, €3e~P~0j F6TPj. 30 July 2003 DESCRIPTION 5 The present invention relates
to a portable tel ephone that is used as a nobile station in a cordl ess
t el ephone system where comruni cation takes place between a nobile station

and a 10 base station according to a comruni cation nmethod su jm@gpo
TDVW TDD (Time Division Miltiplex Access/ Tine Division Duplex) net 03 Mor e

particularly, the present inventipgRcirelpaiies to a technique for inproving
handovers. 15 Background Art In a cordless tel ephone system where each area

is made up of a plurality of radio zones, a portable telep mm “MHH““Mlml
nove between the plurality of radio zones without interrupt

comuni cation. To do so, the maitahle telephane switches from 20centraffic
channel used for a currently serving base station to a different traffic

channel for a newy serving base station while continuing conmunication.
This process is generally called a "handover". Several m@TmmmmﬁmmM“
beengst abl i shedf or handovers. 25 These are described in dm ous
docunents, such as "The Second- Generation Cordl ess Tel ephone Sygéem

St andar 4 published by Radi onave System Devel opnent Center 1

30 July 2003
The present invention relates to a portable telephone

that is used as a mobile stafion in a cordless telephone system
where communication takes place between a mobile station and a
10 base station according to a communication method such as a
TDMA/TDD (Time Division Multiplex Access/Time Division Duplex)
method. More particularly, the present inventicon relates to a

technique for improving handovers.

15 Background Art

In a cordless telephone system where each area is made
up of a plurality of radio zones, a portable telephone needs to
move between the plurality of radio zones without interrupting
communication. To do so, the portable telephone switches from

20 a traffic channel used for a currently serving base station to
adifferent traffic channel for a newly serving base stationwhile

continuing communication. This process is generally called a

"handover".

Several standards have been established for handovers.,
25 These are described in detail in various documents, such as "The
Second-Generation Cordless Telephone System Standard (RCR

STD-28)" published by Radiowave System Development Center



Foundati on. The operation perfornmed by a conventional portable tel ephone
during 'a handover is described below. Fig. 1 is a timing chart illustrating
t he operation of a conventional portable tel ephone during the handover. It
5 shoul d be noted here that in this drawing, "reception” on tfguppess ! evel
i ndicates that the portable tel ephone receives a signal froma base station
when t heohihg tRba). eCtise WAL i bl £ olrRSBY S5 Icomvedit ildia Il pwer abewvel

i ndicates that the portable tel ephone transmts a signal to a base station

when th@el’LEFﬁoﬂa@ a&@hﬁ?_tg HEWabY e rAi ke HeGRMWRIC M 10w i s started, the
portabl e tel ephone continuously nonitors the level of a current traffic

channel and the reg@eption squakkyngVbherepetifhibeakktyngt BRepoptabteon
t el ephone successively nonitors thée value of each RSSI 15 (received signal

strengt Bfi adkeatbAnlonad bbetbbaretBlEphohat BurhgntHet aehidagedet ertoration
in the traffic channel |evel or the reception quality (when detecting that

an RSSIsMalug hal hstbelwwra predelerihnedyti eshpol dryadpei ohOr oh NSha@Nce),
the portable tel ephone initiates a handover operation. 20 After initiating

the handpyer 0peeatipRichbesPehhabkect gloaphone Hardghdre recesweesignal s
transmtted on a control channel (hereinafter referred to as a "C channel”

or "CCHs)gaad sesk ehpaskostothen Mese tdiatiigespyb9setRSThwaabjies are at

| east equal to a predeterm ned value (CCH search processing period) . 25
The por tabhgshet ephonecpetidr dwd hi Sewvperadd oih tys sshd€hiig Fofeaspd | on
channel to the C channel and continuously receiving the signals transmtted
on the Cerhpnted foinanLestai pigralobdo2a bws30 sk i200Ihedh THED 1120 25
oscillator signal corresponding to the current conmunication channel and

t ha oot hero péct heupweegiency synt hesi zers generates a | ocal oscillator signal
correspondi ng to the assigned comruni cati on channel, and while the
connection nmeans BRSteer f @rammm itdee iconnetcd | ontapeedf i onhet hepocxammia cati on
continuation nmeans selects (1) the frequency synthesizer generating the

| ocal oszldpladms irgnalucsrlnesporidionrg tbet hevelirofrd aomamt catkifdii cchannel
inthe tinme slots of the current communi cation channel, and (2) the

f r equencyamsyet hesdzehegarsreptinon t fealotsl odwirdd aspecsignallyor téspondi ng
to the assigned communi cation channel in the tine slots of the assigned
comunirat { anl € kedephong. sTheepoivaby enarel ephodicovadhai af Zaath&B86iln t he
search nmeans finds the candi date base stations anbng base stations that
trddsm treonivred ssiogral stoenaghtingl catotan) lkad dbenbraneigigicde raceh t he
time slots of the current conmunication channel, one of the frequency

synt hedihear slegenériagede tdvel o el onsai thattoraffiighghaspedekpoadiaigthe t he
current conmuni cation channel and the other of the frequency synthesizers
gener ateeceptigyauadétl| bilvan sedeslt iner FeapAURA§ It vr e feddts Belsbgnal s,
and while the search neans is finding the candi date base stations, the

comuni& &1 &5t eominadhttiior sl tohe nuear thesBance), the portable

telephone initiates a handover operation.

20 After initiating the handover operation, the portable
telephone starts to receive signals transmitted on a control
channel (hereinafter referred to as a "C channel"” or "CCH") and
searches for other base stations whose RSSI values are at least
equal to a predetermined value (CCH search processing period).

25 The portable telephone performs this operation by switching a
reception channel to the C channel and continuously receiving

the signals transmitted on the C channel for a certain period



30 July 2003 -4 5 10 15 20 communi cation on the current selecting

conmumi cati on channel by (3) the frequency synthesizer generating the | ocal
oscillator signal corresponding to the current conmuni cation channel in the
time slots of the current communi cation channel, and (4) theofJuyr0D3cy

synt hesi zer generating the |ocal oscillator signal corresponding to the
control signals in the tinme slots in which the control, signals. are
transmtted. 4. The portable tel ephone pf claiml further conprising a
frequency synthesizer that generates a 1ocal oscillator signal, wherein the
j udgi ng nmeans judges whether tine gaps that are each no shorter than a | ock
tinme exist between the time slots of the assigned conmunication channel and
t he tineoskéfdasorn e INAY epPrEeRPONEERT| 6R relrrene foBRUniARtbeiing a

tinme takgpsbnetihe {Xgqueney Sythbesi g8r tonehargepdisauessyRisihertocal
oscillator signal, and while the connection neans is pérformng the

connect i GRANEBEESE o, 1PRAEoRAMI EREOR EdradluacegFasParsimng £Re the

f requencyssyghles cepfmgaReaidh tdadmeal gscillator signal 25 (5)
comruni cati on connug?ﬁation (6) communication 30 caomruni cation at a
frequéncy correspoMding t FitharFRINEACIRR t MRBNS| oS ofpﬂéﬁﬂ%]tl}g andth&t a

frequencygofifeeespandopgri i 6Aanthe | Bomi@urtiicaR iFmt soat iabanieh. héwns
current the current the assigned the assigned 30 July 2003 The stated
obj ect i?eggﬁggved by a portabl e tel ephone that has a handover function and
perforns tinme-diviilon rblet i pfeegBesoymusycHttiant zémc| genegatangeartde uni t

for findj and{ dat S I QRS r i,s.initi.ate
candi dat jégggﬁs?e,gc%a.lglns ei ntgq g%g srgtg?gégggtggg\?\%gch the lﬁglret ab‘ﬂ"er]{ge}ﬁtephone
i s caPabremsunsaptépnngchanneduednt uhhe foimeeqeblESngEbnetled tdwrrentdi dat e

base statb@RSntLafsshiknans@IMuiieati on channel; a _0 judging unit for
judging whether it is possible to use tine slots of the assigned

communi cati on chand@l wEttR ti FECTURRSY of SyrdlesdeonABRPEAELBE cHdifhel : a

connect i A& t Joii 1AW M 89gAa TONRRE e RREMRY | OFo USikhg t hesAisfidned
conmmuni cation c¢channel if_a ufgenent resul.t by &he udglnghunlt IS
af fir matfoRMuUgigation channe in the time "slotg o e assigned

15 communication channel.

3. The portable telephone of claim 2,
wherein the search means finds the candidate base
-stations among base stations that transmit control signals
20 using time slots that do not coincide with the time slots of
the current communication channel,
one of the frequency synthesizers generates the
local  oscillator signal corresponding to the current
communication channel and the other of the frequency
25 synthesizers generates a local ogcillator signal

corresponding to the control signals, and

while the search means is finding the candidate
base stations, the communication continuation means

continues the
30



15 a conmuni cati on continuation unit for continuing conrunication on the
current communi cati on channel while the connection unit is performng the
connection operation. Wth this construction, the portable tel ephone of the
present invention performs the conversation resunption 20 prggeagpogs only
if the time slots of the conmunication channel assigned by a new base
station are appropriate, that is, only if handover processing, such as
nmessage exchanges with the new base station, can be performed w thout
interrupting conversation via an original base station. In this manner, the
portabl e 25 tel ephone perforns the conversation via the original base
station during the conversation resunption processing period. Therefore,

t he sil emomwiitica e s QVO|G@¢|rﬂ@hr%nberﬁ@@mMﬂiQ§tlQﬁSOCbﬂmQGQOOQYthe
entire ygéygcggﬁqod during handover is shortened. Here, the search unit
finds the candi date base statlons anong base statlons that transmt control
signals using time &lot stRfat fAEWENYoi nEYRENGFLRSEhe I§HRF TS ofBEhe

current 5demmunbsatioatekanneigedd, Worresdemdsiens cheoni tches f bndiaget he
candi dat e base stations, .the WHUHIEE{IOH contlgp%tlon uni contlnueg t he

commumi ¢ &BHHHFEHOL urhan 8 o WBFanfeP sy &1 ebfifng LT <R
frequencwdmmﬁduﬁaaxﬂngnhunn&l;mﬁmdlocal oscillator signal corresponding to

t he current conmuni 0 int ts re

communi cation chann 3‘71 %Qé géﬁ ncy %%%s?égr §geﬁleer% lng F%al _
050|IIatdwqakyaﬂcxiﬁa@gpoadgngltoorheSQondan digrdis contheltsignslsts in
uhich thecontyol gignal s1aks !ransiied. VAEh idsconstination. Lbe

silent condition i S also avoi ded durrmng-the 1 ‘searchr processing

peri dd. thansiteedt is possible to totaIIy avoi d the S|Ient condi tion
during handover, as will be described in an enbodlnent | ater. However, to
do so wth the technlque avai | abl e mhﬁgpthe pres i_nvention was nade t he

por t abl e 4t-el ephone THeds PPEERREEUdet EWBPEPREhes? erQ%%%ﬂuté DBUEHARE and

ot her objeapisddpnhageseishd fakynehesfiZdie thientdamemtés bacordcal
appar ent fro 1 he follomnng description thereof taken in conjunction with
t he acco Mhlch 25 illustrate a specific enbodi nent of the
i nveritSi on. In t he wmmmeun;the judging means judges whether time gaps

that are each no shorter than a lock time exist between the
time slots of the assigned communication channel and the
time slots of the current communication channel, the lock
time being a time taken by the frequency synthesizer to
20 change a frequency of the local oscillator signal, and
while the connection means 1is performing the
connection operation, the communication continuation means
has the frequency synthesizer generate the local oscillator
signal
25 (5} at a frequency corresponding to the current
communication channel in the time slots of the current
communication channel, and
(6) at a frequency corresponding to the assigned
communication channel in the time slots of the assigned

30 communication channel.



