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TITLE OF THE 1 NVENTI ON A MOBI LE UNI T COVMUNI CAT! om/{ﬂ:@%ﬁ@—&‘
"BACKGROUND OF THE | NVENTI ON 1. Field of the Invention Thi s
izwvention relates to a nobile unit comuni cati on appar at us séFEEEively
‘comuni cating with at | east first and second base stations to

communi cate with a network, the first and second base stations
respectively having first and second service areas partially

overl apping 10 each other. 2. EEschkﬁion of the Prior Art.

A nmobile unit comuni cati on apparatus, conprising a - comruni cati on

circuit for selectively comunigcating wth at | east first and second
base stations, coupled to the éﬁEﬁLE4SE#BE§e£¥¥E§E£Q£ctive|y havi ng first
and second service ar [ [ t her, through
first and second fiﬁ?%k&@ﬁ%ﬁé@”ﬁ‘%ﬁ@ﬁ%ﬁﬁﬂ“gn or art nobile
uni t conmmuni cati on apparaéR@Kéﬁog&ﬁcbpsngifN§h§&behbs. :

1. Field of the Invention

5 . This invention relates to a mobile unit
communication apparatus selectively communicating with at
least first and second base stations to communiéate'with a
network, the first and second base stations respectivélj
having first and second.service afeas partially overlapp&ng

10 each other, _ ' _ -
2. Description of the Prior Art.

.A'mobile unit commgnication apparatus..comprising a
communication circuit for\selectively communicating with at
least first and second base stations, coupled to the same

15 network, respectively having first aﬁduéecond service areas,
partially overlapping edch other, through first and seéond
radio wave signals is known. Such a prior art mobile unit
communication apparatus is disclosed in U.S.P. Nos.
4,096,440 and U.S.P. 4,640,986.

20 system for mobile radio communication is

e area 112 is composed of a plurality
zones l1ll4a to 1ll4c in each of which
@ficiently possible with the

25



4:096,440 and U S. P. 4,640,986. 20 - A control systemfor nobile
-radi 0 conmuni cation is di scl os 0. 4,096,440 as shown in
Feg. 9, in whi ch 't he whol e service area 112 is conposed of a plurality
of small radio service zones 114a to 114c in each of which

comuni.cation is sufficiently possible wwth the 25 transmtting power of
any of nobile stations belonging to ' :

- 2- t he service zone, a base station @ each -of the small radio
service zones and a control station 115 for controlling the whol e

service area are interconmunicated through a binar - coded transm ssion
line, and in Jdtfersaryifiezane. # Haff tsd‘?gﬂe‘ii&“ t‘?fdr%q'ﬁléﬁ%nﬂb? $RRL L FRdLP

The whol ¢ ser AR R Aones Rt B ARl APARAT ok g contegt s ne "

common contr o™ ATV Het A Sihdniforip{eed, bt dlprh Wiy
stations infordgid Prer SIS IMhe, arfi fhorisy & prferst atus of the
common control channel
s simultaneous transmission of -the contrql signal from a
plurality of mobile stations when the ;obile stations in
the whole service afea achieve transmission and reception
of fhe control signal between each of them and the éqntrol
‘station over a common control channel. the control.stétion
10 transmits to the mobile stations information'representative
of the busy or idle status of the common control channel
from the mobile stations by the interruption and
transmission of an idle line indication signal. By
révérsing the signal state of the binary coded transmission
15 line to its normal state, information of thé detection of
transmission from the mobile stations by the base_stations
is transmitted to the control station, and in the control
station, the idle channel indication signal is interrupted
by the earliest one of the reversed signals arriving from
20 the plurality of base stations. The start_of the contrdi
signal is indicated by :éstoring the signal state of the.
binary_code transmission line to its normal state. The
control station resumes transmission of fhe idle channel

indication signal upon completion of the reception of the

25 control signal.
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_fromthe nobile stations by the interruption and transm ssion of an
idle line indication signal. By reversing the signal state of the
binary coded transmssion 15 1line to its normal state, information of

. detection of
is transmtt
i dl e channel

transm ssion fromthe nobile stations by the base stat
ed to the control station, and in the control ~station,
i ndi cation signal is interrupted by the earliest one o

the reversed signals arriving from 20 th& plurality of base stations.
start of the control signal is indicated by restoring the signal st
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subscri ber
extending from a telephone exchange, and a plurality of

mobile stations linked with the fixed stations through

radio channels. Each of the mobile'stations effects speech

via one of the fixed stations. The system comprises a

means provided for each fixed station for transmitting rate'

charging information from the telephone exchange to a
mobile station under speech, and a rate collecting means
provided for each mobile station and being responsive.to
the rate charging information to vary its content.

SUMMARY OF THE INVENTION

The aim of the present invention is to provide an
improved mobile unit communication apparatus.

According to this invention, there is provided a

first mobile unit communication apparatus, which comprises:

a communication portion for communicating with a network
via one of at least first and second base stations
respectively having first and éecond service areas,
partially overlapping each other, through first and second
radio wave signals having TDMA/TDD formats; a first-- |
detection portion for detecting a condition of the first
radio wave signal at the communication portidn'when the

communication portion communicating with the first base
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¢ ' : :
extending froma tel ephone exchange, and a plurality of 5 nobile stations

linked with the fixed stations through radi o channel s. Each of the
nbbil e stations effects speech via one of the fixed stations. The
system conpri ses a nmeans provi ded for each fixed station for
transmtting rate charging information fromthe tel ephone exchange to
a 10 nobile station under speech, and a rgte collecting neans

provi ded for each nobile station and bei ng responsive to the rate
charging information to vary its content. ' SUMMARY OF

THE INVENTICNstation' 'coﬁggﬁ?%g;%%ﬁ%ﬁ%np%%Ee%%m5@¥QWg %%é %&@@Hﬁ@%ﬁgdfoan.

15 i nproved nmobrle uhif CormuT pparatus. ™ . . .
this '”Ve”t'Oaithhﬁr%e?ér?h&%&dﬁdgirst cohltirdh %BQ%&%mPQb?O%%QPQEfHE'

appar atus, which conprise conmuni catTon portion for comunitating
with a networ Kommuni¥h®i8RCpettdbnl €85 ohnudlica?e #TANEHRASRHRL iKise 20

respectively having first and second service areas, partially
over | appi ng ea¢htobheandt brgegitihir at faretseyarironiziag @persd ivrd Wl th

having TDMN TDD formats; a first detection portion for detecting a
condition 6f the betshd baseaditatiewne thrgonzh thet cemmumivatdain @orididn on
when the 25 conmunication portion comrunicating with the first base
for a first predetermined interval; a second control.
portion for operating the communication portion to
cbmmunicate with the first base station and effecting a-.
second synchronizing operation with the first base station
10 through the commﬁnication portion for a second -
predetérmined interval; and a third control portion for
alternately operating the first and second control portions
in accordance with the result of the comparing portion
until either of the first or second synchronizing operation
15 is succeed to continue the communication which was
established by the first base station via either of the
first or second base station. |
According to this invention, there is provided.a_
second mobile unit communication apparatus which comprises:
20 a communication portion fof selectively communicating with
at least first and second base stations, coupled to the
same network, respeétively having first and second service
areas, partially overlapping each other, through first and
second radio wave signals having TDMA/TDD formats, the

25 Tfirst and second base stations_further transmitting
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-4- station; a conparing portion for comnparing the condition

‘wWith a reference; a first control portion for operating the

comuni cation portion to communi cate with the second base ~ station and
effecting a first synchronizing operation with 5 the second base station
t hrough the communi cation portion - for a first predeterm ned interval;
a second control portion for operatipg_the communi cation portion to
communicate with the first base station and effecting a second
synchroni zing operation with the first base station 10 through t he
conmuni cati on for determ ned_i nter and 3 third

control portigﬁwﬁ%%gg syngﬁf ﬁggggyCSBEFé RySPARESH PsE oS V&@@bﬁ& A ol
portions eLp BEEREJRNECCHE! RolihGabgS #,hcﬁ}ohtagiﬁg BARERAS1P AN

until either or ~secon sync onrzrn i"s “succeed

{0 cont mie ke GOMYLcabL 8N 4L BrkRSon; o SThATMEREOLALREGH o DaSe

station via elt rst or ase st at
According to tPRhfishf¥ePhEOSn UPRaRdl SyRERYOHER1Ag cont?B20Bd ghBNI | & unit

comuni cati on apparatus whi ch conpri ses:

5 requesting communication with the second base station; a
first detection portion for detecting a condition of first
radio wave signal at the communication portion when the
communication portion communicating with the first base
station; a comparing portion for comparing the detécted‘

10 condition with a reference; a first control portion for-
operating the communication portion to effeét a temporary
stop of the communication with the first base station in
accordance with the result of comparing by the comparing
portion, the first base station further transmitting a

15 downward synchronizing burst signal as fhe firsf'radio wave

| signal when the first base station detects the temporary
stoﬁ of the communication with the mobile unit
communication apparatus; a first monitoring portion for .
monitoring and detecting the down synchronizing burst

20 signal in the first radio wave signal using the
communication portion for a first predetefmined interval; a
second monitoring portion for monitoring the downward
synchronizing control signal for a second predetermined

interval; a second control portion responsive to the

25 comparing portioﬁ for effecting a first synchronizing
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20. a conmuni cati on portion'for sel ectively conmunicating with at | east

first and second base stations, coupled to the sanme networKk,
respectively having first and second service areas, partially
over | appi ng each other, through first and - second radi o wave signals
having TDVW TDD formats, the 25 first and second base stations further
transmtting -5- downwar d
synchroni zing control signals; a receivingsﬁortion for receiving the
downward synchroni zi ng control signal fromthe second base station; a

transmttin ortion for transm tting an rd synchr.oni zji ng control
signal 5 ?eg’lﬁ%ﬁ T BFmPREARY \iﬁt"t% @%%é@%jﬁﬁ sﬁﬁ‘ga.

