Ihls;§heet Ras Been Rel aced -1- TRANSM SSI ON CONTROL METHOD OF DOWNGO NG
CONTROL SIGNAL | N TDVA MOBI LE COMMUNI CATI ONS SYSTENM.BACKEROINE-EF=H E o
| N\VENTI ON The present invention relates to a TDVA ([Tirpe dhsATSH A BR
Access) nobile comunications system whi ch perfornd contRﬁPwétméall
_.connection by using control signals of a prede- tertsFree 'equency§
and in partlcular to a control nethod of transm ssion of a downgoi ng

Cyneront » noiseitiedtaf st bl of ofor:Sie bopinol widly, |,
d I dl I dard (RCR STD-28) of
ReSearch & DeSZfoLﬁeﬁI’ﬂf:eﬁI’@ YRR ARt s TR L e

appar atuses use a predeterm ned radio frequency to transmt downgoing
control signals to nobile term- nals in burst node. In such a system by
determning the trans- mssion timng of downgoi ng control signals between.
base appara- tuses in accordance with a clock source, the conflict of the
downgoi ng control signals can be easily prevented. For instance, there nmay
be proposed a system where a base apparatus connected to the | SDN

(Integrated Services Digit I s the clock fromthe | SDN
line signal to decide the wmk% Thﬁn*% he downgoi ng contr ol
signal. This Jm? threesreegl Lax(::v?emtrlonsgee ates %oOCTTDJMAQ {Time Division

Multiple Access) mobile communications system which performs

control of call connection by using control signals of a prede-
5 termined radio frequency, and in particular to a control method 3
of transmission of a downgoing control signal from base stations

to a mobile terminal without synchronizing to a single clock.

DESCRIPTION (I)F THE RELATED ART ¢
In a digital cordless telephone system accerd;ng to the
10  standard (RCR STD-28) of Research & Development Center for Radio
| Systems, respective base appazatuses use a predetermined radio
frequency to tranemit downgoing contiol signals to mobile te:hi—
nals in burst mode. In sech a system, by determining the trans~
mission timing of downgoing control signals between base appara- /
15 tuses ie accordance with a clock source, the conflict of the
downgoihg'control signals can be easily prevented. For instance,
there may be proposed a system ehere a base apparatus connected
eo the ISDN (Integrated Services Digital Network) line extracte

the clock from the ISDN line signal to decide the transmission

20  timing of the downgoing control signal.
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Thi s Sheet Has Been Re |l aced -2- However, in the digital cordless tel ephone
systenllnstalled in a hone; its base apparatus I s usually connected w th an
anal og tel ephone network. Since the base apparatus [¢amgot..extract the.
cloek fromthe anal og tel ephone line, respective b e appanafuses transmt
the control signals to nobile termnals according t ent=clocks. In
ot her words, asynchronous transm ssion of control signals is inevitably
made in such a system causing a probLem.of the conflict of downgoing
control signals which originates in the clock-frequency difference between
t he base apparBawewer. is the ddoitakcordless iedephonecsyatempinsbabied
apparatuses are connected with the anal og tel ephone network 1 and a
plurality & agmes dts base apparatusndecusnrllyt onhecteshmith asanadoegar at us
t hrough a radio channel. Here, a nobile terminal Ais assuned to be |ocated
at a posit telephone: netwprky i $dncerthepbase Apparacnancannat: extiragt tthe base
apparatuses A and B are received at an equal level. Figure 2 is a timng
chart to. eXetkiframsheommalsg seleplionechite cirespechive dbasenappacd tusest em
Rel ative transition of the transnmission tining in the base apparatuses A
and BS i s thanemitathe oontrvd edgnald tei mobile tamminaks according twd t he base
apparatus A. Here, the clock frequency of the base apparatus B is assuned
to be hi ghindependenitacladks.he Thasthearppords Jasfmchronsus tradsmigmiong ofont r ol
signal s-transmtted by the base apparatuses A and B cone into conflict with/
each ot her cantrolrsigials his rinbvitablly nade imeuchpaosysten, ejesindate: 1
OCT 1995

problem of the confliét of downgoing'control signals which
originates in the clock-frequency difference between the base
10 apparatnseh.

. As illustrated in Figure 1, two or more base apparatuses are
connected with the analog telephone aetwork-l and a plurality of
mobile terminals are connected with the nearest base appaxatus
through a radio chanﬁel. Here, a mobile terminal A is assumed to

15 be located at a position where iespective contxol signals trans-
mitted by the base apparatuses A and B are received at an equal
level. " -/
Figure 2.is a timing chart to explain the control signal
conflict in the conventional system. Relative transition of the
20 transmission timing in the base apparatuses A and B is shown
based on the control signal transmission timing of the base
apparaﬁns A. Here, the clock frequency of the base apparatus B
is assumed to be higher than that of the base apparatus A. Since
the downgoing control signals transmitted by the base apparatuses

25 A and B come into conflict with each other at time T3, the mobile
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13- Lern1na| A cannot receive the downgoing control signals. There- fore,
“even’if the base apparatus A transmits an-inconmng call signal. to the.
nobile termnal A at this time, the base apparatus A rapnot establlsh t he

i ncomi ng call connection with the nobile ternminal A Uécausg¢ 1€, 1D

term nal ‘A cannot receive the. incomng call signal. Meth —of -avoi di.ng
the failure of such incomng call con- nections are proposed as follows: a)
t he base apparatus are sending the contyrol signal repeatedly until the
control signal does not conflict with another control signal, and b) the
base appartdrmsi ik Ascameots eede e ithircdowmigaingt bentxoit mdgnalgnalThexadom

Enmpl oyi ng the second nethod (2), even if the transm s- sion overlaps at ‘a
ti ne instafbres evenoif! tid basebajparatascs transmits lem dacomingecallst ant. A
method for elimnating the conflict of acknow edge signals sent from nobil e,
term nal s bygnsl *® theimsbidievtéiminalont #v/thisanime, |thedbase|épphnatuéapanes?
Pat ent Lai d-open No. 62-108626. Another nethod for elinminating the conflig
of radi o wavesadnt establisk ithe- incteing necalin iconhectivm elithhthe giohillech
calling signals are transferred froma switching systemto a plurality of
connegt i ontenwinall ASbécavse tiiel mobile senmiml Retynact deselvédecthe n Japanese
Pat ent Lai d-open No. 3-241949. However, according to the first nethod (a),
the base aphednfing ¢all'siynall.s the cont rol signal to nobile term nals
repeatedly until the control signal does not conflict with another, result-

Methods of avoiding the failure of such incoming call con-

nections are proposed as follows: a) the base apparatus are
sending the control sijnal repeatedly until thie Eontrol signal
10 does not conflict with another control éignal, and b) the base
apparatus makes the sending interval of the control signal
random. Employing the second method (2), even if the transmis;
sion overlaps at a time instant, the conflict probably fades out
at the next time instant. | . 3
15 A method for eliminating the conflict of acknowledge signals
sent from mobile terminals by using a time-division controll
channel is described in Japanese Patent Laid-open No. 62-108626.
Another method for eliminating the conflict of radio waves by
using a time-division control channel through which calling
20 signals are transferred from a switching system to a plurality of
connection apparatuses with delaying successively is described in
Japanese Patent Laid-open No. 3-241949.
However, according to the first method (a), the base appara-
tus transmiﬁs the control signal to mobile terminals repeatedly L 4

25 until the control signal does not conflict with another, result-
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,,Thls I's the replacenent sheet This Sheet Has Been Replaced -4- ing in
delayed connection. Especially, in cases where there .s little.difference
bet ween the cl ock frequencies of the base apparatuse' ::$i nce -t he. downgoi ng
control signals overlap with each other for a very I-ng timEy: QY :
connection cannot be established during the |ong coni Fod. Nbreover )
accor.ding to the second method (b), since the downgoing control signals are -
not transmitted at a constant interval,q the efficient battery-saving cannot
be achieved in a nobile term nal. SUMVARY OF THE | NVENTI ON An object of thé
present i nimgtindelayed eomnectdon.trans- mi ssion control nethod which caR
avoid a conflict between downgoing control signals sent from base
appar at useBspeciallyhi in ¢casen whersdthexet bs alititdec difféxaye bBbleemtiliec
comuni cati on. Anot her object of the present invention is to provide a ,
met hod of cdock dftequenches tofathei base apparatuges, sincetth® downgaingo t hat
the control signal can be prevented from overl apping with other control
si gnal s i ncantxdl |sdgnal=umrexdiapownitis \eachnotvlier fforha versp dongy eibes any
apparatuses are provided with independent clock sources which are working
asynclis onocehgecticn zaandts Heoestablished@ating aheolohgdntlibe perioat '
I nvention is inplenented in a TDVA nobil e comuni cati-ons systemin which a
nmobi | e t er Hopedvers, laccetding\itiohthe SticondenetIRAS (b)) QVs itk headoimygailng vy of
base stations each independently

control signals are not transmitted at a constant interval, the

efficient battery-saving cannot be achieved in a mobile terminal.

