ACCURATE TRANSLATI ON _ DESCRI PTI ON

| NTER- BASE- STATI ON FRAME SYNCHRONOUS SYSTEM OF 5 MOBI LE

COVMUNI CATI ON SYSTEM AND BASE STATI ON APPARATUS APPLYI NG THI S
SYSTEM THERETO Technical Field The present invention
relates to a nobile 10 comuni cation systemfor performng wreless
communi cati on by connecting a base station antl a nobile station to
each other using a TDD (Tinme D vision Dupl ex) system such as a
digital personal RERHRPEBENEFRANSLATIONystem and a sinplified type personal
handyphone system 15 More particularly, the present invention relates
to a system for effectivel P ®i¥iGithgt WV rBIE£s@ ¥requency by

i mproving an inter-base-station frane synchronous system
Background Art 20 Recently, a sinplified type personal handyphone
system (herei nafter, bENEE B@§FI‘§G'¥\5‘I§NS RAMEn $YAICHRONOUS HYSTEM&E  has
been devel oped as one YPBdLE COMITYICATION SYS A iBARE SITARKANens. Thi s
simplified type personifPARRTUS ARRLIING, THIS) SYSFERE EEREFGe practically
used in the 25 near future. FIG 1 is a view show ng the
basi ¢ constructi ofe@finical Fie@gconventional PHS. Plural PHS base stations
CSl to : :

The present invention relates to a mobile

10 communication system for performing wireless
communication by connecting a.base station and a mobile
station to each other using a TDD (Time Division
Duplex) system such as a digital personal handyphone
system and a simplified type personal handyphone system.

15 More particularly, the present invention relates to a
system for effectively utilizing wireless frequency by
improving an inter-base-station frame éynchronous
system.
Background Art

20 Recently, a simplified type personal handyphone
system (hereinafter, briefly called a PHS) using a
micro cell has been developed as one of digital mobile
communication systeﬁs. This simplified type personal
handyphone system tends to be practically used in the

25 near future.

FIG. 1 is a view showing the basic construction of

a conventional PHS. Plural PHS base stations CS1 to
CSm are dispersively arranged in a service area.
Wireless zones Zl to Zm called cells each having a

30 radius from 100 to 500 meters are formed by these PHS



K}

CSm are dispersively arranged in a service area. Wrel ess zones Z1 -

te Zzmcalled cells each having a 30 radius from 100 to 500 neters are
formed by these PHS 2
base stations CS1 to CSm Each of the PHS base : stations CS1 to CSm
. 1s connected to an integrated service digital network (hereinafter,
briefly called an | SDN) | NW havi ng a2PHS connecting devi ce PM 5
Each of nobile stations PS1 to PSn is selectively connected to each
of the PHS base stations CS1 to CSm through a ﬁdreLess cggngel
within the wirel ess Zones Z1 to . Zm forned e_above P ase
stations CS1 to e stationg (Sl ko GRmpppFaghsp tFBﬁsPﬁglb?ﬁePSn i s

d h | eph T, TELK th h,th bove
R W R s e R R g
HS b t o]
PhS base Lol S e Wb (horGPIFPLEALERCERY BE) Fe0an
connecting controalghny rhw havfrh%‘ dé;taéfnﬁé@{iﬂesdﬁce PM, The

PHS has a control center CC ha a cust oner
information ”ﬁnagenﬁntEéEﬁfﬁﬁﬁﬁbbfié stations ﬁQiO£BH§SBn1§eEé§bE%15%l&he

above nobil e stations PS1 to PSn and the PHS base stations CS1-t
CSm are connected to each of the PHS base stations CS1 to CSm
'throﬁgh a wireless channel within the wireless zones Z1
to Zm formed by the above PHS base stations CS1 to CSm.
Each of the mobile stations PS1 to PSn is connected to
10 each of wire telephones TEL1 to TELk through the above
ISDN or this ISDN and a subscription phone network SNW
from these PHS base stations CS1 to CSm. Direct
communication can be also performed between the mobile
stations PS1 to PS2 by performing connecting control in
15 the PHS base stations CS1.
The PHS has a control center CC having a database,
a customer information management database, etc.
Information relative to the above mobile stations PS1
to PSn and the PHS base stations CS1 to CSm are
20 collected into this control center CC through the ISDN
and a packet network PNW. Service management énd
control such as authentication, accounting, network
management, etc. are performed on the basis of this
information.
25 The PHS adopts a time division multiple access

(TDMA) system as an access system between the PHS base

stations CS1 to CSm and the mobile stations PS1 to PSn.
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20 collected into this control center CC through the | SDN and a

packet network PNW Servi ce managenent and control such as

aut henti cation, accounting, network managenent, etc. are perfornmed
on the basis of this i nformation. 25 The PHS adopts a
time division multiple access (TDVA) system as an access system
bet ween t he PHS base stations CS1 to3Sm and the nobile stations
PS1 to PSn. _ _ 3 _
Further, the PHS adopts a tine division bidirectional mul tipl ex

TDD: Tine Divisi | ex), sy ransms n_s tem

éor exanpl e, as s dﬂﬁﬁ$ ’F%Qf gﬁf a$?8ﬁ§ 3ftime dlnglonT%&& Eéif d
[Tk, four tranem iy aprex (¥057 Cefne nivigibfBhaTerich .vPa'teaeaeﬁrW

mul tiplexed. In transmlgggbﬁe%ig§éhllnk four receiving slots Rl to R4 are

time-divided and nultipl exed e frane length is set 10 to 5 ns and a

transm ssion speed in kéANSRAMSION 280shown in FEEEPbI 0Q Ef:%aﬁl%t offot%%“
kbps. One slot length is set to about 625 [erf] sec and

transm ssi & speerbME-TDD systémﬁigr@%ﬁéikﬁﬁ%e@ﬁ&ysé0fok§a§étl&ﬁk33nﬁb85

except for an error correction code, etc.

cal ling-out of eamdvenfsd heintobi |En stied | Eaewaid llnk, four transmlttlng
slots Tl to T4 are time-divided and multiplexed. 1In
the reverse link, four receiving slots R1 to R4 are
time-divided and multiplexed. One frame length is set

10 to 5 ms and_a transmission speed in transmission and
reception is set to 384 kbps. One slot length is set
to about 625 usec and a transmission speed of
information per one slot is set to 32 kbps except for
an error correction code, etc.

15 In calling-out of each of the mobile stations PS1
to PSn, each of the PHS base stations CS1 to CSm
transmits timing information of the above TDMA-TDD
frame to each of the mobile stations existing within
the wireless zones Z1 to Zm of the PHS base statidns

20 CS1 to CSm, and synchronizes transmission/reception
timing of each of the mobile stations with
transmission/reception timing of its own station. 1In
this state, an idle slot within the frame and an idle
wireless frequency are allocated to each of the mobile

25 stations as a channel for communication. Thereafter,
wireless communication is perfofmed between each PHS

base station and each mobile station by using this



to PSn, each of the PHS base stations CS1 to CSm transmts timng

inf or mati on of the above TDMA- TDD frame to each of the nobile
stations existing within the wireless zones Z1 to Zmof the PHS
base stations 20 CS1 to CSm and synchroni zes transm ssion/reception
timng of each of the nobile stations with transm ssi on/ reception
timng of its own station. In this state, an idle slot within the
frame and an idle wi rel ess frequency are allocated to each of the
mobile 25 stations as a channel for comunication. Thereafter,

W rel ess conmuni cation _is perforrred between each A_‘Sngly mtth restat{__on
14

and each nobi |l e SMARN&} FPTuSOoRgucation.  Accor spect

4 channel n._ Accordingly, spe, to
each of the PHS E'i&’s?aé’?'ato(%%ecg?stg’ qtt JHE st e%e é:ﬁe

conmuni cati on cap r.f or a t| ons
| ocated within the?f%ﬂrégl e%s%%gﬁ%%%lzoglnestrg%et (?ef ]?'R%(ﬁ %se stations

CS1 to CSm are 9.1%?; tee(étla& OQ:QJt 'v&?ﬂ:ﬂﬁ r}_}@%ﬂgf@gs and do
not cone |nto colTision wth eac However, in
the PHS, egch of zb*aesP'ﬁ RS gms At RS pHS base Q&Jaﬁfbr@rnsaprw adi are
generates the TDVA frame 10 | ndependently and perforns the

communi cat i on. operatefCaer @'y@ﬂ:'h!:on&%aﬂ:\if&ﬁhﬁrﬁ!ﬁﬁ-féddm shdhearddMbo frigee is
| come into collision with each other. .
However, in the PHS, each of the PHS base stations
CS1 to CSm generally generates the TDMA frame
10 independently and performs the communication.
Accordingly, no synchronization of the TDMA frame is
performed between the PHS base stations CS1 to CSm.
Therefore, there is a case in thch an interference is
caused between the plural base stations of which the
15 wireless zones are adjacent to each other. For example,
a transmitting signal of the transmitting slot Tl of an
adjacent base station CSa is received in the receiving
slot R4 of a base station CSb between the base stations
CSa and CSb performing.communication in timing shown in
20 FIG. 3. Therefore, an interference is caused in the
slot R4 of the base station CSb. To avoid this
interference, another slot must be used instead of the
slot causing the interference, or a wireless frequency
used in the slot causing the above interference must be
25 changed to another frequency.
However, the number of slots of one frame is set

to only four in each of transmission and reception.



perfdrned bet ween the PHS base stations CS1 to CSm Theref ore,

there is a case in which an interference is caused between the

pl ural base stations of which the 15 wirel ess zones are adjacent to
each other. For exanpl e, a transmtting signal of the transmtting
slot T1 of an adj acent base station CSa is received in the

recei vi ng slot R4 of a base station @Sb between the base stations
CSa and CSb perform ng communication in timng shown in 20 FIG 3.
Therefore, an interference is caused in the slot R4 of the base
station CSh. To avoid I nterference, another slot nust be used

instead of the <Ihere %*%t %%H%?ﬁ%r?%%elﬁ?@rP@#eﬁﬁeaVBFdewPVeF§§§glngb
f ed in th ot _causi ng the abo rence nust be
ZEequengKanged to]§%d? %Nefﬁﬁﬁﬁinﬁ? many Cases 8o ﬁgﬁtvgg ﬁ@qﬁﬁﬁﬁgk of

slots Of one frar@hér?gg%ust be USé(?. Onlllgmefur ISQnggcplOO rtarrn%nsm gsion and

reception.

Therefore, interf d g above
slots in many cas SO fﬁat @ﬁ%l eg%§%c89h8¥ BQ@Q&%H the PHF Béggsed
Nanel y, since no A ESndY €che chann YQCF§Pn?éﬁﬂuﬁﬁégtfaﬁhwﬂﬂgﬁr bet ween
t he PHS base 5 statlons t he channe communi cat1 on whi ch

originally usabl Q:ﬂﬁfﬁi@llﬁf'u%ﬁe PScéné 68hthsable. As HUEbhadtion
efficiency of the communication channel is

utilization efficiency of the communication channel is
reduced. This reduction is not very preferable since
this reduction causes an increase in lost-call rate

10 when the number of subscribers is increased.

Therefore, there are conventionally several
proposals for synchronizing frames with each other
between the PHS base stations. Frame synchronous
systems provided by these proposals are first

15 classified into a fixed connecting system and an
autonomous connecting system in view of synchronous
connection.

(A) Fixed connecting system

This system is a system for predetermining from

20 which base station a certain base station obtains a
timing signal for synchronization. Since a position of
each base station is known, a propagation delay time
between the base stations can be approximately
calculated so that the delay time can be simply

25 corrected. However, different data must be inputted
and set to each base station. Further, when a new base

station is arranged and an arranging position of the



reduced. This reduction is not very preferable since this reduction

causes an increase in lost-call rate 10 when the nunber of subscribers
i s increased. Therefore, there are conventionally several
proposal s for synchronizing franes with each ot her bet ween the PHS
base stations. Frane synchronous systens provi ded by these
proposals are first 15 classified into & fixed connecting system and
an aut ononous connecting systemin view of synchronous

connecti on. (A) Fixed connecting system Thi s

STt o hace”Lra B S NI R ermpet b A oT S,
Si iti .of h base stati is k ' del
i S ot e MRS SR K A TP A P 2 by e (T yery CRangd. €1 &Y
cal cul ated so that thelgﬁhq%ﬁééﬁghgg' gg ﬁé@?iﬁg gﬁ tem corrected.

S e a 5

However, different dat% e 1nputte set to each base

station. Further, whenmd NeWdASE is a sysSEALEQP 58186L2Rged BRMeAN
arrangi ng position of the 6

base statign is GhangefHh IbtHHBRF'e Bidiny ididm@l fér synchroh$zAeseasary
to re-input and reset data every ‘change. . ( Aut ononous
connecting syste@n the basis of a certain constant rule. For example,
four base stations are selected in the order of larger
receiving levels and its average timing is selected.
In this system, it is not necessary to input different
10 data every base station and it is possible to easily
cope with situations in which a new base station is
arranged and its arranging position is changed.
However, it is necessary to repeatedly make
calculations for determining timing until the
15 synchronization of an entire system is converged.
Fuither, it is difficult to correctly known a delay
time.
Next, the frame synchronous systems are divided
into a mutual synchronous system and a master-slave
20 synchronous or master-slave and mutual hybrid
syhchronous system in view of a synchronous hierarchy.
(1) Mutual synchronous system
"This system is a system for determining frame
timing of its own station based on a receiving signal
25 from a mutually adjacent station without arranging a
master station as a synchronous source. In this system,

problems exist in that it takes much time to converge



This systemis a systemfor selecting a base 5 station obtaining a

ti mng signal for synchronization on the basis of a certain
constant rule. For exanple, four base stations are selected in the
order of |arger receiving levels and its average timng is

sel ect ed. In this system it is not necessary to input different
10 data every base station and it is possible to easily cope
Wi th situations in which a new base station is arranged and its
arranging position is changed. However, it is necessary to

repeat edly nmake calculations for determning timng until the 15

synchroni zat i on 8¥nghrendieatiopssdnces thenbasgegtations angmpgrally s
difficult to correctly known a del ay . time. xt, the
frame synchronoudnéjuesredar 8ndi ¢ gegverging ﬁQﬂﬁ?z%ﬁnﬁQEﬂwﬁyﬁ%ﬁﬂﬁﬁdhs
system and a nasteé-sl ve 20 synchronous or master-slave and nut ual
hybri d sPREAYoNSTE ‘system in view of a synchronous hi erarchy.
(1) Mutual synchronou ystem. . his system] Y m.f or
determning frane %2% ?ﬁ‘rﬁtned: _osflﬁ‘f% S%C-E_%%Oax%ol _sh %%s%%sgenéa%%%%i \3/?%9
signal - 255 fpQm.g;mybalby (gdlAceRbus Aijieayi thout arranging a
station n S

S.
mast er as a synchronous<source. hi's system pr obl ens

exist in that it takegyTuch it 4 GO M in which a master station

as a synchronous source is arranged and all other base
stations (slave stations) are operated in
.synchronization with the master station. Perfect
10 master-slave synchfonization is set if all the base
stations are operated by a synchronous hierarchy in
synchronization with each other based on the timing of
an upper hierarchy base station. Further, hybrid
synchronization is set if all the base stations are
15 operated in synchronization with stations of the upper
hierarchy and/or the same order hierarchy. For example,
the master station has a time measuring system using a
satellite position measuring system (GPS) and
determines a frame delimiter with a time signal
20 obtained by this time measuring system as a trigger
signal. In this system, synchronization is stable, but
it is necessary to take measures, etc. for a case in
which the master station is broken.
Specific examples of synchronous systems by
25 combining the above two classified systems are proposed
in papers. Brief explanations and problems of these

different synchronous systems will next be described.



7 synchroni zation since the base stations are nutually

iznfl uenced, and a converging state is influenced by a del ay tine.
(2) Master-slave synchronous or master-slave and 5 nmut ual hybrid
synchronous system This systemis a systemin which a naster
station as a synchronous source is arranged and all other base
stations (slave stations) are operated in 8 synchroni zation with the
master station. Perfect 10 mast er-sl ave synchroni zation is set if al

t he base stations are operated by a synchronous hierarchy in
synchroni zation with each ot her based on the timng,of an _upper

hi erarchy base station(aFur%HE?9°ﬂ9B§i8°nne°tlngsVﬁEHP&nngFhﬁ?QQ¥ et if
all the base stations are 15 operated i n synchronization with stations
of the upper SYS'SR erarchy and/ or the sane order hierarchy. For

exanpl e, the RS Ehs 81204 0l "o, gL ! OPGMERSUELGRYRLER U5l

a
satellite position neasuring s efmnes a frane

delimter wth aéa{&?s% %ﬁr?fnost%rrom&fﬂ%egaé’é{ %@éﬁiahgﬁa.@sawele@geaystem

as a trigger I'S syste synchroni zation is stable, but

it is necessary tdhd akG,dBASEE Savitdge [P41Fe CGBCLhE rising tYRigG beea
master station is broken. Speci fic exanpl es of synchronous

systems by 25 fr#ai1bedid hes Phoverdaok! eesi bagis syt enbeabevihgposed
in papers. Brief explanations and probl ens of these di fferent
synchronous syst &flecttic NEXdldeikiaswgiPpof this burst signal. Timing
of the transmitted burst signal of its own station is
determined on the basis of this calculated value and is
10 transmitted. Each of the surrounding base stations
also receives plural burst signals and similarly
calculates a weighted average value with the receiving
electric field intensity, and determines timing of the
transmitted burst signal of its own station from this
15 calculated weighted average value. The above process
is repeated until an error in transmission timing of
its own station converges within a certain constant
range in each base station.
This system is deécribed in detail in "Y. Akaiwa
20 et al: "Autonomous Decentralized Inter-base-station for
TDMA Microcellular Systems" Proceeding IEEE VTC’ 91,
PP. 257-262, May 1991".
In this system, each base station is autonomously
operated so that merits exist in that no control using
25 a control center is required, etc. However, this
system has the following various kinds of problems.