Sl gnal at -t he SRR BHAeah O i e Aee Fealiarition e B FEn
o oot G e Retecseld Wim? SATGO0 A iret o
portion for- gien AP i (i LATHY & Hd Fhd Yyl Hr Il A€ Gprd €1GRT ar y
stop of the conmunication with the first base station in
5 by operating the transmitting portion for transmitting the
upward synchronizing control signal to the second base
station when the second monitoring portion detects the down
synchronizing control signal.

In the second mobile unit communication apparatug.

10 the control portion effects the first and second -
synchronizing operations alternately.
BRIEF DESCRIPTION OF THE DRAWINGS |

The object and features of the present invention
will become mdre readily apparent from the following

15 detailed description taken in conjunction with the
accompanying drawings ih which: _

Fig. 1A is a block diagram of a mobile unit
communication apparatus and a base station of an embodiment
of this invention; |

20 Fig. 1B is an illustration of this embodiment
showing an arrangement of the mobile unit communication
apparatqs-and base stations;

| Fig. 2 is an illustration of this embodiment for

illustrating a data transmission format;

25 Fig. 3 is an illustration of transmission data
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_accordance with the result of conparing by the conparing portion, the
first base station further transmtting a 15 downward synchroni zi ng bur st
signal as the first radi o wave signal when the first base station
detects the tenporary stop of the conmunication with the nobile unit
communi cation apparatus; a first nonitoring porti-on for nonitoring and
detecting the down synchronizing burst 20 signal in the first radi o wave
signal using the communi cation portibn for a first predeternined
interval; a second nonitoring portion for nonitoring the downward

SR SIS St S S R S G TN S AL
elfecting spz;;ffozﬁgg-“z,gzﬁéts PR AT EAEPORBEE: PO Pl
cormun oot gt uble ShESiabeste LR BB RIGHT ! Tl
a second synchroni zrpg, ogei 3t 408rawing of a timing chart of this
5 embodiment showing an operation of the mobile unit
communication apparatus on the intermittent recei?ing;
Figs. 6A and 6B are diagrams of flow charts of this
embodiment;
Fig. 7 is a drawing of a timing chart of this
10 embodiment showing the synchrohiziné operation; -
Fig. 8 is an illustration of this embodiment showing
a sequence of communication between the mobile unit
communication apparatus and the base station for restoring
‘the communication operation; and
15 Fig. 9 is an illustration of a prior art mobile
communication system. '
The same or corresponding elements or parts are

designated with like references throughoﬁt the drawings..

DETAILED DESCRIPTION OF THE INVENTION
20 .Hereinbelow will be described an embodiment of this
invention. .
Fig. 1A i1s a block diagram of a mobile unit
communication apparatus of this embodiﬁent. In Fig. 1A,
reference Al denotes a base station or a private branch

25 base station and reference B denotes a mobile unit
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5 by operating the transmtting portion for transmtting the upwar d
synchroni zing control signal to the second base station when the
gecond nonitoring portion detects the down synchroni zi ng contr ol
si gnal . In the second nobile unit conmuni cati on apparatus, 10
the control portion effects the first and second synchroni zi ng
operations alternately. _oBRI EF DESCRI PTI ON OF THE DRAW NGS
The object and features of the present in&ention will becone nore
‘readily apparent fromthe following 15 detailed description taken in

conjunction wth the . acco nyi r.aw n I\n | ch: Fi g.
TA 5" bl octolmupigatien, MEATRIRE, Mot 1Y MIAN: Che’ She hase e ticR o
base station ,qf di f | S, NV, Q% .20, ig. 1B
is an illust f‘\g't'i glﬁm% qhilg%é%"géﬁsrrgglt a%rye%nsahoc\;%\nrﬁ &%aran té’r %ar?'gierr%ln s%f t-he

mobi | e uni t %%Pi?ﬁ‘ltji 1A 10 circud@RPY at eam&a%%ssw;cation

Fig. 2is anii stration of this enmbodinent for ITustrating a data
transm ssi oncligici@ty 2 ¥Ffects trahnisthitiing ahd Ireelivangd witeldgBISN ssion

data 5 communication data with a frequency and transmission and

receiving timings controlléd by a wireless communication
control portion 3. Numeral 2a denotes a synthesizer
included in the wireless communication circuit 2 for
genefating a frequency commanded by the wireless controi

10 portion 3. The wireless communication control portion 8
measures a receiving level of a received wireless
communication data and judges a position of the mobile unit
communication apparatus B and stores it in a temporary
memory 4. Numeral 5 is a communication/line control

15 portion which is connected to a line 6 or a network NET and |
to a channel codec portion 7. Numeral's_denotes a control
portion including a microprocessor or the like for
supplying a line control command to the communication/line
control portion 5. The communication/line control portion

20 5 converts the sound signal received from the line 6 into a
digital signal and transfers it to the channel codec
portion 7 and analog-to- digital-converts the sound signal
from the line 6 and digital-to-analog-converts a digitél

sound data received from the channel codec portion 7 and

25 transmits it to the line 6. The channel ¢odec portion 7
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= T- formats of bursts of this enbodi nent; Fig._4 is a
diagramof a flow chart of this enbodi ment showi ng the waiting
operation; Fig. 5is adrawing of a timng chart of this 5
enbodi ment showi ng an operation of the nobile unit comuni cati on
apparatus on the intermttent receiving; Figs. 6A and 6B are
di agrans of flow charts of this enbﬁginent; . Fig. 7is a
drawing of a timng chart of this 10 enbaodi nent showi ng the synchroni zi ng
operation; - Fig. 8 is anillustration of this enbodi ment show ng

a sequence of congEnlcat a bet ween the nobile unit conmmuni cati on
aseRB dafle

appar atus an 5828 SﬂmPBFeFeQPGP|ﬁﬁansmitFEQ evsmysicediviesh

[ |l ustrat f t nobile
o mni oat i odisodgh e wirelbds onyAlchrioh, CRaRRL oA Ay "aredens or

BE%L?LEEfms%%?@ﬁﬁa%%%é%ﬂd&k&éﬁﬁ%e”C’fﬁet dn IR sBeow wi 11 Do
descri bed ancemiR@fi8BBioR! chBhflel includes data of sounds or the like
| 5 and control data generated by the control portion 8,
wherein user data such as the sound data is processed with
the control portion 8 bypassed. In the control portion 8
of the base station Al, reference 8a denotes a _
communication condition storing portion for storing the*
10 freduency and the time slot used during communication with
the mobile unit communication apparatus B and for
'fransmitting a synchronizing burst signal to the mobile
unit communication apparatus B when a signal from the
mobile unit communication apparatus B canhbt be received
15 during communication. Reference 8b denotes a éygchronizing
control portion for restoring the communication condition
with the mobile unit communication apparatus B'when a
- synchronizing control signal is received from the mobile
unit communication apparatus B during transmitting the
20 synchronizing burst signal to the mobile unit communication
apparatus B. .
When the channel codec portion 7 receives data
through the control.channél'and control data through the
communication channel from the antenna 1 via the wireless

25 communication portion 2, the channel codec portion 7



i nventi on. Fig. 1Ais a block diagramof a nobile unit

“communi cati on apparatus of this enbodinment. In Fig. 1A reference Al
denotes a base station or a private branch 25 base station and reference
B denotes a nobile unit conmmuni cati on apparatus (nobile
unit). In the base station Al, nuneral 1 denotes an antenna coupled to
a wreless comuni cation circuit 2. The wirel ess conmuni cation
circuit 2 effects transnitting and recei i3y wirel ess 5 comuni cati on
data with a frequency and transm ssion and receiving timngs
controlled by a wirel ess conmuni cati on control portion 3. Nuneral 2a

denotes a synFF@Bpfers only; datadéa thet kempprar¥sBeBonFudi &&t tafosm dlier 2
por i on o TeESh R SobEERRRR R R TeRY, bECet A" 15 b Rnedl
eCel V10,1 €Y ehadh, Bok BT 7 L EhE et ralSHH kPRSI gAT B R, 2
a tenmporary portion 3 and the wireless communication circuit 2 of each
5 receiving timing. The receiving frequency is set to the
wireless communication control portion 3 in advance by the
control portion 8 at respect receiving_timings. If the
‘control data is transmitted, the control portion 8 informs
the Wireless communication control portion 3 and the %

10 wireless communication circuit 2 of the transmission -
timings and then transmits the data to the wireless
communication circuit 2. Moreovér, the channel codec
portion 7 has functions for generating transmission timings
of control data periodically and intermittently transmitted

15 in the control channel, detecting the presence or absence
of errors during the data receiving, and transferring it to
the temporary memory 4 together with the received data.