Fig. | is atimng chart illustrating a handover 6 30 July 2003 operation
performed by a conventional portable tel ephone; Fig. 2 shows the entire
construction of a portable tel ephone of an enbodi nent of the present

i nvention; Fig. 3A shows the frame structure for a TDMAN TDD g mgkhg@g Fig.
3B al so shoms the frame structure for the TDMA TDD net hod; Fig IS a

fl owchart show ng the operation perforned by a control unit 18 during a
handover operation; 10 Fig. 5is a timng chart show ng the handover
oper at ineR;~1 Ei 6 is fl ir.t_showi ng the detail ed operation in the CCH

sear ch processi ng; a trowhart showi ng the detailed operation 15

in the Iink channﬁke%ettyv%a%gggéél 095 el b9 240800 £0BTE LRLUSt T At ng

t he handover operation ere | T nk p processing PPsShown in

detai | 1304, fd 9.nFhd Sy, %Lmé@baata@gwgﬁ 3?0 %ﬂﬁ%:?ﬂ?ﬁg&%g % during

t he conversation resunption processi ment

t el eph t, h to th
el £p Sgﬁmgé E??%l F;eS?:HElhBE{?xB 'Qnséﬁrg SGB%FeE’ Pelfﬁ? %E; céﬁ&&?& g%itlgnm €

[a)]

drawi n hstruct on”of Porta ephone
bl ock gé§8r§95§98ﬂﬁnﬂhéﬁmé handover is initiated, the candldate base

stations being base stations to which the portable telephone is
capable of switching; a request unit for requesting one of tﬁe
candidate base stations to assign a communication channel; a
-0 judging unit for judging whether it is possible to use time slots
of the assigned communication channel with time slots of a current
communication channel; a connection unit for performing a
connection operation using the assigned communication channel
if a judgement result by the judging unit is affirmative; and
15 a communicatiocon continuation unit for continuing communication
on the current communication channel while the connection unit

is performing the connection operation.
With this construction, the portable telephone of the
present invention performs the conversation resumption
20 processing only if the time slots of the communication channel
assigned by a new base station are appropriate, that is, only
if handover processing, such as message exchanges with the new
base station, can be performed without interrupting conversation
via an original base station. In this manner, the portable
25 telephone performs the conversation via the original base station
during the conversation resumption processing period.

Therefore, the silent condition is avoided in this period and



7 . 30 July 2003 construction of a portable tel ephone of this enbodinent.
As shown in this drawi ng, the portable tel ephone of the present enbodi nent
i ncl udes an antenna 10, a transm ssion/reception switch unit (hereinafter
referred to as a "t/r switch unit" ) 11, 5 a radio unit 12, azgggesphedi t
13, a TDMA/ TDD unit 14, an audi o processing unit 15, a m crophone” 16, a

speaker nkl o AN R SO0l dg Mo I dddaswtd ol UBLLddalg @ switch that

swi t ches between a transmi ssion position and a reception position 10

according to ti ni ngscdesiygnated dy, a,Ligi ng geneALl oL il 1o 180 b se

Transm ssion and reception are perforned via antenna 10 using a TDD

nmet hod. r.adi i i l; S I 1 i j : esi zer
Tl 0o BAS oF Ak Rolglack? sBElUEs ol RONSIDIES OBUDLY didyafs SUALeS 2
Synt heglizer o 132 o dihgo RIAS BBL TR BNt HNCl 4063 JuDo sy dEsir£ R it CUI LS

122A and 122B. The transm ssion unit nc es an anp ler and a m xer

thag peihfie ERAVe éhﬁﬂn'b@tgné, t»f}?inlséﬁt%%i QB LERAYENEY: 5 Eg%cij{@ﬁ Lssion

unit 121 receives nodul ated sighals of audio 20 and contr als from

the nodemyyiRial 13acoRMe i ANe dmdul stgnabs Loheihhapsshsahop waves,

and transmts the transm ssion waves. The synthesizer 122 stores a table

i ncl udizRg + ¢ALEeFh N WORES 123¢ il9cah thieQYeRsh €% ddRSalcaSTd LALR

ﬁel
frequencies) 25 corresponding to respective carrier nunbers, wth each

Carrieby“%@%@bdyﬁdﬂkéﬁ%?ckﬁéggeﬁk§hs&h%h%@&%@%p%@@ékéﬂi lafiegyency. On
receiving a frequency change desighation that includes an
oscillator signal corresponding to the current communication
+0 channel in the time slots of the current communication channel
and (b) a frequency synthesizer generating a local oscillator
signal corresponding to the control signals in the time slots
in which the control signals are transmitted. With this
construction, the silent condition is also avoided during the
15 CCH search processing period. Therefore, it is possible to
totally avoid the silent condition during handover, as will be
described in an embodiment later. However, to do so with the

technique available when the present invention was made, the

portable telephone needs to include two synthesizer circuits.

20
Brief [ . F t) .

These and other objects, advantages and features of
the invention will become apparent fromthe following description
thereof taken in conjunction with the accompanying drawings which

25 i1llustrate a specific embodiment of the invention. In the

drawings:

Fig. 1 is a timing chart illustrating a handover



30,July, 2003 indication of a carrier nunber froma synthesizer control unit
183, the synthesizer 122 generates a |ocal frequency signal correspondi ng
to the carrier nunber and supplies the local frequency signal to the
transm ssion unit 121 and the reception 5 unit 123. Note thatsg i 2003
synt hesi zer 122 of this enbodi nent takes about 300 us to generate a stable
| ocal fopsehcon Shgpabrmédebyr gcebMir8gtachaeqpeneybtbange eg@singnat i on,
though this time lag, or "lock time", does not present a problemfor the
present portable tralgplrorgows HHd s martabien dehephane, o fid fgsenib 10
frequencies (carriers) can be used in successive tinme slots by sw tching
bet ween: 4 W15y hesi zeretbsithd 5t 182A- RA8dp222Bnt Thhseaspeat W Il be
described in detail later. The reception unit 123 receives reception waves
on the C and T channrel 34 hathows ethBpUL e fsomdherantepna Yhomaarokd t he
t/r switch unit 11, converts the reception waves into internediate
freguengrisdgnal s, anplifies the internedi ate frequency signals, and
outputs the anplified internedi ate frequency signals to the nodemunit 13.
The RSSI detectiomigniiB d24odeiced 8hBIYanwabuescbyr G grasd Impyp /ring
strength of each reception signal while the reception unit 123 is
anpl i f ydiatthddre i nternedi ate frequency signals. The RSSI detection unit 124
t hen outputs.the RSSI values to the control unit. 18. During conmuni cation
on the T channel, ribe RSSl adel®@othont whiot 1h2dt detasd a thSSl pealfuesedal the T
channel 25 and supplies the RSSI values for use in the nonitoring of
comunimatad aortiradl tnitO1 8 kiiitrhera hadred ok | dge wa thipgdover operation, the
RSST detection unit 124 detects RSSI val ues of 9 30 July 2003 the C
chadnel and suppl Fég.t e RSS|avaireind ochase i shébhengearhezh hendavbase
station to which the portable tel ephone is to be handed-over. Here, a base
st at i omgecrasiicaty t he portabl e tel ephone is handed-over is hereinafter
referred to as a 5 "take-over base station". Also, a currently serving base
station is herei nBiger6 rigf er f bdwtbaat shdnbmgldver dedse ledavpendtidach
el ement of the radio unit 12 described above

in the CCH search processing;

Fig. 7 is a flowchart showing the detailed operation
15 in the link channel setup processing;

Fig. 8 is a timing chart illustrating the handover
operation where the link channel setup processing is shown in
detail; and

Fig. 9 is a flowchart showing the detailed operation

20 during the conversation resumption processing.

B Mode £ . . he T .
An embodiment of the portable telephone of the present
invention is described below with reference to the drawings.
25
(1) Construction of Portable Telephone

Fig. 2 is a functional block diagram showing the



perforns transm ssion and reception using a TDMA TDD nmet hod in conpliance

with the timing control and frequency switching 10 designations issued by

the control unit 18 described later. The following is a description of the
frame structure used for transm ssion and reception accordi nggt)gytipe

TDVW TDD net hod. Each of Figs. 3A and 3B shows the franme structurie o?

the
T h h
F;:ﬁgntgpg?ﬁ fgﬁ/%}qTB%r nmet oﬁ\égf :35% nflglltl]%%e%gn gllgnl ]eogjg %%;rr?gn;[s S?SI ded
t t h tt d
Lgnguﬁ:ca%long(gg%#uﬁhié%?ld ??%9 é§g8%5t€i%%ﬁ§%égg?oFbgbgg@?é ephone)
whi | e Eﬁso{jﬁn&ﬁ tq el L %)r?t §ngﬁngsﬁ'ogn adaEgaHBM 89/?8%9&@“_03 A

(COI’TTTUI']I catl on rom a porta one'to ase S I on

ST 0t Wseq .ot doWALTlc COINE 941,90, AEe Dot DAL Ler: 8l g7 (12

"downl i'n S pl kK ‘commuini ca |on as | ink slots"
) d I t f | @t th
Lot et eratiochgts éf’%$ et Llﬁﬂ?% 1e3f’gh?# bl Bhi %Zigﬁeﬁﬁd Sthe.