-

SUMMARY OF THE INVENTION

10 An object of the present invention is to provide a trans-’
mission control method which can avoid a conflict hétween
downgoing control signals sent from base apparatuses to a mobile
terminal so as to achieve a steady TDMA mobile communication.

Another object of the present invention is to provide a

15 method of controlling the transmission timing of a control signal
so that the control signal can be prevented from overlapping with
other control signals in a mobile communications system where the
respective base apparatuées are provided with independent clock
sources which are working asynchronously.

20 A transmission céntfol method accoiding to the present \
invention is implemented in a TDMA mobile communications systenm
in which a mobile terminal is lacated within service areas

provided by a plurality of base stations each independently
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~*Thissis the repl acenent sheet Date: -5- transmtting a control signal of
a predeterm ned radio frequency at first predetermned intervals. After /

synchronizing with a first control signal received T L St - base™™ Y
station to allocate time slots in a first predetern et PREE! VAS Bu-he
mobi | e termi nal deternmines whether a radio wave of § P 1 ,r:rﬂ ned radio

frequency exists in each tinme slot or not, and generates radio condition
data of all the tine slots. A radio-condition signal including the radio
condition data is transmtted to the first base station. Using the radio
condi t i offr@ReBitting sceontin shignabiof 8 predetesmined xadios Eregrencyt ati on
detects a first time interval between adjacent tinme slots associated with
sai d fir3F BhHER: predegerminedsAntexyalsascatten isynchyynizingewithsa tine
interval is smaller than a predeternined value, the first base station
changes EArst pentzodi shgnalkiregeived (faom astinsdnbase stapien tach that the
first time_ interval becones |arger than the predeternm ned val ue.
Pr ef er abR}loeake hisecatotofin efizatl predeterminedc intérvals| theimokddeer mi ned
by the followi ng steps: detecting radio-field strength of the radi o wave at
a plar al ceymgnal desepnines athethexr|aicadio rwae loft the predetermigst i ng t he
radio-field strength with a predeterm ned threshold; and determ ning that’
t he radi sadiecfxequencyiexists dn edalt tdméysldteort het ) atidogbnetatest rength i s
not smaller than the predeterm ned threshold at one or nore of
radio condition data of all the time slots. A radio .condition
signal including the radio condition data is transmitted to the . /'
first base station. Using the radio condition data received from
10 the mobile terminal, the first base station detects a first time
interval between adjacent time slots associated with said first
base station and another base station. When the first time
interval is smaller than a predetermined value, the first base
station changes in transmission timing of the first control
15 signal such that the first time interval becomes larger than the
predetermined value.
Preferably, the presence of the radio wave in each time slot
-is determined by the following steps: detecting radio-field
strength of the radio wave at a plurality of time positions )
20 included in each time slot; comparing the radio-field stremgth
with a predetermined threshold; and determining that the radio
wave exists in a time slot only when the radio~field strength is
not smaller than the predetermined threshold at one or more of
the time positions included_ ia the time slot. -

25 More specifically, the transmission timing of the first
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«the time positions included in the time slot. Mre specifically, the

“ trahsmi ssion tinming of the first This i,s the replacenent. sheet -Date: 10
OCT 1995 control signal is changed as follows.|| thhkesihaser-station, using
the radio condition data received fromthe nobil g} ternmgat acde- tects tine
I nterval s between adj acent tine slots associ ated bt —Fase=st ati ons,
respectively. Subsequently, the base station detects the |ongest tinme
i nterval anong the time interval s whenétshe first tine interval is smaller
than the predeternj ned value, and changes a transm ssion tine sition of
the first COBEEPD| olanal.ia, chanaed. as tolions: cihe, baas, sEHHom,PRIRAI |
accordance wi th_anot her aspect of the present invention, a first _base
appar at us thayTadis sandition data. rreeivest, from the mobite terminal, g8 s gnal
to a nobile terninal in predetermned jntervals. In this case, the nobile
terninal KeCESt sing,dnteguals betwepn Adjagept time, sdgks @¥sagighed vithacn
time slot in response to the inquiry signal received fromthe first base
appar at us thenkase #Atatiops i FREPEGEARR LY ¢ s Subsegientdyndthe hase,shatian gnar
whi ch indicates the tine positions of radio waves recejved within the
pr ede® er nidgEgCERtEhe, Jongast timendpterval, anpngi the ddmet inkexyadicvheRr gnal to .
the first base apparatus. The first base apparatus, receiving the radio /
condi t i on tAesRE¥sEime iprerval dsnspallen &gm rtshe predetempinesevalweer ences
bet ween the downgoi ng control signal sent by the first base apparatus
i tsel f an@ndt AbangrAvRy Sragseisnion tine mositiemiofhet flysth £eatERDar at uses.
I f at -

signal to the center of the longest time interval.

In acco:danée with another aspect of the presént invention,
10 a first base apparatus may transmit a radio condition inquiry
signal as a control signal to a mobile terminal in predetermined
intervals. In this case, the mobile terminal detects the presence
of radio wave of a control signal in each time slot ih resﬁonse
to the inquiry signal received from the first base ;pparatu§.
15 The mobile terminal generates a radio condition answer sigmal
which indicates the time positions of radio waves received within ., /
the predetermined intervﬁl, and transmits the radio condition A
answer signal to the first base apparatus. The first base
apparatus, receiving the radio condition answer signal from the
20 mobile terminal, detects time differences between the downgoing
' control signal sent by the first base apparatus itself and other
downgoing control'sigﬁals sent by other base apparatuses. If at
least one time difference becomes lower than a predetermined

threshold, the first base apparatus changes the transmission

25 timing of the downgoing control signal such that the time differ=~
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.Feast.one time difference becones |ower than a predeterm ned threshold, the
first ‘base apparatus changes the transm ssion timng he downgoi ng

. control signal such that the time differ- This is thel mepd gceppns sheet~
-7- ence becones larger than the threshold. By per f orim ng ﬁggh ﬁseperatlon
at the predetermned inter- vals, the differences in -ﬁé&bﬂj\InE

bet ween base appa- ratuses are almays kept larger than the t hr eshol d,"
resulting in no conflict with each oLher. Therefore, a stable TDVA nobile
conmmruni cation can be achi eved. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
i s a scheemte dbduiomels argerrchahother¢hzesholdnt i onal cordl ess tel ephone
system Figure 2 is a timng chart showing the conflict of downgoing

control signasy perfoltming Wueh ah dpcpatiod at ihgupeedetarminedhinvéx< bl ock
diagramillustrating a digital cordl ess tel ephone systemaccording to an /

enbodi nenyal$, tthe differéndeayent txansmisgidt tdmesbatwedh NtAasehappa- 3
illustrating a transm ssion timng control according to the enbodi nent;
Figure 5 ratvseictavel aliviys Kepti barger thanitie theeshold Jwesudting i a base
apparatus in the enbodi nent;

5 no conflict with each other. Therefore, a stable TDMA mobile

communication can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram showing a conventional
cordless telephone systenm;
, . e
10 Figure 2 is a timing chart showing the conflict of downgoing

control signals in the systepjo£=rignre 1;

Figure 3 is a schematic block diagram illustrating a digital
cordless telephone system according to an embodiment of the

present invention;

15 Figure 4 is a timing chart illustrating a transmission

timing control according to the embodiment;

Figure 5 is a detailed block diagram showing the configu- Y

‘ration of a base apparatus in the embodiment;
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Figure 6 is a detailed block diagramshow ng the configu- ration of a
“nmobile terminal in the enbodi ment; Figure 7 is a . .Showi.ng..t he
operation of a base apparatus in this enbodi ment ; ||Friggreed i@l ow chart
showi ng the operation of a nobile termnal in t hi enbode meat s Figure 9 is
a diagram showing a wave formto explain a detect thod-ef=t he presence
of radio waves in a nobile termnal; Figure |OA .is a diagram showing a
frame configuration of a radio condi I-lson answer signal sent fromthe nobile
termnal to the base apparatus; Figure |OBis a tine chart showi ng the sl ot
al l ocati on dufigwFea6t iarm detaiied | kv&am showing: thepgentian- Figure 11
Is atime chart showing the transm ssion timng of each base apparatus in
t he syst ehatiorriaf asmobileterminals in the gmbedimentng data bits of a radio
condi - tion answer signal sent back froma nobile termnal at a tinme This
is the replacement sheet = -9- instant Tl of Figure 11; Figure 13 is a
di agram show ng data bits of a radio condi- tion answer signal sent back
from a nobi | gFignne @ais ;& flowi ckartshowing Xhef opegagion vf Kibpse 14 is a
detailed flow chart of the steps S509 to S512 in Figure 7;

apparatns in this embodiment;