In the mobile unit communication apparatus B,
numeral 10 denotes an antenna connected to a wireless

20 communication circuit 11. The ﬁifeless communication
circuit 11 includes a synthesizer 1la. Numeral 12 denotes
a wireless communication control portion, numeral 13
denotes a channel codec portion, numeral 14'denotes a

control portion including a microprocessor effecting

25 functions_of an adjacent base station monitoring portion
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menory 4. Nunmeral 5 is a communication/line control 15 portion which is
"connected to a line 6 or a network NET and to a channel codec portion
7+ Nuneral 8 denotes a control . portion including a m croprocessor or
the like for supplying a line control command to the

comuni cation/line control portion 5. The conmunication/line control
portion 20 5 converts the sound signal received fromthe line 6 into a
digital signal and transfers it to the chizhhel codec portion 7 and
anal og-to- digital-converts the sound_signal : fromthe line 6 and

di gi tal -to-anal og- converts a d| Ita sound data received fromthe
channel codec 1ﬂ@r't 8o /S Ommynd %tgr bess station ﬁ%e“-"m"ﬁg@ izdpe channel

codec portion 7 0ses data_éians tted

and recei ved moni toring, pox tlon | senbles and#¥§% M retess
Comunicat on el el Al oghy Wi d%}eﬁﬁ I PR
control porti g &1oned above have basically similar functions to the
5 base statién A. However, the mobile unit communication
apparatus B does not effect an intermittent transmission
function, so that the channel codec portion 13 does not
have a timing generation function of the intermittent .
transmission of control data through the control channei.
10 Instead of this, the channel codec portion 13 has a timing
generation function for, during waiting a call,

" intermittently receiving a signal on the control channel
intermittently transmitted from the base station to
suppress a mean'consumption current of the internal battery

15 (not shown) of the mobile'unit communication apparatus B
and a function for generating a transmission fiming on the
basis the receiving timing of the signal from the base
station. Numeral 16 denotes a communication control
portion, numeral 17 is a receiver, and numeral 18 denotes a

20 microphone. The communiéation control poftion 16 effects
an analog-digital conversion between the channel codec
portion 13 and the receiver 17 énd microphone 18. An
operation portion 19 and a display portion 20 are connected
to the control portion 14. The control portion 14 detects

25 a start of communication from the operation portion 19 or
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wherein user data such as the sound data is processed with - the control
‘portion 8 bypassed. In the control portion 8 of 'the base station A1,
ref erence 8a denotes a comuni cation condition storing portion for
storing the 10 frequency and the tine slot used during conmunication with
the nobile unit comunication apparatus B and for transmtting a
synchroni zi ng burst signal to the nobile unit conmuni cati on apparat us
B when a signal fromthe mobi | e uni t~¥&fmuni cat i on apparatus B cannot
be received 15 during communication. Reference 8b denotes a synchronizing
control portion for restoring the conmunication condi_tion w th the

mobi | e unit cORYBNtEatAsR F0%addeRdagingeto the dispiay AArklan & r ol
dUring transm ting FHE- 38 SHneR SHEREHHE O gk BNV o uni ¢
C el snomsof B Ahefemen e s, MBLAE SulE BRI RS o0
oo CnaSHATARh BORN 1n0A008 bt AR 5B BBV 1
5 unit communication apparatus B selectively communicating

with the base station Al and the base station A2 to

communicate with the netWork_NET. The base stations SAl

and SA2 respectively have first and second service areas

SAl and SA2 partiallyloverlapping each other. Thereforé,

10 at a common service area CA, the mobile unit communication
apparatus B can communicate with either of base stations Al
and A2. Howe#er. distances from the mobile unit
communication apparatus B to the base station Al and the
base station‘Az are large, so that there may be a

15 difficulty in communication with either of these base
stations Al and A2 to somé degree as a circumference N
condition around the mobile unit communication apparatus B.
Then, it is necessary to selectively communicate with
either of the base stations Al or A2 as the receiving

20 condition of the mobile uﬁit communicatidn apparatus
demands.

The communication between the base station Al and
the mobile unit communication apparatus Bland the

communication between the base station A2 and the mobile

25 unit communication apparatus B are independently provided



-410- transfers only data to the tenporary nenory 4 to informthe
“control portion 8 of an arrival of a call. The channel codec portion 7
informs the wirel ess comuni cati on contr ol portion 3 and the wrel ess
conmmuni cation circuit 2 of each 5 receiving timng. The receiving
frequency is set to the ~wireless communi cation control portion 3 in
advance by the control ,portion 8 at spect receiving timngs. If the
control data is transmtted, the control"g rtion 8 inforns t he

wirel ess communi cation control portion 3 and the 10 wireless connunication

circuit 2 of the_ transm ssjon s and then transm a to

Che w r el egs bY PHEERFERT ATinien mif tiBle \Areevs narner cHeoMAl beBhc
ortion 7 has function ener at i tr m SSio of contro
gata -peri odi caﬂefy %’P{H"?’n‘fﬂeﬁjﬁ?‘l °§Pﬁ er?r @nﬁ?? ecaonﬁf%o* }P%%n%%)ht ro

channel, detecting t rpre&?@fﬂ%ﬂ/ﬁﬂ?eﬁﬁn? div%i@ﬁrlﬂﬁftgb' éng the dat a

receiving, and transterring i enporary menor together with

t he rece'Vesz@Eébs/time divisidﬂ‘ddﬁiéﬁ*”ﬁé%hﬁﬂtpEGWf@ﬂﬁ€a&'0“ appar at us
B, nuneral 10 denotes an antenna connected to a wreless

communi catg orp £d1¥ek £iddal Thean s £56n £ OtHaAK| L& l&rbluralfticdftuﬂﬂlard
I ncl udes a synthesizer 1la. Nuneral 12 denot es
and downward transmission paths will be briefly described.
Fig. 2 is an illustration of this embodiment for

illustrating a data transmission format. A frequency _
carrier is divided into upwqrd (the direction from a moﬁile

10 unit communication appéfatus B to the base station Al or
from a mobile unit communication appéfatus on an arrival
side to another mobile unit communication apparatus on a
call side) blocks and downward (the direction from the base
station A to a mobile unit communication apparatus B or

15 from a mobile unit communication apparatus on fhe :
transmission side to anther mobile unit communication |
apparatus on an arrival side) blocks. The upward block and
down ward block are generated alternately to provided the
time division duplex (TDD), that is, bidirectional

20 communication between the base station and mobile unit .
communication apparatus. Each of the upward blocks
includes upward communication slots TS1 to TS4 to provide
“the time division.multiple access (TDMA), that is,

communications between the base station and each of mobile

25 wunit communication apparatus under communication are



a W reless comuni cation control portion, nuneral 13, denotes a channel

"codec portion, numeral 14 denotes a contr.ol portion including a
M croprocessor effecting 25 functions of an adjacent base station
nonitoring portion 14a, a conmmunicating base station
re-synchroni zi ng nonitoring portion 14b, and a nonitor control- portion
l4c. Nuneral 15 denotes a tenporary ﬁgﬁnry. Respective portions
ment i oned above have basically simlar functions to the 5 base station A

However, the nobile unit comrunication apparatus B does not effect an
et | SOR 35l prgvhURE: PRsnehol aka 08, SHRRREL, cotee, portior
transm ssion of con dat thro theg control .ch Instead of
this, the chaﬁﬂ%?ug% %188r Bﬁ ngﬁﬁs goflﬁﬁﬁﬂple %EgenéPSt 8ﬁ function
Lo Ol nd B BB, ips pLUECRENS! SPbYaRReb s gR aladl on 1 he
suppress a neggnmeASEARLIbANbEetRESA! otk bRCmbBiEENBhi1RALbRMYNication
5 apparatus B and the base station Al. That is, a pair of

upward and downward time slots provided one bildirectional

channel. |

In a communication between the base station Al and a
mobile unit communication apparatus B, a carrier for h

10 control for transmittiﬁg control data for connection -
control and a carrier for communication for transmitting
sound or user's data have different frequencies and
independently used. Generally, channels provided by the
carrier for communication is referred as a communication

15 channel and channels provided by the carriers for control
are referred as a control channel.

The communication between the base station Al and
the mobile unit communication apparatus B and the
communication between the base station A2 and the mobile

20. unit communication apparatus B are independently providéd
by frequency division multiple access manner (FDMA) both in
the communication channel and the control channel.