(1) A dedicated receiver for monitoring the plurality



8 (a) Autononmous connecting nutual synchronous

system _ In this system burst signals transmtted from

each of plural surrounding base stations are received 5 and a

wei ghted average value of the rising tinmng of a frame/slot is

cal cul ated on the basis of a receiving electric field intensity of
this burst signal. Timng of the traflsmtted burst signal of its
own station is determ ned on the basis of this calcul ated val ue and
is 10 transmtted. Each of the surrounding base stations al so

receives plural burst signals and simla alcul ates a ht ed
average val ue wi t9f TR inHPase Stat¥§é§t?Fca?YE}{F?nfﬁnE??9lrﬁads°

determnes timn transmtted, burst_si

station fromthi ﬁgEJJE% Qﬁﬁ%nﬁEﬂEiP%ﬁﬂ%ﬁﬁ 5&%rab %%8 co?ﬁegﬁgﬁvgf
Process S Teheat ntil, ar;l, ‘?{Ié Ofeci&é%&‘”fp éﬁic‘?ﬂ Hl@ QErBL

Its own station converges V\A hin aln ctons e Ch

base station. — converged i frak t@l diﬁ%cﬁ‘é\%é&’?dtﬁé' 95&@' gtael e&ab’w\ﬁ

20 et al: "Autononous Decentralize ter-base-station for
Mcrocel | ulsar Syst &BnstHpc ety iFEnaséd as the nufber26¥-B&3e May
1991". In this system each base station is autononously

stations is increased. (3) There is a difficult
problem with respect to stability until frame timings
of all the base stations are converged by a repeating
operation of the above process. (4) Since a correcting
10 amount for correcting dispersion of the propagation
delay time caused by the difference in distance between
the base stations is a constant value, no frame timing
precision can be secured after the convergence.
(b) Fixed connecting mutual synchronous system
15 This system is a system proposed such that defects
of the above autonomous connecting mutual synchronous
system are compensated. This system is basically the
same system as this autonomous connecting mutual
synchronous system. However, in this system, each base
20 station does not monitor all transmitting burst signals
of other base stations around its own station, but
monitors only plural base stations determined in
advance and performs synchronization. Therefore, place
coordinates of the base stétions as monitored objects
25 around its own station and place coordinates of its own
station are inputted to each base station in advance.

Each base station checks an ID number of the base



operated so that nerits exist in that no control using 25 a control

center is required, etc. However, this system has the follow ng
various kinds of problens. (1) A dedicated receiver for nonitoring
the plurality 9 of
surroundi ng base stations at any tinme is required so t hat the base
stations are |arge-sized and cost thereof 10 IS increased. (2) Tine
required in which the error is converged in frame timng between

t he base stations to 5 a constant value is increased as the nunber of

base stations is increased. (3) There js a diffjcul
probl em with resféetierg dngdiuded, imed Irefcredﬁ@‘i Eﬂ’fﬁfs Slgnaf' Flgpiates

base stations are_,converged b repeati oper.ati on pf the above
process. (4)_Sin§ eagéﬁ %ﬁgwﬁ§%6%°€§%ﬁhﬁ q?ﬁ?(ﬂ)?&&ﬁ?ﬁy fﬁ%bg?%ion of
the propagation o1ace codSlihaildle f2Used died e M {deraleeid fistance
bet ween P8 FaSES A IoNS % & Constant: va ue, no fra I M ng

precision can be 5%%&2&@& ¥ Llg Y P Fration, and detdifdxed
F %%IS y

connecting mutual” synchronous system 1 systemis a system

proposed sych th%&:a%hﬁ%tansgy frame Yinlify FIOYE ALAN YRS SENERCt i Ng

mut ual synchr onous stem are corpensated. This system’s basically
the Sane ooy ¢eeidy ithicS pHIpRAITBIGH GRINEEH it BH Uthe basis of

synchronous system However, in this system each base
this calculated distance value.

This system is described in detail in "H. Kazama
et al: "Semi-Autonomous Synchronization among Base

10 station for TDMA-TDD Communication systems", IEICE
Trans. Commun., Vol. E77-B, pp. 862-867, July, 1994".

In this system, correcting precision of the
propagation delay time is improved so that merits exist
in that frame timing is extremely accurate after

15 convergence. However, this system has the following
various kinds of problems. Namely, (1) a dedicated
receiver for monitoring a partner base station at any
time is required so that the cost of a product is
increased. (2) There is a difficult problem with

20 respect to converging stability since connection path
becomes missing when this synchronous system is
disturbed as in regional power supply interruption, etc.
(3) It is necessary to provide a large amount of
individual information such as the correct place

25 coordinates of surrounding base stations, etc. to each

base station in advance so that it is troublesome to

manage this information.



20 station does not nonitor all transmtting burst signals of

‘ot her base stations around its own station, but nonitors only
plural base stations determned in advance and perforns
synchroni zati on. Therefore, place coordi nates of the base stations
as nonitored objects 25 around its own station and place coordi nates
of its own station are inputted to ebkh base station in advance.
Each base station checks an I D nunber of the base

10 station included in a received burst signal calculates

t he di stance between both the base stations fromth
coordinates of its bas@:kta%?Bﬂn%ﬂﬂufhEOBPﬁﬁﬁlng maSteEoﬁgavﬁates of its

own base station, qldetern1nes transmtting frame timng of its
own station by 'syne r?ﬁﬂ%%xﬁXﬁﬁfqhe propagation delay tine on the basis

of . this calculaieg di S%ﬁaggmyaéuﬁasifer base_stasJBhSa8Y5! gBLLSe

described in detail in ut ononous
Syachren 2oL on S UEinond scrchl 4y ladBsdbn emaLeayt o
1994". 5 recdiidY S Sﬂﬁr?éﬂl@ﬁﬂf%df@t PE £5h 81 09f OfniBemaster
propagation delay tinme is inproved so that merits exist I n that
franme timng is @dgeenilat st Wid odffd¥ming synchronization based on
this burst signal are determined in advance. Further,
slave base station groups are hierarchically formed.
At the beginning of synchronization, the master station
10 is set to an uppermost hierarchy order and the slave
stations are set to lowermost hierarchy order. Each
base station is set to be operated in synchronization
with signals of upper stations higher than its own
station among receiving signals. The systematic
15 synchronization is autonomously advanced by reducing
the hierarchy of its own station from its upper station
by one stage and resetting this hierarchy. For example,
the master base station as an uppermost station
determines frame timing on the basis of high precision
20 time information from a GPS.
This system is described in detail in "J. Chang:
"Autonomous Time Synchronization Among Radio Ports in
Wireless Personal Communications", IEEE Trans. VT,
Vol. 43, No. 1, pp. 27-32, Feb. 1994".
25 In this system, it is not necessary to perform

mutual synchronization so that merits exist in that a

synchronous converging time is shortened, etc. from (a)



15 convergence. However, this systemhas the follow ng vari ous

ki nds of problenms. Nanely, (1) a dedi cat ed receiver for nonitoring
a partner base station at any time is required so that the cost of
a product is increased. (2) There is a difficult problemwith 20
respect - to converging stability since connection path becones

m ssing when this synchronous systemis 12 ~disturbed as in regional
power supply interruption, etc. (3) It is necessary to provide a

| ar ge anmount of i ndi vi dual information such astthe Cﬁrrect plage .
25 coordi nates of .surraqundi ng base stations, etc 0_eac as
station in advanc,aencg (Bhat HAWeEE bl S so¥etem has the ﬁﬁﬁé@@lpﬁl s

nnect |

. : ALt
'erL?re??%I e | veriouR i RE FRgRifs  NaReLy oﬁ; l LA QeQ%EEﬁ‘Sl -
g::fae;t a? ?gn:t ? EI%@& S’fdegcgll??/rfln%o%qu a%%#?‘t‘?% ?es?bﬁgloﬂf’ fhi s

Fﬁ?gegurst signgl re é%g$h1ne I'n adﬂgﬁg%ﬁégﬁﬂ%ﬁgféﬁ§ 8f P@§ ggge base
station greups a@%éﬂfﬂﬁ”ﬁﬂﬁﬁxﬁé)&féﬂéﬁ%&tad to%gtﬁgrt@ftﬂeg'Qﬂngﬁrgﬁous

synchroni zati on, the master station to an upper
hi erarchy order idgmdle &Yl 3y time so that a product is large-sized and
cost thereof is increased. (2) Measures for coping
with problems in practical use (for example, a method
for coping with a case in which no master base station
10 can transmit a signal by an unexpected accident, etc.)
are not clear. (3) When the number of hierarchies is
increased, there is a limit in hierarchy since errors
in propagating delay time increase with each other in
accordance with the distance between the base stations.
15 (4) Since repeat calculation must be carried out,
synchronous convergence time is relatively longer.

The autonomous connecting master-slave synchronous
system among the above inter-base—station frame
synchronous systems is most preferable since stable

20 synchronization can be expected and is not influenced
by arranging a new base station and discontinuing a
base station. However, in this autonomous connecting
master-slave synchronous system, it is necessary to
carry out operations of controlling and transmitting

25 the synchronous hierarchy until convergence so that the

construction of the base station becomes complicated.

The inventors in this application proposed an



stations are set to | owernost hierarchy order. Each base station is

set to be operated in synchronization ' w th signals of upper
stations higher than its own station anong receiving signals. The
systematic 15 synchroni zation i s autononously advanced by reducing
the hierarchy of its own station fromits upper station by one
stage and resetting this hierarchy. For exand e, the master base
station as an uppernost station - determ nes frane timng on the
basis of high precision 20 tinme infornation froma GPS.

This systemis described in detail in "J. Chang " Aut ononmous Ti e
Synchr oni zati on Ammm}ﬂQﬁﬁQTﬂ%ﬂﬁkPﬂrframe SYHQN¥QHQ%% $%$E¥RaFapable of
Conmuni cati ons", | EEE Trans Vol ., 43, No._1, f? 32, Feb.
1994". 25 ' solvipg mlse%%/ézeﬁﬁdquqag%tlrhe%@%sa?@tt ARl o KpKAT
nmut ual synchroni zati.on so tha 11 in that a synchr onous
converging tine |£h$ﬁﬁq ﬁ IT§ %éﬁéﬁ%a)
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and
arbitrary frame synchronous control period among plural

frame synchronous control periods set in time division.
Therefore, when frame timing on an upper base station

10 is completely generated, no generation processing of
the frame timing can be started until the next frame
synchronous control period is started. .Accordingly,
much time is required until synchronizations of all the
base stations are performed.

15 As explained above, the conventionaily proposed
inter-base-station frame synchronous systems have
various kinds of disadvantages.

Disclosure of Invention
A first object of the present invention is to

20 provide an inter-base-station frame synchronous system
of a mobile communication system capable of simply
performing frame synchronization between base stations
by autonomous master-slave synchronization without
using the control of a synchronous hierarchy, and also

25 provide a base station apparatus applying this system
thereto.

A second object of the present invention is to



cost thereof is increased. (2) Measures for coping - With problenms in
practical use (for exanple, a nethod for coping with a case in

whi ch no master base station 10 can transmt a signal by an unexpected
accident, etc.) are not clear. (3) Wen the nunber of hierarchies
S I ncreased, thereis alimt in hierarchy since errors o in
propagating delay tine increase with each otRér in . accordance with
t he di stance between the base stations. 15 (4) Since repeat _

cal cul ati on nmust be carried out, synchronous convergence tinme is
relatively | onger The aut ononmpus connecti ng naster-sl ave

synchr onous ProgﬁgﬁeﬁPaﬁBﬁGrrH§S§b§$étFRPeﬁqﬁﬂﬁa%ﬁﬂ% TSy fiystem

h t ferable S|nce stabl e ynch onlzatlon
SynchroTous SYS!SHE haAB Lol REHALLS TR SR TR B, of FRSTERAS
station and d'SCO?&EHE'anéhronlz?tlgﬁs%l%hght rOE%%@V ﬂg¥%2]trtsls

aut ononbus connecti ng sl ave sync

necessary to commﬁﬁ%&Xt@Hf’l smsaaal 8806+ 52300l %%gﬁnk{nai%%%r{ ng

25 t he synchronous hierarchy unti|l convergence 56 t
constructiopn of the bagethlahl eagééeos%stﬁ%%%%&d invention is td N€
inventors in this application proposed an.

13 i nt epréasgeshat Mﬁeftaagesgeah&eaow%aﬁaésTs%b@&%@u% Uystem
sol ving these di sadvantages in-Jpn. Pat. Appln.
of a mobile communication system, Wthh is little

influenced by a propagation delay between base stations
and a circuit delay within tﬁe base stations.

10 To'achieve the first object, an inter-base-station
frame synchronous system of the present invention is
comprises: plural base stations dispersively arranged
within a service area and connected to a communication
network, and having at least one master base station

15 and plural slave base stations; and plural mobile
stations wirelessly connected to the plural base
stations by a time-division bidirectional multiplex
system, wherein the master base station comprises: time
information receiving means for receiving time

20 information with high precision externally supplied;
reference frame timing generating means for generating
reference frame timing for the time-division multiple
connection in synchronization with predetermined
synchronous setting timing set on the basis of the time

25 information; and first control channel signal
transmitting means for transmitting a control channel

signal to the plural slave base stations located around



Publ i cati on No. 8-289359. However, in techniques of this Jpn.

Pat . Appl n. 5 KOKAI Publication No. 8-289359, each base station
generates frame timng of its own station in an arbitrary frame
synchronous control period anong pl ural frame synchronous control
periods set in tinme division. Therefore, when franme timng on an
upper base station 10 Is conpletely geﬁ@iated no generation
processi ng of the frame timng can be started until the next frane
synchronous control period is started. Accordingly, much tine is

required until synchronizatiaons aof all the stations are

. . __bas
performed. 15 1its °Wn-§§%§ﬁﬁnmHﬂﬂfﬂﬂiﬁﬁ?n%4ﬁ§%ﬂﬂnﬂ%ﬁ%(ﬁﬂﬁIﬁﬁ FoPRSRd
i nt er-base-statiqn franE synchr ous S e various kinds of
di sadvant ages. ra ; %’1963 @Ennﬁr%ve base Stations (fQUPT T ot

of the present inventi LS 10 [ S, me
synchr onous systgﬁptro Cﬁgqﬁgl % a& g%%%unlca |o&£sy§$eﬁ§%g%ﬁ%¢q£e hé
si mply P QTR of Y R0 DEIPSD £ARG SLALE PEng

by aut ononobus naster-slave sync ronlzatlo Wit hout using t

control of sga synghrRnoiss i %r@racfabnt%i %rﬁgm@ﬁ signd¥ OM-4lesii PBSE BEGhi ON
apparatus applying thi's system her et o. A second
obj ect of the pr%ﬁ%“ha%&%&“%d@é|§tdﬂlon or other slave base stations is
set to a control channel signal observation period; its
own station frame timing generating means for
generating its own station frame timing on the basis of
10 receiving timing of the control channel signal
transmitted from the master base station or one of the
other slave base stations when only this control
channel signal is received during the control channel
signal observation period set by the control channel
15 signal observation period setting means, the its own
station frame timing generating means also generating
its own station frame timing on the basis of one of
receiving timings of control channel signals
| respectively transmitted ffom the master base station
20 or plural slave base stationé among the other slave
base stations when these control channel signals are
received during the control channel signal observation
period; and second control channel signal transmitting
means for transmitting each control channel signal in
25 synchronization with the its own station frame timing
after the control channel signal observation period is

- terminated. A base station apparatus dispersively



14 provi de an inter-base-station frame synchronous system

of a nobile conmmuni cation system capabl e of performng frame
synchroni zation without interrupting comuni cati on when a base
station is on conmunication. 5 A third object of the present
invention is to provi de an inter-base-station frame synchronous
system of a nobile comunication sysiém which is little

i nfluenced by a propagation del ay between base stations and a
circuit delay within the base stations. 10 To achieve the first
obj ect, an inter-base-st frame synchronous system of the

present invention?¥%ange Wlthbﬂp?l§%§V15Puﬁéﬁabé§9 §F§9|§ﬁsad§§ﬁéﬁsﬁﬁﬁgy
arranged _ g a serV|c Eapand c nnected to % ni cati on
network, and haV|%% fo?eﬁﬁ?n%ng aggs8tariPpgnwirs es3 InGopmgcied

| b t at | L | |
comectad to the bF p AR #0BL 1 8°0aE ans by 5o taheHIvaRIRE on

bi di rect i onal n“'ﬁi&&f@ttl nal m§Y§£§féxm@§£€éﬂ t@ﬁe”ﬁﬁ& rng%e gtation

conprises: tinme ornatlon ecel v ns for rece|V|ﬁg time 20
informations with &y ?ﬁk&%@@'é&@@r&fﬁ&rﬂél£MesﬂPQ£éﬂg iny ntloan%ﬁggﬂggs

frame timng generating neans for generati.ng erence timn

for the tine-divisd®trdul dhdhgel 51gnalCQBQ@E@&@thnp§¥QBHrQakéﬁhboﬁeghgh
pr edet er m ned synchronous setting timng set on the basis o

time 25 | nf aledh ooh @&npirédé SérmDRéd Opei8aNELofi 8N8lirst receiving
transmtting nmeans for transmtting a control channel

time point of a control channel signal transmitted from
other base stations is set to a control channel signal

10 observation period; its own station frame timing
generating means for generating its own station frame
timing on the basis of receiving timing of the control
channel signal transmitted from one of the other base
stations when only this control channel signal is

15 received during the control channel signal observation
period, the its own station frame timing generating
means also generating its own station frame timing on
the basis of one of receiving timings of control
channel signals respectively transmitted from plural

20 base stations among the other base stations when these
control channel signals are received during the control
channel signal observation period; and control channel
signal transmitting means for transmitting each control
channel signal in synchronization with the its own

25 station frame timing after the control channel sighal

observation period is terminated.

