile communication system of claim 1, further

35 comprising:



periodically at the nobile termnal during the power saving node; and 5 a
period changing unit for changing a period of the intermttent receiving
according to the judgenent result of the packet classification judgenent
unit. 4. The nobile comuni cation systemof claim3, wherein 10 the period
changing unit makes the period of the intermttent receiving |l onger as a
period w thout noampatkeérmitaast ssconrfegephi onfbecoresulktdngean 5. The
nobi | e conmmuni cati on %isten1ofvclai 4, wherein 15 éhe packet .

cl assi fi catioht§Ubgeheht ﬂ%??thﬁﬁeggfhge%%bkb?g COPET RS &' EREMSa real time
type or a ngrersadicakly ype,; tlaednob hke peerninghadgr hggunht pakes theiperi od
of the intermttent receiving sequentially longer within a range of not
exceedi ng ar%% serd %d t hreshol d when the packet 20 type is the realtine
type, and nakes thepperoddclvdnghegi whetnfot enhangtegvangeséqdenti ahky

| onger froma . prescribed n_fh a ' nan-
real tine tkaQt%ﬁ9¥f%%Pﬁn%?#%ng%gu%?%gf?%ggn%%hgggfiﬁgggbgggnggghg%pggket
transm ssi onvhregepthkon bedswehi @abbn | gudeememal uhaving a power savi ng
node to reduce a power consunption and a radio base station, conprising
the steps of: (a) judging a packet type of a packet; 30 (b) setting a sleep
timer val ue 4 ndi CHi¢ nplal 1¢ neodumat ¢onioni siceten| aft cpatked . i gherein

transm tted/ i Nt p LN rts, cording to a
] udgerrenltoer eérﬁﬁcted%rfp?ﬁe&%s?%%ﬁ%a‘?ﬁ? T%?ggc??%?;gﬁgggtgfeggtg one sl eep
timer for ndastaimigtent 35e et Bpbed toneesi ageather padkeitheut no packet

transm tted/regel yed:; a08. s &5 { ) 898&&9&'1@Q%%P? mobile termnal. to

execute the power saving node at a timng at Ich the el apsed tine
nmeasured by the at | east one sleep tiner exceeded the sleep tinmer value.

5. The mobile communication system of claim 4, wherein

15 the packet classification judgement unit judges the packet
type as either a realtime type or a non-realtime type; and

the period changing unit makes the period of the

intermittent receiving sequentially longer within a range
of not exceeding a prescribed threshold when the packet

20 type is the realtime type, and makes the period of the
intermittent receiving sequentially longer from a
prescribed standard value when the packet type is the non-

realtime type.

25 6. A mobile communication method for carrying out packet
transmission/reception between a mobile terminal having a
power saving mode to reduce a power consumption and a radio
base station, comprising the steps of:

(a) judging a packet type of a packet;

30 (b) setting a sleep timer value indicating a time duration
since a last packet is transmitted/received until the power
saving mode starts, according to a judgement result of the
step (a);

(c) activating at least one sleep timer for measuring an

35 elapsed time since the packet is transmitted/received: and
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7. The nobil e conmmunication nmethod of claim®6, wherein the at |east one
sleep tiner includes a plurality of sleep tinmers such that when anot her
packet of the packet type different fromthat of the packet is received
during a 10 neasurenent of the el apsed tine for the packet, the step (c)
activates another sleep tinmer to carry out a neasurenent of the el apsed
time for the (diotclert rpddkiets tdred ndiel 1t erer(rrdl)naﬂonttcr od xse ¢ inee noibé | mower mi nal

o execute sbha-RouElcSau! N0 oS AEn Al doiP 86D dIIRL S0 A £ SXPLLEGeq 16 B

The nobi |l e comruni cation meth furt her rirsin s(% eps
of: (e) exebutithg a |lr¢ta§rtm0trteer$tlereécéimmg Gfmeer@&ﬂal‘&hmgsl@@mttnhem gnal s
periodi cal | y,3t,c.t he nobile termnal during 20 the power saving node; and
(f) changing a period of the internmittent receiving according to the
judgemsms3 result of the step (a). 9. The nobil e conmuni cati on net hod of