Fig. 3 1s an illustration of transmission data |
formats of bursts of this embodiment. In the communication

25 channel, communication data burst including user data such
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15 (not shown) of the nobile unit conmunicati-on apparatus B and a

“function for generating a transm ssion timng on the basis the
receiving timng of the signal fromthe base station. Numeral 16
denotes a communi cation control - portion, nuneral 17 is a receiver, and
nuneral 18 denotes a 20 m crophone. The communi cation control portion 16
effects an anal og-di gital conversion tween the channel codec
portion 13 and the receiver 17 and nicrophohe 18. An operation portion
19 and a display portion 20 are connected to the control portion. 14.

The control portion 14 detect 25 a.start ,of ¢go ni.cation fromjhe
oper at i on poPPFo%ofg data and a synchronizing(%urs£Iincfu ng a_ééked

outputs daln Lot atBR B ko YRR L Yt iy e of S ®
oL e T CHURMR BB chas, oZRRRESHISR WA SHGE SIS LA ALY <2
with the basecg$t ghie0R18%.aNEn! RALIDALHA! id¥an¥ell,0a control data burst

5 including control data is transmitted.

In the case of a communication between the base
station 1A and a mobile unit communication apparatus B, in
the downward control channel, control data is transmitted
soleiy and then, no signal is transmitted in the downwa;d

10 control channel for a predetermined interval and this cycle
is repeated. That is, the control data is intermittently
transmitted with the predetermined no signal transmission
period. This is referred as an intermittent transmission
for periodically transmitting necessary data to provided an

15 immediate access to the base station 1A by a mobile unit
communication apparatus B entering the service area SA1l of
the base station 1A. Moreover, an arrival of a call at a
mobile unit communication apparatus B is informed using.
this intermittent transmission. The upward signal on the

20 control channel is used in the case thaf a mobile unit
communication apparatus B requests a base station to assign
a communication channel for making a call, so that it is
transmitted in a random access manner but transmitted for
an interval of upward transmission. In the case that the

25 base station Al assigns the communication channel to the



cbnnunicate with the network NET. The base st-ati ons SAl and SA2

‘respectively have first and second service areas SA1 and SA2 partially
over | appi ng each other. Therefore, 10 at a common service area CA the
nobil e unit comruni cation apparatus B can communi cate with either of
base stations Al and A2. However, distances fromthe nobile unit
conmmuni cation apparatus B to the base station Al and the- - base station
A2 are large, so that there may be a 15~ Pfficulty i n comruni cation with
ei ther of these base stations Al and A2 to sone degree as a
ci rcunf erence condition around the nobile unjit co ni cati on apparatus
B. Then,@9R1le WRLEscoMpuRicatleR2RRATAERA N RaH@WIFRRA contgpiner

o N oase, SLART Al et #5a) Ty B’ Den POcSRR L LASIMPLt BE 9BL €
hel et o e b ol Ailrian cHAFIRELL o4 B imER YL REb0e ez
mobil e 25 untémi@nTeatfeh | £PpaPREIS s SchéifubisEpeprgnthytRr Vi ded
5 synchronizing burst signal to the base station Al in thé
communication channel. The mobile unit communication
apparatus B and the base station 1A recognize to acquire
one to one bidirectional communication channel by the
contihuously transmitting the synchronizing burst signai
10 and it is possible to transmit burst signals for -
communication each other through the successive
.communication data burst. The synchronizing burst signal
includes a long preamble (PR) and a long unique word (UW)
to surely provide synchronizing because the synchronizing
15 burst signal is firstly continuously transmitted after the
communication moves to the communication mode using the
communication channel. The commﬁnication burst has a short
preamble and short unique word because it is éontinuously
transmitted. Instead of this; a user’'s data field for
20 storing sound or user's data is sufficiently ldng.
Then, a waiting operation of the mobile unit
communication apparatus B will be described. Fig. 4 is a
diagram of a flow chart of this embodiment showing the
waiting operation. '

25 On waiting for communication between the base



by frequency division nultiple access manner (FDVA) both in t he

“comuni cati on channel and the control channel. Then, the

TDMW TDD (tinme division multiple access/time division duplex) method
providing a 5 bidirectional transm ssion, that is, a plurallty of upward
and downward transm ssion paths will be brlefly descrlbed Fi g.
2 1s an illustration of this enbodi nent fﬁ{ illustrating a data
transm ssion format. A frequency carti’er is divided into upward (the

directiozlfron1a nobile 10 yrit comuni cati on apparatus B to the base I
blt 32';’2 agogLapamm 8T And" BbrrafbLhe  BATY B Bb%%&h?}ica%%%ata%%a%%qa”ss%r b|
ani ¢ communi A DRCBEBEPaFheEEs AP e BB By o fubRifs: o pakel Wl on
apparatus o h8Bi1e. unit 203kt 0B rIbAabBaA IS ATBY lehel Uikl O CAL 0N

apparatus on an arriva upwar | ock own ward

bl ock are gengpatpdiapbptnsheiy 1ﬁ BhevidBd1khanit cohhﬁﬁi@b&&%mpn dupl ex
(TDD), that is, bidirectional 20 comunication between the base station

and nobi | esunapparatusOBNEOmAaahESNtAEPBhahHE] EBARCODOIt2onpId dtodledter
I ncl udes upward conmuni cation slots TS1 to TS4 to provide

a continuously receiving condition to wait for reception of
the downward control signal intermittently transmitted in
the control channel from the base station Ai in steps 1;1'
and 139. Then, ﬁhen the downward control signal from'tﬂe

10 ‘base station is receiyed, the control portion 14 judges-
whether or not the received signal is that from the base
station to be coupled to.the mobile unit communication
apparatus B._ That is, the base station Al and the mobile
unit communication apparatus B are registered in advance to

15 judge whether the mobile unit communication apﬁaratus B can
be coupled to the base station with reference to data 6f
the registration. If the signal from the base station Al
to be coupled, communication with the base station Al is
executed each other to register the position of the mobile

20 unit communication apparatus B as necessary. Then, the
control portion 14 commands the channel codec portion 13 to
intermittently receive the arrival signai from the base
station Al in phase with the timing of the-intermittént
transmission in steps 132,.133, 134, 140, 141, 142, and 143.

25 If the arrival data is received, the control portidn 14



the tine division multiple access (TDWVA), that is, communi cati ons

‘bet ween the base station and each of nobile 25 unit comrunication -
appar at us under conmuni cation are

-14- i ndependent |y provi ded, wherein each of upward

communi cation time slots, for exanple TS3, and the corresponding tine
slot TS3' provide a bidirectional ni cati on between one of nobile
uni t contuni cati on 5 apparatus B and thgﬂﬁase station Al. That is, a pair
of upward and downward tinme slots provided one bidirectional

channel . In.a communi_cation between the base station Al and a

nmobil e unit cGRFMANAS: the 1u§°§e°aPG£FFP@r1§OF° faanspiit Jih q(ﬁ

|
oo ot o EPRERn SRS L SSURICG5E N 1ag. 180T 3%, 01940, JUR ¢ Hlad
frequencies apd 147 aﬂ%ﬁ%@%@%@%hﬁ E%QG G%%?gib'%onﬁ%%Qﬂ%h$ @?ﬁé¥§§l¥h

t he carrrer nicCatton s § erred as a conmunica
channel and cQappehggprovi ded by the carrlers for control

5 Fig. 5 is a drawing of a timing chart of this
embodiment showing an operation of the mobile unit
communication apparatus B on the intermittent receiving.
In Fig. 5, reference Ta represents a carrier receiving _
beridd matched to the timings of the intermittent

10 transmission from the base station Al and the intermittent
receiving is effected_at these timings. Moreover, in the
intermittent receiving, it is desired that a
receiving-power-on interval matches to the actual data
receiving interval infinitely. However, in consideration

15 of a start up interval of the wireless communication
circuit in response to a power on, it is general to start
up and operates the wireless communication circuit 11 to
receive the carrier earlier than the actual data receiving
interval. |

20 A call from the base station Al or a call from the
mobile unit communication apparatus B are provided through
the control channel and the data or sound data
communication and the synchronizing burst signal are
-transmitted~fhrough the communication channel. Therefore,

- 28 ~each of mobile unit communication apparatus 1in the service



are referred as a control channel. - - The communi cati on bet ween

" the base station Al and the nobile unit comuni cati on apparatus B and
t he comuni cati on between the base station A2 and the nobile 20 unit

. comuni cati on apparatus B are .i ndependentl|y provided by frequency
division multiple access manner (FDVA) both in t he conmuni cati on
channel and the control channel. Fig. 3is an illustration of
transm ssi on data formats of bursts™h? this embodinent. In the

comuni cation 25 channel, comuni cation data burst including user data

such as sound data and a synchroni zi ng, burst jncluding a
Li xed d@&r2MAleaf e dafen tdialy Al £a% aﬁﬂﬂﬂ‘l’?’e‘iﬁt%‘@r‘g‘?n ﬁeg
urst neans that dat a, bl.ock, transm tted for an interval of one slot.
In the conér& D@n%m‘?eﬁ aaefic"&ﬁ 0 AP BRI 5 including control data is
transmtted. ln the of | ' se
station 1A and a m)t}"qeél 'ur?iq} ()rcboenl:rcaflﬁtzf?i%cnatjin(;;lnﬁge[p’)np’)eagrHa{3@%’?| #’ﬁi&@@f Sfeche

transmission signal received by the mobile unit
5 communication apparatus decreases will be described.