In each of the above slave base stations, the its



signal to the plural slave base stations |ocated around

15 _ its own station in synchronization with the reference

frame timng, wherein the slave base stations conprise: cont rol
channel signal observation period setting nmeans in which a
predeterm ned period froma first receiving 5 time point of a control
channel signal transmtted from the h#ster base station or other

sl ave base stations is set to a control channel signal observation
period; its own station frane tim ng generating neans for

generating its own station frane timng on the basis of 10 recei ving
tining of the corfR¥®|SthakPRl %?@%a?lmlng generahipgt MEansr grneratess ids

base station or one of th { her s| ave base stations when only this

control éﬁghﬁ%?ag+%ﬁafr?%erEE%%Q@leu?Yﬂﬁ FRBLZBRLPB Wikankde

[ | ob t d t b the control chann
gbggﬁvaﬁlgﬁrggr:ggﬁggrlqﬂbﬁﬁ%a% a tHR@s thdgﬁﬂceg ﬁases?ﬂ??@nphgﬁﬁ% timng
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sl ave base stations anong the ot sta en these

control channel sigfRlghdnhfaster baséeé“f@éi\!fénd&f'ﬁgui-gf £98¥L0baghannel
si gnal observation

stations among the other slave base stations when these
control channel signals are received during the control
channel signal observation period. 1In this system,

10 when the control channel signals respectively
transmitted from the master base sfation or plural
slave base stations among the other_slave base stations
are received, the frame timihg of a most advanced phase
among the plural frame timings based on the respective

15 receiving timings of these control channel signals is
discriminated as first frame timing within a period set
at a frame interval from a time point shifted by a time
about half this frame interval from a first receiving
time point of the control channel signals during the

20 control channel signal observation period.

In each of the above slave base stations, as a
different system for generating frame timing of its own
station in the reception of control channel signals
from plural base stations, the its own station frame

25 timing generating means generates its own station frame
timing based on receiving timing at a maximum receiving

level among the control channel signals respectively



period; and second control channel signal transmtting means for

transmtting each control channel signal in 25 synchroni zation wth
the its own station frame tim ng after the control channel signa
observation period is term nated. A base station apparatus

di spersively 16 _
arranged within a service area and used as al&l| ave base station
anong plural base stations wrelessly connected ~ to plural mobile
stations by a tine-division bidirectLonaI mul tiplex system the
base station 5 apparatus accqrding to the present invention
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signal transmtted fromone of the ot ase S I'ons” when onry’
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the basis of one of receiving timngs of contro
of the received plural control channel signals is

calculated every received plural control channel
signals, and a control channel signal having the

10 avefage value of receiving levels equal to or greater
than a predetermined level is selected and the frame
timing of its own station is generated on the basis of
an average value of receiving timings.

To achieve the above first object, the base

15 station apparatus of the present invention performs
only signal reception for all times in a frame
synchronous control period begun from the approximately
same time point as predetermined synchronous setting
timing of the master station to completion of the

20 generation of the frame timing of at least its own
station. A predetermined period from a first receiving
time point of a control channel signal transmitted from
other base stations during the above frame synchronous
control period is set to a control channel signal

25 observation period. The frame timing of its own
station is generated on the basis of receiving timing

of the control channel signal transmitted from one of



channel si gnal s respectively transmtted fromplural 20 base stations
anong the other base stations when these control channel signals
are received during the control channel signal observation period;
and control channel signal transmtting neans for transmtting each
control channel signal in synchronization with the its own 25
station frane timng after the control chanid® signal observati on
period is term nated. I n each of the above slave base
stations, the its 17

own station franme timng generating neans generates its . own station
frame tining in &hechbeve: ether Rase Stations when QRlY ithig eInbrobst
advanced phase anong pl.ural . frame {imngs bagsed on the respectjve
recei ving tini ng§hangel 51&Patlhésc6ﬁcredi"eéjném¥e‘lgn%i scqré%‘b%]ct%’Fi
transmtted . _fromthe ster base statjon or plural. sl ave base
stations anong t ﬁégaf"t]reg%ﬂe&\yg%ﬂ'é’?e Pﬁrdﬂ%ns%erfoﬁﬂ'gese tning OPCJO% r grm
channel signals are,r.ecei.ve ri t . | _signal
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respectively  roce VSLs Wikighe LUMIE IS Aahitor sigtdan or plural

: i
sl ave base™stati ons annngﬁt e %ther slave. e stations

received, the frage tiwiNe19 13 M5 AR B3] base stations

among the above other base stations when these control
channel signals are received during the above control
channel signal observation period. Each control
i0 channel signal is transmitted to the other base
" stations around its own station in synchronization with
this generated its own station frame timing.
In accordance with these means, reference frame
timing is generated in accordance with high precision
15 time information in the master base station, and the
control channel signal is transmitted to surrounding
slave base stations in synchronization with this
reference frame timing. In contrast to this, each
slave base station performs only signal reception for
20 all times in the frame synchronous control period from
the approximately same time point as predeterminéd
synchronous setting timing to the completion of
generation of the frame timing of at least its own
station. The frame timing of its own station is
25 generated on the basis of the receiving timing of a
control channel signal transmitted from other base

stations during the control channel signal observation



anong the plural frame tinmngs based on the respective 15 recei ving
timngs of these control channel signals is discrimnated as first
frame timng within a period set at a frame interval froma tine
point shifted by a tine about half this frame interval froma first
recei ving time point of the control channel signals during the 20
control channel signal observation period. 20 In each of the

above sl ave base stations, as a different systemfor generating
frame timng of its own station in the reception of control channel

signal s 0 lural base stations, the its own station frame 25
t|g1ng generallrmp?ﬁ%éé e rraredetexminpdspariof framea time poing ag

pased on I ecel v n‘%’n Eﬁ%g%%xgﬁ;%ﬁ:gh”g}lﬂeeieéi’éﬂtglt transmittod lf%g?nn ha'©
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cal cul ated every dageiomsl Ph ug rfﬁ%ﬁﬁié&tf@ﬁ“ﬁfﬁh this geAb898bY: £20fe?

control channel signal having
timing of its own station. Namely, a field of the

frame synchronization is stepwise widened to the
surrounding slave base stations in accordance with
10 distances from the master base station.

Therefore, a frame synchronous operation using an
autonomous connecting master-slave synchronous system
without integrative calculation is performed so that
time required to perform the synchronization is

15 shortened.

Furthet, for example, the generating operation of
the reference frame timing in the master base station
and the frame synchronous control operation in each
slave base station are intermittently performed every

20 24 hours. Therefore, it is not necessary to receive
the control channel signal for the frame
synchronization transmitted from a base station on an
upper hierarchicél side at any time. Accordingly, no
dedicated receiver for the frame synchronization is

25 required so that the construction of a base station is
simply made compact and cost of a product can be

reduced. Further, it is not necessary to control the



10 average value of receiving |levels equal to or greater than a
predeterm ned |l evel is selected and the frane timng of its own
station is generated on the basis of an average val ue of receiving
tim ngs. To achi eve the above first object, the base 15

station apparatus of the present invention perforns only signa
reception for all times in a frame s¥hchronous control period begun
fromthe approximately - same tinme point as predetern ned synchronous
setting timng of the master station to conpletion of the 20

generation of the franme timnpg of at least its own station. A
pr edet er ni ned perﬁ%ﬁF?F%ﬁ¥d9f|+§§ ?@%e?@?ﬁbon at anyy tigepgnft tERNgMEEnt r ol

channel si gnal tr nsmtied fr base stations during the
above frame synchr Lﬂ}erarChY EQﬁﬁF%$rﬁ%+F d2i §°§EF°§oségBBEtPGIaBHanneI
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T aboveror et che PERARA Bbiect, the, ingsrrpape-
channel si gnal '%E%Heﬂr%'%éﬂ&?&%‘tégét&ﬁagfe{:he }[Jresenﬁ' gna:
observation period. The franme ti 0 atronis al so
generated on trﬁfiﬁﬁéﬁ%iﬁn‘lﬁfﬁﬁov1ded that, when the communication
between base and mobile stations is approximately
performed at the same time point as ordinary frame
synchronous control period, the frame synchronous
10 system further comprises frame synchronous starting
exteﬁding means for setting a frame synchronous control
period after the communication between base and mobile
stations is terminated, in the slave base stations.
Accordingly, when starting of the frame
15 synchronous control period is delayed, it is desirable
that the second control channel signal transmitting
means adds information showing whether the
communication between base and mobile stations is
performed or not or information showing whether it is
20 suitable as reference of the frame synchronous control
or not to the control channel signal, and the control
channel signal with the information is transmitted to
the other slave base stations.
When the starting of the frame synchronous control
25 period is delayed, its own station frame timing

generating means desirably generates its own station

frame timing based on the receiving timing of only a



5 receiving timngs of control channel signals respectively
transmtted fromplural base stations anong the above ot her base
stations when these control - channel signals are received during the
above control channel signal observation period. Each control 10
channel signal is transmtted to the other base stations around its
own station in synchronization with BRis generated its own station
frame timng. In accordance with these neans, reference frane
timng is generated in accordance with high precision 15 time

information in the naster base station, and the control channel
signal is transm$eREreb %%?Pﬁﬁkd$h%nai to whichyénfazmadign showimg

h ti reference frang timng. In contrast to
T each o "thah 0hS mammeniention PR EIRRRORRy SO R aROPdB Fra oo

20 all tinmes in the fra nchronous,. contro eri,od from t he
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signal transnmitted from ot her base T ORs aurif e cont
channel signal ohsspiid&d talking connection request reception 20
inhibiting means for inhibiting the reception of a
talking connection request in at least a frame
synchronous control period.
10 In accordance with such means, when the ordinary

frame synchronous control period is started on
communication, communication is preferentially
performed and the frame synchronous control is
performed after this communication is terminated.

15 Therefore, no disadvantages of intermediate
interruption of the communication are caused. Further,
extending information of the starting of the frame
synchronous control is contained to a control channel
signal from a slave base station in which the base

20 station is on communication and so the starting of the
frame synchronous control is extended. This
information is then transmitted from this slave base
station. Therefore, in surrounding slave base stations,
the above control channel signal, i.e., a signal

25 showing that no frame synchronization is terminated,
can be removed from a signal for the frame

synchronization. Thus, its own station frame timing



period as a predeterm ned period froma time point at whi ch the

control channel signal transmtted fromthe above ot her base
stations is first received during this frame synchronous control
peri od. The control channel 5 is further transmtted to surrounding
sl ave base stations in synchronization with this generated frane
timng of its own station. Nanely, a field o23the frane

synchroni zation is stepwi se wi dened to the surroundi ng sl ave base
stations in accordance with 10 di stances fromthe nmaster base station.

Therefore, a frame synchronous operation using_an aut ononous
connecting mast erSdl R %%}?ﬁ:‘l:ﬁliﬁfgu’sn SSR¥ERCt timing.pathdpy thamegrative

calculation is perforned so that . ting.required to performthe
synchroni zation is 1gE° ag@ﬁ%Y?eﬁ%%.thlré object, Fg?tﬁ@F?rrBPsgxaﬁp|E,
the generating o d the reference frape timng in the
mast er base steﬂf€¥§¥léﬁ]fga@ﬁqu?ﬁP??%. ssi%%ﬂ?%n%gsEE%nPF8§gBEeration in
each sl av; . ' ' ] t rforped ever 20
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base station on an upper hi‘erar any tine.
Accordingly, no base stai€di£at exh rnaced veiminy 4 éffﬂ§‘§¥ gdroni zation is
25 required so that the construction of é?basgustat on ?s !

sinply made conpatfansidl tanisig afinfirf WRIGEheE &oMerol channé PUSEHa1 FuET her
it is not necessary to control the
variably set on the basis of supposed delay information.
The timing adjusting means variably sets the
10 transmitting timing such that a total time of a
supposed propagation delay time from a base station
transmitting the control channel signal to its own
station, a detecting time required from a receiving
time point of this control channel signal to the
15 detection of frame timing shown by this control channel
signal, a generating time required from a detecting
time point of this frame timing to the generation of
its own station frame timing, and a transmitting time
until the control channel signal is transmitted in
20 synchronization with this generated its own station
frame timing, is an substantially integer times a frame
period.
In this case, the propagation delay time is
fixedly set to zero or a predetermined value in each
25 slave base station. Otherwise, the proﬁagation delay

time is set to be indefinite. The timing adjusting

means presumes the propagation delay time of the



21 hi erarchy of its own station at any tinme and transmt

t-his hierarchy together with a control signal at any time so that
control can be correspondingly sinplified. ' To achi eve the
second object, the inter-base- 5 station frame synchronous system of
t he present invention is provided that, when the communication

bet ween base and nobile stations is apprOX|ﬁ¥&er performed at the
sanme tinme point as ordinary franme synchronous control period, the
frame synchronous 10 system further conprises frame synchronous

eri ot after t hoCBBYTR CAPPBRIetARaT piRsEl ARt fqr%%eqai P ”g#rit%?%'%%é’ﬁ.s
t ted, t | h t
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means adds |nforna I"on conmuni cdat i on bet ween

base and nobile ?ng&%&% LS, agp%g regﬁ;ﬁﬁg{ﬁfﬁfnq#gguﬁgné 14 mati on show ng

whether it is sui t abl rence o frame” synchr onous

control 5 Bropllgatdon At ke itle Ydidlol AKkiA DKL on

channel signal with"the information is transmtted t he™ ot her
sl ave base stati @hg basis of a rec@ﬁ%&n@PQéﬂémwdﬂﬂtﬂg dd¥ecféBBhannel
synchronous control 25 period is delayed, its own station frane timng

signal used to generate frame timing, and information
showing a transmitting level transmitted from a base
station on a transmitting side in this control channel,

10 or information of the transmitting level
correspondingly stored to this base station in preset
transmitting level information every time the control
channel signal used to generate the frame timing is
received. It is desirable, when the propagation delay

15 time of this control channel signal is presumed on the
basis of only the receiving level of the control
channel signal, the transmitting level of the control
channel signal is set to the same level in each of the
master base station and the slave base stations.

20 Further, the timing adjusting means presumes the
propagation delay time of the control channel signal
used to generate its own station frame timing on the
basis of a receiving level of the received control
channel signal and information showing a transmitting

25 level transmitted from a base station on a transmitting
side in this control channel signal, and transmitting

level information storing means for storing



generating nmeans desirably generates its own station frame timng
based on the receiving timng of only a

22 ' control channel signal to which information show ng

t hat the communicati on between base and nobile stations IS
performed or information prohibiting becomng to ref erence of the
frame synchronous control, is not 5 a@®d. Further, the frane
synchronous system further conpri ses tal ki ng connecti on request
reception i nhibiting means for inhibiting the reception of a
tal ki ng connection request in_at |east a frane . synchronous contro
period. 10 transpitidagr deved Winfioragdy ofe HICWiRe R (A Hakya
frame synchronous contraol period is_started _on . Co ni cat.i on
communi cati on islﬁy§ﬂeP§nFB§IF?ntr°1 Chaﬂ@@ﬂoﬁﬂéﬁ“ﬁndjlﬁﬁﬂgyéﬁé1§Vﬁchronous
control is ecfornmed after this.communi.cation is termnated. .15
Therefore, no di?&&gg&tgﬁgg § a&ﬁP@Fﬁe&mﬁﬁfln in thg heqqivsid Srodr The

communi cat i on ar gycanssdy sELINGeq Lo qencPHENI dyll ARG pladde

starting of the ne synchr onous control” 1's contalne control

e sPon cobiiifng FI9 SR RGN b G W bie 20
synchronous cont gQhnkf i @¢i®d8dvelNo¥ the received control channel
signal with reference to the transmitting level
information stored to the tranSmitting level
information storing means on the basis of
10 discriminating information of a base station on a
transmitting side transmitted from the base station on
the transmitting side in the control channel signal,
and presumes the propagation delay time of this control
channel signal from the transmitting level and the
15 receiving level.