claim8, wher el nr,25 38 190 Rl MBS I (81 Ok Al die 4 Nt L ent

receiving longer as a perio out no pac transm ssi on/reception
becones | on§ée. ar0lepsd wolsi Isd ecdmbvimiegatinen udsshad R)lfunﬂlamm XRf wherein 30

the step (a)ipddges the tmctk%etrm% & ek realdy

non-realtime type; and the step (f) makes the period o t%e mterrﬁattent
recei ving s@dBaRtealt! yf rogngdya twictthith ea Dadge dfs e e sk et N @ dr escri bed

t hreshohd V\’ﬁ'l‘éﬁshli’%m@%@ck%tf tARe 15 p32 d RE dealdyd i, d ypoaeok@@d fpkes dhe

period of the intermttent -26 receiving sequentially longer froma
prescri bed $€and&td vargisu@nRide t Ifd gdc Kdthaty g i ithe Hbn-& eal ti ne t ype.

11. A nobi | geheiFen@htdeyi e ef @ agafddy ititheOHoPaGketandther packet; and
transm ssi on/ recegltl on with a radi o base station, conprising: a power

saving unit for &XREcEtieRg (&)pSRErtredd fgemdgdile terminal to execute

the power saving mode when all sleep timers are expired.
15
8. The mobile communication method of claim 6, further

comprising the steps of:

(e) executing an intermittent receiving for receiving
control signals periodically at the mobile terminal during
20 the power saving mode; and
(f) changing a period of the intermittent receiving

according to the judgement result of the step (a).

9. The mobile communication method of claim 8, wherein
25 the step (f) makes the period of the intermittent receiving
longer as a period without no packet transmission/reception

becomes longer.

10. The mobile communication method of claim 9, wherein
30 the step (a) Jjudges the packet type as either a realtime
type or a non-realtime type; and
the step (f) makes the period of the intermittent
receiving sequentially longer within a range of not
exceeding a prescribed threshold when the packet type is

35 the realtime type, and makes the period of the intermittent



to reduce a power consunption at the nobile term nal device; 10 a packet
classification judgenent unit for judging a packet type of a packet; a
sleep tiner setting unit for setting a sleep tiner value indicating a tine
duration since a |last packet is transmtted/received until the power
saving node starts, 15 according to a judgenent result of the packet

classificat ir@ﬂejlu’dgl%”%fétqulélﬂxittl,aldty heaste 0Fe- o3l eepAdI®Fifd SMBasaHtdg an

el apsed tine S|nc% t he Rac e&tls transmitted/ received;. and a sleep
executi on ufPtUeor' gl (Wigt PRGXEHe WPEed % i n%ﬂf%ﬁ%%ﬁlq%é“ﬁﬁﬁket is
transmtted/received, and controllrng the power saving unit to execute the
power savin at .a. timng a i.ch t el apsed tine neasured by the at
Ponot one Sheep t MRbE Loxdealad e teidsn Tomer il (e o5 AT mobi | 6

t er m nal s5devreaeseafi sclianmrkt.epwhemneiwi thhe atadiloeastseonetstieap, ti nmer i ncl udes
a plurality of sl.eep timers such that when another packet of the packet
type drffergﬂpprﬂﬁéﬁrthat of the packet is received during a neasurenent of
t he el apsed t|WEaf@b“bhespadhgtunanoﬁbereﬁaﬂulﬂdgna deved0 sotinatneshid o
carry out a neasy renment of 8P %ﬁ%l for tQF anat her. packet; and

the sleep e§8cﬁ?rgﬁeuﬁrpowgﬁtF évaﬁb it 9 d dicut e t he

power savi ngembde ;when all sl eep trners are expired. 35 -27 13. The nobile
ternina#odeV|ce of Clﬁlqlléﬁ further conpr|5|n rmit recei ving