Figs; 6A and 6B are diagrams of flow charts of this
embodiment. The control portion 14 executes a timer
intefruption_operation shown in Fig. 2A in reéponse to a
timer 14 included therein. In step s10, the control u

10 portion 14 detects a level L of the received signal from
the base station A at the wireless communication circuit 11
and a frame error rate E in the communication burst for a
predetermined period from the wireless communication
circuit 11. The control portion 14 makes a decision as to

15 whether the level L of the received signal from the base

| station A at the wireless communication circuit 11 is less
than a reference Rl or the frame error rate E in the
communication burst for the predetermined period is larger
than a reference R2 in step sll, that is, the control

20 portion compares the level L with the reference. If the
level L'of the received signal from the base station A at
the wireless communication circuit 11 is less than a
reference Rl or the frame error rate E in the communication
burst for the predetermined period is larger than a

25 reference R2, processing proceeds to a re-synchronizing



t ke downward control channel, control data is-transmtted solely and
‘then, no signal is transmtted in the dowmmward 10 control channel for a
pr edeterm ned interval and this cycle is repeated. That is, the
control data is intermttently transmtted with the predeterm ned no
signal transm ssion period. This is referred as an intermttent
transm ssi on for periodically transmtting necessary data to provided
an 15 imredi ate access to the base statib%olA‘by a nobile unit

comuni cati on apparatus B entering the service area SAl of t he base
station 1A M of a.call at a nmobi |l e unit

: i val
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it is transmottedoin A radfdom access nanter but transmtted For
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5 not larger than a reference R2, processing returns to the
original step which was executed before this time |
interruption, that is, one step of a communication
processing for example. _
In the re;synchronizing subroﬁtine s12, at first:

10 the control portion 14 operates the adjacent base station
monitoring portion 14a as a function of the monitor control
portion 14c, that is, the wireless communication portion 11
is operated to change the carrier frequency of the control
channel to the carrier frequency of the control channel of

15 the adjacent base station A2, that is, change the carrier
frequency to the carrier frequen¢y of the éontrol channel
other than the base station Al but an adjacent base station
A2, |

In the following step s22, the control portion 14

20 waits to receive the control data from the adjacent base
station A2 through the control channel. If the control
portion 14 receives the control data from the adjacent base
station A2 within a predétermined interval in step s23, the

control pdrtion 14 transmits control data using the channel

25 codec portion 13 and the wireless communication portion 11



. .
mebil e unit comuni cati on apparatus B, a downward contr ol signal is

‘transmtted by the intermttent transm ssion al so. Once the

comuni cati on channel is assigned, the nobile unit comuni cati on
apparatus B continuously transmts a 5 synchronizing burst signal to the
base station Al in the conmmuni cati on channel. The nobile unit

conmuni cat i on apparatus B and the basg station 1A recognize to acquire
one to one bidirectional conmunication c el by the conti nuously

transnitting the synchronizing burst signal 10 and it is possible to
Slccossi ve T ESAAMNLEH PoROMEBRIBALIOR THELoHHENASHPERY DRSS t“-eagwaqn

i ncl ud I nbl PR

'pPSV?‘dESsi‘ncﬁﬁgn.‘%&eagog@s%esé BrindasIRR AL, e & %&Bﬁ%‘the ‘”e#éuy
cont i nuousty WhTREHE! 89 FhEChablostats chOMTIBERLR e{i@‘éﬁ‘]ﬁe BE,

communi cati on node mruni cati on ch

burst has a 5B?EHetermlﬁéﬁagghﬁeéﬁqoﬁhgb%rﬁ%ﬁgﬂe word because it is
conti nuously transmtt Instead of this, a user's data field for 20

storing sognd or uset[nSs@ebasaa sykf khleeBbhtrbdN$ortion does nbiehheceive
wai ting operation of the nobile unit communi cation apparatus B will be

described. Fi ghed4cbateol datdi #goamthe adfjacenthdaiseolstiatiivone W26t
showing the the predetermined interval, the control portion 14 judges
that there is no adjacent base station around the mobile
unit communication apparatus B and operates the
10 communication base station re-synchronizing monitoring -
portion 14b to, usiﬁg the wireless communication circuit 11
and the channel codec portion 13, receive the synchronizing
burst signal from the base station with which the mobile
unit communication apparatus communicated._ In the
15 following step s28, if the control portion 14 receives the
downward synchronizing burst signal with in the
predetermined interval which is generally equal thé
predetermined interval in step s26 but may be different as
necessary, processing proceeds to step s29. In step s29,
20 the control portion 14 receiving the doanard synchroniilng
burst signal transmits the upward synchronizing burst
signal. Then, thé base station Al receiving the upward
synchronizing burst signal and the mobile unit

communication apparatus B transmitting the upward

25 synchronizing burst signal enter the communication mode



P

wai.ting operation. 25 On wai ting for comuni cation between the base
-17- station Al and the nobile unit comruni cation apparatus B,

iR response to a start up by turning a power on of the nobil e unit
comuni cation apparatus B or the like, the control portion 14 in the
nobil e unit comruni cation 5 apparatus B conmands the channel codec
portion 13 to enter a continuously receiving condition to wait for
reception of the downward control sigfal intermittently transmtted in
the control channel fromthe base station Al in steps 131 and 139.

fecel ved. |t hes8Bitrol THa Ao 148 SaBEOL Borkinm idt BEhdbe FIEdded
o1 L ISR s crafb MVl B SRS AR AL
et e The S (BB o Sl Rl ARy W lOR,
the base statpgR Wxllkut®isCr@RComhuddcatdlon operation and sets the timer

5 interruption shown in Fig. 2A again.

In step s31_1f'the control portion 14 does not
receive the downward.synchroniiing burst signal within the
predetermined interval, processing returns to step s21 to
catch the adjacent base station A2 through a first )

10 processing includ;ng steps s21, s22, s23, and s26 and a-
second processing including step s27, s28, and s31. These
first and second processings are.alternately repeated until
either of an adjacent base‘station or the base station with
which the mobile unit communication apparatus communicated

15 1is caught to continue the communication with the line 6 as
the function of -the monitor control portion 14c.

In this operation, the control portion 14 receives
the synchronizing control signal from the adjacent base
station A2 at first. However, it 1s also possible to

ZQ receive the synchronizing bust signal from the base station
Al at first.

Fig. 7 is a drawing of a timing chart of this
embodiment showing the synchronizing operation in the case

that the mobile unit communication apparatus B receives

25 neither of the control signal from the adjacent base



w
the registration. If the signal fromthe base station Al to be
‘coupl ed, comuni cation with the base station Al is execut ed each ot her
te® register the position of the nobile 20 unit conmunication apparatus B
as necessary. Then, the control portion 14 commands the channel codec
portion 13 to intermttently receive the arrival signal fromthe base
station Al in phase with the timng of thf?élntermttent transm ssi on
in steps 132, 133, 134, 140, 141, 142, 25 If the arrival data is
recei ved, the control portion 14

- 18- he ch dec 3 h

control data PREGIPs Spe Ehpdonpgara, Bgnehtintp sy BiFRY Sendl, tepm ang
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internmittent receivin ence represents a carri
receiving. 11 to receive the downward synchronizing burst signal on

5 the communication carrier from the base station under
communication. Then, the wireless communication circuit 11
operates to receive the downward synchronizing burst signal.
At the following timing T42 after a predetermined interval

. T, the control portion 14 commands the wireless )
"10 communication circuit to receivé the downward control -
signal on the control carrier from the adjacent base
station A2. 1In response, the wireless communication
circuit 11 operates to receive the downward control éignal
on the control carrier from the adjacent base station A2.
15 However, the mobile unit communication apparatus B is
failed 1h receiving neither of the downward synchronizing .
burst signal on the communication carrier from the base
station under communication and the downward_control.signal
on the control carrier from the adjacent base station A2
20 Then, these operations are alternately repeated at the
timings T43 and T44 with the carrier receiving period and
these operations repeated at the following carrier
receiving period Ta such as a timing T45, wherein the _
control portion 14 détects the decrease in the level L at

25 the previous carrier receiving period Ta.



ﬁbriod matched to the timngs of theintermttent 10 transm ssion fromthe

"base station Al and the intermttent receiving is effected at these

td m ngs. Moreover, in the intermttent receiving, it is desired that a
recei ving-power-on interval matches to the actual data receiving
interval infinitely. However, in consideration 15 of a start up interval

of the w rel ess comrunication circuit,jn response to a power on, it is
general to start up and operates the“Mrel ess communication circuit 11
to receive the carrier earlier than the actual data receiving

interval. 20 from station al |

nobi | e uni t connunicggéoﬁggbﬁaﬁgtaiggsggg%ﬁpavfae&?@%r%b@%dﬁmen{:%ygﬁﬁﬁ%(ﬂ
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restoring the communication operation, wherein the '

5 operation of recelving thé downward synchronizing control
lsignal from the base station A2 and transmitting the upward
synchronizing control signal are omitted.