In accordance with such means, the timing
adjusting means is arranged in the second control
channel signal transmitting means of each slave base
station, and the transmitting timing of the control

20 channel signal is variably set by this timing adjusting
means on the basis of the supposed delay information.
Therefore, the frame synchronization can be performed
with higher precision in consideration of a propagation
delay between base stations and a circuit delay

25 generated within the base stations.

As mentioned above in detail, the inter-base-

station frame synchronous system of the present



information is then transmtted fromthis sl ave base ' station.

Therefore, in surrounding slave base stations, t he above contro
channel signal, i.e., a signal 25 showi ng that no frane

synchroni zation is term nated, can be renoved froma signal for the
franme synchroni zation. Thus, its own_station franme tim ng

23 can be generated in correct tidPng at any tine.

To achieve the third object, the +inter-base- station frame
synchronous system of the present ] Iinvent:on has t{glng adjustlpg
means in the second 5. cont channe nal gransmtting neans of a
sl ave bas%n%?%?+%ﬂ hag ?ﬁ'£e??ﬁ1ﬂﬁeaH?gEFFnéaﬁﬁaﬁ§atl°n and

I I rlabl set
LT LTS L A EafrbAg) ShaEPEHe hEREhol arougg, hEf LS
adj usting means V@ééé“%&h§f$§ then dfle m sEéénﬁgg %Egt&? Qeigagnkgﬁt a

total tine of a supposed propaga FTon de e station

transmtting the ﬁﬁﬁﬁécﬁlﬁﬂﬁﬁﬁnﬁ$rSégﬂﬁﬁet@1+i§1gﬁmb1d1rectléh? §ion,
detecting tine required froma receiving time point th|s contro

channel signal tamih€ipldx is GEASEitON Oh 5r?ﬁ@détékﬂgnéaog9ngKrbﬂbﬁs
control channel signal, a generating tine required froma detecting
ti me point of tfﬂseﬁtfnqetimﬁrmhﬁérmiﬁt@ﬁﬂﬁyaée@noﬂfthe basis of high
precision time information externally received. A
predetermined control channel signal is transmitted to
the above slave base stations located around its own
10 station in synchronization with this generated
reference frame'timing. Further, in each slave base
station, only signal reception is performed for all
times in a frame synchronous control period from the
approximately same time point as the above synchronous
15 setting time of the master station to the completion of
generation of the frame timing of at least its own
station. A predetermined period from a first receiving-
time point of the control channel signal transmitted
from the above master base station or.other slave base
20 stations during the above frame synchronous control
period is set to a control channel signal observation
period. When only the control channel signal
transmitted from the above master base station or one
of the other slave base stations is received during
25 this control channel signal observation period, the
frame timing of its own station is generated on the

basis of receiving timing of this control channel



its own station

frane timng, and a transmtting tinme ° until the

control channel signal is transmtted in 20 synchroni zation with this
generated its own station frame timng, is an substantially integer
times a frame peri od. In this case, the propagation

delay tine is
25 sl ave bas
is set to be ind

fixedly set to zero or a predeterm ned value in each

e station. Oherw se, the @&7opagati on del ay tinme

efinite. The tim ng adjusting means presunes the

propagation delay tine of the

control channe

signal used to generate its own station frame

timng on the basignefl.a Whes plygalegontgol ghannel signaks ved contro
Further, it is possi ble to %§§ﬁ¥ as for
GeSPecﬁlﬂ‘fYﬁé@aﬁr&ﬁ‘sé@té?q ifReThthe & r“?ﬂs'éfé €si gnal

channel signal.

presum ng the

on the b
signal used to g
transmtting |lev
transmtting sid
transn1tt|gg | ev
preset t
channel signal u

10

15

20

25

g%@?&% ]%lr;e e| VI n le\é%& af the cont rt%e Ohtahelgh%},ﬁ‘ﬁ% N

tted fron1 base

|
Bass' Fhations are HeteldEd dfdfmg tsﬁeaté LD Rnange} |

8ignal obse‘i(%ra q]%oﬁ)gﬂﬂgzldy Sy qg':eﬁt% Llﬁnﬁr%%f si@d i@ in

ra smtting leve rmati on everytlrret control

%%Qt&%ngﬁgeﬁéh%ﬂa%%dwﬁﬂ“%ﬂé Bl d Sf one of receiving
timings of these control channel signa;s. Each control
channel signal is transmitted in synchronizétion with
this generated its own station frame timing.

In the base station apparatus of the present
invention, only signal reception is performed for all
times in a frame synchronoﬁs control period from the
approximately same time point as predetermined
synchronous setting time of the master station to the
completion of generation of the frame timing of at
least its own station. A predetermined period from a
first receiving time point of a control channel signal
transmitted from other base stations during the above
frame synchronous control period is se£ to a control
channel signal observétion period. When only the
control channel signal transmitted from one of the
other base stations is received during this control
channel signal observation period, the frame timing of
its own station is generated on the basis of receiving
timing of this control channel signal. When control
channel signals respectively transmitted from plural

base stations among the other base stations are

24



received. It is desirable, when the propagation delay 15 time of this
control channel signal is presuned on the basis of only the
receiving |l evel of the control channel signal, the transmtting

| evel of the control channel signal is set to the same level in
each of the mast er base station and the slave base stations. 20
Further, the timng adjusting neans presunes2ghe propagati on del ay
time of the control channel signal used to generate its own station
frame timng on the . basis of a receiving | evel of the received
control channel signal and information showing a transmtting 25

| evel transnitted99iied Fivelng hercenteel rahapnel | pignal obsexygsipn

this control channel 4 %1 nd transmtting. | evel information
storlng means f(”p%ﬁ%ﬁ Ef e ame timing of "its own station is 25

t tt I I f t ransm ev of. the
cgﬁ?fg} ckggnefve In(%%gilo (ﬁQﬁﬁs ° OHGFﬁ%r5$g%h§bngt5}?bﬂgs Rber ei n

Station fram  SH63¢ coptrol %hca“r?ﬁ‘e A e b r e falcEheptel
transmtting |evely qr[tfél{'tfr?l fm zation wf{:gnﬁfu%\” th
reference to the transnlttlng eve I nformati on stor he
transmtting | ev@lenerated its own station frame timing.

Accordingly, it is possible to provide an infer-
base-station frame synchronous system of a mobile
communication system capable of simply performing the

10 frame synchronization between base stations by
autonomous master-slave synchronization without using
the control of a synchronous hierarchy, and also
provide a base station apparatus applying this system
thereto.

15 Further, in the inter-base-station frame
synchronous system of the present invention, when
communication is performed between base and mobile
stations approximately at the same time point'as the
ordinary frame synchronous control.period in a slave

20 base station, the frame synchronous control period of
the slave base station is established after this
communication between base and mobile stations is
terminated. Accordingly, it is possible to provide an
inter-base-~station frame synchronous system of a mobile

25 communication system capable of performing'the frame
synchronization without interrupting communication whén

the base station is on communication.



I nformati on storing neans on the basis of 10 di scrim nating
Iinformati on of a base station on a transmtting side transmtted
fromthe base station on the transmitting side in the control
channel signal, and presumes the propagation delay tine of this
control channel signal fromthe transmtting | evel and the 15
receiving |evel. I n accordance W% h such neans, the tining
adjusting neans is arranged in the second control channel si gha
transmtti ng neans of each sl ave base stati on, and the transmtting
timng of the control channel nal |s varlabl this timng

adj usti ng rrean.g‘%ﬁ'hﬁlfe B&si eofmc Ia ’5"’H‘P rmation.

LTI A e AN TR

stations and a C|58$hgaggga%ea§% lsn geg %teqn g“g geé$ cFa%gFﬁéaelons

As nentioned abovée sta
synchronous SySteghQBnEEesE&ﬁﬁ?nkransmlttln me

ag a slave base

26 i nventi on has”at | east one nmster ase statlon an

plural slave basegghatbAns QEEﬁQﬁ@@t@h@UQlehbso@a%H@’control c %
station. In the master base station, réferenceé frame timng for

time division bidsigahlonsl variably set in this timing adjusting means
on the basis of supposed delay information.
Accordingly, it is possible to provide an inter-base-
station frame synchronous system of a mobile

10 communication system, which is not easily influenced by
a propagation delay between base statiens and a circuit
delay within the base stations.

Brief Description of Drawings
FIG. 1 is a schematic view showing the basic

15 construction of a PHS;

FIG. 2 is a view showing one example of the frame
construction of a TDMA-TDD system;

FIG. 3 is a view used to explain problem points of
a conventional PHS system;

20 FIG. 4 is a schematic view showing the arranging
construction of base stations in a mobile communication
system in accordance with an embodiment of the present
invention;

FIG. 5 is a circuit block diagram showing the

25 construction of a master base station in the system

shown in FIG. 4; | |

FIG. 6 is a circuit block diagram showing the
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5 multiplex is generated in a predeterm ned synchronous setting

time intermttently set on the basis of high precision tine

i nformati on externally received. A predet ermi ned control channel
signal is transmtted to t he above sl ave base stations |ocated
around its own 10 station in synchronization with this generated
reference frame tinming. Further, in each sl a¥@ base station, only
signal reception is perforned for all times in a frame synchronous
control period fromthe approximately sane tine point as the above
synchronous 15 setting ti of ster station,to the conpletion of
ggneratlon of t hTee Y n%faaﬁi?%%. age sSphion in th?tﬁf? &RM A

pr edet er mi ned perlod fronﬁﬁEéﬁrf recei vi ng time point of the
control channel S|gnéf:F?a ed fromthe above naster base

station or other slaveppase, EQ tlﬁiﬁ t8€§r9“%699e§gf §%ﬁ§|fr?§ﬁgﬁ

synchronous contr ol a contro

observati on drasl, t r h gnal
transmtted frcnnt%n Eove %B é%élg%g%?%% %és& geatiofs Eﬁ tPﬁe ot her
sl ave basesstati Cg;}ﬁsﬂe*‘m r@g&,hyei:}1 Cku_f@ ng . 25 this control channel si gnal
observation perio t he frame tinming of its own station is
generated on the FIchagiss of ¢ BRPhY| FBatt "EREwPhgt AhSegamplial o¢hange!

27
transmitting operation of a control channel signal;

FIG. 9 is a timing chart for explaining processing

for selecting receiving timing of the control channel
10 signal reaching in earliest timing seen in a frame
unit; and

FIG. 10 is a timing chart for explaining a
correcting function of a delay time in the base station
shown in FIG. 6.

15 Best Mode of Carrying Out the Invention

An embodiment of the present invention will next
be explained with reference to the drawings.

FIG. 4 is a layout plan of base stations in a
mobile communication system in accordance with one

20 embodiment of the present invention.

In FIG. 4, a service area of this system is
divided into small service areas Gl; G2, .... One
master station CS1, CS2, <o and many slave base
stations CS100, CS5200, ..., are arranged in each of

25 these small service areas Gl1l, G2, .... Arranging
positions of the master base stations CS1, CS2, ey

are set to be approximately located in central portions



signal. When plural control channel signals _respectively
transmtted fromthe above naster base - station or slave base
stations anong the other slave base stations are received during

t he control channel 5 signal observation period, the frame timng of
Its own station is generated on the basis of one of receiving
timngs of these control channel signals. Eadf# control . channe
signal is transmitted in synchronization with this generated its
own station frane tining 10 In the base station apparatus of the

resent ention signal receptjon js perforned for al
?IWES in a frane 8 gh?oﬁgﬁig gFepéFFG§ Blom&he - - - - appr oxi mat el y

[ ti f the
Taster otation to the TEa @""%o’rﬁ&sé'rteﬁ’oﬁ’a SR TS a2 ¢ v 199ng
of at leaﬁﬂe'£§s§ igétEQQVe Pgrﬁdg%g géggng%ﬁrlOdégﬂqaﬁumnﬂﬁted

first receiving tine contro annel i

from other base Sf§£h09§rgﬂébQQZBHSSaQQEﬁ hav1ngI %éﬁﬁ uy! &PQ&F%H?%QB&

period is set to a control channel ervation perio

only the s e@nab@ﬁtcbaonﬁl SWQBQheEEaE§Hh%h§QsEBQUhQE%gO EEF”E}&%£|

ot her base stations is received during this control
observation periogystée isaperfbfh8d Bbtween thekbSpawe %Eﬁ%h%&s'%n

generated on the basis of receiving 25 timng of this control annel
signal. Wen conandllustratedchebiie stgaabﬁsr@&meﬁtihgebauh&ﬁn%metsfeed from
pl ural base stations anong the ot her base stations are

wireless zones. Each of the above base stations is
connected to an unillustrated ISDN as one digital

10 public network through an ISDN subscriber line, and is
further connected to an unillustrated control center of
this system through this ISDN. The control center
performs management and control such as register,
authentication, accounting processing, etc. with

15 respect to the mobile station subscribing to this
system.

When this system is a system for a business place,
each base station is connected to a digital private
branch exchange through a digital extension.

20 The above master base stations Cs1, Cs2, ..., and
the slave base stations CS100, CS5200, ..., are
respectively constructed as follows.

FIG. 5 is a block diagram showing each of circuit
constructions of the master base stations Cs1, Cs2,

25 among these base stations. Each of the master base

stations CS1, CS2, ..., is constructed by a

transmitting/receiving section 10, a control section 30
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28 recei ved during the control channel signal observation

period, the frame timng of its own station is generated on the
basis of one of receiving timngs of t hese control channel signals.
Each control channel 5 signal is transmtted in synchronization with
this generated its own station franme tim ng. '

Accordingly, it is possible to provide an i Rter- base-station frane
synchronous system of a nobile comuni-cati on system capabl e of
simply performng the 10 frame synchronizati on between base stations

by aut onompus mnast er-sl ave synchrani zation w t hout using.
the control of a28fnBhrEA6EENRLeLZARRy tigdadasdgnal genergtingdeyinge

station apparatuz applying this system thereto. 15
Further, in the fAter-base-station frame synchronous system of the

Tobite o SUhti e TaFRPRRLSL 1Y IR T DT HES RS £0
di f h I ' ' . tion,
The Trame Synchr BASUERoRTBRnpE 137or 1D 8 DR e dARRE R L

established aftep {Rirg)ess modu‘iQ'E‘I‘AIB;j a0 1A 8 RS hA ML | ©
stations is termnated. Accordingly, It 1's possible to provide an
i nter-base-stati ggatiafe raxesheandys theseelintlenha®hilf 11b is selected
by an antenna changer 12 and is then inputted to a
receiving circuit 14 through a transmission/reception
changer 13. In the receiving circuit 14, the above
10 wireless modulating wave signal is mixed with a local
oscillating signal corresponding to a wireless channel
generated from a fréquency.synthésizer 15 and is
converted to an intermediate frequency signal. This
received intermediate frequency signal is digitally
15 - demodulated by a demodulator 16 and is then separated
in a time-division multiplex/separation circuit 17
every slot. Error correcting decoding processing and
voice decoding processing of this separated
demodulating signal are performed by a- decoding
20 circuit 18 so fhat.regenerated voice data are
transmitted to an ISDN line.