Cor r esbAarRGha Tk S SHigebPRRAPY £ RLa T Egééﬁéﬁ%%f PR ALy

2003 i g E§eg as a downlink slot, the SIXth slot is used as an uplink sl ot
(see FIrg. 3 ? Note that because the portabl e tel ephone of the present

embodi ment | nCl Udﬁise tt‘_’\Pr SYRLPes! 785 tCI lcuié Sal %ezgécﬁndd%tlzgﬁ)tch@é

descri bed above, i1t is p055|EFe to per ormtransm ssion and reception using

Chann%étwgghnga di £ ERLERL S92 i ggspuf@ﬁr saa<§1 RUCFESSHY Eofl s {dhey second

and third ots, for instance see I's, by 'stabilizing the

frieauency ge08g aé&@laxn%gedéyﬂéﬁsr@éa@;y S'Eﬁwﬁ% Jg%%%ﬁen%rpﬁn@@flcm the
synt hesi zer 10" circuit 122A reCeives signal transmtted on a channel in

the segpndssl 95i o/ a%icQPé!:eﬁﬁﬁBﬁrHrtet?Qr?@rﬁ@&tﬂ%r g nfanohss irreei ved in
the third slot by nmerely switching fromthe synthesizer circuit 12Z2A to the

synt hegi#gh mefgddt 122B. The sanme applies to other successive slots. 15 In
the portable tel ephone system of the present enbodinent, each. base station
intermttently traRSHalys oCARLEOL 2SI §PBhEe N ther eehsdeh &ti 1Q0s (20
frames) intervals. Also, adjacent base stations transmt control signals
usi ng &idJeieddidd e 28,0t reicehitn ogr aHp+ 01220 4ni@res rRsshhefeafeerta.onnhen
searching 20 for base stations that are sel ectable (candidates) as a

t alke- avert base. statrieontheheypontabkert et 2phbrthopridienr esdoidierhadi ment

can receive control signals fromup to 80 base stations within 100nms. Such
base siradliwdss tthad @yetlsed £0é abtEr@si s t BKER cvved DR, station are
hereinafter referred to as "candi date base 25 stations". The nodemunit 13
perfornms /9QPSK (fQeadtahumesBhaseudht 12 Keyrailg)daerwdid atipdn fard dedodul ati on
on signals that are 11 30 July 2003 transferred between the radio unit 12
and t e mERA ThBt use t £ d¥ins Hoen vERMA/cRDDntini 4 tlré nesomitssdlesn tthrequeneydi vi si on
mul ti pl ex dupl ex conmuni cati on based on the TDVA/ TDD net hod. The audio
The transmission unit 121 receives modulated signals of audio
20 and control signals from the modemunit 13, converts the modulated
signals into transmission waves, and transmits the transmission
waves.
The synthesizer 122 stores a table including carrier
numbers and local frequencies (local oscillator frequencies)
25 corresponding to respective carrier numbers, with each carrier

number being associated with the corresponding local frequency.

On receiving a frequency change designation that includes an



processing unit 15 encodes, decodes, and anplifies audio data 5 that is
inputted via the mcrophone 16 and is to be outputted via the speaker 17.
The control unit 18 includes a ROM (read-only nenory) and a RAM
(randomaccess nenory) and controls the entire portabl e tel e@puug 003
executing various programs stored in the ROM The 10 portabl e tel'ephone of
the presgpt cgebadi s8Nt Qerf Qs ik Ceh ear chnRhesessimgonki-al ghapnel
setup processing, and conversation resunption processing during a handover
operati 993, TheCRt e Midr 1B 3 UQQﬁ’érX‘@éEh%_r 1dJEW f‘i&ﬁl?&'i@;'i asghgmed by a
base station found in the CCH seafch processing satisfies a 15 ~

predet epglpedpeRAGLEI @R dHe t BE P edetRIPd1ed: £@NdLbLeRelsS 13AL | 36££H, the
control unit %8 has“t he operation proceed to the conversation resunption

processkpgq(8R-9PSI &td Pn J @heCOPRRSHE B bRCLPOF t1ahl antelgRhpOEf i bhe new T
channel ). Here, the predeterm ned condition is whether the conversation

resupt 190 20 Proges sl 1k €aRDE, PERE 9L PBE WA Beuth i NERBBURKEAY takes
comruni cati on over the current_%‘ cha_nnel. As descri bed a_bove, fthe _portabl e
t el ephogso©f :?dﬂ@ 18] %Sﬁ@%n%@é@@' EPQ_t:ame ygéﬁltf\ﬁeéuéﬁezséz&ﬁaﬁléﬁ%f S.
Therefore, this predetérm ned condition is satisfied en the time slots of
the newdc€hanngla 49 cRkned BEhHG Md L those toddie taukr efhe TLLhaNNEl .

The control unit 18 controls the portable tel ephone to performthe

conver sgfi 8MoERS ¥IReI"QN JHLOL essSt ngrrwsteheuta IProbBn Jaby 28@3 drdLifwpti ng
t he communi cation on the current channel only if the predeterm ned

condi tigdrt SoBat keficgdonkn thirs FRNBEMOoATMDIGONYEL E8HHA8, ' RS UTHHHO
processing can be performed without the Iine falling silent. The control
unitto 18fidghertiede {ddr g5 )0eNer dlel @BedNih d80ce s MROTE Imd &llotas @gpari son
j udgenent unit 182, a synthesizer control unit 183, a CPU (central
processiwige ¢hig bk4ecintwa 4yt s 1 tislg enprdu ity 1 2285and 2 2B M Mehis
generation unit 180 generates TDMA TDD sl ot tim ngs and out puts the

gener atasbd ¢tm wigbl tlee tdees cxoitpad | Sonddfl j udperent unit 182, the synthesizer
control unit 183, the CPU 184, the radio unit 12, and the t/r switch unit
11. The nenory 18TheoldseRBESon ualtied 26f reeeéptisonesegnabs whakesare
sequentially detected by the RSSI detection unit 124. The RSSI val ues held
in the thenal wnB8T ahensappl tiedt t @ré hinfhbt tteadrpfarans drhg wohdemerat 10nvtiald?2.
During conversation on the T channel, the conparison judgenent unit 182
usé$ t heheRSEl rvawiesht cambbni 1d¢  tdvenveormauntoat irecegidlont ywaw@s t hstot her
hand, during the CCH search processing, the conparison judgenent unit |82
uses tHetRSSledidiresfreqpedge whairwdrs , eaghpbasiest dthiconivharbedsetect ed 20
as a candi date base station. If at |east one candi date base station is
found dardgqupridie etenséar clanst ocespung, et ampliiffiegt fehsrmeddabase
station has a control signal whose RSSI value is at |east equal to a

pr edet gy Ghrdshcllg gl (& meslemsuyrBtadd -t he RSSI val ue of each are

stored in the menory 181, with
The RSSI detection unit 124 detects RSSI values by

20 measuring the strength of each reception signal while the
reception unit 123 is amplifying the intermediate frequency
signals. The RSSI detectionunit 124 then outputs the RSSI values
to the control unit 18. During communication on the T channel,
the RSSI detection unit 124 detects RSSI values of the T channel

25 and supplies the RSSI values for use in the monitoring of
communication quality. On the other hand, during a handover

operaticn, the RSSI detection unit 124 detects RSSI values of



25, the CS-1D being associated with the RSSI val ue. The conparison judgenent
unit 182 nonitors the comuni cation quality by conparing each RSSI val ue
stored in the 13 30 July 2003 nenory 181 with a predeterm ned threshold

val ue during the conversation over the T channel. Wen a RSSig w%hggxhalls
short of the predeterm ned threshold val ue, the conparison jugge nt unit

182 out puif & @nghoral a§8%'g;5k?%$eé‘écé_r|¥eopis%‘i CRYLABAr o i Gh jtheRedSsiptthates a

handover operation. Durin search processing, the conparison

j udgemepd - upi 1,182 s¢aRBHeS LAHL PP nyabyersHPECE B hG MBI, 184 with a
predeterm ned threshold value to find candi date base Stations. |If the RSSI

val ue ati s ng Lesst ; pred r44 n t hyeshal g, val ue,
10 theoi%fﬁégiﬁkg%he %%%nga?ue of tﬁgggggg s%gt?%ﬁig%eggfoggd |n'g%e

menory t]@ﬂ%prércﬂ'get syat hﬁ%k&ga-&\?@y als uﬂgke}%f%&p%éf@r é&%%mﬁgsvg tch

designatio i ncludes an 1 ndication of a career nunber to t

Synishest zofe Ll bast2ah AL 228 A9y di 80 da il L35 bL L AGS Pidputt ed

fromthe timng generation unit 180. The contents of reqdency swtch

desi gnadd O & & sCREEE Oh 4 £le PV d 16 (I 1845 aTNEahUBLBG haldgement; gy t 185

i ssues a link channel setup request to one of the candi date base stations

found during 20 thg -ECH188RNEN JI QARSSHW: o The1 €aNdi dakerBasg $ilieon Lo
which a Iink channel setup request is issued is hereinafter referred to as.

the "t ggeto s e reindhi@RonlBadt LELBgtE HAIEEEAY AniiMASIDD hertHdedges
whet her the slot timng of the T channel new y assigned by the target base

stati oncdnfp BRRIQPI 2t aRd Mo 26nt P81 CRUALBAr&fushey] ddgerBAhgr esul t.
The slot timng of the newy assigned T channel can be o%talned during the
linkb chayigjna8ld#s issued by the control unit 18 described later.
The following is a description of the frame structure
used for transmission and reception according to the TDMA/TDD
method. Each of Figs. 3A and 3B shows the frame structure of
the present embodiment for the TDMA/TDD method.
15 In this embodiment, each frame of the TDMA/TDD method
is five milliseconds in length and is divided into eight slots.
The first to fourth slots are assigned to downlink communication
{communication from a base station to a portable telephone),
while the fifth to eighth slots are assigned to wuplink
20 communication (communication from a portable telephone to a base
station) (see Fig. 3A). Slots used for downlink communication
are hereinafter referred to as "downlink slots" and slots used
for uplink communication as "uplink slots". Adownlinkslot (one
of the first to fourth slots) corresponds to the uplink slot (one
25 of the fifth to eighth slots) that lags behind the downlink slot

by 2.5 ms. Each downlink slot makes up one channel with the

corresponding uplink slot. Accordingly, when the second slot

10



processing. If the obtained slot timng does not coincide with 14 30 July
2003 that of the currently used T channel, the slot timng of the newy
assigned T channel is judged to be approprlate The slot timng of the new
T channel can be calculated froman absol ute sl ot nunber and zp ji§) &igave
sl ot nunmber that are 5 obtained during the |Iink channel setup prdcessing.
Ther ef ot g, ;L B3 boL N, JNANAME’ Wt hicReassingl &) Bf ens 4 ahelpRig
handover, ?t can beqidgbeglmﬁether tﬁesskot t%ﬁ#ng o] fﬁe new y ass?gned T
channelsugta@gggp@h@te By .conparing the calculated timng with the current
slot timng. Here, the Tabsolute slot nunber" is 10 a nuneric val ue from
one to four that spoms whheh dddmsd Okhbng&ecafﬂlaermtéiégﬁwée ShopRei n Fi g.