The communication condition storing portion 14d
stores the communication condition with the base statidﬁ Al

10 and the frequency and the time slot used for the -
communication. While the communication the control portion
detects the decrease in the level L of the received signal,
the communication condition storing portion 14 stores this
condition.

15 On the other hand, fhe-base station Al stores the
frequency and the time.slot used for communication with the
mobile unit communication apparatus B in the communication
condition storing portion 8a. When the base station
detects that it cannot receive the signal from the mobile

20 unit communication apparatus B, the control portion 14 )
transmits the synchronizing burst signal through the time
slot determined by the data of the time slot used td the
mobile unit communication apparatus B every 5 ms using the

temporary memory 4, the channel codec portion 7, and the

25 wireless communication_portion 2 via the antenna 1.
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| ~rne 6 as desired or as necessary. ' - Then, an operation in the

‘case that a level of the transm ssion signal received by the nobile
umit . 5 communi cation apparatus decreases will be descri bed. ,

Figs. 6A and 6B are diagrans of flow charts of this enbodi nent. The
control portion 14 executes a tiner I nterruption operation shown in
Fig. 2Ain response to a timer 14 inclyded therein. In step sIO the
control 10 portion 14 detects a level L 6P the received signal from

t he base station A at the wireless comunication circuit 11 and a frane

the w ol oss L&%ﬂﬁ.@ﬁmﬁhg:ﬂzﬁ,’?}?ﬂ ot tReFecetkBHo P LRBRL l%%df %LLESs”a"m
tation A a SatierURLECEobRinlFHE o, SepheBEbEIE FEERELE" S bhEhoRaL 0
reference RI ohalNfel #HERCERO 1EGLE £ 1D HBE omelSOTVARGLHE) rBYCSrY

h
t he predetern1neg pefio 5 Peference
that is, the ﬁPntﬁﬂé c89t981tb89tfeﬂpi&eéftEﬁe'ﬁ&ﬁilb Bhilk EBEmh%H%@%&G&

If the level L of the received signal fromthe base station A at
the wirel ess gppabrataat BoBoAtISMst thdti &8 k66Ad! BafimGnicatibaf eieacaafth or
the frame error rate E in the communicati on burst for the

pr edet er m nedepmmunilcasibnarges beingaeffected during the interruption of

the communication due to the decrease in the lefel L of the
received signal by reading data in the.temporary memory 15.
Then, the control portion 14 sets the temporary memory 15

10 to use the frequency and the time slot, which were used-for
the communication, again. Then, the control portion 14 |
commands the channel codec portion 13 to effect the
continuos receiving to honitor the downward synchronizing
burst signal from the base station Al. When the mobile

15 unit communication apparatus B receives the doanard-
synchronizing burst signal from the base station Al through
the antenna 10, the wireless communication circuit 11, the
channel codec portion 13, and the temporary memory 15 |
within the predetermined interval, the communicating bése

20 station re-synchronizing monitoring portion 14b commands
the temporary memory 15 and the channel codec portion 13 to
transmit the upward synchronizing burst signél to the base
station Al and then, the mobile unit communication
apparatus B returns to the sound or data communication

25 condition again. If the mobile unit communication



25 reference R2, processing proceeds to a re-synchronizing

-20- subroutine s12. If the level L of the received signal from
tke base station A at the wirel ess comunication circuit 11 i s not
| ess than a reference R1 or the frane error rate E in the

comuni cation burst for the predeterm ned period is 5 not larger than a
reference R2, processing returns to the original step which was

executed before this tine interrupti?ﬁﬁ'thai is, one step of a.
comuni cati on processing for exanpl e. “In the
re-synchroni zi ng su e sl12, at first t he control nportio
operates the 38% B°§§a995hreceivﬁoﬁP@oPPﬁ@ ﬁ&qﬁqﬁ?ii irst

comuni cat i ohhﬁwﬁoﬁfﬁﬁ”tﬁﬁ' pradehimingd dneryil, dis H@i“*‘f HitRcy
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frequency to the eaherChahddwhasy thle ba%eC $tatlonCAANH¥ceives AT than
the base station Al but an adjacent base station
5 upward synchronizing burst signals from the mobile unit
communication apparatus B, the control portion 8 of the
base station Al returns to the sound or data communication
condition with the mobile unit communication apparatus B,
so that the sound or data communication is provided agafn.
10 The communication condition storing portion 8a.and
the synchronizing control portion.Sb in the control portion
8 in the base station Al and the communication condition
storing portion 14d and the synchronizing control portion
14c in the control portion 14 of the mobile unit
15 communication app#fatus B store the frequency and the slot
used for the_communication'when the communication was
started, so that the synchronized operation with the base
station Al with which the mobile unit communication
apparatus B has communicated is immediately provided and
20 the communication is started again immediately. )
As mentioned the mobile unit communication apparatus
B, comprises: the wireless communication portion 11 for
via communicating with a network, i.e., the line 6, via one

of at least first and second base stations Al and A2

25 respectively having first and second service areas SAl and



A2 In the follow ng step s22, the control portion 14 20 waits

‘to receive the control data fromthe adjacent base station A2 through
the control channel. If the control portion 14 receives the control
data fromthe adjacent base station A2 within a predeterm ned interval
in step s23, the control portion 14 transmts control data using the
channel 25 codec portion 13 and the wireless communi cation portion 11

-21- to establish a communication Wi4H the adj acent base station

Al to provided continuation of the call to the line 6 which was nade

by the base station Al .through execution of a redet erm ned conngction
o%er ation. 54z, Partliﬁlétyeg’vﬂ'é,apipfintghéa&&‘nlort&erpgr ?'\r(%‘% Lith aétei ve

O oo 3Rl 15, 3 g3 A b ormtn Wt4 ¢
adj acent _basepihAikd" 464410 ol 18, B detection’ Brode BT WP APHEAL US B

detecting a condition of first radio wave signal at the

5 wireless communication portion 11 when the wireléss
communication portion 11 communicating with the first base
station Al; a combaring processing sll for comparing the
condition with a predetermined condition R1 or R2; the‘
adJadent base statidn monitoring portion 14a for operating

10 the wireless communication portioh 11 to communicate with
the second base station A2 and effecting a first
synchronizing operation st32 with the second base station
A2 through the wireless communication portion 11 for a
predetermined interval; the communicating base station

15 re-synchronizing monitoring pdrtion 14b for operating the
wireless communication portion 11 to communicate with the
first base station Al and effecting a second synchronizing
operation s29 with the first base station through the
wireless communication portion 11; and the monitor

20 controlling pbrtion l4c for alternately operating the
adjacent base station monitoring portion 14a and the
communication base station re-synchronizing portion 14b in
accordance with £he result of comparing by said comparing

portion until either of the first or second synchronizing

25 operation is succeed to continue the communication with the



10 conmuni cation base station re-synchronizing nonitoring portion 14b

"to, using the wireless comunication circuit 11 and the channel codec
portion 13, receive the synchroni zing burst signal fromthe base
station with which the nobile uni t conmuni cati on apparat us
communi cated. In the 15 followng step s28, if the control portion 14
recei ves the downwar d synchroni zing ourst signal with in the
predeterm ned interval which is generall equal the pr edet er m ned
interval in step s26 but may be different as necessary, processing

wmars Sk Bt HIEeahos el RN B1-HR SRR HBTRRL AT
Do 1 RSP ERBES ) LIRSS Py, GG eBRit, v
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connunication node
agai n. That b§patAeusontbabresesi eheldizelsskheomnohiedation poritd o aquency

for transmtting and receiving sound data or
5 for selectively communicating with at least base stations

Al and A2, coupled to the same network NET, respectively
having first and second service areas SAl and SA2,
partially overlapping each other, through first and second
radio wave signals RW1l and RW2 having TDMA/TDD formats;_;

10 receiving portion including the wireless communication -
circuit 11, wireless communication control portion 12,
channel codec portion 13, and the temporary memory 15 for
receiving the downward synchronizing control signal from
the second base station A2; a transmitting portion

15 including the wireless communication circuit 11, the
wireless communication control poftion 12, the channel
coﬁec portion 13, and the temporary memory 15 for
transmitting the upward synchronizing control signal
requesting communication with the secohd base station A2Z; a

20 first detection portion effected by fhe control portion"i4,
the wireless communication circuit 11, and the channel
codec portion 13 for detecting a condition of first radio
wave signal RW; from the base station Al when the wireless

communicatioh circuit 11 communicating with the first base

25 station Al; a comparing portion for comparing the condition



the like by reading the data fromthe tenporary nenory 15 and executes
‘the comruni cati on operation and sets the tiner 5 interruption shown in
Fig. 2A again. In step s31 if the control portion 14 does not
recei ve the downward synchroni zi ng burst signal within the

predeterm ned interval, processing returns to step s21 to catch the
adj acent base station A2 through a first 10 processing including steps
s21, s22, s23, and s26 and a- second'ﬁ?ﬁcessing i ncl udi ng-step s27,
s28, and s31. These first and second processings are alternately

repeated until ei ther of an adjacent base statjon or, the base station
with whi ¢t ithe? it $ePff (R JccﬁFlmRﬁ'ca he coptEehiRRT EbAMubtcEPEd 15 is