unit fof executi AgPaS CirnCePitttdnt FeleiVidk Wert‘%%erJ%Hg e %Qﬁ %ignal s

5 peri odi cabbygkatt Eheenowrbepaekmnnal devrce during the power saving node;
and a period Chagggﬁgegn%ﬁm%grS%Q%qg%n%nﬂtp%gﬂxéégtfJEEa sleep timer
value indicating a time duration since a last packet is
transmitted/received until the power saving mode starts,
15 according to a judgement result of the packet
classification judgement unit;
at least one sleep timer for measuring an elapsed time
since the packet 1is transmitted/received; and
a sleep execution unit for activating the sleep timer
20 after the packet is transmitted/received, and controlling
the power saving unit to execute the power saving mode at a
timing at which the elapsed time measured by the at least

one sleep timer exceeded the sleep timer value.

25 12. The mobile terminal device of claim 11, wherein the at
least one sleep timer includes a plurality of sleep timers
such that when another packet of the packet type different
from that of the packet is received during a measurement of
the elapsed time for the packet, another sleep timer is

30 activated to carry out a measurement of the elapsed time
for the another packet; and

the sleep execution unit controls the power saving
unit to execute the power saving mode when all sleep timers

are expired.



intermttent receiving according to the judgenent result of the packet
classification judgenent unit. 10 14. The nobile term nal device of claim
13, wherein the period changing unit makes the period of the intermttent
receiving longer as a period without no packet transm ssion/reception
beconmes | onger. 15 15. The nobile term nal device of claim 14, wherein the
packet cl assBfi cThieomopudgenenininailt jendges dfhe: lpaicketl t ypertidsr ei t her a
realtime type or .a.non-realtine type; and the period changing unit nakes

t he period g?mPﬁéSéﬁgrnternittent recei ving sequentially longer within a
range of not exaeednngraiprescrirked itimesholid whan dbwecpaicketantype is the
realtime type, and nekes the. grio% of the, Lnternitge t receiving

sequent i al 1 Y1 FSRBAF FPEmT & H 08 BT SCARdArdS &ICUE Wirlert THE backet type
is the ndn-pabivdaktilny typehelGobAlradierriasd steatiicn devirge flof w@Fdyi ng
out packet <L5an n%ga%qngagception with a nobile termnal having a power
savi ng node T o reéduce a power consunption, 30 conprising: a packet
classification jadgemepd chatgliag junddgi dgra chpackietg tayperafod qacket ; a

sl eep tiner, i © it for.setti | tiner. yalue indicati time
duration si%ﬁg&%thggggagﬁgf1?§%g3§%f%§§§m t%%??%%éfbéﬁmﬁﬂﬁiF%%ﬁf%éa%r .
savi ng nodetke¢aptsket28lassdrfdicagiba dudgegemgnturigsult of the packet

cIassiLi ation judgenment unit; at |east one sleep tiner for measuring an
el apse ime since the packet is transmtted/received; and 5 a sl eep
per m ssi on k#gnallher mnbiilssitemminiatl e 1 cacoifvatliarig tie siheepe it mdre aft er

the packet |g.;bRaPRTHES Y LGS ¥Gfes2 Mt HRISTA UGt SRR ASESS! On
receiving longer as a period without no packet

transmission/reception becomes longer.

15. The mobile terminal device of claim 14, wherein the
packet classification judgement unit judges the packet type
as either a realtime type or a non-realtime type; and
the period changing unit makes the period of the

20 intermittent receiving sequentially longer within a range
of not exceeding a prescribed threshold when the packet
type is the realtime type, and makes the period of the
intermittent receiving sequentially longer from a
prescribed standard value when the packet type is the non-

25 realtime type.