5 Figure 8 is a flow chart showing the operation of a mobile ’ N

terminal in this embodiment;

Figure 9 is a diagram showing a whve form to explain a
detection method of the presenée of radio waves in a mobile
terminal; ,. S

'
10 Figure 10A is a diagram showing a frame configuration of a
radib condition ans'we:.; sighal sent from the mobile terminal to

the base apparatus;

rigure 10B is a time chart showing the slot allocation

during a transmission interval of the base apparatus;

15 Figure 11 is a time chart showing the transmission timing of

each base apparatus in the system of Fig. 3;

Figure 12 is a diagram showing data bits of a radio condi-

tion answer signal sent back from a mobile terminal at a time

_—
This Sheet Has

mwwwGEe



Figyre 15 is a time chart showing the transmission timng of base
apparatuses 2A and 2B just after the transm ssion tiHpg-ts—chHai(e _
Figure 16 is a diagram showi ng data bits of a radio qmuistmoﬁ‘anéﬁer
signal just after the transmission timng is change DETA&'EEB%__@CRI PTI ON
OF THE PREFERRED EMBODI MENTS Referring to Figure 3, =way—of exanpl e, two
adj acent base apparatuses 2A and 2B are connected with the existing anal og
t el ephone network 1: The respective bgase apparatuses 2A and 2B have _

i ndi vidual reference clock oscillators which are designed to work with a
peri od ofinseantiT) iofc¥dgwre Al actual |y have slight This is the repl acenent
sheet variations in frequency. Based on the clock frequencies of the
reference clock oscillators, the respective base apparatuses 2A and 2B
transmt control signals of a predeterm ned radio frequen- cy

i ntermttent Figure rdbilseat diagnan sh@singrdats bitec lofbasradispeondls al so has
a function to change the transmi ssion timng of the control signal :
accor di n¢ion abswerdiignabrsbnt backffrzommabinbkilerberminal ®ie ar tipective - /
mobile termnal 3A and 3B, in response to a radio condition inquiry signgl
recei ved instamt thof Fhgaretlls, | udge whether the radi o wave of any control
signal exists in each slot. The result is sent back to the base appara- tus
as a radio condition answer signal. A radio connection between a base
apparatus and nobile termnals conplies with the standard (RCR STD-28). In
t hi ss exanpl eFighre sléadsuaedetdiledt fbow chaktf of ilenareps S509 to 5512

in Figure 7;

Figure 15 is a time chart showing the transmission timing of
base apparatuses 2A and 2B just after the transmission timing is
changed; and

10 Figqure 16 is a diagram showing data bits of a radio condi-

tion answer signal just after the ‘transmission timing is changed. Y

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fiq'nre 3, by way of example, two adjacent base
apparatuses 2A and 2B. are connected with the existing analog
.15 telephone network 1. The respective base apﬁaratn_se 2A and 2B
have individual reference c¢lock oscillators which are designéd to

work with a period of 125 milliseconds but actually have slight . \ /
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. the.base apparatus 2B is higher than that of the base apparatus 2Ab In
addition, the nobile termnal 3A is assuned to be |ocated at the position
where the respective radi o waves of control signals are received fromthe
base apparatuses 2A and 2B at an approxi mately equal radio-field strength.
As shown in Figure 4, the transmssion timng in the base apparatus 2B is
approachi ng that of the base apparatqi 2A. At the tine instant T1,
according to a radio condition answer stignal received fromthe nobile

term nal v3diat{thedaRCHARRMMRIS Bdndd'dHCEné Aok erdiddniies of ik

transm ssion timng (2A) fromthe transmssion timng (2B) is suff|C|entIy

| ar ger t?gﬁefeﬁéagzg.b%ﬁr {1 3 altdrs NocHeL Re8pedEive SHSEtapparyﬂiﬁe@ﬁ?t

Been Replaced mn d val Ue. Theréfore, the base apparatus 2A dd!s

not changaqt b {rfaAealkSSbikdll Bigta Xy o£hg dﬁcﬁaé{ telrm$héd Hadib! £EOGudd e

instant T owever:, a transm SSI on time ence between the base

appar at ug S;ﬁf@bﬁﬁﬂ:&ﬁtlﬁ £5 ke (6t 8"0L hofo b, dlct! Bhfel | e, Upon

recei pt o I o condl - tion answer signal fromthe e term nal 3A,

the Hasc apigkere 'di302hng ¢ duhet I WARREAGS O eBhf1LABROBIGERY T O SO oS

to avoid Icting wth the downgol ng co e base

appar at u £)2§h§tc6|%‘;rsog0§% 1 Yetbp@ing o £hé adidABGRAE IdiCo i g ss on

timng ( t he ar at us qU|res t o condition of the

nmobi l e t in tahat 3ghey
transm sgb% ?i me d‘?‘??ére%lgé; I%s?ﬁé%%‘;ﬁeﬁlb éjs'ée %&%ﬁ%s&sssﬁfh ciently

large as ﬁg%@tté I&ergiﬂ@ condition 1ngu1ry ‘signal received from a base
apparﬁtns, judge whether the radio wave of any cqntrol signal
10 exists in each slot. The result is sent back to the base appara-
tus as a radio condition answer signal. A radio connection
between a base apparatus and wmobile terminals complies with the -/
standard (RCR STD-28). !
In this example, it is assumed that the clock frequency of

15_ the base apparatus 2B is higher than that of the b;se apparatus
2A. In addition, the mobile terminal 3A is assumed to be located
at the position where the respective radio waves of control
signals are received from the base apparatuses 2A and 2B at an
approximately equal radio-field strength.

20 As shown in Figure 4, the transmission timing in the base
apparatus 2B is approaching that of the base apparatus 2A. At
the time instant Tl1, according to a radio condition answer signal
received from the mobile terminal 3A, the base épparatus 2A \]
judges that the distance of the transmission tining (23) £from the

25 transmisgion timing (2B) is sufficiently larger than a' predeter-

_—
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instant”T3. In this way, the transmssion tinme interval of control signals
bet ween base apparatuses i s kept at a predeter- m ned distance at all
times, which can prevent a control signal fromcolliding with the others.
Next, the respective circuits of a base apparatus and T T e ;

will be explained in detail -hereinafter. The enbodi ne %PﬁysTTmEﬂ
(Time Division Miltiple Access/ Time Division Duplex) e Eohpl-ying wi t
the radio standard of RCR-STD-28. An _ADPCM codec encodes and decodes speech
signals and a digital signal nmultiplexing /denmultiplexing circuit perforns
a fram ng pimaeThresheld dalaece THerefoEd? The Bise Afpparadas r 74 albesnnbtgure
5, a base. apparatus is conprised of This is the replacenent shoot Thi s

Sheet Has &efigeRtheatfshsmikdionkinglot thel ebhefsl Hgnapnnected with the
t el ephone network, an ADPCM codec 202, a digital signal

mul t i pl exi ng/ GaMiinel bR 11l tahE O | howlVer 2B0taadidMsIOR £86k WipsFskem 204.

The operations such as the transmni ssion of a downgoi ng control signal and

the transnasdd Yatiedhehs taBECagdratases Ola addVps N neaPia@ldiy 205 in this
enbodi nent. The transm ssion timng of a downgoing control signal is

deci dgd bagmrbslid1dNathe LK aALUBRis 4dmbY Wpdn®rBEei PP G ¢heCkadisidonasar 206.

As illustrated in Figure 6, a speaker 301 and a m crophone 302 of a nobile

t er m nal egs midh _ g cal
int erfacea%%r.pq'?ﬁgs%@%i %ogggmggze%sw%éﬁﬁif HOknE base AL

tus 2A starts the transmission timing change control so as to

avold conflicting with the downgoing control signal (2B) of the
base apparatus 2B at the mobile terminal 3A. After changing the
10  transmission timing (2A), the base apparatus 2A ingquires the Y
| radio condition of the mobile terminal 3A again. As a result, it
. is confirmed that the tranmsmission time difference with other
base apparatuses is Qufficiently large as shown at the time
. instant T3. 1In thi‘s.way, the transmission time interval of
15 control signals between base apparatuses is kept at a predeter-
mined distance at all times, which can prevenﬁ a control signal
from colliding with the others.
Next, the respective circuits of a base apparatus and a
mobile terminal will be explained in detail hereinafter. The
20  embodiment employs TDMA/TDD (Time Division Multiple Access/Time ° /
Division Duplex) scheme complying with the radioc standard of RCR
STD-28. An abpcn code¢ encodes and decodes speech signals and a
digital signal multiplexing /demultiplexing circuit performs a
framing process inh accordance with RCR STD-28.