3 is used as the downlink slot of the T channel. Al so he "rel ative sl ot

nunber " kés@nﬂ%ﬂ%ﬁédﬁ%@t %@cﬁ)’dé@t&&d‘% n*%%e%'l%xt bat-cLags hebbpdafhe
|ssuance of a Iink channel assignnment ssage by 2.5 seconds as the first

15 s ot 12§8% Regak el Lk 0k U Hol8 i fhe *&PSE%‘Eb% DL Qh 8 ﬂ i by the

control unit 18 during handover i's described in detail below wi th reference

to Fi 9s3nd0,4-aP6idn Ffhg cménﬁeiéofwm éfh@f\%f‘&u%@aﬂpféﬁtﬂﬂﬁb@ﬁéfor med

by the control unit 18 during a handover.” Fig. IS atimng chart show ng

the hangdQver- opeL afd Ao s Q@x%crs'e%%dagﬂ\ﬁethﬁaeél&@Mﬁ%d%ﬂée started,
25 the conparison judgement unit |82 continuously nonitors the

comuni ¢aéd ars gualphty hathes,T hanneli 14seddf ehet Pee Nifed Qtamth a
current base station by detecting RSSI values of the T 1 30 July 2003

channel py lfhars Aa%le Maldie diadldus tshonh Qhed presleterandird dyhiteshaldval ue,
that is, |f the deterioration of the communication quality is detected

(ShOL: Yesduit Mep Eormasdisas jaudggmant t¥Ahbml82cQUbRUA Scioasidnaln HHW ng
this deterioration 5 to the CPU 184 to initiate a handover operation. The
CCH seags&dofd 06866] NG 3 ghianstt eershirdRA A | got her hangdonel epar &kl on
(S102) . Fig. 6 is a flowhart showing the detail ed operation in the CCH
sear ch pgoeessd Ngd.n Ashshawitd shbs ds@awindge lQur ERPtdRihge KG3h seawch
processi ng, the channel received by the reception unit 123 is changed to

t he C chantied s insterc it iaoneel tof thbesgythbesreercooniiol12g8t T83 (S201).
Then the t/r switch unit 11 is placed in the reception position and signals
transmddnes applies Geharinet suecessdvaiunlusty. recei ved for a predeterm ned
15 period (1 00*N ns) (see Fig. 5) to search for candi date base stations
(S262). In this case,theneppotihbte ttedlegpphroree seseenesfcdrite oprssgnal s from
t he maxi mum nunber of base stations, which is to say 80 base stations. As
descr i bewbabiones t t k@ ghobtabl et 4 el ephionte wfi tttent2Q present. tenbodt meht
includes a plurality of synthesizer circuits (122A and 122B) and can

per f or icorimicsatherC mhasvialc kitng 08nhanh20 sf 1amestic dagsirve Usi.neAsbot s.
Therefore, the portable tel ephone can performthe CCH search processing

whi | e cohitderiithgasenvier st o neinemitechahdoleri Pasles ysanigoni £ iprent
specifically, 25 the synthesizer circuit 122A is set for a carrier of the T
channeltigsed1pts vk igbareupaef &V ¢ramehe Hbmkpirrdaybestaeaophbnd t he

synt hesi zer circuit 122B is set for the C channel. Conversation
20 for base stations that are selectable (candidates) as a take-over

base station, the portable telephone of the present embodiment
can receive control signals from up to 80 base stations within
100ms. Such base stations that are selectable as a take-over
base station are hereinafter referred to as "candidate base

25 stations".
The modem unit 13 performs /4QPSK (Quadrature Phase

Shift Keying) modulation and demodulation on signals that are

11



16 30 July 2003 takes place using the synthesizer circuit 122A only in
the time slots used for the conversation via the handover base station. In
other tinme slots, control signals are received with the synthesizer circuit

122B. In this manner, the CCH search 5 processing is perfor rrggJy}Qzlog:sthe
conversation is continued via the handover base station. This ns that

t he nU”@%né’feP@éﬁ ﬁéﬁiéeﬁ?%h‘@‘%ﬁ&%"ﬁhi?'1?'&1{@'&1 ?BMQ?TB@CShY‘Edl >

decreased to 60 ut enabl es the conversation to continué during the CCH

sear ch PLoGesal AGIPER 00 ARdravo)ids:LDe: 81 antyscand 4 SglgFQX'Jbaée o

corrparl son ju gerrent unlt 182 judges

t i e er, e r I e (S
o &ﬁﬂlﬁe RSSI vaI uee([)%% Qﬁ{ trﬂen %Dm/qw ﬁe\fﬂ'oﬂ (

Cs-1D the base station are stored in t e rrermry 181

(S204) . f t SEH s oqﬁ§§| fa
peri od %@égso%%ns&{l? gg)veér}gci 100 er:gerl{%(%z’% Ye H Oflt e cangﬁ S{ﬂe base

st at ortsna(tca Bushar o d Rrth e MEmING S Y A Aniangedd bdsreas ng

order of RSSI val'ue (S206 I S ‘manner search processing is
compl etigdy e shiul ik be noted here that if conversation via the 20 handover
base station is not performed in the CCH search processing period,

transm ssion to thgshasgover utPﬁstelfa\tﬁ{éﬂEHé@%sR@lqt%e A 5r915b%e91%rfy‘?r”9d

during this period (see Fig. 5). In such a case ansri ssi on”channel

of the d/LAFAM S EQAIHALL 4815308 NPt aR8ED A0 DS %H@@%E&Fbg%agl%ha”nel

during the CCH 25 search processing because it Is sufficient that the

trans mt%%e@h&i@%%éxééu@ﬂﬁ@%@r@@&é)rpero@gﬂdn&k s‘%B%@HeinSt%élFRdb@qU‘?ﬁE i's
i ssued. However, in the exanple shown Fig. 5, the transm ssion channel
1710 portable telephone of the present embodiment performs the CCH
search processing, link channel setup processing, and
conversation resumption processing during a handover operation.
The control unit 18 judges whether a new T channel assigned by
a base station found in the CCH search processing satisfies a
15 predetermined condition. If the predetermined condition is
satisfied, the control unit 18 has the operation proceed to the
conversation resumption processing (an operation for connecting
the portable telephone to the new T channel). Here, the
predetermined condition is whether the conversation resumption
20 processing can be performed without interrupting communication
over the current T channel. As described above, the portable
telephone of the present embodiment includes two synthesizer
circuits. Therefore, this predetermined condition is satisfied
when the time slots of the new T channel do not coincide with
25 those of the current T channel.

The control unit 18 controls the portable telephone

to perform the conversation resumption processing without

12



30 July 2003 -18 is changed along with the reception channel. On the other
hand, if conversation via the handover base station is to be nuaintained
during the CCH search processing period, it is preferable to set the 5
transm ssion channel as the T channel used for the conversat ggQuyiz@oghe
handover base station. The conversation via the handover base station is
mai nt ai m@epyu;p@iﬁgﬁrtrnmohfn@mr@a%%lo@,nohotﬁ@%mpa/qr chaseest ahi oni gsi ng
the sane slot as that used before the CCH search processing 10 was
initiatet Nalsddali e abiidilal 1ar eathardever s 61§ ondkele r £ 4 O
signals may be received by opening a reception gate at the tim ngs other
than the,dvansdi Ssi 0R siPrieth pAbEEEsERE @Hb?eegé%o%@@eﬁtﬁgut Srer f or med
in 15 this manner, the process returns fo the flowhart shown in Fig. 4 and
it is judgedsyhei fersaloheast raae eardiddatg kases st ALLQAekS af aURd {55103) .
Here, a state where no candi date base station is found neans a situation
wherse N Qft 141 Bage 18iat !aoﬁémw@gS% €O reQdmpsd (NS MRIFerapeied has a
20 sufficiently high RSSI value. There are various conceivabl e nmethods for
copi ng M h A s9hkuakior Whehe rbhenh Ydoesents r@spl fednt r3h03 oz cafshingmat i ve.
In this enbodi ment, the portable tel ephone returns to the conversation on
the cunpgnt) Taganng &idniey handpmintbage stagd on (S104). 25 |f at | east
one candi date base station is found (5103:No), the Iink channel setup
processing is perfaemedmiHgr @erdtdtiicn ambiodi nent gehérbwesorpmmyeppandi dat e
base stations are found, a |link channel setup request is first issued to a
nmost swiltabkembage Sidbue@puadiFotle idehoaidat 8idgshaseasd abmpasisdhat i s,

| i nk channel setup requests are sequentially issued to the 30 July 2003
candi datiRigeasetsiatiitons 2i, n thec kgashag ieedecoat rBSSunval ue3, Wias apvandi dat e
base station assigns an appropriate T channel to the portable tel ephone or
when alprdedeher Haned eond ti2gn ansl sald sf/iredwiegdy dingss 1df. whet her the
portabl e tel ephone has been assigned 5 an appropriate T channel, the link
channel setup protkssidigp s 1Bimshesl RSBIevhi ks dhbreelepiaionps pgosessi ng of
this enbodi ment is described in detail below, with reference to Figs. 7 and
8. Figthéti ara ftquehaibslihoie tgctdd lettdid @dsapdeaticatoaf uhhe 124k 10
channel setup processing in this enbodinment. Fig. 8 is a timng chart

i 'l ust Taei iRPIThevhandoviee Lopenattihen medmerey t hel | ank chgpieledsetaiptipe ocessi ng
bei ng shown in detail. As showmn in Fig. 7, a variable k is initially set as
onkS duciongatrieohi fkdgkeawnd wettup §.océsgiing (C83FErsathion vy itdig eTk wil |
be described later. 15 Wen the |ink channel setup processing is started,

t he recbphnined,chaansimmpridmn fecysmeot unit 193 usaes &heeB8§I berluehanged to
the C channel (see Fig. 8). The portable tel ephone first receives a control
si gnal throm iter kile camdidacet bagseyustldttivon Qndtimioit®imbante dwciapt i on
timng of the control signal 20 (S302) . The variable k corresponds to the
order bthetGH sandictarrodssssl g at herrPNEs-198) judaemapEairslly ARgatbds
decreasing order of RSSI value in step S206. Because the variable k is set
as onethpRIFT velvpatq hrdostdptinepeatbhlase $5ebigB3EAN by g9lfctashnnel
setup request is issued to the first _candi date base 25 station. As

destri Bedaapendidake bangi garéivase 3fakitoRsapESORBs Fa@dd d@team§e® i n step
S206 so that the first candi date base station has the |argest RSSI val ue,

t he seebalieandf d@wnd glurigy ey CEHo3epaSk RIEFIN Pas PRt redet Yfar gest

RSSI val ue, and so on. Control signals are _received from candi date base
at least one base station has a control signal whose RSSI value

is at least equal to a predetermined threshold value, the CS-ID
and the RSSI value of each are stored in the memory 181, with

25 the CS-ID being associated with the RSSI value.
The comparison Jjudgement unit 182 monitors the

communication quality by comparing each RSSI value stored in the

13



stations and the reception timngs are maintained as follows. In the CCH
search processing, control signals are sequentially 5 received fromthe
candi date base stations and CS-1Ds of the base stations are obtained from
the received control signals. It should be noted here that imotfif 2goat abl e
t el ephone system of this enbodi nent, each of control signals andtraffic
si gnal Smérﬁ'&f&'dﬁgla@;tth aérgeae@%@%m%gbedﬁ@ré%m. yoi de (hensinafier 10
referred to as "UW . Also, each control signal includes a 32-bit UW

whi l e eaghy g af 6y sdmagﬂen%l HHEﬁnél.lG'vmé? Wk sEher el ghera hgnsdie:

reception node Is changed to receive control signals, the settings of the

portablgrt d ha, < i d 2 UV, A d. 15
The conpaf?%%%Qﬁggégﬁgﬁp%gh?ﬁr%gggggtXﬁgggfh%h%§§%%§%ﬂ= tﬁg:§¥%ﬁ%§§g§station

from t he, feneny.d8iuand %'i%%%%s.@sl‘{&bi’n&oﬁpiaé ¢S the dmf ehed @St P oM the
CS-1D obtained fromeach réception signal when the Iink channel setup
Progessi g § St S ard etha @ JHdoicpe ehalfhe Gl f dle kidy bage station
has 20 been obtained froma recéption signal, the portable tel ephone hol ds

the recepid s ifdn RYOfohhOr €68 RBiarRIrdNah ;i t 1Tékec89§>¥a%_€|seez£@$ f@lagne then
i ssues a link channel set'up requést to the kth base station according to

the helgh tydNi%r LLGRISE A rRARE SHBY! QA th0 MMreRed ik ceh@BRelhegHUP 25
request is issued transmts control signals at intervals of 100nms (20 _

franmes)yaltie ROl all eahahRhansagt this;6ALOI FERh LI MURS dher a -
conversation via the handover base station after holding the 20 30 July