In contrast to this, voice encoding processing and
error correcting encoding processing of the voice data
transmitted from the ISDN line are performed by an

25 encoding circuit 19 and are then inputted to the time-
division multiplex/separation circuit 17. 1In this

time-division multiplex/separation circuit 17, the



25 comuni cati on system capable of performng the frane

synchroni zati on wi thout interrupting comruni cati on when. t he base
station is on conmmrunication. 29
Further, in the inter-base-station frane synchronous system of the
present invention, timng adjusting neans is arranged in the second
control channel signal transmtting 32ans of a slave base 5
station. Transmitting timng of the control channel signal is
variably set in this timng adjusting neans on the bgfls of ;
supposed del ay i nformation. Accordingly, it is possible to provide
anplpnter-base- voice data|aFesiee-Byheipbesad t9gethesf WathDUpllée 10
conmuni cati on sys ich is not easily influenced by

propagation del a W%gna?%E¥?§t%ﬁ?%ﬂ%landT%eﬁ?r@HiFlplexed delay mnthln

f_Descript f Dra
1'is 5 Schem ."E‘S%ﬁwr%%ww T e oLhePesa £57E Pdut akosr 20, pae

h - uct f
Tovk. 70D syst om Cotverted o MR 405 AP ke stqnakof 8 RrbPobl om

points of s mSHERHVEN S PNRlg %&yﬂéqnp@@md to a tEhBnfttind

schemati c vi ew show ng the arrangi ng
circuit 21. 1In the transmitting circuit 21, the above

digital modulating signal is mixed with the local
oscillating signal corresponding to the wireless
channel generated from the frequency synthesizer 15 and
10 is frequency-converted to a.wireless modulating wave
signal. This wireless modulating wave signal is
supplied to the antennas 1la, 11b through the
transmission/reception changer 13 and the antenna
changer 12 and is transmitted toward the mobile station
15 from these antennas 11la, 11b.
The reference frame timing signal generating
device 40 receives time information transmitted from a
system capable of obtaining time information with high
precision, e.g., a satellite position measuring system
20 (GPS). The reference frame timing signal generating
device 40 generates a frame timing signal as a
reference at a predetermined time_on the basis of this
received time information. Here, a generating time of
this reference frame timing signal is set in a time
25 zone providing a lowest communication traffic in a
master base station. For example, this.generating time

is selectively set to two o’clock in the morning.



construction of base stations in a nobile conmunication systemin

accordance with an enbodi nent of the present i nvention;

FIG 5 is a circuit block diagramshowi ng the 25 construction of a
master base station in the system shown in FIG 4;

FIG 6 is a circuit block diagram show ng the

30 construction of a slave base std#ion in the system

shown in FIG 4; FIG 7 is a timng chart for explaining a
frame synchronous operation between base statlonshlntthﬁ 5
system shown in FlG 4; 8 is ,a . timng chart show ng an
eianple of the NamElYtr%ﬂ%n??f?ﬁﬁnﬁﬁegg?mﬁntbﬂlﬁgcﬁﬁﬂpéﬂ SRARFEL 189gnal :

FIG 9 is atimng chart |n|nﬁdprocess n for selecting

receiving timng $FVi%e ¢ n¥?§$g% Enhl ﬁnerat§ggﬁ§FeFSQEﬁ|§§aWﬁ earliest

timng seen in a AE Qis atimng
chartgfor explalhé%g g every a%%%Y%%t?ﬁ tVﬁn%tF%ﬂcgfeXeﬁgléﬁyflne in the

base station f§¥m0%§t§%§;n€0t%&§h3o nBest Qgggkzglon |ng Qut the

| nventi on resent inve next
5 circuit 31, a clock synchronous extracting circuit 32,

a timing clock generating circuit 33 and a frame timing
detection/control circuit 34.

The clock/control circuit 31 receives a control

signal from the control center and the mobile station

10 and controls the operation of an entire base station.
The clock/control circuit 31 also has a function for
receiving time information in a preset period from the
control center and performing a timing operation based
on this time information. The above time information

15 is used to set the synchronous setting period, etc. and
does not require high precision as in time information
with high precision used to generate the reference
frame timing signal by the above reference frame timing
signal generating device 40. Accordingly, there is no

20 problem with respect to a delay time from the control
center to the base station through the ISDN.

For example, the clock synchronous extracting
circuit 32 is constructed by a PLL circuit and
generates a clock frequency in synchronization with a

25 signal clock transmitted from the ISDN through the ISDN
line. At this time, the frequency of clocks sent from

the ISDN to the respective ISDN lines are synchronized



be explained with reference to the draw ngs. FIG 4is a

| ayout plan of base stations in a nobi | e conmuni cati on systemin
accordance with one 20 enbodi ment of the present invention.

In FIG 4, a service area of this systemis di vided into snall
service areas Gl, &, ... One master station CS1, CS2, ..., and
many sl ave base stations CS100, CS2085 ..., are arranged in each of
25 these small service areas Gl, &, .... Arranging positions
of the master base stations CS1, CS2, are set to be approximately

| ocated in central portions 31

of the small servFBethBpbagl& thepbase stations can bergpeysded asttdie base
stations CS1, Cs2, ..., ang the respective sl ave base stations
CS100, CS200, ...same clock frepnenE¥less zones each having a radius from

00 . Wrel . | SSi ' a TDVA- TDD
ystemis performed bot ifed TOREFBASE SERECGERRpeeol Sl I%‘%ﬁ?‘d
bi | ' Lot i fhi . L rel. . E of the
above base stati obetpEonct! Ebbilet EEREng in yachitReBRt AN B ersTibg one

LS corhoc: cHBEASORERIEE e USRS LI SURSEBE S vl
through this | SDNrefbgef08! EPEmECRiRENg signal generating device 40.
The timing clock generating circuit 33 is clock-
. synchronized with the clock extracted from the above
clock synchronous extracting circuit 32, and generates
10 an internal operating clock of the master base stations
in synchronization with the reference frame timing
generated in the above frame timing detection/control
circuit 34. |
When the reference frame timing is set in the
15 above frame timing detection/control circuit 34, each
of the master base stations CS1, CS2, ..., transmits a
control channel signal on the basis of the control of
the clock/control circuit 31 toward surrounding slave
base stations in timing synchronized with the above
20 reference framé timing.
FIG. 6 is a block diagram showing each of circuit
constructions of the slave base stations CS100,
Cs200, .... In FIG. 6, the same portions as FIG? 5 are
designated by the same reference numerals and a
25 detailed explanation thereof is omitted in the
following description.

Each of the slave base stations CS100, CS200, ...,



perfornms managenent and control such as register, aut henti cati on

accounting processing, etc. with 15 respect to the nobile station
subscribing to this system When this systemis a
system for a business pl ace, each base station is connected to a
digital private branch exchange through a digital extension. 20
The above naster base stations CS1, CS2, ...36and t he sl ave base
stations CS100, CS200, ..., are respectively constructed as

fol | ows. FIG 5 is a block diagram show ng- each of circuit

constructions of the master base stations CSI,

Cs2 a anngg
t hese base st ati JHaS aEEE%n%WlFF%P ?%@lﬁé%% section’ 1D an n8 gsptresy

éohirgf gggffgﬁcégg:b on 50. Thetéggggg géESﬁeEM ﬂgssect k}con%rOI

d f f :
For oxampl o, the CLRREHE (1 gh rERETS! PEREBEeTane 19nEfactingy eddBise. 52anac
la, 11b to perfofm apags éiefawée(eratén ME AT R R I

signal fromthe nnbl atron reterved ese ant ennas

is selected, éa%fghfggﬁ{g@iqgggg§£t1g4and is then inputted to a
receiving CIrCUIt 14 through a transm ssion/reception

Similar to the clock/control circuit 31 of each of

the above master base stations CS1, CS2, ..., the
clock/control circﬁit 51 receives a control signal from
the control center and the mobile station and controls

10 the dperation of an entire base station. The
clock/control circuit 51 also receives time information
in a preset period from the control center and performs
a timing operation based on this time information, and
sets a constant period from two o’clock in the morning

15 to the frame synchronous control period. Further, the
clock/control circuit 51 has a talk connecting request
reception inhibiting function for inhibiting the
reception of a talk connecting request generated during
a frame synchronéus control period and preventing

20 communication from being started during the frame
synchronous control period.

Similar to the clock synchronous extracting

‘circuit 32 of each of the above master.base stations
Cs1l, cs2, ...,-the clock synchronous extracting

25 circuit 52 generates a clock frequency in
synchronization with a signal clock transmitted from an

ISDN through an ISDN line by using a PLL circuit.



changer 13. In the receiving circuit 14, the above 10 W rel ess
nodul ati ng wave signal is mxed wwth a | ocal oscillating signa
corresponding to a wirel ess channel generated froma frequency
synt hesi zer 15 and is converted-to an internedi ate frequency
signal. This received internediate frequency signal is digitally
15 denodul ated by a denodul ator 16 and i$7then separated in a
time-division nultiplex/separation circuit 17 - every slot. Error
correcting decodi ng processing and voi ce decodi ng processing of
this separated denpdul ati ng signal are p?rforne' by a dec%dj%gﬁ 20
circuit 18 so that regEh@rb¥amebiBingafgtariion/contrpl,gaprnitysdg
| SDN 1i ne. .l n contrast tg this cessing and
o f

voj ce encofing RLOQ
error correcting 2riturRe phoResen P at?@ﬁ%ﬁ?iecﬁﬁfﬁe Sighalt ransnitted
fromthe I1SDN Iine are perforned. by an, 25 .encoding.circuit_19 and are
then inputted toq eYY%kﬁon Perlogd?%?s?oﬂeﬁﬁf?9p$397gé83r8¥i%ﬁagﬁrcuit
17. In this . 1le-gdiyvisi ' x/ separation circuit 17, the
33 voi&?ﬁﬁ#éréferg éﬁ&%ﬁ%%éiéﬁéd together with voice
data of anajher Channeﬁeﬁgbeggeeyétg&@fﬁg function! baNEALSELAR GG @ are

i nputted to a nodul at or
channel signal observation period, after the beginning

of the frame synchronous control period, two o’clock in
the morning, the control channel signal observation
period is started from a time point at which a control

10 channel signal transmitted from another base station CS
is first received. For example, as shown in FIG. 7, a
time length of this control channel siénal observation -
period is set to be longer than a transmitting period
(e.g., 100 ms) of the control channel signal (e.g.,

15 several times to several ten times the transmitting
period of the control channel signal).

In the setting function of the frame timing of its
own station, the frame timing of its own station is
generated on the basis of reception timing of the

20 control channel signal in the control channel signal
observation period. In this case, when control channel
signals from plural base stations are received, one
control channel signal is selected from these control
channel signals and the frame timing of its own station

25 is set on the basis of reception timing of this
selected control channel signal.

Similar to the timing clock generating circuit 53



converted to a digital nodulating signal in this 5 nodul at or 20 and

then are inputted to a transmtting circuit 21. In the transmtting
circuit 21, the above digital nodulating signal is mxed with the

| ocal oscillating signal corresponding to the wireless

channel generated fromthe frequency synthe5|zer 15 and 10 S
frequency-converted to a wirel ess nodul ati ng3®ave signal. This

wi rel ess nodul ati ng wave signal is supplied to the antennas 1lla,
11b t hrough the transnission/reception changer 13 and t he anteﬂna
changer 12 and is ransmite rd the e sta m t ese
antennas 11a. 1100F 882K oF Ene’YRove, RERERE, bRrE g tARIORS SalCS L -

f tted f
dyst em capabl e of BB KHAERS PREER, ¥BBrkaFioN WRehuntoR® 18 SO0 o slon.
e.g., a Sate"'teafﬂéh£689%gﬁa%EEh“9hayg&%ﬁk ég5ractgﬁP§§étn£h%boﬁk§rence

frame timng sign generat | a frame timng

signal as a 1o£ﬁf§gﬁEﬁ§oﬁBu§ e&%@s&%&ggneﬁrthg @a,taadb@aﬁafﬁiééﬂs

received time informati on. Here, a generati

reference fgane tbﬁ1ﬂﬂtékﬁ8§|obérﬁ%&nbncioEk”Ef 2he sla%%n%aB%p%%@ﬂﬂbﬁé
| owest conmunication traffic in mast er base station. For exanple,

this generating tiﬂEsynchronhﬁaﬁﬂbﬁC%h¥ﬁ|¥e$é&eh@etWQa%eCEQﬁKnbn t he
orni ng. generated in the above frame timing detection/control
circuit 54.
Further, the clock/control circuit 51 has a

10 transmitting control function of a control channel
signal for setting frame timing. In this transmitting
control function, when the frame timing of its own
station is set in the above frame timing
detection/control circuit 54, the control channel

15 signal for setting the frame timing is transmitted to
surrounding slave base stations in timing synchronized
with this frame timing of its own station. The
transmitting control function of“this control channel
signal is constructed in detail by a control channel

20 signal generating function and a transmission timing
adjusting function. In the control channel signal
genérating function, the control channel signal is
generated in a predetermined form including iD of its
own station and information showing whether or not this

25 station is on communication, etc. In the transmission

timing adjusting function, transmission timing of the

control channel signal generated by this control



Nanely, the reference frane timing signal generating devi ce 40
refreshes and generates reference frane timng every arrival at two
o' cl ock every day. The control section 30 has a cl ock/control
5 circuit 31, a clock synchronous extracting circuit 32, a
timng clock generating circuit 33 and a franme timng

detection/control circuit 34. TBO cl ock/control circuit 31
receives a control signal fromthe control center and the nobile
station 10 and controls the operation of an entire base station.

The cl ock/control circuit 31 also has a function for receiving tinme
information in a ghaseelpeipnali geperhasing functiom: il addmsdedariad
performing a timng operation based on this tine information. The
above tine |nfornﬁPFbﬁumlﬁlmlnglénuybécboasPFOPﬁ§a§9ﬁ@hﬁ@ﬁ@WSCééﬁﬂﬁhg
period, etc. and es n uire hi h precision as in tine

i nf or mati on confirey, ﬁgaﬁnﬁ eEFSﬂSﬁ H?E FB §§ﬁeP§§@ Sretions ek a
frame tim ng signal bx.%he above, refﬁ ince %h % si gnal
generating devi ceCABCUAECBFEFRGFI1It ABLEY| Wik ln2 e %ﬁﬁbﬁﬁ&EHﬂ"§h & pect
to a delay §inme fggg1&£ﬁiﬁgﬂtrol center to the base station through
t he | SDN. exanpl e, the clock synchronous extracting

circuit 32 is construchgd Qﬁt@rPEESEL%ggkﬁoﬁnﬁrn es ncHEUHALL S g%%??ﬁ%}

frequency in synchronization wt oCK 1 ansm

the |1 SDN t hrough the é§§¥hm hav1ng|tH§ aﬁ%véhbénghgﬁct%Nﬁ @Eﬁqu%@&% e

cl ocks sent from the 1SDN"to the respective | lines are
synchroni zed explained. Here, a small service area Gl among the
small service areas Gl, G2, ..., shown in FIG. 4 will
10 be explained as an example. FIGS. 7 to 10 are timing

charts used to explain an operation of this inter-base-
station frame synchronous system.
First, in a master base Station CS1l, when a time
shown by high precision time information transmitted
15 from a GPS is two o’clock in the morning as a
synchronous Setting time, a reference frame timing
signal is generated in the reference frame timing
signal generating device 40 as shown in FIG. 7(a).
Thus, a frame in the master base station CS1 is set as
20 shown in FIG. 7(b) in the frame timing
detection/control circuit 34 on the basis of the above
reference frame timing signal. For example, as shown
in FIG. 7(c), a control channel signal_is generated in
timing synchronized with this frame and is transmitted
25 to surrounding slave base stations CS100, CS101,
For example, as shown in FIG. 8, a transmitting

period of this control channel signal is set to a



35 so that all the base stations can be operated by the

sane cl ock frequency. The frame timng detection/control
circuit 34 sets reference frame timng in synchronization with the
5 reference frame timng signal generated fromthe above

reference franme timng signal generating device 40. The tim ng
cl ock generating circuit 33 is clock- 40synchroni zed with the clock
extracted fromthe above cl ock synchronous extracting circuit 32,
and generates 10 an internal operating clock of the master base
stations I n synchronlz tion with the _reference frane timn

generated in the BB&$BYf PEnd Ot ErPRGSdetelrirodPloMs-ol Further, as gfqwgy,

above frane tim

Wen the ref f h
det octi onl cont rof Bi FEAr1 B3z ”Egcﬁvsgtlg'ngf SRR s FRP SR S s,

Cs2, ..., transm C n nhe $ of t he
control of gifjhe C oc%F%%ﬁ? C|?%%|$ ? owar%‘su%%éﬁb ng sl ave
base stations in S nized with the above 20 ref erence franme
timng. Ehghﬁgé_¥gﬁﬂéﬁa bl ock di agram showi ng each of circuit

constructiogs of the 5&%V%o§%§%s%t%51Q@iscs%pQrame syncHreaiflis -contddt FI G

6, the sanme portions as FIG
period is started in each of the slave base stations

cs100, Cs101, ..., when the present time clocked in the
clock/control circuit 51 becomes two o‘clock in the
morning as the above synchronous setting time. Each of

10 the slave base stations CS100, CS101, ..., is first set
to a mode for performing only signal reception in all
period; including a forward link of a TDMA frame when
the frame synchronous control period is started. 1In
this frame synchrénous control period, synchronization

15 spreads from the master base station CS1 to the
surrounding slave base stations. This frame
synchronous control period desirably includes a period
from the master base station CS1 until synchronization
reaches a farthest base station. However, this period

20 may be sequentially terminated from base stations in
which synchronization is terminated.

It is now assumed that a wireless zone of the
master base station CS1 is set to G10 of FIG. 4. 1In
this case, a control channel signal for setting frame

25 timing transmitted from the master base station CS1 is
received in each of slave base stations CS100 to CS104

located within the above wireless zoné G1l0.



de5|gnated by the sane reference nunerals and a 25 detail ed

expl anation thereof is omtted in the fol | owi ng descrlptlon

Each of the slave base stations CS100, CS200, ...,

36 has a transmtting/receiving section 10 and a contro

section 50. The control section 50 has a cl ock/contr ol circuit 51
a clock synchronous extracting circuit 52, 41 a timng clock
generating circuit 53 and a frame timng 5 detection/control circuit
54. Simlar to the clock/control circuit 31 of each of

t he above nmaster base stations CS1, CS2, .. t he cl ock/ contro

circuit 51 receives a WesRralcengFal ¢happel’ Slgna%hétcBnFPBFtéﬁﬁtéﬁvﬁﬁd

the nobile station and controls 10 g eration_of an enthﬁe base
station. The ©fF m°§ﬁ(ﬁ§d§*ﬁﬁ?(ﬂeQﬁ+%§éta %Jg%erEE%@%e§YFF onous

I nformation in .a pres eriod fr n1the P center and rforns
a timng operati &PHEXY %%F “?f%sf | TP 1R Or ?o(ﬁ ]rﬁgcongrOf CLErY Eg 59
constant period frgmtwo Q' clock in th 1 . to t frame
synchronous cont r et i TS E (BT e Pé?gm 'O é BER cg%t$§I circuit 51

has a ta'ksconneccmg&éaetqmt eriod of raffp &&wheﬁa&ﬁ&g fypgLion,for

inhibiting™t reception o connecting request-generat ed

during a d4 A SUULTONEHS k%)é‘é 'Ol a PESh O G 3060 PESVESLHAY and
stores reception timing of the control channel signal.
Here, the observation period of the control channel
signal is desirably set to be longer than a
10 transmitting interval (100 ms) of the control channel
| §ignal.