25 As illustrated in Figure 5, a base apparatus is comprised of
e
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perforns encodi ng and decodi ng of speech signals. The encoded Speech signal

is input to the digital signal mul ti pl exi ng/ denul tiplexing circuit 305 and
is transmtted through the TDMY TDD radi o system 306. ), TE0; e, a
radio wave is received by the TDMY TDD radi o system CANG TR ST Has aray

|
acircuﬁt

denmul tiplexed with the digital signal nultiplexing/de -LLﬁﬁéﬁﬁg
305. After being denmultiplexed, the received signal is decoded by the
ADPCM codec 304. The reception | evel j@af-the received radio wave is
measured with a radio-field strength detector (not shown) which is, as
known wel @ cireviticintexface 20\vecont@edawibh sthe aelephone netwonks odn er 307
reads the nea- surenent val ue of the received radio wave strength, decides
whet her t ROPEMdredar:\202¢f a adigitadt signali gnitiphexsing/demulttiplexdyggt he
measur enent, and generates answer information which is com -13- prised
of data bicdizcnitis 223,ngndhe THMASTDR crasfior aystem0d. Mbheparatioesti ni ng of
operations such as described above is decided based on the clock supplied
by the refsacbnas thedixavsnissisnoet 39 Rowhgoihs stontrpdr sigmalamadt hhe nobi | e
term nal each decide the operation timng based on the reference clock
suppl ed Kranemission drining|changesare lcontrohbedravitthoaccomtiymlder I0%r ef or e,
transm ssion timng of the downgoing control signal in each base apparatus.
i s deci dedabyhisi eabeefimentic e Theotkansiiasiion ety ofus dawrgediagenbodi nent /
is designed to trans- mt eight control signals per second internittentlx
(every 12%ontrol signal is decided based on the clock supplied by a refer-
ence clock ogcillator 206.
As illustrated in Figure 6, a speaker 301 and a microphone
10 302 of a mobile terminal are connected with an ADECH codec 304
through a telephone call interface 303. The ADPCM codec 304
performs encdding and decoding of speech signals. The encoded
speech signal is input to the digital signal
multiplexing/demultiplexing circuit 305 and is transmitted
15 through_the TDMA/TDD radio system 306. On the other hand, a
radio wave is received by the TDMA/TDD radio system 306 and is
demultiplexed with the digital signal multiplexing/demultiplexing )
circuit 305. After being demultiplexed, the received'éignal is
decoded by the ADPCM codec 304. The reception level of the
20 received radio wave is measured with a radio-field strength
detector (not shown) which is, as known well, provided in the
TDMA /TDD radio system 306. The controller 307 reads the mea-
' Surement value of the received radio wave strength, decides

whethexr the radio wave of any control signal exists or not using

25 the measurement, and gemerates answer information which is com-

- This Sheet Has Been Re ) / ’

B



mlliseconds) in accordance to independent clock timng. er, since
.. each ‘base apparatus decides the transmi ssion time of
according to the i ndependent reference clock, the tr n§ﬂ?sslonﬂﬂqBﬁgN|s
gradually shifted in steps of a period stemming fro the.acchaCy errot; of
each reference clock for the design period of 125 nilliséconds —tSee=Fi gure
4.) For sinplicity, it is assuned that the reference clock frequency of the
base apparatus 2A is equal to the desigyn.value and the transmni ssion
i nterval of downgoing.. control signals is just 125 mllisecond. On the
ot her handerised of datarbdtehimdidatingfehe presehes loff radienmveaf t he base
apparatus 2B is only | ppm higher than the design frequency. That is, the
t r ansm ssiNoreaver; vtie dfindognobiopgrativnisueh gad | describéd dbane dppar at us 2B -
is 1/1, 000,000 narrower than the design period of 125 mlliseconds. This is
t he repl aciettidedshased O the clock GupplicibDB®y the -relférentercligekt ance, it i Y
assumed that the base apparatus 2B transmts a control signal fifty (50)
m | | i secomiidilatort3®8.base apparatus 2A transmts a control signal to tHhe
nobile termnal. 3A. In this case, if the timng is not changed as prior
art, Bhe contmhe bageaipbavatad dial lthbatchiaRDeeMhireasS eabhadebizid thansni t
conflict wwth each other after 50,000 seconds, that is, about 14 hours from

" that tine.opdvatdonrtimingCbaséd diertereferance n&mik %thnied Dyakadt 570
m cro second, the overlap period of both control signals continues for -

about 570 rnﬁamndee ¢lwik bsciElitir as mentioned above. Therefore,

kbmev-

transmission timing of the downgoing control sigmal in each base
apparatus is decided by this reference clock.

10 : The base apparatus in this embodiment is designed to trans-
mit eight control signals per second intermittently (evéry 125
milliseconds) in accordance to independent clock timing. Howev-
er, since each base apparatus decides the transmission time of
the control signal according to the independent reference clock, Y

15 the transmission timing is gradually shifted in steps of a period
stemminq from the accuracy error of each reference clock for the
design period of 125 milliseconds. (See Figqure 4.)

Ebr simplicity, it is assumed that the reference clack
freqnency of the bage apparatus 2A is equal to the design value

20 and the transmission interval of downgoing control signals is
just 125 millisecond. On the other hand, it is assnmed that the
reference clock frequency of the base apparatus 2B is only lppm
"higher than the design freguency. That is, the transnission'
interval of downgoing control signals in the base apparatus 2B is "‘/

25 1/1,000,000 narrower than the design period of 125 milliseconds.
, —_— :
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.as many as 9.5 minutes. During such an overlap period, no call connection
can be nmade. The operations of a base apparatus and ' termnal in
thi.s enbodi ment will be explained hereinafter. OPERATI ONiZGE - BA
Referring to Figure 7, in this enbodiment, the base dppara~:tus.i¥
radi o condition inquiry signal regularly every about 15*fiFAut€S: ‘The radio
condition inquiry signal is a signal of a downgoing physical slot For
control. The radio condition inquiry ,gignal is defined by using the value -

of Cl specified for an option in the Cl coding rule of RCR STD- 28. ,
Moreover, thpotechfstianthy ibeis vigbtmed thatnthe!lbase appsrdtas- 2Bows in thi
enbodinent. In RCR STD-28, it is required that transm ssion is done within

t he accurgaussitd P GontIHErsHghat, £1REN (5b) ki 11d sebonds tafterr thermsemse
appar atuses, the maxi num frequency difference between base apparatuses is

10ppm | fappl@atud A tirinéMErd AP AfEFFINeigh&Eito the ddbild tegmingliuency
difference of loppm a Difference in transm ssion tim ng between base

appar at ugas | #aStiid @asd, bye Thel tinHRf 980dndEcnbnglliNal Yiciokh&EE] il by
transmtting a radio condition inquiry signal every 15 m nutes, the

trangm s goRbrbl N8 ithal8whEck Both! bakd APppiratuddsrbal Bfd (AP RFERSRION tiMe
di fference between the base apparatus and ot her base apparatuses is kept at

gg;gr L Pﬁs%&elﬂaéléfap@aéﬁ-o&ﬁfrafkaﬁ 503,00b Obkiconte, " Lh&H 1@, abbuttfe base
hours from that time. Moreover, since the length of a control
signal is about 570 micro second, the overlap period of both
control signals continues for about 570 seconds, that is, about
10 as naﬁy as 9.5 minutes. During such an overlap period, no call
| connection can be made. : ' _ -/
The operations of a basé apparatné and a mobile terminal in
this embodiment will be explained hereinafter.
OPERATION OF BASE APPARATIUS
15 Referring to Figure 7, in this embodiment, the base appara-
tus transmits a radio condition inquiry signal reqularly every
about 15 minutes.. The radio condition inquiry signal is a signal
of a downgoing physical slot for control. The radio condition
inquiry signal is defined by using the value of CI specified for
20  an option in the CI coding rule of RCR STD-28.
Moreover, the reason why the cycle ;s 15 minutes is as fol-
lows in this embodimenﬁ. In RCR 5TD-28, it is required that y
transmission is dome within the accuracy'of 5ppm. Therefore,

when thinking about two or more base apparatuses, the maximum

25  frequency difference between base apparatuses is 10ppm. If there
— T . _
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startss a 15-minute tinmer (S501). If there are neither a calling request nor .
an arrival of a nessage (No of S502 and No of S503), the standby state of
t he base apparatus continues until the 15-mnute tinmer _reaches the=se Itimé
(No of S504 and No of S505). When the tinme of 15 minjg éﬁogg§§eaA§ I\
S504), a radio condi- tion inquiry signal is transmft (TtﬁgmbﬂﬁﬁbbiLgﬁ
termnal (S506) and the 15-mnute tiner is started (% Ard=—tHen -t ne
base apparatus waits to receive a radijg condition answer signal froma
nobile termnal (No of S505). Wien the radio condition answer signal is
recei ved isom fiwuenby! aiffureneal of oppa! SiFPferbhce Blitxansntisio

I nformation on the nobile termnal is nenorized (S508) and anal yzed (S509).