2003 recppt seattion N ¥ 1the eanhr fhe P td S0 dd @hr@ksholld galBeshows the
case where the target base station is the base station with the first
conbrolths @FlIDr aeai ¥BE ROSEhealiudks £hanela etsup tilopcasel Bgorkd the 19
frames before the next control signal is 5 received fromthe target base
stati orhd heneavamnsation is performed via the handover base station. Mre
specifically, after a control signal of the target base station is
received, the receptiogmihaninedr eonthe Ir eaept 18 cuniputk?23 fseghemged to the
T channel used for the communi cation with the handover base 10 station (see
t he | owefi tlcdveéd s Ddndrt Jon &ha tByn dDudgs 2@, 1 hdEceoiwebTad icat edirantitiee handover
base station is perfornmed in downlink slots. Note that in this case, the UW
det ect iton thedes yrst lodringed ¢t oomB38s bl22Avdedt 226 Bidcoradeng Rad | @iwing t hi s,
a link channel setup request is issued 15 to the target base station in a
upl® nk tsmangeS3AB)putErel | {1k chamneim$agugeneqaesbni sinigsuRD whetha ti ne
period "2 . 5+5*R (nms ) " has passed after the timng held in step S302 .
Her e, Rongeatsanfopheutsyuagenersatigdtl destigaatsonaace obnthelléealkbochanne
setup request and is an integer between one and eighteen. After the 20 |ink
channeltheeClp 1€duest is issued, atiner t is activated (S304) . The link
channel setup request is issued by changing the transm ssion channel of the
transm ssi on uni tTHR 1t i nthe uslgemegit gihvaknébSahdsteansmink mhannedcessary
control signal to 25 the target base station on the control channel. In

t hi s eAbbdbnesyedottly ohetdle thecepnilbdathdrand saadionanteurdiduridigannel are
changed to the C channel when the CCH search 21 30 July 2003 processing

i 2204 ni that@el sEerar preceskiiadehafinel cand tddtinagdeestabi onelerl whd dhe
performed to issue the |link channel setup request . However, if the

conver 8atinh chanidle Sedndovequssde ist Aspuadi 55 M nridiafeewneisg refe CCH
search processing, the channel 5 switching needs to be perfornmed with
appropEPad e thai"hgroRét kashattatier” ¢ hdhe sknERanhedgseep Wedudse s

i ssued, the transm ssion channel in uplink slots is restored to the T
channefhen pedgsemwiedhesmmihe edeFohiRiing e Hendbvehapasé sextvon (see

the | ower |evel of Fi%. S). The conversation is , .
assigned by the target base station is appropriate and informs

25 the CPU 184 of the judgement result. The slot timing of the newly
assigned T channel can be obtalned during the link channel setup

processing. If the obtained slot timing does not coincide with

14



10 then performed on the T channel via the handover base station until a

| i nk channel setup request needs to be issued again. A link channel setup
request needs to be reissued when a T channel of the target base station is
not assigned or the slot timng of a newy assigned T channeBodag008t
satisfy the predeterm ned 15 condition descri bed above. On the other hand,

to rece%l\’& %@Eﬁglc@r%%aélﬁreﬁggp T"”c%a nker “Eﬁ% %ﬂtoltytiﬁfﬂérgft tad fdpm t |h§

target base statron ception'c anné the recepfion unit 1

32Dt B0 RN o TARBIAI LS of Mg R R BBET RS he (T ing EeLI‘e. "
step S302. In Somg.ases. {ie: GORErOle 2ignalc rgmei%afn' St 36 foom the

target base station a annel re ues was | ssued does

not spegldy b hgb@%ih%@@f&tﬁﬁéf Q% CQaJH‘_LeJ e %ﬁ%tt ﬁﬁ%ﬁ{e e%ephotl on.

Ther ef or'e, eterm ne erlo t he port ne of

t hi t {hat
|n;ern1tten ytfgﬁgﬁ% % ?8%$§ﬁéxfarg§%£%%§% sté%?dﬂ? ?%grfigﬁgﬁnel has
not beeyy %h%” égver%q JYlya %9%1‘&‘13}1%—;{‘akB%rPEHQSEgé%Q%%r}do@%zper' od,

the porta e te one ]U ges tha annel cannot be assigned By the

target b@%%égg%t; bl whetnehanne! <1 nevhyn 2S5 aned g yﬂ segphetl e 5

t el ephone , I't 1's then judged e assi channel is

appr oprg ahen(S306) o il Gy Sl U&Qféc?ﬁ d%h@é&l@ﬁﬁé’ﬁga%r&ﬁdﬂﬁﬂﬂer the

conversatl on resunption pI’OCESSI r t e assli gned channel can
per f or g Wi QU IR YRk th@rgonzﬁésagbgewt@ Lhethandoyen k?gse

station. More specifically, IO it Is judged whether tine slots for the

conger sahhae MicA vhgeNapdavehe baser St Al L RE WSt WikkestibEeigl ots of
the newy assigned T channel are used. As described above, the portable

tel ephane @¢hahbes Presente SAH MRNFi 4 NCE Ydessbwoa SWHABBWARR nki Lot TS 122A
and 122B. Therefore, the newy assighed T channel 15 is appropriate when

the tigr ghate @lathel NewsAsshanedeTaehaanel ol ite 00iiRChGRUMBE R t hose
used for the ccnversation via the handover base station. The present

I nvent icdit a8lne@ #RPIse@tihg @aneokbabl enkel eRhoNBeMihl OREYi 98€aByatHES] Zer
circuit. In this case, the 20 judgenent in this step is nade so that the

new y assiigmedhinglanaekigsmappr fpesage bl Lhersetsnas deasthe oferst ot
between the tine slot of the assigned T channel and the tinme slot of the T

chabnelslgsed for the conversation via the handover base station. For

(2) Operation of Control Unit 18

The operation performed by the control unit 18 during

handover is described in detail belcw with reference to Figs.
20 4 and 5.

Fig. 4 is a flowchart showing the operation performed
by the control unit 18 during a handover. Fig. 5 is a timing
chart showing the handover operation.

As described above, after communication is started,

25 the comparison judgement unit 182 continuously monitors the
communication quality of the T channel used for the communication

with a current base station by detecting RSSI values of the T

15



instance, if a slot used for the current T channel is the first 25 slot and
a slot used for the new T channel is the third slot in Fig. 3, the new T
channel is appropriate. This is because if a portable tel ephone includes
only one synthesizer circuit, it 23 30 July 2003 is necessapyfyobake
into account the lock time taken by the synthesizer circuit to génerate a
stabl e ACy. e RRer at i PN, ofg td,m | d I t he
sl ot ti%&%%Hgg'théﬁieaﬁy a33|3%%gu% gﬁéﬁ%efhﬂgpge%gr%fzggggg?ﬁk?%gé#anner
describ I i,Lher sipgl e.are an - e i nt.er - a
handove??r§%é82/oto??%%hg Fé get%?ﬂinég f?%%1tﬁ§¥§%§§Fﬁ%ggglo%%nuﬁégr and
relativ - N I i w igpedslhchannel iss] ei ng
appropr?8@%8%§§ggggésgpaggg§lg%kc%ﬁ%%%%%psgﬁég'brocé%s#%% ?§ﬂ§gr??ﬁﬁshed

and | hejBEGSRSAL! ShUE NS4 0,16, dd QWRliart1s0aun by EhDs derbbreration new T

channel "1 s”not assi gne contro ig was Tirrst recerved after

thedin qaﬁg I t S, | X t | ephone
judé%s §§ e?ﬁgﬁigﬁgp f%g#%%ieﬁg %%ﬁ%#ggrf r a1%B%aét§?ﬁ$§g a%%%f%% T
(S307) .Lhe.pr 1 i od i S, a,paxi o) ei ving
controlp§§gégféﬁ$réﬁ1?ﬂgaﬁgg%gﬁﬂﬁgg%gs?g%%g gﬁgi%gﬂaégaﬁrékéééﬁggﬁet as
1.2 sec9§g§2?9cording to the regulation by RCR STD-28. 20 If the tinmer t
has not counted for the predeterm ned period T (S307:No), the process
returns to step S3q3 t@ §E£CLIMe A HCQNt 'éﬂlowiggn@flea@@l.‘.é‘ile#kgfeég@i[on o
ots for recelving

conversation can be perfornmed in 19 franes tween tine s

control ; signaledf cem-tRe Lacgdsl i hase 1 athicm LR LRes el ndesar i above.
25 If a new T channel has not beenh assigned by the end of the predeterm ned

period dhé T3Y/s¥88tn S PN ib] @ nlelbRPRRAE JdidaRsed B9t + Re NRW b tGhRANNEI
cannot be assigned by the target base 29 30 July 2003 station and

i ncr eneid st thes vad | bl @ydd o ange (SBnnelhehddr ithd wdgad-oheimhaemd he
val ue of the variable k exceeds the total nunber n of the base stations

found asygcamed 0ad £scddrdiheidiakagovek2base stidh ohOre axeeadsr he raxi mum
nunber m of base 5 stations to which Iink channel setup requests should be

i ssued (5300 1addd thethudaenEptis8S8bd i Soraffid maignee o $3@%smYeskd the
| i nk channel setup processing is termnated without a |ink channel being

est abl ishetheand chBanpnogesscéet L isu s Dy the-di1ve Iyt aShewdeitarhigedd. |f
the judgenent result in step S309 10 is negative, the process returns to

step SIH¥riasdl a1 001k ebpnnekesetigp equestsdardissfierl tanabasber baaadi dat e
base station without interrupting the conversation via the handover base
st at i orstaMNatend (@t oi2n .t his Enbodiagent the fpd ity lastiogreede Eedlrannel i s
j udged as being inappropriate in step S306 (5306: No), the 15 process
pr oceedritrcalt e g8308 Andmttties walxdienunf ntihbevasf ddase ks tias iloner ewbhtbd.
However, in such a case, the process nay proceed to step S303 to reissue
the |ink dwurst Hethygse equesitortso t he target base station. Also, in such a
case, the process may proceed to step S307 to wait for the target base
station to assi gnAs described above, the portable telephone of the
20 present embodiment includes a plurality of synthesizer circuits
(122A and 122B) and can perform communication by switching
channels in successive time slots. Therefore, the portable
telephone can perform the CCH search processing while continuing
conversation via the handover base station. More specifically,
25 the synthesizer circuit 122A is set for a carrier of the T channel

used for the conversation via the handover base station and the

synthesizer circuit 122B is set for the C channel. Conversation
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20 a channel for the predetermined period T. After the Iink channel setup
processing is finished, the process returns to the flowhart shown in Fig.
4 and it is judged whether an appropriate new T channel is assigned (S106)
It should be noted here that if none of the assigned channghgug2008
appropriate, the sane operation is performed as when no channel has been