When the control channel signal observation period
is terminated, the frame timing detection/control
circuit 54 selects suitable one of timings stored to

15 the clock/control circuit 51. The frame timing
detection/control circuit 54 corrects the frame timing
of its own étation such that this frame timing of its
own station is synchronized with the selected timing.
The frame timing detection/control circuit 54 then

20 performs a frame synchronous operation. When the frame
synchronous operation has been performed, all receiving
modes are released and the control channel signal is
transmitted in synchronization with the set frame
timing. At this time, the control chaﬁnel signal in

25 each of the slave base stations CS100 to CS104
belonging to which frame is a frame among 20 frame

periods is set at random. Therefore, collision



20 comuni cation from being started during the frane

synchronous control period. Simlar to the clock synchronous
extracting circuit 32 of each of the above master base stations
CSl, Cs2, ..., the clock synchronous extracting 25 circuit 52
generates a clock frequency in synchroni zation with a signal clock
transmtted from an | SDN t hr ough an 4%DN |ine by using a PLL
circuit. 37 The
frame timng detection/control circuit 54 has a setting function of
a control channel signal. . observation period apd a, setting, fuonction
of frame RAGRARELFEY (oF GaiP srortont channsf 81Gad)ofy’ e 1Gve

' f ' f th | . h | si | ‘ob ' i od,
setting functi on oL 4% ST Ly o wiepnSlS L Ehe s o thor GhEALE BRsREL.
"cl k i th ' th trol I [ I '
0 0K LN ot oA R g OTAES ST RED, S 008 oGy Lon
o gnal L ansm {1 & LS00 el 5P SLGAAPT oot n hophHESbptRSLY"0

For exanple, as shown in eng IS C
channel sigpal o yaddOMion. period is set to be longer than a
transmtting perio (e.g., 100 ns) of the control channel signa
(e.g., When the above slave base stations CS100 to CS5104

transmit the control channel signals, these control
channel signals are received in other slave base
stations arranged within wireless zones of the

10 respective slave base stations CS100 to CS104. Forx
example, as shown in FIG. 4, a control channel signal
transmitted from the slave base station CS101 is
received by each of slave base stationé CS110 to CS112
existing within a wireless zone G1l1 of this slave base

15 station CS10l1. Similarly, a control channel signal
transmitted from the slave base statién CS104 is
received by each of slave base stations CS105 to CS107
e#isting within a wireless zone Gl12 of this slave base
station CS104.

20 In each of these slave base stations CS110 to
CS112 and CS105 to CS107, the control channel signal
transmitted from each of the slave base stations CS100
to CS104 is first received after the frame synchronous
control period is started. Then, the frame

25 synchronization is performed and the control channel
signal is transmitted by operations similar to those of

the slave base stations CS100 to CS104.



15 several tines to several ten tinmes the transmtting peri od

of the control channel signal). In the setting function of the
frame timng of its own station, the frame timng of its own
station is generated on the basis of reception timng of the 20
control channel signal in the control channel signal observati on
period. In this case, when control channel 43 signals fromplural base
stations are received, one control channel signal is selected from
t hese control channel signals and the frane timng of its own
station 25 is set _on the basis of_receEtion timng of this

sel ected control channBhesj ghg| respective slavg Rapgr stgtirast GHildd dwck

generating circuit 53 ) : 38

of each of the abe%bl#re@RdrCHLAe P aEFR% txgnseiy the control chappel; nipg

"clock generating cjrcujt 53 is cl ock- ynchronized with th .clqpk

extracted by the 3hI2-5« thesec?%%?r§§nﬁh?ﬁﬂ%isséﬁPPgﬁtFﬁﬁ f??@ﬁF?lgf,yénd
t 5 | nt I ] Kk ] I b tati,

P ynchr oni 2at i GFEGFHTER cFBrGFBEE {F LREe: PRFRgecations BERaRaRa A iR

above frame. timng, deteciio NntEo | ' 4

Furrhgr, ?ﬁ% Llodﬁ %% %%:Zgééguéf é&eh%%?%? %éggu%E??éﬁgﬁiFFR%g ggntrol

function of a ConééleCQﬁ@n€é105 to CS107. For example, as shown in

FIG. 4, a control channel signal transmitted from a

slave base station CS111 is received by each of slave

base stations CS113, CS114 existing within a wireless
10 zone G13 of this slave base station CS11l.

Similarly, a control channel signal transmitted
from a slave base station is sequentially transmitted
to slave base stations farther than this slave base
station and the frame synchronization is performed in

15 synchronization with this received control channel
signal.

Namely, in each slave base station, the hierarchy
of its own station is autonomously set in accordance
with a distance from each of the master base stations

20 CS1, CS2, --. Thus, the frame synchronous operation is
performed by the autonomous connecting master-slave
synchronous system.

Each slave base station immediately starts the
frame synchronous operation if the frame

25 synchronization of an upper base station is performed
and a control channel signal transmitted from this base

station is received. Accordingly, in comparison with



signal for setting frane timng. In this"transnitting control

function, when the franme timng of its own station is set in the
above frame timng detection/control circuit 54, the control
channel 15 signal for setting the frame timng is transmtted to
surroundi ng sl ave base stations in timng synchronized with this
frame timng of its own station. The 4ﬂransn1tt|ng control function
of this control channel signal is constructed in detail by a
control channel signal generating function and a transmni ssion

timn ustin funct In_the contrql channel
g;nergtlng functlgﬂn'tﬁg coﬁPPg? cﬁgﬁﬁéngpgﬁSPtﬁgn NG §- 233%53&t§&% n a
predeterm ned for on_and_i nformation

showi ng whet her of}%ﬁélgﬁpgﬂragous °8?5FF68“ gaBngoﬁ%%ﬁ &EPFgX etc. In
the transm ssion rf%rme& ghagledigsébgg%ngckbo%ho&%gﬂsg‘%ﬁm%nr%h%hg%dpf

t he cont rBF annel ~srgnal era cont

h I diust t
39 c ag@% i$i gne fgwsr%heﬂﬁapgga§gePhs o2dby3t fle! Base

optimumtimng i I ch a propagat control channel

si gnal betwen th§t§@§gn§t§£éo§§r§ggmgd circuit processing del ay
within the base stations, etc. are optinmum

In the frame synchronous system in this embodiment,
the following various kinds of characterized controls
are performed when the above frame synchronization
setting operation is performed. First, a setting

10 function of the frame timing of its own station will be
explained when control channel signals from plural base
stations are received.

For example, only a control channel signal of the
master base station CS1 is received in slave base

15 stations CS103, CS104 located within the wireless zone
G10 of the master base station CS1 (transmitting delays
T13, 714 are respectively caused). Therefore, only
one kind of frame timing can be taken as shown in each
of FIGS. 7(g) and 7(k). Accordingly, as shown in each.

20 of FIGS. 7(e) and 7(i), in the slave base stations
CS103, CsS104, the ffame timing of its own station is
synchronized with receiving frame timing based on the
control channel signal of the master base station CS1.

However, as shown in each of FIGS. 7(h) and 7(1),

25 when the slave base stations CS103, CS104 begin to
transmit control channel signals, a slave base station

CS107 existing in a position relatively near these



The inter-base-station frane synchronous system of the system

havi ng the above construction will next be expl ai ned. Here, a smal
service area GL anong the . small service areas GlL, &, ..., shown in
FIG 4 will 10 be explained as an exanple. FIGS. 7 to 10 are timng
charts used to explain an operation of this inter-base- station
frame synchronous system - First45in a master base station CS1
when a tine shown by high precision time information transmtted

15 froma GPS is two o' clock in the norning as a synchr onous

setting tinme, a reference franme ti m'né; signal is generated in_the
reference franme tSkAvR) base stakigpm|CHbhdr £ FeFREVEd bResRERATPA FI G
7(a). , Thus, a frame in the nmaster base %%ftion_ is set as 20
shown in FIG 7(5Paehe*g t{apemitting ¥Fi & conf A4l &S cuit 34
on the basis of the abgve reference f I.m ng, signal . For
exanpl e, as showﬁesPeCth?%VFﬁ?ﬁSQéinFr%P%Qﬁéfgﬁ %ﬁ%ﬂngPesggﬁg? i's

generated in

25 to sur rounraelsr%eté;sﬂé‘?/ag %yaés}g ;r?%%%g%%%%hé%q%i‘”@sfﬁ'g is transmtted

For exanpl g as dihdl & SddRNE #1097 (0), twoPRIAGY 8F EbLRe
control channel signal Ts t to a .
40 per it HgLEdd BBScatker: . TR rIPorEUr{RErs185e SHRYE

station CS107 detects a receiving level of each of the
received control channel signals and selects a control
channel signal having a larger receiving level. The

10 frame timing of its own station is set on the basis of
reception timing of this selected control channel
signal and the control channel signal is transmitted in'
timing synchronized with this frame timing. For
example, if the receiving level of the control channel

15 signal of the slave base station CS103 is larger in the
slave base station C5107, the slave base station CS107
corrects the frame timing of its own station such that
this frame timing of its own station is synchronized
with the reception timing of the control channel signal

20 of the slave base station CS103 as shown in FIG. 7(m).
Further, the slave base station CS107 transmits the
control channel signal in synchronization with the
corrected frame timing of its own station as shown in
FIG. 7(p).

25 A method for calculating an average value of the
reception timing of each control channel signal and

setting the frame timing of its own station based on



in FIG 8, a CS-1D signal showing a base station nunber and an

additional bit are included in the control channel signal. 5

In contrast to this, a franme synchronous contr ol period is started
in each of the slave base stations Cs100, Cs101, ..., when the
present tinme clocked in the cl ock/control circuit 51 becones two
o' clock in the morni ng as the above $§nchronous setting tinme. Each
of 10 t he sl ave base stations CS100, CS101, ..., is first set

to a node for performng only signal reception in all peri ods

including a forward link of a T fra ape_synchr onous’

when the f
control period i SthsidRFage value, apq,;g W?%ﬂ%dsgﬂfh?ﬁﬁﬁﬂiaEbﬂgrBP
i od, h [ ti 1 . ds_f t t b tati CSl ot
Phe 00 Y LT ke i nkiR Pacs oA afT S eoS ¥ ing TepRY B0k 0
trol i od des] ' | b
Station G81 unti CEeEdd A ABET L6 oun srar EATHARE"ERREROZOS |

However, this perd : j I i N o)
p ga&m Chfuér)l/ 15 orxggvlﬂggfgiﬁgir}&éi JohEEHL gﬁsﬂnu 85 8As¢s .

stations in IS term nat ed.

now assuned t hat - MifsdLssegone of the mast er base station CS1 is
set to GO of FIG 4. In this case, a control channel signal for

setting frame 25 rhFE R | rensré t 1 £daf hephbAerBRSEEl ebBSAgShaphen 631

I S received in each of slave base stations CS100 to Cg104

| ocated within thsmjiommindie] s cdibdddéd as a shortest distance.
Namely, this method selects a path of synchronization
in which a signal reaches in earliest timing seen in a

10 frame unit.

This method will next be explained with.reference
to FIG. 9. As mentioned above, the control channel
signal of a slave base station CS103 is delayed by a
transmitting delay t© 37 as shown in FIGS. 9(a) and 9(b)

15 and is received by a slave base station CS107. The
control channel signal of a slave base station CS104 is
delayed by a transmitting delay t47 as shown in
FIGS. 9(c) and 9(d) and is received by the slave base
statibn Cs107.

20 In the example of FIG. 9, the control channel
signal of the slave base station CS5104 is received
earlier in time. However, when these control channel
signals are seen in repetitions of the frame unit,
these control signals are provided as shown in

25 FIG. 9(f). In this case, it is difficult to judge
which one of these control channel signals reaches

earlier within a frame in accordance with a frame



41 When a control channel signal at a constant |eve

or nore is first received after the frame synchronous contr ol
period is started, the clock/control circuit 51 sets a constant
period fromthis timng to an 5 observation period of the control
channel signal in each of the slave base stations CS100 to CS104,
and stores reception timng of the céwtrol channel signal.

Here, the observation period of the control channel signal is
desirably set to be |onger than a 10 transmtting interval (100 ns) of
the control channel . si gnal . - Wien the _control channe

si gnal observatiofepipiber of the skaverhppat egatine £PARE -t | HoWgver,

det ection/ control . circuit 54 selects suitable one of timngs stored
to 15 the clblg/dbhiepenee rinitizing bﬁEWF?BnEh?FﬁiﬁsntrOl channel
detection/control ¢circuit, 54 corregtg the frame ti own

1N of its
station such t hatSIFRELs L5eaboWt nd- 3 4§ amen the Qi Pference between

synchroni zed with_t he Eele ted tim rame _tim

. Th '
det ecti on/ cont r ol *t¥P24i 4 St%%ﬂnegglng fﬁ%??o?ﬁgcérfpéﬁgtéﬁﬁghF8n83§h
operation. 5 Wen the frare ynchro%%%%ﬂfgﬁofguiegg?rahbgﬂfﬁgﬁgg CNine

]
performed, all receiVving s arere ed an tr ol channe

: . . . e e : h _
signal is difﬁéfﬁ?xéé eﬁn'g?é%ﬁg%%fgrtiﬁihgrb%&ggg gn8etohkt?

timng. At this time, e contr st gn _ ~ each of the
sl ave base stati ogafdPOs{on&P1OF the s1av@ehRBEl B¥at9oWh8R 0Bl aFR ithe?

frame anong 20 frane
control channel signal of the slave base station CS104

is sufficiently small seen from a frame interval (5 ms).
10 Therefore, it can be said that the reception timings of
the respective control channel signals are set in a
gathering state within a short time within the frame.
Therefore, earliest reception timing among the
reception timings in the gathering state is set to
15 timing having a smallest délay from the frame timing of
the master base station CS1 so that synchronization is
performed in this timing. As an example of concrete
realization, timing having the same interval (5 ms) as
the frame and shifted by a half frame from a starting
20 time point of the control channel signal observation
period is set as a delimiter for timihg measurement, as
shown in FIG. 9(g). When the control channel signal
observation period is terminated, timing able to be
judged as earliest timing within this delimiter is
25 selected and is set to frame timing of its own station.
It is desirable that the delimiter for timing

measurement is shifted by a half frame from the center



periods is set at random Therefore, collision

42 . probability of the control channel signal in each slave

base station on a wireless line is | ow. Wen control channel
signals cone into collision with each other, the control channe
signal is reset in a corresponding 5 base station. When
t he above sl ave base stations CS100 to CS10448 transmt the control
channel signals, these control channel signals are received in

ot her sl ave base stations arranged within wirel ess zones of the 10

' I b I, CS100.tq CS104. F ) e, as
Shomn in pla 4 8238, crBtiBhingorerighain ghs ga%f'féfﬁf‘r‘ﬁ ltstt@%%:%mtth‘?e |
I b ' CS101 i .. ' ,of . ase stations
CS110 to Csinn  Receblionriminge. | HOReKPral Bs EORFIBARE At CE R e

Dot P e 103 BRERGPIRY piBBLER e ReERphith SUANAGl 300

transmtted from ation ei ved by each

of slave base Sta&h??§c%§%£§yt9hg§%gz than thié%%hES%nW%&@%ﬁ.a wi rel ess

zone Gl2 of this slave station I n each of

these slavesbase gtabr@Pfighp]llfo! Shifting afrshhe F2EmCehRS AtEe3lQE 4 he

control channel signa
continuing period in the gathering state may be

strictly set to a half frame value. Therefore, this
shifting amount may be approximately set to the half
frame value. As mentioned above, the delimiter may be
10 determined with the starting time point of the control
channel signal observation period, i.e., a first
control channel signal réceiving time point as a
reference.
A function for correcting the propagation delay of
15 the control channel signal between the base stations
and the circuit operating delay caused within the base
stations will next be explained. FIG. 10 is a timing
chart for explaining this function.
It is now considered that the frame
20 synchronization of a base station CSb is performed on
the basis of the control channel signal of another base
station CSa. 1In this case, transmission timing of the
control channel signal of the base station CSa is
prbvided as shown in FIG. 10(a) seen from an antenna
25 end. This signal is delayed by a delay D2 during
propagation and reaches the antenna end of the base

station CSb in timing of FIG. 10(b). This signal goes



transmtted fromeach of the slave base stati ons CS100 to CS104 is

first received after the frame synchronous control period is
started. Then, the frame 25 synchroni zation is perforned and the
control channel signal is transmtted by operations simlar to

t hose of t he sl ave base stations CS100 to CS104.