And, if itikingcsstveenybide Gppagatided 18 Shortihed’ BYSI PA198e8bnd oi ng
control signals (Yes of S510), the controller 205 cOntrols the radio system

204 such Lbanirvdtes.,l ANRETELIre) by trihsAiteOnY 'alradlidGdmiiitd on #RGEHy S511) .

The timng change routine will be explained Iin nore detailed latéer. "After

the transsigsaDrevery 16-mirnted) tRS HRQAEmtdwiHI¢inkhs daiflive €adi tion

inquiry signal is transmtted again for confirmation™ (S512). A usual

cal | isng PtoGEFEd el thi€ i) Eramdhi s¥i0RCEMd Giiredonce IdetWBBACLAS 2
calling request or arrival of a nessage (Yes of S502 or Yes of S503).

OPERATI ONb&ke M‘ﬁuﬁﬁsmmhlee; Bidd raggaeafam 9s8kepP Ut h@leﬁi BhaP10 e

radio condition inquiry signal-froma base apparatus, a no e termna

starts mgilliseconds.
Refexring to Figure 7, first of all, the base apparatus
starts a 15-minute timer (S501). If there are neither a calling Y
10 reqnest nor an arrival of a message (No of'ssoz &nd No of 8§503),
the standby state of the base apparatus continues until the
15-minute timer reaches the set time (No of 5504 and No of S505).
When the time of 15 minutes passes (Yes of $504), a radio condi-
tion inquiry signal is transmitted to the mobile terminal (S506)
15 and the iS-minute timer is started (S507). And then the base
apparatus waits to.réceive a radio condition answer signal from a
mobile terminal (No of S505).
When the radio condition answer signal is received from the .
mobile tefminal (Yes of S505), the radio condition information on "‘/
20 the mobile terminal is -memorized (S508) and analyzed'kSSOS).
And, if it is necessary to change timing of the transmission of
downgoing control signals (Yes of §510), the controller 205
controls the radio system 204 such that the transmission timing
of con;rol signals is changed (8511). The timing change roﬁtine

25 will be explained in more detailed later. After the transmission

" This Sheet Has Been Replaced

AR




the, operation of radio wave detection and answer formation. If there is no
calling operation and no call signal is received (No_of S601 and No of

S602), the nobile terminal enters the standby stateql 7 (ﬁﬁ% jfon
inquiry signal. (No of S603). Wien receiving the r ﬁ%m%g édtﬂA% naL ry
signal fromthe base apparatus (Yes of S603), the | _QLEL&&_JEﬁ cts

the presence of a radio wave in each of slots which are allocated during
the period of 125 mlliseconds after %he reception timng of a control
signal (S604). The radio condition data i ndi cating the presence of radio

vave in easing! ks baeh’ dd,ethé rddi® LoRPLARRAL AW Ery? Signaddi® condition
answer si gnal (8605) When he transm ssion of the radio condition answer

signal i gransRitiea & gaihtfdzs colle it ime (8912 §.he ASHBeAT @¥12ahgon S
establ i shed or not out. of synchronization, the nobile termna

erforns I r sgandb
p R’i‘oﬁ&&‘&ﬂ«f?ﬂ ahe&m@oeaﬁil ceadih ﬁeﬂa i’ 18 tHereeaSh y

operatio be not t hat e synchroni zati on operations S606 This

Is the rg ahi‘iﬁg%qn%g%eﬁr arrival of]ad‘%%g&e Y¥esN8ECE50Y Yor FegSyaCchroni zing

with a newtining Tn cases ere t he base apparatus changes the-
trangm sg Fgg5t|n1ng of a control signal, as described |ater, for the

pur pose 0 using the nobile termnal to performa receiving oper atiop
with bat- tery-saving in | @R MoRRLIM timng of. a contro

signal received fromthe base apparat us. OF THE PRESENCE OF RADI O
VAVE

Referring to Figure 8, upon receipt of the radio condition
inquiry signal from a base apparatus, a mobile terminal starts
the operation of radio wave detection and answer formation. If
10 there is no calling operation and no call eignel is received (No
of 8601 and No of $602), the mobile terminal enters the standby
state of a radio condition inquiry signal (No of 5603).

, When receiving the radio condition inquiry signal from the
bese apparatus (Yes of 56035, the mobile terminal detects the

15 péesencé of a radio wave in each of slots which are alloéated

| during the period of 125 milliseconds after the reception timing -/
of a control signal (S604). The radio condition data indicating
the presence of radio wave in each slot is traasmitted to the
base apparatus as a radio condition answer signal (S605). When

20 the transmission of the radio condition answer signal is complet-

ed, it is checked whether the synchronization is established or

not (S606). If out of synchronizetion, tﬁe mobile te:nihal

pexforms e synchronization operation and then returns to the

standby operation.

25 It is to be noted that the synchronization operations 5606
-
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-The presence of a control signal in each slot is -—cantrol | er
- 307 reading a reception level fromthe radio-fiel ¢ SHISESHRATT 'das sEtar
i ncorporated in the radio system 306. As illustratjed i nR&EFguggD09, ddtection
of the received radio condition is nade according To three drfTTerert points
in each time slot (forner edge, center, and post-edge). These tine points
are set by the. controller 307 which recogni zes each slot according. to the
clock received fromthe reference ctagk-oscilla- tor 308. ; (*S) can set
detection timng three the above-nentioned, The controller 307 conpares a
pr edet er ApR 369 axenBeaesFany £aE senehsopizing witdpaiesv tdRApd\IR yes
obtained in accordance with the three tine points. A slot is_ judged as
havi ng aCREES Wheree thanhbase iappaRatem(Changes [Ehensrpnsminsion timing qfeast
one reception |level value in the slot is equal to or larger than the '
t hr eshol @. contxnl sigpal, ras desrsibed\Jatey s fn thecprErase BENCARELNG eshol 4,
the slot is judged as having no radio. wave, which is indicated with th§
val ue ' Othe mobile segminal o peuform éhaeceiving operatipmaisheba%or each
slot fromthe 1st slot to This Sheet Has Been Re |laced - 18 - the 200th.
RADISO COtery+savimgsimrsmehpunization iwight the-itjmiag obe seatreB, in the
present enbodi nent, the transm ssion interval of the base apparatus is 125
m | | i secsignal cxeneiveddiror thecbag®@ppagatueach having 625 mcroseconds. A
radi o condition answer signal is a signal of an upgoing physical
DETECTION OF THE PRESENCE OF RADIO WAVE

The presence of a control signal in each slot is detected by

the controller 307 reading a_reeeption level from the radio-field
10 ‘strength deteetor ihcefporated in the radio system 306.

Ae illustrated in Figuxe 9, detection of the received radio .
condition is made according to three different points in each
time slot (forner edge, center, and post-edge}. These time
points are set by the controller 307 which recogniees each slot Y

15 accoxding to the clock received from the reference clock oscilla-
- tor 308. ; (*s) can set detection timing three the

above-mentioned. The controller 307 compares a predetermined
threshold with the radio-field reception level values obtained in
accordance with the three time points. A slot is judged as

- 20 having a radio wave, which is indicated with the value '1‘', if at
least one reception level value in the slot is equal to or largex
than the threshold. If all three reception level values are less
than the threshold, the slot is judged ae having no radio wave,
which is indicated with the value '0'., In this way, the radio -/

25 - conditiop data is generated for each slot from the lst slot to
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slot.for control. The radio condition answer signal is defined by using the
value of C specified for an option in the C coding rule of RCR STD-28.

The. information (1) field, 32 bits, of a radio condfrs
‘consi sts of a frame nunber of first seven bits and E
remai ning 25 bits for convey- ing radio condition dgata |HEEa£@g§5 S
section. As described above, receiving the radio condr TTFor=H
the nmobile term nal 3A observes the cg grent radio condi- tion for 125 , /
mlliseconds after when the radio condition inquiry signal is received. The
control | een@OZomdtecks whether a radi o wave exists in each slot by conparing
the reception level of the slot with the threshold, and represents the.

result as one bit of the wabre conDITION HNSweRoSIGNAZDO bits of data are
required to indicate the radio condition of 200 slots. As shown in Figure

| OA, since 25pefé@iSiny CoobiqureiscloA GardN08) ditdither pr@aedt tmpodiménityes are
required to informthe base apparatus 2A of the current radi o condition of

the mobi | ¢hbetradilisddon TIvteivd10of Y basefapgagaiis oigatisomill esets- (1)

over 8 franes are associated with 200 slots existing during the trans- -

19 - 4ri ssien éféﬂ‘bﬂd RhoidifesP 206 SRR eheh Kuvihlye 6050hi G dsabbhasl A
performng the 'frame synchronization. Mre specifically, as shown in.