T TR T G SR gl
trol t th
St A 4 el S S ONE SHRLCELAHE F,

recei ve the syfmtomggé\gswﬁoéwpain 4008 dnde L ER aih@“reﬁult'%fa&aid

first. I's a drawing o timng c
enbodi ment §h%m1£amﬁ; P ZHY PR AliLde | Std Lok ARE FurthéPat the

nobi |l e unit communi cation apparatus B receives 25 neither of the control
signal from t harafeietingdas adownward synchronizing burst signal as the
| first radio wave signal RW1 when the first base station Al
detects the temporary stop of the communication with the
first base station Al; a communicating base station ’

10 re-synchronizing monitoring portion 14b for monitoring and
detecting the down synchronizing bust signal using the
wireless communication circuit 11 for the first
predetermined interval; the adJacent base station
monitoring portion 1l4a for monitoring the downward

15 synchronizing control signal for the second prédetermined
interval; the monitor contfol portion 1l4c for effecting a
first synchronizing operation by operating the wireless
communication circuit 11 for communibating with the first
base station Al when the communication base station

20 re-synchronizing monitoring portion 14b detects the down
synchronizing burst signal and for effecting a second
synchronizing operation by operating the transmitting
portion for transmitting the upward synchronizing control
signal to the second base station A2 when the adjacent base

25 station monitoring portion l4a detects the down



-23- station and the downward synchronizi ng burst signal from

the base station under communi cation. At a timng T41, the contr ol
portion 14 commands w rel ess conmuni cation circuit 11 to receive the
downwar d synchroni zi ng burst signal on 5 the comruni cation carrier from
the base station under communi cation. Then, the w rel ess comuni cati on
circuit 11 operates to receive the gg nward synchroni zi ng bur st

si gnal . At the following timng T42 arter a predeterm ned interval

T, the control portion 14 conmands the wireless 10 conmunication circuit
to receive the downward, contro | ghal I Ler fromthe
adj acent baseSYRChreplzing %&ka%lr%£%%%§e,tﬁﬁ héfi1 E0PIRE cOREELE! |

e wreless communi catl on

CLreult 1L OBgEel gy BePeCel g e ovoeaacRoiseh Syatalontsingy ("

control base stati on However, the npbil e

uni t communi (3L pRe fHRA" &1 terfhtsly in habbPlahde RLEhVIRE Fablller off the
downward synchroni zing -Burst signal on the communication carrier from

t he base cShpht PRgUPERELIERMUNI cation and the downward control signal

10

15

20

25



on the control carrier fromthe adjacent base station A2 20 Then, these
‘operations are alternately repeated at the timngs T43 and T44 with
the carrier receiving period and t hese operatlons repeated at the
follow ng carrier receiving period Ta such as a trmng—F45—where

t he control portion 14 detects the decrease |n L at 25 th
previous carrier receiving period Ta. mmmm ”’ ']l“",

- 24- Fig. 8 is an |IIustrat|on “of thls ng

a sequence of communi cati on between the nobile unlt connunlcatlon

apparatus B a@ﬂé E§h§i31§h§tg$n Al for _restoring the comunication

oper ati on, ation of receiving the downward
synchroni zi ng contr ol S|gnal fromthe base station A2 and transmtting
the upward synchroni zing control signal are omtted. The

communi cati ong congi pheR18! Qh&'ﬂgcaﬁﬁl{lh%a%‘i@n ap ata®uRsS dimpTaETHY cation
condition with the base station 10 and t Prequency and the tine slot
used for the communication means for communicating with a network
| 5 via one of at least first and second base stations
respectively having first and second service areas,
partially overlapping each other, through first and second
radio wave sigrnals having TDMA/TDD formats;
first detection means for detecting a condition Sf

10 said first radio wave signal at said communication means
when said communication means communicating with said first
base station;

comparing means for coﬁparing said condition with a
predetermined condition; |

15 first control means for operating said communication
means to communicate with said second base station and
effecting a first synchronizing operation with said second
base station through said communication means for a first
predetermined interval;

20 second control means for operating said
communication means to communicate with said first bése
station and effecting a second synchronizing operation with
said first base station through said communication means
for a second predetermined interval; and

25 third control means for alternately operating said



communi cati on. Wi le the communication the control portion _detects t he

“decrease in the level L of the received signal, t he

cendition storing portion 14 stores this condltlon t he
ot her hand, the base station Al stores the m‘]u“mm& lll me sI ot
used for comunication with the nmobi | e unit ‘canm ratus B
in the comruni cation condi-tion storing, portion*8a® Viher!" t He base
station detects that it cannot receiveé the signal fromthe nobile 20
unit conmuni cation apparatus B, the control portion 14 transmts the

Gata of the CEAESY aRalaReony HRbOI ngslS: an acofaREe MR oy et s
B every 5 ™ USLigel B9 sata LOHRAKALE BRANGY s (1S SARANGl SAGE U o0

7, and the W el ess conmun ant enna
- 25- or se¥Bsl %gﬁch?ﬁﬁ&zﬁn%fon?aEQQﬁ'!%ds%bﬁ@%h %b tinue
nobi |l e unit communi cation apparatus B returns to the nornal that is,

when the | evelkhk comi@hit@rion whieh Was esftabgneked by said first base

5 station via either of said first or second base station.

2. A mobile unit communication apparatus, comprising:
-communication means for selectively communicating
withjat least first and second base stations, coupled ts
10 the same network, respectively having first and second -
service areas, partially overlapping each other, through
first and'second radio wave signals having TDMA/TDD formats,
said first and second base stations further transmitting
downward synchronizing control signals;
15 réceiving means for receiving said downwar&
.synchronizing control signal from said second base station;
transmitting means for transmitting an upward
synchronizing control signal fequesting communication with
said second base station; |
20 first deteéction means for detecting a condition of
first radio wave signal at said communication means when
said communication means communicating with said first base
station;
compariﬁg means for comparing said condition with a

25 reference;



Ri, the control portion 14 of the nobile unit-conmunication 5 apparatus B
‘confirms that a sound conmuni cation or a data f-cnnnygLE%%L326&fE bei ng
effected during the interruption of t he conmmmuni cati on

decrease in the level L of the recei ved S|gn lﬂﬂ, ata in.the
tenporary nenory 15. Then, the control port Qﬁ’@ orary
menory 15 10 to use the frequency and th%ﬁ |nelslot € wh ¢ ed for

t he comuni cation, again. Then, the contrdl® portion 14 commands t he

channel codec portion 13 to effect the continuos receiving to nonitor
t he downwar d synchro

I he b Wh
the nobile "1 unthéEEEEHPEQFPg mﬁﬁﬂar gﬁs°B%?g%3P§é§%§ﬁ%SEﬁﬁ#ﬁﬁ%%ﬁki ee
0P om 2 gl 5 88bck AT, B 5 e b vy
portion 13, aBQihh?iEE%pBﬁééys%E%Qgé 13 accorfahleNwith RheIS it YE
interval, the comrunicating base station re-synchroni zing nonitoring

por tion 14b Cebhpa¢ing by bHEd! ebhmphRivg ReRhY,13a3ad £l tCHAE!s taddm -
portion 13 to transmt the upward synchron|2|ng burst signal to the

base st afuethdr sednshettinBeandbwheard syaechwroniedngoburst sdppalat us
B returns to the sound or data conmunication 25 condition again. If the
nobil e unit cesnsaidafiost radio wave signal when said first base
station detects said-;emporar& stop of said communication
with said mobile unit communication apparatus;
first monitoring means for monitoring and detectfng
10 said down synchronizing burst signal in said first radio
wave signal using said communication means for a first
predetermined interval;
second monitoring means for monitoring said downward
synchronizing control signal for a second-predetermined
15 interval; and '
second control means responsive to said comparing
means for effecting a first synchronizing operatien by
operating said communication means for communicating with
said first base station when said first monitoring means
20 detects said down.synchrohizing burst signal and for
effecting a second synchronizing operation by operating
said transmitting means for transmitting said upward
synchronizing control signal to said second base station

when said second monitoring means_detects said down

25 synchronizing control signal.