43 When the respective slave B8se stations CS110 to

CS112 and CS105 to CS107 transmt the control channel si gnal s,

t hese control channel signals are respectively I recei¥edh|n Fther
sl ave base statlon arr nged wi thin rel ess_zones of the slave
base stations CS1% oh"¢he reESiYQanHlé§E6§ £4 cshe7 dempdudahag 6 as

shown in a.control .channel i gn ransm tted froma
sl ave base statloﬁL681Tle%srgggpvéapﬁ§t83c% F%§I5$€me timing,5se stations

0 f t hi I b
ctation csi11 . deedctibR/BeRebathizeyid o, ahiﬁﬁa .agﬁaltsierﬁa}a%ﬁn?iﬁ

froma slave baseqstatioBn/8onedy neaéhhxtt 58755 ignal 1o kARG Dase

stations farther an this s ave as the rame

synchroni zagi on '§np€5.1ft|9f18‘39f'PIG1510(c)5¥QC?haQRbZ%Eh9.'ﬁ %tﬁ rngace' ved
control channel signal eac ave bas
station, the hiergféfythe reception of this signal at the antenna end to
the detection of the frame timing is a delay time on a
receiving side.
A time shift from this detection of the frame
10 timing to the generation of a frame timing signal is
set to D4. This time shift D4 is relative to an
adjusting value of the delay time described later. For
example, a frame interval is set to 5 ms. The control
channel signal is generated in timing of FIG. 10(e) in
15 accordance with frame synchronous timing of its own
station shown in FIG. 10(d). Accordingly, a time from
FIG. 10(c) to FIG. 10(e) is D4+5msxi. Here, i is an
integer. A delay time D5 on a transmitting side is a
time required until a code of this control channel
20 signal is transmitted to air in timing shown in
FIG. 10(f) from ends of the antennas lla, 11b through
the modulator 20, the transmitting circuit 21, etc.
Here, the control channel signal is generated in
synchronization with the frame timing of its own
25 station shown in FIG. 10(d). However,.if it takes time
to generate this control channel signal, this time is

added to the delay time D5 as a delay time on the



of its own station is autononously set in accordance with a

di stance from each of the master base stations 20 CSs1l, Cs2, --. Thus,
the frame synchronous operation is performed by the autononous
connecti ng naster-slave synchronous system Each sl ave
base station imedi ately starts the frame synchronous operation if
the frame 25 synchroni zation of an uppePObase station is performed
and a control channel signal transmtted fromthis base station is

recei ved. Accordingly, in conparison with 289350 ]

44 Jpn. . Pat. Appln. KOKAlI Publication No. 8- 59, the o
frame synchronoustﬁﬁgﬁg@?gﬁngaﬁggé'efficiently . performed and it is
possi ble to shorten a i Requli_r . Ul t fra

synchroni zati ons of al Fltrgrﬁglbgsgsg%smwnstl& :%f)llr(#; aggo (pae)r %drre]tﬂ(f) are

|n the frame synchognous19ysbembnchll $aR80RRRIR N view of WHE fldani ng

various kinds of charactefized controls re péerforne e

above frame synchg$ﬁeﬁeah99ation. Naﬁgagpgtﬁeegghggatha ik med. First,
a setting 10 unction of the franme timng Its owl station will be

expl ai ned \A%en cogifebrehaanphr pegnabs theBePbdhlolagfannel sigHaAld AR
are received. )
desirably set to an integer times the frame period 5 ms.

Namely, it is sufficient to set (D2+D3+D4+D5) to an
integer times 5 ms. D4 is an adjusting value and D2,
D3 and D5 are generally times considerably shorter than

10 the frame period. Therefore, it is actually sufficient
to set the above time sum to 5 ms. Accordingly, the
adjusting time D4=5ms-D2-D3-D4 is formed.

Here, D3 and D5 are values known_in advance from
the design of a circuit of a base station or actual

15 measurement. D2 is a propagation delay time between
base stations and has different values in accordance
with their distances and states. However, D2 is
generaily several pgsec. Accordingly, no frame
synchronous system is greatly deteriorated even if this

20 D2 is neglected and is assumed to be zero.

However, when it is not preferable to deteriorate
the frame synchronous system, an average delay time is
assumed and may be provided as a fixed value. If a
propagation delay amount between the base stations can

25 be individually supposed, it is furthef effective to
use this supposed value.

Namely, in a base station, the code of a control



For exanple, only a control channel signal of the mast er base

station CS1l is received in slave base 15 stations CS103, CS104 | ocated
within the wirel ess zone GLO of the nmaster base station CS1
(transmtting del ays [err] 13, [err] 14 are respectively caused).
Therefore, only one kind of franme tim ng can be taken as shown in
each of FIGS. 7(g) and 7(k). Accordi Adly, as shown in each 20

of FIGS. 7(e) and 7(i), in the slave base stations _ CS103, CsS104,
the frame timng of its own station is synchroni zed with receiving
frame timng based on t trol chapnel signal of the _naster base

station CSI. ) hann:? lFbﬂEF@Fa%O %ggﬁHnF gf&gﬁ OPIGB-IW€H¥*§?E:ZL}%
5 wh t ations -

gontrol cﬁgnneF §¥3ﬁ§P§a°§ §%§V8WBa§§S§%8P, % %%a"e§f6f &&idS ithg in a

fosttion rela  verdnbegi LhEdfier sigpal E§T6'43Pe8&t%’é‘arhe A, Srapgmitting
channel signals (Eié€53b15¥P91ﬂ§| ¥§m[€ ééne&%&&bn4%oakﬁls

respectively caused) transmtted ronlt ove respective sl ave
base statiops CSl@Banmifdion 9s knoﬁﬁCthhaghﬁceas %GQWﬂe&n Fl@ed@fylné‘MJ
ki nds of frane timngs can be taken. Therefore, the’slave base

station CS107 detegds del&?etymégfkémefeeépﬁiﬁh 8f the control thefinead
control channel signals and selects a control
signal at an antenna end to the detection of frame
timing is also known in advance. Furthermore, the
propagation delay time between base stations is

10 supposed. An adjusting time from the detection of the
frame timing to the generation of a frame timing signal
is set-to a value provided by subtracting the
transmitting side delay time, the receiving side delay
time and the assumed or supposed propagation delay time

15 between base stations from a frame period time. Thus,
the frame timing between the base stations can.be more
accurately set. |

Concrete examples for supposing the above
propagation delay time will next be described.

20 Several models showing damping characteristics of
propagation in the air are known. For example, there
is a known model in which a damping amount is
proportional to the 3.5 power of distance in a normal
urban district space. In another model, the dampiﬁg

25 amount is proportional to the third poﬁer of distance

until a certain distance, and is proportional to the

fourth power of distance at this certain distance or



channel signal having a larger receiving |level. The 10

frame timng of

its own station is set on the basis of reception timng of this

sel ected control
transmtted in

channel signal and the control channel signal is
timng synchronized with this frame timng. For

exanple, if the receiving level of the control channel 15 si gnal of
the sl ave base station CS103 is larger in thg2 sl ave base station

CS107, the sl ave

base station CS107 corrects the frane tim ng of

its own station such that this frane timng of its own station is

synchroni zed

with the reception timng of the control channel

signal 20 of MPRR- s| HReaB¥sBOdeht | BR abtenugsienovAlug R canvbe) .
Furt her, the slave base station_CS107 transmts the control channel

signal in synchr RTSSEPSH RriA fyRction of distapeeqMsr aNemeli nghsr its

own station as sho

control channel
stati on based on

' . Fl 7 . 25 A nmethod for
cal cul ating an av%%gﬁégﬁgf%% %?lTﬂgb Cég)be F%EEE??BﬁeEiﬁﬁggoéﬁ?@ﬁch
signaIQgEgM) setting the frame timng OLGItS own
f |
a weight at are 0?%50 eég%ﬁ%%EQOEnpowercggs%é%ﬁg%%§§°l

this averagﬁyvalue, angc@oggi9§g¥

mul tiplied

another its own s¢dhedh fEAPRal id% Y certain base station CSk is now set

10

15

20

25

to PTk and reception power of this control channel
signal in another base station CSm is detected as PRm,k,
the attenuation value Qkm between these two base
stations CSk and CSm is calculated by Qkm=PTk/PRm, k.

In this case, the reception power is greatly
changed by fading influences. Accordingly, it is
necessary to receive plural control channel signals
from one base station CS and set an makimum value of
receiving levels of these control channel signals to
PRm,k. Thus, if an inverse function f‘l() of the above
relation of distance and the attenuation value is used,
the distance Mkm between the base stations CSk and CSm
can be ca;culated as follows.

Mkm=£-1 (Qkm)

Namely, since the distance and the propagation
delay are set to the proportional relation, the
propagation delay Dkm between the base stations can be
supposed if the transmission power of a partner base
station and the reception power to its own station are
known. It is generally considered that the relation of

the attenuation value and the distance is shifted from



setting function when plural control channel signals 5 are received.

Further, there is a nethod for selecting a path of synchroni zati on
consi dered as a shortest distance. Nanmely, this nmethod selects a
pat h of synchroni zation in which a signal reaches in earliest
timng seen in a 10 frame unit. This method will next be
explained with reference to FIG 9. A3 nentioned above, the contro
channel signal of a slave base station CS103 is del ayed by a _
transmtting delay [err] 37 as shown in FIGS. 9(a) and 9(b) 15 and is

received by a slay ntrol channel signal

b tatl 0
of a slave base ng?igﬁgtéﬂgﬁnggone& %ormBEPaPXdaByl§%3P§H§ﬁ|Ptlng del ay

[err] 47 as shomm

nd, 9(d d d th
sl ave base g?é??%ﬁ Egﬂﬁg§ b3 %LfTeCtggn?E%?ﬁe ?%%ﬁg§b¥3f64 Fg S
ase stati
oceived o arprers 5f; RS Bhebifnd RER #RE8a%kEcRop RS e
signal s are seen f@lé@?@é % QQ?no£B%Q§gﬂr€ﬂ§iE§%%? is a g_ﬁlrggese control

signals are provided as s case, it is

difficult tg JUd9§b551b111t ﬁQtO&erétt@§§§sCQEErQkaﬁQﬁQg%%PZ#%Q%E%n

reaches earlier within a frame in.accordance wth
47 the stations if a small attenuation value, i.e.,

maximum receiving leyel, is used. Accordingly, a
relatively correct propagation delay amount can be
presumed.

10 Since the transmission powers of all the base
stations are generally equal to each other, the delay
amount can be supposed if the reception power is known.
With respect to this delay amount, the propagation
delay time can be calculated by receiving a signal

15 showing a receiving level from the frame timing
detection/control circuit 54. For example, a memory
table showing the relation between the receiving level
and the propagation delay time is arranged in the frame
timing detection/control circuit 54.

20 When no transmission powers of tﬁe base stations
are equal to each other, a signal directly showing
transmission power or a signal indirectly showing the
transmission power such as a class value for
classifying the transmission power is inserted into an

25 additional bit as one portion of contents of the
control channel signal and is transmitted. Thus, a

correct attenuation value is known on a receiving side



delimter of the slave base station CS107. However, _ the difference
in timng between these control channel signals is about 3.3 [err]
s when the difference between signal paths connecting frane
synchroni zations to each 5 other in synchronization is 1 km
Accordingly, the difference in reception timng between the control
channel signal of the slave base station CS16% and the . ~control
channel signal of the slave base station CS104 is sufficiently
smal |l seen froma frame interval (5 ns). 10 Therefore, it can be said

that the reception timngs. of .the respective control channel
signal s are sgt i ﬁoatwat the propapptdon: deday time gaghba supResSAd hin t he

frame. Therefore, earliest reception timng anpng the

reception timings int eé‘atnﬁetsilﬁ_é‘ag't wilgs dhe fFrapgm ss’g?%ﬁﬂj"%ﬁ%gcgl
ol cst e 7o LLBE 1 BB, TR, P55 S on S

so that synchroni Zation™is p

oL SCIELe o FrRRERS R Ry bR BEVLAG BTSSP ) 2

the franme and shi rane ma star “me’ poi nt of

the controlschannghogiggak QgﬁﬁgﬁﬁEgggansﬁﬁeFFaggr%g%tﬁ§ﬁ225t%iéaé3ﬂ€€gfer

for timng neasurenent, ~“as 9 he control

channel signal  channe®bsegMali 98 Rethpiel snb&iHNak8dcehit A% ARe i Pe
2 & and 1s

judged as earliest timng within this delimter I ~ selecte
set to frane timAgmbérst an@WBr&hshieBing levels is prbvidiedeIn e Haiat

the delimter for timng nmeasurenent is shifted by a half frame from
t he center station. Thus, the frame synchronization between the
base stations can be more accurately performed.

10 In a method for presuming the propagation delay
time in each of these cases, it is more preferable to
select timing of the received control channel signal
having a largest receiving level than to select
earliest timing and explained by using FIG. 9.

15 Next, how to cope with a case in which there is a
base station on communication, i.e., talking or
transmitting data in the frame synchronous control
period will next be explained. As mentioned above, the
frame synchronous control period is set at midnight at

20 which communication traffic is extremely low. However, -
it cannot be said that no communication is performed in
the frame synchronous control period. When
communication is performed in the frame synchronous
control period, it is very unpreferable in service to

25 compulsorily stop this communication. . However, it is

not preferable to leave a base station on communication

as it is since each of surrounding slave base stations



48 of a continuing period in the gathering state of the

reception timngs. However, a continuing time of the gat hering
state of the reception timngs is sufficiently shorter than the
frame interval. 5 Accordingly, no shifting ambunt fromthe center of a
continuing period in the gathering state may be strictly set to a
hal f frame value. Therefore, this sh$¥ti ng anount may be
approximately set to the half frame value. As nentioned above, the
delimter may be 10 deternined with the starting tine p0|nt of the

cont rol | od,

b
control channel an '?n?%c %lP?Sa?S?errﬁY t%)?n geg“ﬁlnglto th?Ef Bifemﬁ frame

A function for r Ctin ati on del t he n

channel si gnal ﬁaé# éﬁa%é@%ﬂt |%% rnef’ é¥an%ﬂﬁ%€ﬁ% EF?%uﬁﬁlﬁpgﬁﬁFing
del ay caused mnt ions will next. be explained. FIG
10 is a timng 'Hﬂh {Hhtgﬁ %ﬁ“%&% a%%éng this function. I't

i s now consi der ed thatTﬁéu@efaege irOthi Séimah%at%ﬁan% Bagésgtﬁrt?‘LBhon

CSb is performed on the' basis o e controf anne
anot her basge is orﬁtc&hﬁxﬁ{h.ﬁ%‘tldﬁ‘ tﬁ&-&@%ﬁﬁﬁﬂé&%ﬁ%&ém BoRinfe

control channel signal of the base station CSa Is provi ded as shown
in FIG 10(a) seeh fommpiicdt®sais set to an additional bit in the

control channel signal and this control channel signal
is transmitted. When the ordinary frame synchronous
control period is started on communication in each base

10 station, or when communication is started in the
ordinary frame synchronous control period, a frame
timing setting operation of the frame timing
detection/control circuit 54 is stopped and the present
frame timing of its own station is maintained, and this

15 communication is continued. When this communication is
terminated, the above "on communication mode" is
released and a new frame synchronous control period is
set. The frame timing detection/control circuit 54 is
then operated such that control for setting the frame

20 timing of its own station is executed by receiving a
control channel signal from a surrounding base station
in which the frame synchronous control is already
terminated.

In contrast to this, in the frame timing
25 detection/control circuit 54 during the frame

synchronous control period, a base station adjacent to

the base station on communication judges whether or not



25 end. This signal is delayed by a delay D2 during propagat i on

ahd reaches the antenna end of the base station CSb in timng of :
FIG 10(b). This signal goes 49
through the receiving circuit 14, the denodul ator 16, ~etc. and is
then inputted to the franme timng detection/control circuit 54. In
this franme timng detection/control &ibrcuit 54, this signal is

det ect ed 5 intimng of FIG 10(c) as frame timng. A tine D3
fromthe reception of this signal at the antenna end to “the -
detection of the f ame tinming is a delay tine on a ) recei ving side.

A time shift from ffi SEGELE SﬁnﬁFoghé sggnal 1S hyRpamt from

generation of a fr D4. This tine shift

. . o
D4 is relative tot fi Fophisd rs]%aif:} Gs?Pn&omu&éc&tlﬂ?e fd:&“bf SRRl rird
later. Fo_r adﬁx%n’g%\gclj glftr age 89_%? rr\é?:lallvsfg?gor{ﬁ%o £ 'an-l;lh C&C))]P l.e

channel signal is generate t|m

h t shown in FIG
Tocd) ri‘\ﬁo?éf‘ﬁg{‘y’?*@%s#'rre%?ﬁua‘ﬂh en8¥ g bage, PR BRI " O

DA+5mexi . Hgre, icbpm@fication, 'tﬂﬁ.gg‘éf)nt (iet:?%n%l n%rll %.s:]rxae%rget&i ng

side is a time required until 'S co ro anne
from a timing reference of the frame synchronous

control. Accordingly, when a base station on
communication exists around tﬁe base station, the
normal frame synchronization can be performed without

10 any influence of this base station on communication.