Figure | CBadmeébﬂJ_Qﬁbhaaﬁbﬁﬂibbkﬁn&f&@ Baki gnHdIC HE0Rh Z@Sgdiing" phpsical

transm ssion interval of 125-mITisecond of the base apparatus the first

bit indi cahioBIrdd CoHteDECOrtl riéﬂ'b oY LioR ardsRryaliysal s dBeLRede the
synchroni zed timng of the nobil

by using the value of CI speczf;ed for an option in the CI coding

a1 SAe

A THIR SHE el g @
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rule of RCR STD-28. The information (I) field, 32 bits, of a
10  rxadio condition answar signai consists of a frxame number of first
seven bits and a data field of the remaining 25 bits for convey- Y
ing radio condition data in each 25-slot section.
As described above, receiving the radio condition inquiry
signal, the nobile terminal 32 observes the current radio condi-
15 .tion for 125 milliseconds af;e¥ when the radio condition inguiry
signal is received. The controller 307 checks whether a radio
wave exists in each slot by comparing the reception level of the
slot with the threshold, and represents the result as one bit of
the value 1 or 0. Therefore, 200 bits of data are required to
20 indicate the radio condition of 200 slots. As shown in Figure
10A, since 25 slots are allocated to one signal frame, 8 signal e/
frames are required to inform the base apparatus 2A of the
current radio condition of the mobile terminal 3A.
The 200 data bits of the information fields (i) over B

25 frames are'associated with 200 slots existing during the trans-

u i
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termnat is corresponding to the transmi ssion slot of _the base apparatus
with which the nobile termnal is frame-synchronizing: arl e .
remai ning data bits fromthe 2nd up to the 200th eacElPﬁE%%%ﬁLEéSFﬁEN | /
presence of radi o wave sequentially corre- spond to tike-sigls B hav'ng‘
625 m croseconds wi dth. EXAMPLE OF RADI O CONDI TI ON DATA Referring to Figure
11, the transnission tinme points of the base apparatus 2B at tinme T1 and
time T2 are shown respectively based_oQ%Lhe transm ssion timng of the base
apparatus 2A. In this exanple, at tine T1l, the base apparatus 2B transmts

a downgoi ngl sEivn’ ShtehedInlofEhe base hppiraasiai Byt tie mobile tbergipall and 38th
slots of the nobile.termnal. At time T2,. the base apparatus 2B transmts
the domgg:éﬂ&mha%héimib fictitoat kst fonQV CMotd pedificaIllyOEe sl ots. As
shown in Figure 12, at tine Tl of Figure 11, the control- ler 307 generates
the radi o g tinORigate JoB, Whéd al Bere#in mobl Se Ofediiinal UsPislirodizasd 38
-have the value '1' and the other bits have the value '0'. 'Receiving the

radi o condpifpnenevRisiseioh {dtevallcofiysiail Pisdcvak of thewabe, the base
apparatus 2A -20- determ nes that the transm ssion timng of another

base apparﬁéwca(eug ét Phé 15350 biPandasst BRP the! Phegdhce BESEAd D Wave2?2

mllisec- onds (6 m croseconds x 36) after transmtting a control signal.

AS shown | padisiyl Gatde ‘afl'.tiﬁ&%eofchgi SHchrdiizéd ¢ ARG’ 6F -t moBlTe

generates the radio condition data in which the data bits of bit nunbers 28

and 29 havgeiiai2idCcorrespoaidlf tof BRé tidntmission slot of the base

apparatus with which the mobile terminal is frame-synchronizing. . /

Similarly, the remaining data bits from the 2nd up to the 200th
10 each indicating the presence of radio wﬁve sequentially corre-
spond to the slots each having 625 iicrdseconds width.
EXAMPLE OF RADIO CONDITION DATA
Referring to Figure 11, the transmission fime points of the
.base.apparatns 2B at time T1 and time T2 are shown respectively
15 based on the transmission timing of the base apparatus 2A. In
this example, at tine-ml, the base apparatus 2B transmits ﬁ
downgoing éontrol signal which is loeated in time over the 37th
and 38th slots of the.mobile'terminal. At time T2, the base
apparatus 2B transmits thé downgoing contiol signal which exists Y
20 over the 28th and 29th slots.
As shown in Figure 12, at time Tl of Figure 11, the comntrol-
ler 307 genezatés the radio condition data in which the data bits
of bit numbers 37 and 38 have the value ‘'l' and the other bits
have the value '0'. Receiving the radio condition answer sigmal

25 from the mobile terminal at time T1, the base apparatus 2A
_
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have+the value '0'. In this enbodinent, the tine interval of Tl and T2 is
15 m nutes during which the transm ssion timng of the base apparatus 2B
shifts closer to that of the base apparatus 2A by about 5.6 mllisecq or
about 9 slots. In other words, the base apparatus 2A sF-fes T Natrehel -
ot her base apparatus 2B transmts a control signal ab ﬂHE?Sh?ILLj onds
(625 mcrosec- onds x 27) after transmtting a controlysign EFL ON
TI M NG CHANGE | N BASE APPARATUS Refergg g to Figure 14 €n receiving the
radio condition answer signal fromthe nobile termnal, the controller 205
of the baleterpinestthat?thdcteanapiasiod ftdmdngcoff anather brsf 4PPaFAtIHI ng

bet ween the base apparatus 2A and the base apparatus 2B on the basis of the
data bit {inf this ¢asey chei basd iappdratus (28)r exists abonti 32 midddigecsi gnal
(S509). In the exanple of the radio condition answer signal as nentioned
above, tlondsi (628 hifarosecends! % S63batfter? Transnittinghdscontxdlysignabnd about
17 mlliseconds at tine T2. Subsequently, it is checked whether the

det ect.ed ti masdahéwn cinw eifure sti,aagetind &2 80 Piguresddonthe (BBLIPL- |f not

| arger than 20 mlliseconds (Yes of S510), the controller 205 of This is

t he sepl deaB07 gémératesThhe rAdiet coditionndiep| ax sthich2the dave bits
appar atus 2A changes the transm ssion timng so as to prevent the contr.ol

si gnal freimbdenhihbér@8Wahd 2% havkhthe Valhe) ! 1'Siamk thacother bdksf er ence yd
Is about 17 mlliseconds at tinme T2, at this tine the transm ssion timng

i s changashve\theevalue '0'. In this embodiment, the time intexval of T1

and T2 is 15 minates during which the transmission tining_bf the
base apparatus 2B shifts closer to that of the base apparatus 28
10 by about 5.6 milliseconds or about 9 slots. In other words, the
base apparatus 2A determines that the othgr base apparatus 2B
transmits a control signal about 17 milliseconds (625 microsec-
onds x 27) after transmitting a control signmal.
TRANSMISSION TIMING CHANGE IN BASE APPARATUS
15 Referring to Figure 14, when receiving the radio condition
answer signal from the mobile terminal, the controller 205 of the + /
base apparatus 23 detects a difference Td in transmission timing )
between the iase aﬁparatus 2A and the base apparatus 28 on the
basis of the data bits of the information field of the radio
20 condition answer sigmal (S509). 1In the example of the radio
" condition answer signal as mentioned above, the time difference
Td is about 22 milliseconds at ﬁime T1 and about 17 milliseconds
at time T2. Subsequently, it is checked whether the detected

time difference Td is larger than 20 milliseconds (S510). If nét

25 larger than 20 milliseconds (Yes of 8510), the controller 205 of



'the transni ssi on timng of the gase apparatus 2A is changed_is decided as
follows. First, since the data bit of bit nunber 1 is of the £, ;a_g§
2A itself, the base apparatus 2A replaces it with the vaIueprﬁéné%&ppd B Ni
t he controller 205 detects the longest bit string of Os fra@m= :ZQ&::::Q
bits as would be forned into a loop. Finally, a tine position correspondi ng
to the bit nunber at the center of the longest bit string of Gs is decided
as new transnmission timng. Mre speaifically, referring to Figure 11,
there is onl ne bit string of Gs ranging fromthe bit nunmber 30 up to bit
nunber Zmlga!#t&mwsZZmCh“ﬂ%fﬁheetremsﬂ-OnumnngQ A8 ®ecided to
be at the center of the bit string of Os.- The controller 205 of the base
appar at uprepent thes control #igmalsfron Fpnf-hy!ﬁ}lgl!!gtbl‘&ﬂs ofher that the tine
posi.tion corresponding to the bit nunber 118 beconmes new transm ssion ° /
tining. ASBIL)i hBimcanthe skimendifferafcenBdgis iabousndl auiddiseronds At
apparatus 2A transmts a radio condition inquiry signal to the nobile
t er mi nal timei B2 At dhisi time itde tSHISHissden tigimgi 4s Rthanged. 15WheRe 16, t he
transm ssion timng change of the base apparatus 2A causes the transm ssion
t i med positheotragsuissionstining ot the 2aseocapparatingt 2hels ahanggddis o the This
I's the replacenent sheet Thi s Sheet Has Been Replaced - 22 - center of .
t he trandecdidednas ifimdlowser \Eilrstf sincebtbe dahaabdtuef bit hambef ol eis as
shown in Figure 16, the data bits of bit