[ That, .i.s, .. Lf ' T i ' t abl
ol epnan oS o R T it S5 2blEy 10 3609 T8 WiEk the
CUTY Tl RASE L kB LEcCONLL Ve e oY R AN B R SR base
t t] [ ' S107), 5 Fig. 9

oo T NPT e ShO g e At 15 cBeTieFon 28 e 1 VhERCSRFer sat on
[ eSUTPLL AR HAAGRYSI D0- o £ACh 1958 Ne 14 MLRG SCNRLY 96 SO ol 93eaRcANd &
illustrates the conversation resunption processing in the case €re each
ti I f ' : | i nafit f, .

el P e A Y DT e PERELPR (€ ISR D 2 2

assi gned Thohanel phereipalish ' oferd bl asad i’ alar TCH: basel o

i nst ance, e synthesrzer crrcuit are respective i xed for

the ol @.tZgﬂoggdeBEe”S%g% 1%1%%1& &S PRI A 38 \AESIE';‘@BEEB%O .

processi ng. mruni cat1 on on | new 'S perrorne e COI’TTT}.!I’]I catlon
t he ¢@l d,, iCHL SANL YSPLLERLRg 4 . sypthesi i Gl t hat

The. sysehadlzer BiPR T Ta0RT & bon 4o The FURe el af bt e oy

and' th rgxegggﬁgzggrZQdcghau%bolé%Bthé usedpin LA stlime sl ots of the new

TCH. That is, the operation for connecting the portable tel ephone to the

take-over base stff iR, c8HEAras By HCHEORONE P OCaSY NaaRRd PRIFAGR
exchanges, is performed using the new TCH, wth convérsation being
per f or RETAMANd BE 0bslsd Glat EREr £4 Qkele 25t BRI { & RheRSFd ok iy t he
handover is shortened. Furthernore, if the conversation via the handover
base stAtkSAol8 wd B NYX0X MR )dukhegcbhep Gl serr RlasAr ogesei #g.tHde silent
condition is avoided. The operation in the conversation resunption 30 30
July 2088eprsae8sonNdats @estlddoedn behew wehbryefignence2p o) t he Afdreuchart
shown in Fig. 9. During the conversation resunption processing, the
oper at h@Af ok 1 QAL LCAYs 0ECRGS ek 5 118} &RI0AE & d therh Bk&d PeaTiderse
station is performed while the synthesizer 5 switching described above is
pers or (OO nautd BgvelaS 0ERAY | BR05 WaNgVvehéicadidatieehd s ence ivawe) of the
new TCH is first measured (S901). If the measurenent result of the U wave
exceedsCs~ ppefeteradnad t alneyo 0Ll B Aidr 0per aht o83 needré s beg pedeer med.
However, it is assumed that no problemis caused by the U wave 10 in this
enbodi mEMSS ISvepse SAE B408 Iar eht elnsrack # ,0 thieeCOP eveat i pirac-ecenngct i ng t he
portabl e tel ephone to the take-over base station (synchronous processing
and nessageneketahges). This connection operation is well-known and
conforns to an existing 15 technical standard except that the synthesizer
circuits are sw tichedowl tihbe oroterds dkirentbet nf perrfwermedt iom tviie dhd TCH.
Therefore, the detail ed explanation of the connection operation is not
giklen Herdnvdiot bathatstidtiam | nsemar epehéindoedr ineetlbet Cdie 26apehf or ned,
the operation necessary for the inter-area handover (such as sw tching of
| i nes ratomesironper $0dt itarag)sniis sgenf oo rbe Ipndrvembabhe sipdriatr dnesn st eps
S403- SS410, that is, the operation for synchronizing the portable tel ephone
with et meed tchdmeler farnEidy dug inchitdisepegsady (sper &tligonSi)s perf or ned at
the timng 25 of the first gap in each Iine during the conversation
resunptuan gpresessthg. t Tdesmes 2l dedidesml ptfi dheofreheméeessnrynibper ati on
is not given here. However, because the conversation continues 27

121 does not need to be changed to the C channel during the CCH

25 search processing because it is sufficient that the transmission
channel is changed before a link channel setup request is issued.

However, in the example shown in Fig. 5, the transmission channel
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30 July 2003 via the handover base station during this necessary operation,
there will be no silence, even if an inter-area handover is perforned.
After the operation describedabove, the conversation 5 is transferred to
t he take-over base station (S409) and the conmuni cation wi th3g hgy bedglover
base station is disconnected (S410) to finish the conversation resunption
processing. In this manner, the handover operation is conpleted and the
conversation is resuned with the new base station (see Fig. 4) . 10 By
perform ng a handover operation in the nner descri bed above, the silent
period during the handover operation is shortened to only one hundred

m | liseconds or several hundred mlliseconds in the_ CCH search processing
peri od. The ckmgednmbengavithRokhanreaeptiareghpangdver. Furthernore, as

described 15 above,ohf tRe copghsathoraVvi aithe Lgpdovels hase §Lati @pel s
al so perfornmed during the CCH search processing period, .the portable
t el ephond'¥yERVet PEEe FREBLANsii®nfOcoMli MAdmtdirasy ARdBderths t SSHoul d

Ibe EOt ed é@eltlecm hqﬁrcbcfewﬁn@rep@mo@gbom nFmé, praiflaeabééondbti gatduthegy ]Ehe
i nk channel setup. processing.,period |[S a 20, avoi ded. wever, eyen if a
si | ent cgﬁﬁﬂﬁﬂgﬁﬁgﬁﬁﬂrsc BFF%& tﬁgglihﬁech nnet3BEG pﬁ%%%gsiﬁ%? t%ge
entire sidenteystioohi s wiort eried t hiaovescondame | estat iBrer ef or eTheven
in such e e pr nt..in { r e f fect ni.ng the
si |l ent pgc?? oae%ér%n%&hg;%o&gre. %d%cf‘?flﬁgg%i %r?tsagq'?ﬁle lp%r?%%?ég?{el%%p gne of
t he presarrioweing ohrhasmi$sios0 thul gheodaidwredebesebeat atbove bgingans
of the enhodi , hqugh d Vi@us t r LAyxenti on
i's not |iﬁlté%gﬂ%'?%éEe%%bgﬁkghf&g ur? g?geaF?§1f§§§ %%%P%gsg??géabgé§OML (
1) IW thesabanstéabedi-meniNotie fthatt awerovan bhReestareadn mndpvasundsi n

the CCH ooy PC e Hho10r s@%rﬁﬁ_@r OﬂékatEeT E@Nedd | D 0bResingned to
the portable tel ephone during the |ink channel setup processing, .th

g, .the
por t abl e T&ISRSTe BEEGr AT t 5PEhet LBIRAMI O8N Wieh (e hhhaByBLSBace
stati on andhirakes the judgenent in step S101 again (see Fig. 4, S104 and

S101) . However, 1 %een igl th&%ortablcglt_tel gghgne returns t(c{;ot he . '
conmmuni cation with hahdsve a$EARAL i BROrR 5588 S194 Paf ﬁﬁﬁﬁg tHe
j udgekentthirs shapnSt01 tagaipradess achandsvdro oplee afilowceaaded shovWrai for e,
there 1o sady ab 2Rgsh Bl lid Y Jdiply iGe L HAOCHENL L0231 dnd LAl #PasHOLodLL] De
t he sanme as the prévious one. so, even it the handover operation is
r epeat ed,statdran | s afpughl prodsdi 4 i t ferkat & hetaepeabhedehamiovendbgetat i on
Wl endpgdyed sthpabhon sWeSend means a situation where none of the
base stations whose control signals were received has a
20 sufficiently high RSSI value. There are various conceivable
methods for coping with a situation where the judgement
result in S103 is affirmative. In this embodiment, the
portable telephone returns to the conversation on the
current T channel wvia the handover base station (S104).
25 If at least one candidate base station is found
(S103:No), the link channel setup processing is performed.
Here, in this embodiment, if two or more candidate base
stations are found, a link channel setup request is first
issued to a most suitable base station among the candidate
30 base stations. That 1is, 1link channel setup requests are
sequentially issued to the



no.take-over base station is found or no appropriate T channel is assigned.
To cope with this situation, the operation procedure 20 nay be nodified as
follows. That is, after a handover operation ends in failure, the operation
in step S104 is performed. Then the portable tel ephone returgéJL@:khg
communi cation with the handover base station and a tinmer is activated.

Unti || thendi fEr has LoDt e, Lol & SRUALN PR o8 HANAGUSL OPegAL On 'S
not 25 rnitira e% an(f3 € comuni cation Via the handover base station is

¢ ) ) ; ' ) ¥ ¢ ; tod |
D ep S1D LA ts PERE L0 BLLATh A1 4 AOBYBLER L 0] F YRl Sodten o0 11
f . - - | D¢ 4 i od
be var 1ot oo PETUTSR LA B £ ERCREINNARA CoRPLed I A Al REE 0] on

the ”U”P%agélggéeoék%@tﬁh%% t-hat Bﬁ%g;‘%ﬁ??%ﬁgabﬁé %E‘b%@ﬁc&%&gee&“ ng of

a handov operation that was late ore t urrent

handover, ?aﬁ%@éﬂﬂ%@é"q" aghievad %chﬁﬁﬁk éﬁaBHSﬂ,{‘yé‘?ﬁ% ﬂio?@é&ﬁ atd ons

found in previ ous handover ‘operation I's sm certfain period is
shortengL'-ggQ%As described in the enbodinent, if conversation is 'O also

perfornme 1T The OCH search processi ng period, the nunber of base stations

whose control 'si gnals: afe LEGRIYEL WENLI20 LIRS i o | edined: fom 80 to

60. Therefore, if no can ase s ionis in the sear ch

Itor 0cessi NG 368 -1 4 SL93: B'Q)_Lo%r, Q?t?pPé@g%ﬁEé go&ﬂ“?ﬁé‘?'? | Agsl gned,

he CCH search 15 processing may be perfornmed again, t he conversation
bei ng igter hupted.r163knEdthshbifenhhen @ Udiabl & d 8herienef EUHs 15@ ki he

comuni cation with the handover base station in Step S104, the portable

t ehephong Ay ceulb LRS-A¥EPRS Of thelusMB b Pmbhe. 20 oML Cakii ANy th the
handover base station. As the count value increases, the CCH search

processimg-teniadt kot i Aga K hag dode rcapdi el n Rara- St aki ONSk LRAYnbE
extended or the predeterm ned threshold val ue used during the CCH search

pr oces Yt gk R JdsavRr 8dinddshéknl Ant Berabove prhadivrents G3.I B and RSSI
val ues of candi date base stations found in the CCH search processing are
st or ed vial:-itdk3 dTRMDE Vi nliflia W Be@agh daz i Aeignghassoek alrecthndlt Be 8Gp
processing ($301). This variable k will be described later.
15 When the link channel setup processing is started,
the reception channel of the reception unit 123 has already been
changed to the C channel (see Fig. 8). The portable telephone
first receives a control signal from the kth candidate base
station and maintains the reception timing of the control signal
20 (S302). The variable k corresponds to the order of the candidate
base stations (CS-IDs) that were arranged in decreasing order
of RSSI value in step S206. Because the variable k is set as
one the first time this step is performed (see S301), a link
channel setup request is issued to the first candidate base
25 station. As described above, the candidate base stations