.
- 26- apparatus B does not receive the down synchronizing burst
signal within the predetermned interval, the nobile unit

~communi cation apparatus B enters a maltlng condltlon The ot her
hand, when the base station Al receives the i ng bur st
signals fromthe nobile unit connunlcatl 'ﬂﬁﬂ contro
portion 8 of the base station Al retugps to { seun

comuni cati on condition with the nobi nit connunlcatlon apparatus
B, so that the sound or data communication is provided again. 10

The conmuni cation condition storing portion 8a and t he synchroni zi ng
control portion 8b in the control'portion 8 in the base station Al and

t he conmuni caty on Go l@n 'zing
control portlén A m§E§|r1 %§(§N1r or |on B?yaéqgi e un| 15
conmuni cat i on 3RAH 3t UNHR 1Y Salile JJ:RQ’&”Q%&HQ émédsotsam

t he comruni cation mhen e communi cati on was started, so t
synchroni zed epebad %@nwﬁrfmﬂmntgaweratio&isatql%pﬁhwltﬁ whi ch the nobile
uni t conmuni cati on apparatus B has comunicated is i medi ately
provi ded amd -
10 -
15
20 )

25



*

20 the conmunication is started again i nmedi ately. ~ As nentioned . -

the nobile unit comruni cati on appar at us B, conprises: the wreless
cbmuni cation portion 11 for via conmmuni cating with a network, i.e.,
the line 6, via one of at |east first and second base stations A and
A2 25 respectively having first and gggond service areas SAl and
-27- SA2, partially overlapping each other, through first and
second radi o wave S0 j J/ TR orppt-s—FSt—+54 arre-
TS1'-TS4'; a firgt Eet ection processgng .step sl10-&pr cdetegiing amy -

I
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§yncthnizing operation st32 with the second base station A2 t hrough
the wirel ess communi cation portion 11 for a predeterm ned interval;

t he conmuni cati ng base station 15 re-synchronizing nonitoring portion 14b
for operating the Wi rel ess comuni cation portjion 11 t-o comunicate
wth the first base station Al apqgeffecting.a second synchronizing
operat.ion s29 with the first base statlon t hrough the W rel ess

comuni cation portion 11; and the nonitor 20 <controlling portion 14c for
alternately operating the adj acent base station nonitoring portion l4a
and the conmmuni cati on base station re-synchronizing portion 14b in
accordance with the result of conparing by said conparing portion
until either of the first or second synchroni zi ng 25 operation is succeed
to continue the comunication with the ‘

- 28- line 6 which was established by the first base statlon Al Vi a
either of the first or second base station. In other words, the
nobil e unit comuni cation apparatus, conprises the wrel ess

conmmuni cation portion 11

o
< /
)

Fia, \B

gxct
{




5 for selectively comunicating with at -least base stations Al and A2,
coupled to the same network NET, respectively havi ng first and second
service areas SAl and SA2, partially overl appi ng each other, through
first and second radi o wave signals RM and RW2 havi ng TDMA TDD

formats; a 10 receiving portion inclggigmg the wrel ess communication
circuit 11, wireless conmunication control portion 12, channel codec
portion 13, and the tenporary nenory 15 for recei ving the downward
synchroni zing control signal from t he second base station A2; a
transmtting portion 15 including the wireless conmunication-circuit 11,

t he W rel ess communi cation control portion 12, the channel codec
portion 13, and the tenporary ngnory 15 for transmtting the upward
synchroni zing control signal o requesting comunication with the second
base station A2, a 20 first ddtection portion effected by the control
portion 14, the wirepess cofimunicati §Reifcuit 11, and the channel

codec portion 13 for detgcting & condi t igdn%@ff first radio ~ wave signal
RWM from the base stat@o Al whén the S communi cation circuit 11 -
comunicating with thepfjrst bage 2 1. a conparing portion for
conparing the condition '
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*29- with a reference RL or R2; the control portion 14 for
operating the wireless conmunication circuit 11 to effecting a

tenporary stop of the communication with the first base station Al in
accordance with the result of said

5 conparing portion, the first base
station Al further transmtting @pwnwar d synchroni zi ng burst signal
as_-t he first radio wave signal when the first base station Al
detects the tenporary stop of the conmunication with the first base
station Al; a communicating base stgLi 10 re-sy i zi ng noni toring
portion 14b for nonit d ting the synchr oni zi ng bust
signal using the @g | ess commjn ion circuift ggll for the first
pr edet er mi ned interva the adj acent Sp station’ roni t oring portion
14a for nmonitoring t 15 }synchr oni zi ng bl signal for the
second predeterm ned interval ; fThe ponitor co portion 14c for
effecting a first syhchronizind opefation by gperafing the wirel ess
comuni cation circuit] 11 For comunijcatihg with the<firpt base station
Al when t:he communi caftionf base statijon- RO re-synchfoni ki ng nonitoring
portion 14b detects the dpwn E;
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gynchronizing burst signal and for effecting-a-second synchfonizing

operation by operating the transnmtting portion for transmtting the
wpward synchroni zi ng control signal to the second base station A2 when
t he adj acent base 25 station nonitoring portion 14a detects the down

- 30- synchroni zing control signagsqi@¢he nonitoring control portion
effecting the first and second synchroni zi ng operations alternately in
accordance with the result of the l=(i&rrpari g portion. 5 10
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15 . 20 25 C - -31-

WHAT IS CLAIMED I S: 1. A nobile unit comruni cati on appar at us,

conpri si ng: conmruni cation means for comuni cating with a network
5 via one of at least first and second base stations respectively

having first and second service areasgsqg

partially overl appi ng each
other, through first and second =
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cadi o wave si gnal s having TDVW TDD formats;

means for detecting
€omuni cati on nmeans
said first
condition with a

means for operating
second base station
sai d second

a condition of

base station;

and ect _
base station through sai

10 said fir
when sai d conmuni cati on

conpari
pr edet er m ned copﬂiot I on;
sai d communi cat4 Qr. - - nean

effecting.a first s

d co
pr edet er fhéel. i E&r vaks - - ——s-ee-end-m%
communi cati on eans Zg cBEMINIALSt eSWB h said f]

effecting a second synchroni zi ng foperation with

t hrough sai ¢ communi catiron neans

and 25
- 32_

-~ for-a seco

third control neank .for _alternately operatingsaid

first detection’
st radi o wave signal at said
means communi cating with
ng nmeans for conparing said
15 first control
S to communi cate with said
ynchroni zi ng operation wth
pj,cation neans FéGa figmt
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rst base s'%on and
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first and second control neans in accordance with the
conpari ng neans until

operation is succeed to continue

ei t her

established by said first base

second base station.

conpri si ng:
with at
net wor k,

si ghal s havi ng TDVA/ TDD formats,

further transmtting
receiving nmeans for receivin
from sai d second basq gt & HR; &
transm tting an upward

si gnal

conmuni cation with

det ecti on-neans for detectin

with said first bas

sai d conmmuni cati on ns wh
g st %t

FlG .

CARRER ' RECEWWG PERIOD-

Ta

of said first

result of said
or second synchroni zi ng
t he communi cati on whi ch was

5 station via either of said first or
2. A nnbib91

communi cati on neans for selectively conmuni cating

| east first and second base stations,
respectively having first and second -

partially overl appi ng each ot her, tfrough

coupled to

first and
said first and sec

ghit communi cati on appar at us,

10 the sane’

servi ce areas,

Jsgcund—radio wave
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Ednparing means for conparing said condition.with a 25 reference;

-33-

when said first base
conmuni cati on

first nmonitoring neans for
synchroni zi ng burst signa
a first

conmuni cati on nmeans for

first contro
peans to effect a tenporary stop of said comunication with
base station in accordance with the result of
conparing neans, said first base stabyﬂ@
downwar d synchroni zi ng burst signa

as said first

means for operating said conmunication

said first

conparing by said
5 further transmtting a
radi o wave signa

station detects said tenporary stop of said -

with said nobile unit cogﬂu i cati
o

nonitoring and d
in said first radio

t-i ng

second noni toring nealdBi& vwomat ori ng sai d downward

control signa
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© .
second control neans responsive to said conparing means for effecting a

first synchroni zi ng operation by operating said comuni cati on neans for
comuni cating with said first base station when said first nonitoring
means 20 detects said down synchronizing burst signal and for
effecting a second synchronizing operajgppfgby operating said
transmtting nmeans for transmtting said upward- synchroni zi ng contr ol
signal to said second base station when said second nonitoring nmeans
detects said down 25 synchronizing control signal.
- 34- 3. A nobil e unit comunication apparatus as clained in
claim 2, wherein said contr@glf @eang, effects sa\bckf,igg aﬂf’ET second
synchroni zing operations alternately. 5
S R R
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: A MOBILE UNIT COMMUNICATION
.. APPARATUS

The -mobile unit communication (comm) apparatus,
‘comprises: the'wifeiess comm portion for communicating with
a network via one of at least 1st and 2nd base stations
respectively having 1lst and an service areas, partially
overlapping each other, through 1st and 2nd radio waﬁe
signals having TDMA/TDD formats; a 1lst detectién step for
detecting a condition (cond) of 1st radio wave signal (sig)
at_the wireless comm portion during comm; a comparing ééep
for comparing the cond with a reference; the adjacent base
station (sfa) monitor (mon) portion for operating the
wireless comm portion tb communicate with the 2nd basé sta
and effecting a 1st synchronizing (sync) operation (op)
with the base sta tﬁrough'the wireless .comm portion for a
given interval according to thé result of comparing step;
the communicating base sta re-sync mon portion for
operating the wireless comm portion to communicate with the

1st base sta and effecting a 2nd sync op with the 1lst base

.station through the wireless comm portion; and the mon

controlling portion for alternately operating the adJacéht
(2nd) base sta mon portion and the comm base sta re—syﬁc
portion 14b until either of the 1st or 2nd sync op is
succeed to continue the comm with the network which was
established by the lst base sta via either of the 1st or
2nd base station.

Figure 1A