of the base apparatus 2A itself, the base apparatus 2A replaces

it with the value '0'. Second, the controller 205 detects the
- longest bit string'ot 0s from all the 200 bits as would be formed
10 into a loop. Finally, a time position corresponding to the bif
number at the center of the longest bit string of 0s is decided
as new transmission timing.
More specifically, referring to fiqqre 11, there is only one Y 4
bit string of 0s ranging from the bit number 30 up to bit number
15 27 via bit number 200. fTherefore, the bit number 118 is decided
'to be at the center of the bit string of 05.. The controller 205
of the base apparatus 2A shifts the transmission timing by 118
élots such that the time position corresponding to the bit number
118 becomes new transmission timing. After the transmission
20 timing change is compléted, the Sase apparatus 2A transmits a
radio condition inquiry signal to the mobile terminal again for
confirmation (S512). '
As shown in Figures 15 apd 16, the transmission timing
change of the base apparatus 2A causes the transmission time \ B

25 position of the base apparatus 2B to be relatively changed to the
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nunmbers 99 and 100 each have the value '1' and the other bits In the

above: menti oned enbodi ment, a system having two base apparat uses has been
descri bed by way of exanple.. However, it is apparent that the sape. .__—e=c==3
procedure as shown in Figure 14 is also appl i ed to anot heff=5y

szstgmﬁﬁaygﬂgfaN“

plurality of base stations. Mreover, in the above- nentloned eﬁbgdlgenb a -

radio condi- tion inquiry signal causes a nobile tern1na|1t0 detecL.Lhe-—'
presence ‘of radio wave and generate daja.bits for an answer’ S|gnal These
operations nmay be perforned independently by the nobile termnal itself.«In/
t hi s casecenternabithe transmitdsiondyine intekval i ¢heabaseh APPATABS at us )
shoul d change its transnission tinming or not. Only when the change in - :
transm ssi2dn t rherefore,nescshown int Rigunebibe the datal biky aff dtnit a

transm ssion timng change request signal together with a necessary radio
condi t i on nimbexrsi 9Maind 100i eac havpoths lviadue o' 1rs antdhtheleprhedebhitst art of

t he above-nenti oned operations on the base apparatus together with the

i ndependemg*start of the nobile termi nal. As described above in detail, in
the met hod of controlling the transm ssion of a downgoing control signa

accorsling to trhethe estdve-nextivned) embodinientt 4 csysteal hawimy ttwot baser esence
of “radi o wave of a downgoi ng control signal in each time slot in response

to an i nquippurat@ses hasC been ddscribed I aagt of iewampIbe HowevaR,-ituis | e
term nal generates a radio condition answer signal which indicates the tine

posi tions refit othiity eher game \troceitils asashows e Pigars 14tisr adso and
transmts the radi o condition answer
applied to another system having a plurality of base stations.
Moreover, in the above-mentioned embodiment, a radio condi-
10 tion inquiry signal causes a mobile terminal to detect the
presence of radio wave and generate data bits for an answer e/
signal. These operations may be performed independently by the
mobile terminal itself. In this case; the mobile terminal judges
whether a certain base apparatns should change its transmission
15 tining or not. Only when the change in transmission timing is
necessary, the mobile terminal may transmit a transmission timing
change reqﬁest signal together with a necessary radio condition’
data signal. It is also possible to use the dependent start of
the above-mentioned operations on the base apparatus together
20  with tbe independent start of the mobile terminal.
As described above'in detail, in the method of controlling
the transmission of a downgoing céntrol signal accordiﬁg to the y
present invgntion. a mobile terminal detects the presence of .

radio wvave of a downgoing control signal in each time slot in

25 respoﬁse,to-an inquiry signal received from a base station. The
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si gnal to the base apparatus. The base apparatus, receiving the radio
condi tion answer signal fromthe nobile terminal, detects_ti ne-eifferen
bet ween t he downgoi ng control signal sent by the base apparapus Ltséﬁ?
ot her downgoi ng control signals sent by other base apparaguses.t YFLAGE :
one tinme difference becones |ower than a predeterm ned thik e base
appar atus changes the transm ssion timng of the downgoi ng control si gnal
such that the time difference becones,harger than the threshold. By
perform ng such an operation at predetermned intervals, the differences in
transm sshéph 1d BerShiE Qfenedates W AadioSeonditdon! aagwerk aignhlreieich han t he
threshold, resulting in no conflict with each other. Therefore, a stable.

TDVA mobi {89 Wtﬁattﬂﬂe %Bi’&ﬂoﬂphife!@dho Tavesi secdivedepliithinent sheet
-24- What 1s clainmed is: 1. In a TDVA nobil e conmuni cations systemin

whi ch a nﬁbé&@:émabaaintédam; aaRdl tWahBhits YNe $AdE6 AEEnditashdssevrr a
plurality of base stations, each said base station independently

transm tt zign QQNiche! h&éé)f&baﬁitlﬁs Dr eflet wigd Apparatu®, receioiny the first
predeterm ned intervals, a transm ssion control method conprising the steps

of 1 & saigqrehiddatesdl iﬁ&we:ak:t?mc FrefRi Ehd GobilB Gelfniral castésts si gnal
re- ceived froma first base station of said base stations to allo- cate a

pluralitysphe i Fretenibes HetVedh Nehd AowRbfidd 'conteBl! sidnal sent by the

' base apparatus itself and other downgoing control signals sent by
other base apparatuses. If at least one timé difference becomes -/
lower than a predetermined threshold, thelbase apparatus changes
10 the transmission timing of the downgoing control signal such that
the time differemce becomes larger than the threshold. By
perfozhing such an operation at predetermined intervals, the
differences in t:ansqission'time between base apparatuses are
_alwayé kept larger than the threshold, resulting in no conflict
15 with each other. Thérefore; a stable TDMA mobile communication

can be achieved.
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:si gnal ¥ b) deternining whether a radio wave of said prede- termined radio
frequency exists in each said tine.slot to gener- ate radio condition
information of said tinme slots; c¢) transmtting said raff =
information to said first base station; at said first bgzgigggé ?Xh ?E EN L
detecting a first time interval between adjacent tine sjots_a GFRd wit
said first base station and anot her base station during which said radio
wave does not exist, on the basis of. ggaid radio condition information
received fromsaid nobile termnal; and -25- e) changlng in transm ssion
timng ofWlset dsf claimebdszol signal when said fiTst—time—interval—is
smal |l er than a predeterm ned val ue, such that sa erval
beconmes | arger than said predeterm ned val ue. !lm " tﬂiﬁ% Mssi on
control nethod according to claim1, wherein the es the
steps of: detecting radio-field strength of said radio wave at a plurality
of time positions included in each said tinme slot; conparing said

radi o-field s{fengt hyyi § hepMAPRGSIEre oA IBAE iRl tin AR0WRRS LT Ni Ng 4 hay

said radio wave exists in a tinme slot of said tine slots only when said

y
radi o-11 epsh Sild ¢aghPadF iAOhocdRd VithiR bet¥ite PARLR Provigéen Wy ashol d at at

| east one of
plurality of base stations, each said base station independently

transmitting a control signal of a predetermined radio frequency
5 at first predetermined intervals, a transmission control method
comprising the steps of:
at said mobile terminal,
a) synchronizing with a first contrel signal re-
ceived from a first base station of said base stations to allo-
10 cate a piurality of time slots according to said first control
signal; _ |
b)'detérnining whether a radio wave of said prede- Y
té:mined radio frequency exists in each said time slot to gener-
ate radio condition information of_said time slots;
15 c) tramsmitting said radio condition infbrmation to
sald first base station;
at said first base station,
d) detecting a first time interval between adjacent
time slots associated with said first base station and anothex
20 base station during which said radio wave does not exist, on the

basis of said radio condition information received from said

mobile terminal; and | Y
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said tihe positions_included in said ti me slot. 3. The
control nethod according to claiml1l, wherein: said step (d)

step of detecting ti mm]ﬂmuu":mmﬂl en adjacent tine slotg
with said base stati meonthe basis of said
i nformation; and said*sttp e cénptises the steps of: detecting a second

time interval |larger than any other tine interval anong said tine intervals

when said first This is the repl acensst-sheet - 26 - tinme interval is S

smal | er than said predetern nedq val ue, ;, and changing_a tyansni ssion tine
position of said firk c&‘ﬁﬁﬂ'&ﬂqﬁ grapsmigsina Ewggr ggf’%iﬂa 8%ond tine,

interval. 4 The transm ssion control nethqQd accordi ngtflo claim 2, /

wher ei n: COBEFoL#iamad) vheR faid. Sirsh time ipteryalois; fRakiere tRARR yal s y
bet ween adj acent tine slots associated wth said base sta igns, :

restct | PERgetermined yalne. fuch that said ng. g Fﬁ?‘iﬁ‘??é{. BFomefhd said
step (e) conprises the steps of: detecting a second tine interval |arger
than any }3THer ¥han sajdcpredetarpined ¥aduer e interval s when said first tine

interval is smaller than said predeterm ned val ue,; and changing a
transm ssion tine position of said first