(CS-1Ds) are arranged in step S206 so that the first candidate

base station has the largest RSSI value, the second candidate

19



30 July 2003 the correspondi ng RSSI val ue. However, every tine a candi date
base station is found, the timng when the candi date base station is found
may al so be stored in the nenory 181. In this case, a |link channel setup
request can be instantly issued in step S302 5 during the |i g Julyaoos!
setup processing (see Fig. 7) . This is because in this case, it becones
uNNecessaty Leakechl Kasa chenteok abanagl adhojddie Jegepsign. timng of

t he control chann efore a l1nk channel setup request i1s issued. (5) The

above embodi ment cencer s g@sn9§§eemnﬁggfg?%ugdpQ&%ﬁpl@aﬁ&&@&@@nsaggcludes

two synthesizer circuits. However, as y described in the enbodi nent,

even 1 158.00bhaLA4! hePRORELLISHUdeR; AOLY 1 PENSYREREREACE, EBE1S)LEN!

condition occurring In the conversation”resunption processing period can be

avoi dedgp | i SUCHy & £A%%: tﬂ%%e%%@irn%it QBanrotlhgieﬁ'ét]@b!a?elé?&ﬁéﬁ{?bgﬂf

proceeds to the conversation resunption processing only if tine gap¥ t hat
are pach-at i L,8astr SAUAe LOndiH9ck 1d S8 NISGEIHA ¥nkOcE§DPPE& £ Re el fgguency of

t he synthesizer 122 exist between the tinme slots used for the conversation

vi a theshapdgner sbasepskahkan rand wih® A AS, Gomevby asghgnsd Trghannel
20 However, the silent condition of a portable tel ephone including only one

synt heskggh18§ap80L o e ayOtdechdn {he K CH, SeadShe PFOLOSISONE PLELO. oFNi S IS
because if conversation is performed via the handover base station and

CODtr0|t§i9“6ﬁ§oéﬁﬁeﬁ€99éxéﬁ H@d%BnEQelCQE@ﬂ&ﬂHTéMEﬂﬁ%éﬁﬁibtéi&héﬁgﬁ
exist, a new T channel 25 that satisfies the stated condition cannot be

assi gnegnc{8ded natB@tamygngaia@ﬂtrreameah% ReritRRl &drel ephonsa afride

present invention is applied to the so-called second 31 30 July 2003

gener at +Ofc £PEA@SSs telrephone sy skath(ddit Systethal HvEYES s at3ve ymst
i nportant aspect of the present invention is that an appropriate new T

channeluw s Wil Iectadnt orperf ordnghdmndera<apear as-pnt W houthdHalfdeypt i ng

t he conmuni cation with the 5 handover base station. This aspect my be
appl i edviien aihye aidmiptiype motieCOEdtiessgé el P hosree Sys teemt ridiats iigha lishe
present invention is applicable to any type of portable tel ephone having a
handovethd weattions of @AHengustebad tfApdhone e@leid t6\belbRapyedesnd thavent i on
can be applied to portable tel ephones having a handover function. 32 30
July 200B-Hit Wopatahletdeiephone that has a handover function and

perfornms tinme-division nultiplex conmunication, conprising: 5 a search
meahs for findi ngTeaendicdake ibase jstdafarens wheit al $&anflevehes sthai CBat ed, the
candi dat e base stations being base stations to which the portable tel ephone
is capad efothewktichbamy station from the memory 181 and successively
compares the fetched CS-ID with the CS-ID obtained from each
reception signal when the link channel setup processing is
started. On judging that the CS-ID of the kth base station has
20 been obtained from a reception signal, the portable telephone
holds the reception timing of the reception signal. The portable
telephone then issues a link channel setup regquest to the kth
base station according to the held timing.
Because a base station to which a link channel setup
25 request is issued transmits control signals at intervals of 100ms

(20 frames), the portable telephone of this embodiment continues

the conversation via the handover base station after holding the

20



a request neans for requesting one of the candidate 10 base stations to
assi gn a conmuni cation channel; a judging neans for judging whether it is
possible to use tine slots of the assigned comruni cati on channel with tine

slots of a current communication channel; a connection meanssfggyRepsor m ng
a connection 15 operation using the assigned conmuni cati on channel if a

j udgerreqt, cosyly, by the ludal ng reans. | s, af flLetl yes anda comyp cat i on
cont | nuat ' ofi "means "f'or” cont’'|I hurng conmuhnl Cat'ion on t he ‘currént

communi GaLi op chalnel il L& Lhe £onRect {pn eAns |5 aer! QUILAg LN

connection operation: € por _ ephone 0
cscr 11 abBF eigen SHITERL M AR ane Hhd d e ReTtve 25

o1 ors ChebREs2Eshancr SHES, S2hLR ALARRE 00 1Sk BRLRELASo UM D e
cor T e pBRar RE R0 TERE” QR et BRI Cat] T LMnnEr A LG GG ot the
frequen nt hesi zer enerates a,laocal_.oscil| at signal corr onding to
the assyEREar Bammintc Xl PR SERSRE ohed B A T AR EomIatt) o a1 o

per o TAPc i AL a0 GRS B cSDS ORI SELLAD At ia, Tean
signal coLTespORdifg Lo ANS) CUFrant Lo GRLION 123 is changed to
the T channel used for the communication with the handover base
10 station (see the lower level of Fig. 8). By doing so, the
conversation via the handover base station is performed in
downlink slots. Note that in this case, the UW detection mode
is changed from 32-bit mode to 1l6~bit mode.

Following this, a 1link channel setup request is issued

15 to the target base station in a uplink slot (S303). The link
channel setup request is issued when a time period "2.5+5*R(ms)"
has passed after the timing held in step S302. Here, R is a random
number generated for the issuance of the link channel setup
request and is an integer between one and eighteen. After the

20 link channel setup request is issued, a timer t is activated
(5304) .

The link channel setup request is issued by changing
the transmission channel of the transmission unit 121 to the
control channel and transmitting a necessary control signal to

25 the target base station on the control channel. In this
embodiment, both of the reception channel and transmission

channel are changed to the C channel when the CCH search
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10 channel in the tinme slots of the current communi cation channel, and (2)
the frequency synthesizer generating the |ocal oscillator signal
correspondi ng to the assi gned comruni cati on channel in the tinme slots of

t he assigned conmuni cati on channel. 15 3. The portable telephﬁﬂﬁ" §Oq§ aim
2, wherein the search neans finds the candldate base stations anong bas
statlons that transm:.t control slots that do

nal u5|n
coi nci dBRTRFERSLRE 15 MR isiaLs ot Tﬁ%rﬁ P¥entt E ﬁﬁﬂﬁ<§ﬂ%§ﬁb%ﬁ%ﬁﬂ@? one

of the frequen nt hesj zers  generates .th c IIator si gnal

cor r espBAG TS 59 e RAH TSR %3%%?%%&%%3 R Rl R FREFSSE - ¢ he
frequen nt hesi_ze enerates, a | ocal oscj tor s naI corresponding to
Ol 0 1 s et S TR N T A

finding_the candlda base atlgH t he conmuni cat,i on cggtlnuatlon means

cont i nuB&*phHa1zed Ty MR CH | G B IS Tur F8Rt  COMMERL cati on

chan sel.ectin 3) the frequenc heS|zer ener t.ing the | ocal
oscCi |aﬁ8¥t§P@Ha|n8§?§ éBo 8i R§T BrWﬁé HgF eﬁPp58 Rit€attit hannel in the

time slots of the curre nicatio anpel , and 4) the frequency
synt hesi zer gener ‘ﬂﬁb qﬁ% ngg roEE?IEéFS a&ﬁ&l SEHES PSSt t he

' d t h | t he t t f th ' d
Commun CEPON OGRS ig o CPrhBROFLabl % b1 o RS D CF 8T FET=7 i her
.C( i S] th t hat t | I at '
g B R T e R R s
hor t h | ock t. Db Lye t t f th d
&%ﬁhﬁ%ﬁwﬁ%ﬁﬁﬁﬁiw% ?éisﬁﬂ?°3%&fﬁﬁ%£uW

'change B Rite nc 1Tocal oscfﬂlator S|gna Ve e *C8hnect i on
means | Pfi a0 RN BQ% g?nﬁgg‘%f?ope PeL At ofy s ey, Sofgyﬁ‘é&aatéef
conti nuat i on means has 2 equ hey- Synthesi zar generate ihe | beal

n
osci| | af at shanale i 3heah ALLEHYNLOL EIRANA N Qe CHLkSRhe1

communi catl on channe ots current
of the target base station is not assigned or the slot timing

of a newly assigned T channel does not satisfy the predetermined
15 condition described above.

On the other hand, to receive control signals that
are intermittently transmitted from the target base station, the
reception channel of the reception unit 123 is changed to the
C channel and the UW detection mode is switched to the 32-bit

20 mode at intervals of 100ms with respect to the timing kept in
step $302. In some cases, the control signal that is first sent
from the target base station after the link channel setup request
was issued does not specify the assignment of a link channel of
the target base station. Therefore, for a predetermined time

25 period, the portable telephone of this embodiment continues to
receive control signals that are intermittently transmitted from

the target base station. If a T channel has not been assigned
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communi cation channel, and (6) at a frequency corresponding to the assigned
25 communi cation channel in the tine slots of the assigned conmunication
channel . 3~ 30 July 2003 5. The portable tel ephone of one of Cains 1-4,
wherein the request neans requests another candidate base stagg i 2@o3assi gn
a comuni cation channel when the judging means judges that |t i's 1nmpossible

to use the ti slots of the 5 ned comm n|cat|onc hthetirre
slots of “the gﬁhﬁeareéamml S tnamicd '36 S TSRS AS3 Ebhont

. Af L AF LA AT YAY F. Al . ASY, Al AgéF AY, AY. Al é
h3. Al . AJRIGERFT aE ﬁ\N AL 9PARY. ASH© Pﬁ<f§§é9{‘e e target Ddase
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A CS?ZL%’ L?ﬁ cal cal o cal @a]g%f sacalealeal oal eal cal el el al ogl ce; cal cal cal ¢
1ca] Vo) Loy CEBhTC LFaaT CLFRb iy ot a e Judsen ineeRLE LREI SBLeghed] fel eel oo

"HFHHHHIPIPLDDDDD' V4 Ve d
| cal ca £hT 64T a]EaFEBfSB]r&%]{Gg%[O%% hEsl or ]SE??] &%] aﬁe}rﬁti]ﬂﬁsg]rﬁ%}%g] cace

h| ] 7 ****
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001; 1 11 T2238 .
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o) ool capspea) celegbaple dhesloahe el el calioa) Aol ke ashenl cal ool
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is appropriate if there is at least one slot between the time
slot of the assigned T channel and the time slot of the T channel
used for the conversation via the handover base station. For
instance, if a slot used for the current T channel is the first
25 slot and a slot used for the new T channel is the third slot in

Fig. 3, the new T channel is appropriate. This is because if

a portable telephone includes only one synthesizer circuit, it
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As the operation of the timing judgement unit 185,
the slot timing of the newly assigned T channel is determined
in the manner described below. Ineither the single area handover
or the inter-area handover, the slot timing is determined from
the absolute slot number and relative slot number.