16. A radio base station device for carrying out packet
transmission/reception with a mobile terminal having a
power saving mode to reduce a power consumption,
30 comprising:

a packet classification judgement unit for judging a
packet type of a packet;

a sleep timer setting unit for setting a sleep timer
value indicating a time duration since a last packet is

35 transmitted/received until the power saving mode starts,
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signal for controlling the nobile termnal to execute the power saving
node at a timng at which the el apsed tinme 10 neasured by the at | east one
sl eep tiner exceeded the sleep tiner value. 17. The radi o base station
device of claim 16, wherein the at |east one sleep tiner includes a
plurality of sleep 15 tinmers such that when another packet of the packet
type differentorfdiorg ttata afuddengracketsukt reteivedpaoukeéeng a neasur enent

of the el apsc%%ééi%ga#{i%$eiﬁcg§%f nt alg%}p_er sleep tinmer is activated to

carry out a neasurene apse ime for the anot her packet; and 20
t he sl eep perni ssaonedghatng rasn ssimer uivt mezamsimgsanhelspeep time

perm ssion §j. e | & @Eg jLed, The radi o base
station deviséclglr&g eﬁba;%n%agl%e,éflusft IIeé“r ttc%g rr‘?eés(%)’{n‘g:&(iléeln&%{?crilterm' ttent signal

transm ss$i on unita foreen rrasmi 4101y § ger i ttensm 5% ghah sundtt her nobi | e

termnal s : ; bi{ 1 nal Lhfermttent receiving
for receivi lrii;chtt R?#rﬁ%ﬁn@t%n%%%ﬁa% %ﬁ%ﬁﬁ%ﬁl%ﬁ(% d%%nl ng the power
savi ng node;tramdm fPerd /Ot ehiared ngpiuhi trdnsmichahegd ng ol pepi berofss hen

i nterni ttents;signal® aceadidg { t{}?ejrh’cﬂgﬂ@!‘ﬁe{)rﬁﬁz‘éi p5 oibg.packel

classification judgenent unit. 35 19. The radi o base station device of
claim 18, wheMEm s3ieng 2P ¢erd o chidhigi Hige urith 1 plakelke t pbapeed odlime t he

i nterm bigeniye JR/GRIV YW 1ANAEr B, & RSLL Oﬁlé/&i,ﬁrhé)ﬂﬂe{‘%;@g&é@éd the sleep.
transm ssion/reception becomes longer. 5 20. The radi o base station device

of clai m19tififer éialushe packet classification judgement unit judges the
packet type as either a realtine type or a non-realtinme type; and the
peri od changi ng unit nmakes the period of the intermttent receiving
sequenti al | 37| ondere iathih ke sante tian gtehbte exiceehit by B6 preere bedthe
threshol d when ithesPagketsiecep timer includes a plurality of sleep
15 timers such that when another packet of the packet type
different from that of the packet is'received during a

measurement of the elapsed time for the packet, another

sleep timer is activated to carry out a measurement of the
elapsed time for the another packet; and

20 the sleep permission signal transmission unit
transmits the sleep permission signal when all sleép timers

are expired.

18. The radio base station device of claim 16, further
25 comprising:
an intermittent signal transmission unit for
transmitting intermittent signals to the mobile terminal
such that the mobile terminal executes an intermittent
receiving for receiving the intermittent signals
30 periodically during the power saving mode; and
a period changing unit for changing a period of the
intermittent signals according to the judgement result of

the packet classification judgement unit.

35 19. The radio base station device of c¢laim 18, wherein the
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type is the realtinme type, and nmakes the period of the intermttent
recei ving sequentially longer froma prescribed standard val ue when the
packet type is the non- realtine type. 15 20 25 30 35 -30

period changing unit makes the period of the intermittent
receiving longer as a period without no packet

transmission/reception becomes longer.

5 20. The radio base station device of claim 19, wherein the
packet classification judgement unit judges the packet type
as either a realtime type or a nbn—realtime type; and

the period changing unit makes the period of the
intermittent receiving sequentially longer within a range
10 of not exceeding a prescribed threshold when the packet
type is the realtime type, and makes the period of the
intermittent receiving sequentially longer from a
prescribed standard value when the packet type is the non-
realtime type.
15

20

25

30
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