2, The transmission control method according to claim
1, wherein the step (b) comprises the steps of:
detecting radio-field strength of said radio viave at
a plurality of time positions included in each said time slot;
5 comparing said radio-~field strength with a prede-
termined threshold; and
detemining that said radio wave exists in a time * S
slot of said time slots only. when said radio-field strength is
not smaller than said prédel:emined threshold at at J:.e_ast one of

10 sald time positions included in said time slot.

3. The transmission' control method awor&;ng to claim
1, vherein:
said step {d) comprises the step of detecting time
intervals between adjacent time slots associated with said base
5 stations, respectively, on the basis of said radio condition
information; and , _ . /’
said step (e) comprises the steps of:
detecting a second time interval larger than any

other time interval among said time intervals when said first
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< control signal to the center ond tinme interval.

The
. transm ssion control “met hod accordln to claim1, further qmmggﬁggg N
step of performng sai mc“muugmt second predet er mjhed HﬁE@r;_\A@I Eg
The transm ssion contr mﬂ ng to claimb5, wher |

(a)-(e) are started up by Said i r &t base station. Thi s Sheet Has Begp
| aced -27- 7. The transm ssion control nmethod according to claimb5,
wherein said steps (a)-(e) are startagd up by said nobile termnal. 8.

In a TDVA nobil e communi cations systemin which a nobile termnal is

| diiat edtivee hintezwali is swallerpthan ¢eddbpredetiesmined Wﬁﬂ‘bﬁs@%t ations, each
sai d base station independently transmtting a control al of a

predet er ni ned radi changimg = kransnissionptine posdtion ¢f|tse&\¢aﬁ§rsﬁ

transm ssion control nethod conprising the steps of: at a first base

st at i oncofitsol czigmad €6 diieocentey dff aaidigedand &imeriaterwymidrol signal to
said nobile term nal at second predeterm ned intervals, said first contro
signal being a radio condition inquiry signal; at said nobile termi nal, b)
synchroni zing with said radio condition inquiry signal received fromsaid
first base gf{ationqne 8rhRsiis8idnPéotitiol! Method iateozdiig to clainm

2, wherein:
said step (d) comprises the step of detecting time
intervals between adjécent time slotg associated with said base
5 stations, respectively, on the basis of said radio condition . /
information; and
said step (e)'camprises the steps of:
detecting a second time interval larger than any
other time interval énong said time intervals when said first )
10 time interval is smaller than said predetermined value,; and
changing a transmission time posit;on of said first

‘control signal to the center of said second time interval.

5. The traﬁsmissiox_x control methed according to claim
1, further comprising the step of performing said steps (a)-(e) ) /’

at second predetermined intervals. y

6. The transmission control method acco_:ding to claim
5, wherein said steps (a)-(e) are started up by said first base

station.
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. ¢) determ ning whether a radio wave of said prede- termn

exists in each said tine sTFot to gener- ate radio conditi TH’ﬁﬁHﬁﬁThéﬁEtﬁEN
said time slots; d) transni ) diti on answer (5ignalREFAACES ng
said radio condltlon i nf or ““ﬁ“ﬂ“‘ﬁﬁ‘““ﬁ“?st base station; aft sard frTyt
base stati on, et ectitng*a first tinme interval bet ween adj acent
time slots aSSOCIated mnth said first base station and anot her base station
during which said radi o wave does ngh exist, on the basis of sai d radio
condition information received fromsaid mobile termnal; and f) changing

i transmisgion ti iyl t@hnsisbisAnédmicoll §8BhodRRo2ALMY i elatane i nterval
is smaller than a prede- term ned value, such that said first tine interva

becomes 4 a a L & I ansm ssi on
control Fﬁﬁge%é'i%r? sfe e‘% ?ﬁndﬁdsgr ein tn% bgtseTol‘% rci")ahtg'?)'rrprl ses the

st eps ogn #gftlng radlo field strength of said radio wave at a plurality
of time posittrons included in each said tinme slot; conparing said
radio-field strength with a prede- term ned threshold and determ ni ng that
said radio wave exists in a tine slot of said time slots only when said

radio-field strengtP 'Srﬂﬁ}smoﬁle cu‘gmhan s&gln rey%% rﬂ%q_chhaeshol d at

one or nore

mobile terminal is located within service areas provided by a
plu:ality of base stations, each éaid base station independently o K
transmitting a control signal of a predetermined radio frequency . /
5 fat first predetermined intervals, a transmission control method )
comprising the steps of: |
at a first base station of said base stations,
a) transmitting a first comtrol sigmal to said.
mobile terminal at second predetermined intervals, said first
10 control signal being a radio condition ingniry signal;
at said mobile terminal,
b) synchronizing with said radio condition inquiry -
Signal received from said first base station to allocate a
plurality of time slots;
15 | ¢) deternining whether a radio wave of said prede- N
temined radio fféquency exists in each said time slot to gener-
ate radio condition information of said time slots;
d) transmitting a radio condition answer sigmal
including said radio condition information to said first base
20 station; T

at said first base station, [
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-sai,d.time positions included | : TheHig ansst Bk
control nethod accordi ng to ﬂiﬁg sal d step (jp) comEpLACED
step of detecting tine |nterv en a Jacent time slist '

with said base This is the replacenent sheet - 29 - statlons
respectively, on the basis of said radio condition information; and said
step (f) conprises the steps of: detecting a second tine interval | ar ger
than any other tine interval anong-sgéd tine intervals when said first tine
interval is snmaller than said predetern ned val ue,; and changing a

transmi ssion tinme peyidétmetingsmifirsvnting dateryahlbatyeencadianedt of said
second tine interval. 11. . The transm ssion control nethod according to
cl ai m 9,tineeediots sssatiated With sadfrfiorst bhsestegtion ded carothert i ne
interval s between -adjacent tine slots associated with said base stations,

r espect ibasdey statioheduxingswhicls siaddr sallin wavdi does) notf exist, @n thad said
step (f) conprises the steps of: detecting a second tinme interval |arger

t had anybasiseoft said iradiovebnditioy infarmationi nécaivmds frbersaid d first tine-
interval is smaller than said predeterm ned value,; and changing a
transm ssolile iteempmal ;t iand of said con-

4
f) changing in transmission timing of said control Y
signal when said first time interval is smaller than a prede-
" termined value, such that said first time interval becomes larger

30 than said predetermined value.

9. The transmission control method accoxrding to claim
8, wherein fhe étep (c) comprises the steps of:
' detecting radio-field strength of said radio wave at
a piurality_of time positions included in each said time slot;
5 _ comparing said radio-field strength with a prede-
temined threshold; and - L Y
deteminiqg thaf said radio wave exists in a time
slot of said time slots only when'.said radio-field streagth is
not smaller than said predetermined thréshol’d at one or more of

10 sald time positions included in said time slot.

10. The transmission control method according to claim
B, wherein:
said step (e) comprises the step of détecting time

intervals between adjacent time slots associated with said base .
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Irol signal to the centér of said second tinme interval: THIS SHEET HAS BEEN
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- 29 -
5 - stations, respect}valy. on the basis of said radio condition
information; and |
said step (f) comprises the steps of: 3
'datecting a second time interval larger fhap any |
other tine interval among said time'intervals when said first
10 time interval is smaller than said predetermined value,; and
changing a transmission time position of said con-

trol siqmal to the center of said second time interval.

11. The transmission control method according to claim
9, wherein:
said step (e) comprises the step of.detecting time
intervals between adjacent time slots associated with said base -/
5 stations, respectively, on the basis of said radio condition
info:mation;.and |
said step (f) caﬁprises the steps of:
detecting a second time interval larger than any
other time interval among said time intervals whén gaid first
10 time interval is smaller than said predetermined value,; and
changing a transmission time position of said con-

trol signal to the center of said second time interval.
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