Ef the newly assigned T channel iS'iﬁdged as being
appropriate (S306:Yes), the link channel setup processing is
finished and the process returns to the flowchart shown in Fig.
4.

Here, if a new T channel is not assigned by the control
signal that was first received after the link channel setup
request was issued (S305:No), the portable telephone judges
whether the timer t has counted for a predetermined period T
(S307). Here, the predetermine period T is a maximum period for
receiving control signals from the target base station and is,

for instance, set as 1.2 seconds according to the regulation by

RCR STD-28.

If the timer t has not counted for the predetermined
period T (S307:No), the process returns to step S305 to receive
a control signal again. Note that conversation can be performed
in 19 frames between time slots for receiving control signals
from the target base station in the manner described above.

If a new T channel has not been assigned by the end
of the predetermined period T (S307:Yes), the portable telephone

judges that a new T channel cannot be assigned by the target base

24
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take-over base station or exceeds the maximum number m of base
5 stations to which link channel setup requests should be issued
(8309). If the judgement result is affirmative (S309:Yes), the
link channel setup processing is terminated without a link
channel being established and the process returns to uthe
flowchart shown in Fig. 4. If the judgement result in step S309
10 is negative, the process returns to step S302 and a link channel
setup request is issued to another candidate base station without
interrupting the conversation via the handover base station.
Note that in this embodiment, if the newly assigned T channel
is judged as being inappropriate in step S306 (S306:No), the
15 process proceeds to step S308 and the value of the variable k
is incremented. However, in such a case, the process may proceed
to step S303 to reissue the link channel setup request to the
target base station. Also, in such a case, the process may
proceed to step S307 to wait for the target base station to assign
20 a channel for the predetermined period T.

After the link channel setup processing is finished,
the process returns to the flowchart shown in Fig. 4 and it is
judged whether an appropriate new T channel is assigned (S106).
It should be noted here that if none of the assigned channels

25 is appropriate, the same operation is performed as when no channel
has been assigned. That 1s, if no appropriate T channel is

assigned, the portable telephone returns to the communication

25
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processing. Each of the timing charts shown in Figs. 5 and

8 illustrates the conversation resumption processing in the
case where each time slot of a newly assigned T channel
10 (hereinafter referred to as a_ _ "new TCH") immediately
precedes a time slot of the previously assigned T channel
(hereinafter referred to as an "old TCH").
For instance, the synthesizer circuits 122A and
122B are respectively fixed for the old TCH and the new TCH
15 during the conversation resumption processing.
Communication on the new TCH is performed while
communication on the old TCH continues by switching these
synthesizer circuits so that the synthesizer circuit 122A is
used in the time slots of the old TCH and the synthesizer
20 circuit 122B is used in the time slots of the new TCH. That
is, the operation for connecting the portable telephone to
the take-over base station, such as synchronous processing
and message exchanges, is performed using the new TCH, with
conversation being performed over the old TCH. Therefore,
25 the silent period during the handover is shortened.
Furthermore, i1f the conversation wvia the handover base
station is also performed during the CCH search processing,
the silent condition is avoided.
The operation in the conversation resumption
30
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alUwave (i1.e., interference wave) of the new TCH is first measured
(S401). If the measurement result of the U wave exceeds a
préﬁetermined value, certain operationé need to be performed.
However, it is assumed that no problem is caused by the U wave

in this embodiment.

Steps S403-S408 are related to the operation for
connecting the portable telephone to the take-over base station
(synchronous processing and message exchanges). This
connection operation is well-known and conforms to an existing
technical standard except that the synthesizer circuits are
switched with conversation being performed on the old TCH.
Therefore, the detailed explanation of the connection operation
is not given here.

Note that if an inter-area handover needs to be
performed, the operation necessary for the inter-area handover
(such as switching of lines between base stations) is performed
prior to the operation in steps S403-SS410, that is, the operation
for synchronizing the portable telephone with the new T channel.
In Fig. 8, this necessary operation is performed at the timing
of the first gap in each line during the conversation resumption
processing. The detaileddescription of the necessary operation

is not given here. However, because the conversation continues

21
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communication with the handover base station is disconnected
(S410) to finish the conversation resumption processing. In
this manner;' the handover operation 1is compléted and the
conversation is resumed with the new base station (see Fig. 4).
10 By performing a handover operation in the manner
described above, the silent period during the handover operation
is shortened to only one hundred milliseconds or several hundred
milliseconds in the CCH search processing period. The same can
be said for an inter-area handover. Furthermore, as described
15 above, if the conversation via the handover base station is also
performed during the CCH search processing period, the portable
telephone does not fall into a silent condition during handover.
It should be noted here that in the present embodiment, a silent
condition during the link channel setup processing period is also
20 avoided. However, even if a silent condition occurs during the
link channel setup processing, the entire silent period is

shortened to one second cor less. Therefore, even in such a case,

the present invention produces the effect of shortening the
silent period during handover.
25

<Modifications>

The portable telephone of the present invention has
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(1) In the above embodiment, if no take-over base station
5 is found in the CCH search processing, or an appropriate T channel
is not assigned to the portable telephone during the link channel
setup processing, the portable telephone returns to the
communication with.the handover base station and makés the
judgement in step S101 again (see Fig. 4, S104 and S101). However,
10 even if the portable telephone returns to the communication with
the handover base station in step S104 and makes the judgement
in step S101 again after a handover operation ended in failure,
there is a high possibility that the judgement result in step
5101 will be the same as the previous one. Also, even if the
15 handover operation is repeated, there is a high probability that
the repeated handover operation will end in a situation where
no take-over base station is found or no appropriate T channel

is assigned.
To cope with this situation, the operation procedure
20 may be modified as follows. That is, after a handover operation
ends in failure, the operation in step S104 is performed. Then
the portable telephone returns to the communication with the
handover base station and a timer is activated. Until the timer
has counted for a certain period, a handover operation is not
25 initiated and the communication via the handover base station
is performed even if deterioration of the communication quality

is detected in step S101. The certain period may be fixed to
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that were found in the CCH search processing of a handover
5 operation that was performed immediately before the current
handover operation and achieved success. If the number of base
stations found in the previous handover operation is small, the
certain period is shortened.
(2) As described in the embodiment, if conversation is
'0 also performed in the CCH search processing period, the number
of base stations whose control signals are received within 20
frames is reduced from 80 to 60. Therefore, if no candidate base
station is found in the CCH search processing (see Fig. 4,

S103:No) or no appropriate T channel is assigned, the CCH search

15 processing may be performed again, with the conversation being

interrupted.

(3) Each time the portable telephone returns to the
communication with the handover base station in step S104, the
portable telephone may count the number of returns to the

20 communication with the handover base station. As the count value
increases, the CCH search processing period for searching for
candidate base stations may be extended or the predetermined
threshold value used during the CCH search processing may be
lowered.

25 (4) In the above embodiment, CS~IDs and RSSI values of
candidate base stations found in the CCH search processing are

stored in the memory 181, with each CS~ID being associated with
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channel and hold the reception timing of the control channel
before a link channel setup request is.issued.
(5) The above embodiment concerns the case where a
0 portable telephone includes two synthesizer circuits. However,
as briefly described in the embodiment, even if a portable
telephone includes only one synthesizer, the silent condition
occurring in the conversation resumption processing period can
be avoided. In such a case, the operation of the portable
15 telephone proceeds to the conversation resumption processing
only if time gaps that are each at least equal to a lock time
necessary to change the frequency of the synthesizer 122 exist
between the time slots used for the conversation via the handover
base station and time slots of a newly assigned T channel.
20 However, the silent condition of a portable telephone including
only one synthesizer cannot be avoided in the CCH search
processing period. This is because if conversation is performed
via the handover base station and control signals are received
under the condition where such time gaps exist, a new T channel
25 that satisfies the stated condition cannot be assigned.
(6) In the above embodiment, the portable telephone of

the present invention 1is applied to the so-called second-
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5 handover base station. This aspect may be applied to any other
type of cordless telephone system. That 1is, the present
invention is applicable to any type of portable telephone having

a handover function.

0 Industrial Applicability

The present invention can be applied to portable

telephones having a handover function.
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performs time~division multiplex communication, comprising:

5 a search means for finding candidate base stations
when a handover is initiated, the candidate base stations being
base stations to which the portable telephone is capable of
switching; |

a request means for requesting one of the candidate

10 base stations to assign a communication channel;

a judging means for judging whether it is possible
to use time slots of the assigned communication channel with time
slots of a current communication channel;

a connection means for performing a connection

15 operationusing the assigned communication channel if a judgement

result by the judging means is affirmative; and

a communication continuation means for continuing
communication on the current communication channel while the

connection means is performing the connection operation.

20

2. The portable telephone of Claim 1 further comprising
two frequency synthesizers which each generate a local oscillator
signal,
wherein the judging means judges whether the time
25 slots of the assigned communication channel do not coincide with
the time slots of the current communication channel,

one of the frequency synthesizers generates a local
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connection operation, the communication continuation means

selects
(1) the frequency“synthesizer generating the local
oscillator signal corresponding to the current communication
10 channel in the time slots of the current communication channel,
and
(2) the frequency synthesizer generating the local
oscillator signal corresponding to the assigned communication
channel in the time slots of the assigned communication channel.
15
3. The portable telephone of Claim 2,

wherein the search means finds the candidate base
stations among base stations that transmit control signals using
time slots that do not coincide with the time slots of the current

20 communication channel,
one of the frequency synthesizers generates the local
oscillator signal corresponding to the current communication
channel and the other of the frequency synthesizers generates

a local oscillator signal corresponding to the assigned

25 communication channel, and

while the search means is finding the candidate base

stations, the communication continuation means continues the
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channel in the time slots of the assigned communication channel.

0 4. The portable telephone of Claim 1 further comprising
a frequency synthesizer that generates a local oscillator signal,
wherein the judging means judges whether time gaps
that are each no shorter than a lock time exist between the time
slots of the assigned communication channel and the time slots
15 of the current communication channel, the lock time being a time
taken by the frequency synthesizer to change a frequency of the
local oscillator signal, and
while the connection means 1is performing the
connection operation, the communication continuation means has
20 the frequency synthesizer generate the local oscillator signal
(5) at a frequency corresponding to the current
communication channel in the time slots of the current
communication channel, and
(6) at a frequency corresponding to the assigned

25 communication channel in the time slots of the assigned

communication channel.
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5. The portable telephone of one of Claims 1-4,
wherein the request means requests another candidate

base station to assign a communication channel when the judging

means judges that it is impossible to use the time slots of the

assigned communication channel with the time slots of the current

communication channel.
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