The frame synchronous system may be constructed

such that no new communication connecting request is
received from a mobile station, another base station,
another network, etc; during the frame synchronous

15 control period. 1In this case, no new communication can
be performed during the frame synchronous control
period, but the frame synchronous control can be
efficiently performed by communication control without
interruption. When the reception of the new

20 communication request is rejected in this way, an
influence on the communication is small since the frame
synchronous control period is a short time such as
several seconds and the frame synchfonous control is
set in a period of small communication traffic. The

25 above control is performed in the clock/control
circuit 51.

The frame synchronous system may be also



20 signal is transmtted to air in timng shown in FIG 10(f)
fromends of the antennas 1lla, 11b through t he nodul at or 20, the
transmtting circuit 21, etc. Here, the control channel signal is
generated in synchroni zation with the frame timng of its owmnm 25
station shown in FIG 10(d). However, if it takes tine to generate
this control channel signal, this tine S 57 added to the delay tine
D5 as a delay tinme on the 50
transm tting side. Si gnal phases shown in FIGS 10(a) and
10(f) are desirabl set he sa hase Q. vie t.he frane
sygc%ronization ﬁﬁﬂ%F?ucF 9BA rﬁﬁ?ﬁgtF ng 55 agl &ggbfhﬁbtmeen

t hese control
the frame period
(D2+D3+D4+D5) to

and D2,

the frame period. g
above tinme sumto

cha nm

an

- S5 PRehPohRus contrpl TBeE] B 8?3%19“?38 2o
Dgfl%t{% pohBRERCEahbTESBelE: B4 15Ancadiustign val ve

are genera I'Mes " consi derab y SHorter than

Accor sting t

D4=5ns- D2- 3- D4 '§1f9éf@ﬂt channels and, Ferg D3 %ngD§sa%%tV%bU%§s%ﬂQMﬁ

advance from

15

the design of a cifcuif Of a base station or actua

neasur enentqj s&Rimsnat 8 eRaYSShEPoletRYnhbMEshghweeBo as to

10

15
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25

simultaneously receive and transmit the control channel
signal and take talk. The frame synchronous system may
be also constructed such that the frame synchronization
is performed by the frame synchronous control signal
simultaneously when the talk is terminated.

The flag may be used as follows. To set to rise
the flag specifying on communication to the control
channel signal of the base station on communication is
described above, and an object of the flag is to
specify removing the control channel signal from timing
reference of the frame synchronous control. Therefore,
the embodiment described above can be realized by
changing the meaning of the flag from "on
communication" to "timing reference prohibition".

When the frame synchronous control period starts,
all of the base stations start at a flag condition of
"timing reference prohibition" whether on communication
or not. The base station not on communication is set
to the all receiving mode, therefore the control
channel signal is not transmitted. The base station on

communication outputs the control channel signal having

|nte%gr times

10

coALESF! Ohgnnki fﬁdaﬁtﬂghkinﬁ%ﬁhgh‘é’it are set tbo set the

in



base stations and has different values in accordance with their
di stances and states. However, D2 is generally several [err] sec.
Accordingly, no frane synchronous systemis greatly deteriorated
even if this 20 D2 is neglected and is assuned to be zero.

However, when it is not preferable to deteriorate the frane
synchronous system an average delay tine is58 assuned and may be
provided as a fixed value. If a propagati on del ay anount between
t he base stations can 25 be individually supposed, it is further
effective to use this supposed val ue. Nanely, in a
base stati on, t heehedelag @f cofimng reference prohibition". The base

51 channel s generated in synchronization with the franpe
timing of its owP@EIRnteitating fshe t teame ssynchronous cgAREEPLc hUERAS|

[ | f t : [t __side_ d Yy f t hi
Stanal from an atePghe idg Tl i etarsibdcpSabBleb LR BRI S
recei vi ng tfﬂéghé?%E?%%é§§h§%§inéﬁ%ﬁﬁg#? . ﬂaihe control channel

signal at an antefina en ction o ane timng is also

knou” e o OR GRS LAGE napa, ndFOSRRESOACELRY chaBpbe e

the received before terminating the frame synchronous
control, the all receiving mode is canceied once and
communication can be permitted. At this time, the
control channel signal is maintained in a "timing

10 reference prohibition" condition. Then, the mode
returns to the all receiving mode again after
terminating the communication, and an operation can
return to an operation so the frame synchronous control..

The present invention is not limited to the above

15 embodiment. For example, the PHS is explained as an
example in the above embodiment. However, the present
invention may be also aﬁplied to another TDMA mobile
communication system such as a digital personal
handyphone system.

20 The present invention is also effectively applied
to a case in which a multiple access system is a system
except for the TDMA system, e.g., CDMA and FDMA systems.
This is because the frame synchronization is required
between base stations so as not to make a transmitting

25 signal of another base station have an influence on a
receiving signal of its own station if a TDD system is

used in upward and downward transmissions.



franme timng to the generation of a frame timng signal is set to a

val ue provided by subtracting the transmtting side delay tine, the
recei ving side del ay time and the assuned or supposed propagation
delay time 15 bet ween base stations froma frane period tine. Thus,
the frame timng between the base stations can be nore accurately
set. Concrete exanples for suppd8i ng the above

propagation delay tine will next be described. 20 Several nodel s
showi ng danpi ng characteristics of propagation in the air are
known. For exanple, there: . 1S a known node], i n.which a danpi ng,
anount i s pr opSMELEREr 8 the POV RIMPOSHMATS /a fe € UL M kD

urban district space. |n another el . the danpin 25 nount . s
proportional to tHE%WRFRQCBBREFtSQDgPs?ah@ée Statl%t?nﬁsl sftcgzﬂaﬁ frire
di stance. and 1S RLARQR§EARTLN" Rebli8rk such B8N BB vl Ty BE U,

more.  Ln any mdelorapoah! EaAhhIa YA O GBI Reing wipdikgained bY

function of distance nuat 1ifon"val'ue Q can be

representedsas follQWsmission. f(M 5 Accordingly, if
transm ssi on power of the control .channel signal of a certain base

station CSk is now.set purthermore, the present invention can be embodied

e =

in various kinds of modifications within the scope not

departing from the features of the present invention.



to PTk and reception power of this control channel ' signal in
anot her base station CSmis detected as PRm Kk, the attenuation

val ue Gkm between these two base 10 stations CSk and ' | at ed
by, &km=PTk/ PRm k. In this case, the recepti OH Iﬂ I e} y
it ryatOs =«

changed by fading influences. Accordingly, it is )
receive plural control channel signals 60 from one base station CS and

set an maxi mum val ue of 15 receiving | evel s of these control channel
"signals to : PRm k. Thus, if an inverse function flerr]() of the
above relation of distance and the attenuation value is used,

t he di stance Mkm between the base stati@hé»@SE ahd CSm can be
calculated as follows._ 20 Mkmef [ err] gk Nanel y,
since the distance andltheABrbﬁﬁaérPBﬁe stationgdrgie, s¥ynshroneushsystem
proporti onal relatlon f E 8at|on del ay Dkm between t he base
stations can be " moghbﬁo%%ﬂp?? FRELER aRERTSY| GRAMBEWELNEF a part ner
base 25 station an ecept ower,.to 1ts o station are
known. It is generallyP g% ?38 ?hﬁ? $ﬂ§ péFB?FﬁﬁVS y arranged,within
attenuatloqsvaluqaqggr&{gb é§é§d£§ 'éoﬁgé%£g §O$1communifation network,

53 t he above-nenti one nfl Uénce o
' and having at least one master base station and plural

slave base stations; and
plural mobiie stations wirelessly connected to
said plural base stations by a time-division

10 bidirectional multiplex system, wherein

said master base station comprises:

time information receiving means for receiving
time information with high precision externally
supplied;

15 reference frame timing generating means for
generating reference frame timing for said time-
division multiplex connection in synchronization with
predetermined synchronous setting timipg set on the
basis of said time informapion; and

20 first control channel signal transmitting'means
for transmitting a control channel signal to said
plural slave base stations located around its own
station in synchronization with said reference frame
timing, wherein |

25 said slave base stations comprise:

control channel signal observation period setting

means in which a predetermined period from a first



mul ti pass caused by reflection on a building, etc. However, the

base stations are arranged in pl aces rel ativel y Seen—threugh—and
there is a large 5 possibility that direct waves alﬂ”'

bet ween the stations if a small attenuation valu 'mm,”"@ I”w
maxi mum receiving level, is used. Accordingly, a Fel ativelwy LeCt
propagati on del ay anobunt can be pres@ied. 10 Si nce the
transm ssion powers of all the base stations are generally equal to
each other, the del ay anount can be supposed if the reception power
I's known. ~ Wth respect to this delay anount, the propagation

delay time can ber%%?tﬁ+%ﬂeﬁl%? PREREVPRgAaCENgRal chgnnel sigpady a
receiving level fromthe etection/.control circuit 54.

For exanple, a me ?smlt{egn¥F3%I%agﬂdmfﬁﬁefhgaﬁslEFPBﬁOBeP%éQF

receiving | evel

frané . SIESEATE gl%ﬁ £ P00 at #ﬁgufd-? éyfgrlagg L$nahianged |n the
transni ssi on po éﬁhfioihﬁePfé& ?éaéégnﬁo.a contréiecﬁgﬂﬁgltg %%% other a

signal directly s ransm SSi on POWEr or a si gna |rectly

showi ng th b éf@g@ SShOPipgwer such as a class val ue for :
cIaSS|fy|ngsthe t?a%sn1ss?%n %omﬁr [s inserted into an 25 addi ti.onal

bit as one portion of £e8t&RhSsPELtiBR frame tlﬁgﬂbrﬁénﬁgﬁQﬁﬁb'ﬂéﬂﬁg R is
transmtted. Thus, a correct attenuation value is known on a :

receiving side generating its own station frame timing on the basis of
receiving timing of the control channel signal
transmitted from said master base station or one of the
10 other slave base stations when only this control
channel signal is received during said. control channel
signal observation period set by said control channel
signal observation period setting means, said its own
station frame timing generating means also generating
15 its own station frame timing on the basis of one of
receiving timings of control channel signals
respectively transmitted from said master base station
or plural slave base stationé among the other slave
base stations when these control channel signals are
20 received during said control channel signal observation
period; and
second control channel signal transmitting means .
for transmitting each control channel signal in
synchronization with said its own station frame timing
25 after said control channel signal observation period is
terminated. |

2. The inter-base-station frame synchronous



54 so that the propagation delay tinme can be supposed.

When no signal showi ng the transm ssion power is t ransmtted—+n-the
control channel signal, a transmtting | evel can b_em,,m/”
signal CS-ID 5 showing a transmtting side base stati " m’m,!””m
control channel signal if a table show ng adjacent bésecstatuo s w
nunbers and transnitting levels is provided PR the base ~station.
Thus,- the frame synchroni zati on between the base stations can be
nore accurately perforned. 10 In a method for presunming the
propagati on del ay ti I n_each of these cases, it is nore
preferable to sYSte@ePécFﬂgiﬂ?hbﬁﬁchﬂ@uPéEéFﬁeﬁ SaHeR QHﬁﬂﬁﬁﬂngn@mald
having a | argest receiving Jevel than to sel ect . earliest timng an
expl ai ned by usi n‘dfﬁﬁ ig.WLﬁﬁeln fR lgﬁle?f’,n RERTEET SFemG ™ "hse in

' ni cation e. ... talkin

e Lol g G a9oReras Rl et bRRaRALETTNE, 6PN Shacliof el @%il"r{gext
[ ' . . S ro
be expl ai ned. As Eﬁ“é{gﬁﬁﬁﬁoﬁ‘??éﬁloﬁh&%pcﬁhe fléﬁgetﬁ}ﬁ%q %QO% én%%sr%

period is set at mdn t at communi cation?traffi

extremely low.  Hodp¥REed phase aﬁénggﬁﬂﬁiaﬁef§§hg Eﬁﬁﬁngg &%EEHPE&PHﬁQP s

perfornmed in the frame synch ous control period.

comuni cation is ﬁ@é%@wweifeéésviﬁaneiﬁmejere@%ﬁe controlC ehah@leireri od,
it is very unpreferable in service to 25 conmpul sorily stop this

communi cation. Hoign€ls réspéctively BphnBmeteeablfeohothean@stIatise
station on comuni cation
station or plural slave base stations among the other
slave base stations when these control channel signals
10 are received during the control channel signal
observation period. |
3. The inter-base-station frame synchronous
system of the mobile communication system according to
claim 2, wherein, when the control channel signals
15 respectively transmitted from the master base station
or plural slave base stations among the other slave
base stations are received, the frame timing of a most
~advanced phase among.the plural frame timings based on
the respective receiving timings of these control
20 channel signals is discriminated as first frame timing
within a period set at a frame interval from a time
point shifted by a time about half this frame interval
from a first receiving time point of the control
channel signals during the control channel signal
25 observation period.
4. The inter-base-station frame synchronous

system of the mobile communication system according to



.

as it is since each of surroundi ng sl ave base stations

55 -~ confornms the phase of frane timng to that of the
timng of a control channel transmtted fromthis base lﬂﬂmﬂbmﬂ”“‘

communi cat i on. Therefore, in this enbodi nent,

station 5 IS on communication, an "on conmuni cation nDde" show ng

on communication is set to an additional bité3n the - control channel
signal and this control channel signal is transmtted. When the
ordi nary franme synchronous control period is started on

communi cation in each base stafion, or when conmunication is
started in the claim %deﬂ%F?l?r%ﬁ% %9%c%?%n%ﬁ§t&8ﬁtﬁﬁﬁmﬁeFFB&nga frame
timng settlng operation, of  the frame ti g ecti n/control
circuit 54 is stdﬁﬂ@ﬁrﬁﬁﬁn?rmﬁ?ﬁ%s%ﬁﬁerates lt?r%Wﬁ £ ﬁ%ﬁ rPW? Ghming

station i s maint ned and_th

d
this conmunicati oipyed o0 rece% +?ﬁrﬁﬁ¥ipg?n€ 3@%%§9H8W85§§§%X35§tFgﬁgﬁnde"

[ I
;Zt. The fr;ﬁee??n1 detegfloﬁ§con £8%¥?%u¢§ g%nEEQbeB€£b8ﬁyhen oper at ed
such that ?)nt ro'tf‘&isﬁf‘ﬁéé@gff&ﬁ Eﬂé‘rﬁasfgg bask! g]:QEJ.fo ? ﬁ?%ait ation

I S executed by receiving a contro hannel signa

srrrogndlng base $iffd Base statidhs WhéhHgt ke f6BRBrs¥NGPEOBRYE S@ALEBhs S
al r eady

when these control channel signals are received during
the control channel signal observation period.
5. The inter-base-station frame synchronous

10 system of the mobile communication system according to
any one of claims 1, 2, or 4, wherein, when the
communication between base and mobile stations is
approximately performed at the same time point as the
beginning of the ordinary frame synchronization control

15 period, the frame synchronous system further comprises
frame synchronous starting extending means for setting
a frame synchronous control period after the
communication between base and mobile stations is
terminated.

20 6. The inter-base-station frame synchronous
system of the mobile communication system according to
claim 5, wherein said second control channel signal
transmitting means adds information showing whether the
communication between base and mobile stations is

25 performed or not or information showing whether it is
suitable as reference of the frame synchronous control

or not to the control channel signal.




t er m nat ed. ' In contrast to this, in the fra

detection/control circuit 54 during the frane syncn nmm‘“mwmm\“\
period, a base station adjacent to the base statio |

comuni cati on judges whether or not

56 the received control channel signal is transmtted from

t he base station on comunication froma staté of the addi ti ona
bit -of this received control channel signal. When it is judged
that the base station is on 5 comuni cation, this control channel

signal is renoved froma timng reference of the frame synchronous
control. Accordingly, WhenThepdssezrhpsensgation frameBYRGREANWF exi sts
around the base station, the normal frane synchronlzatlon .can be
per formed wi t hout SYS§em °fa‘n'§}e| ﬂPP&%ﬁcEOWuPHFétBS%Sé’tsé‘ﬁ“bﬁc(?r‘?r ing to
communi cat i on. frame nchronou?a ﬁSt e q__e construct ed

such that no nem/EéﬁﬁﬂnﬁcaVPSHe&Bnﬁéégl §Sr QYNe§ d from

a nobil e station, anoth

anot h el W%r l%,m e
during the frame gﬁﬂgﬁﬁﬁﬁBESmeigs genSSﬁFFS|158rP88 s Fh R IOV
Connunlcatlgn Calyased on ﬁepgéégigfﬁgglﬁgg%ghg? BB&@Eas¥Q&RﬁQﬁ9%%éﬁHng|

period, but”the franmg synchronous con
signal to which information showing that the

communication between base and mobile stations is

performed or information prohibiting becoming to

reference of the frame synchronous control, is not
10 added.

8. The inter-base-station frame synchronous
system of the mobile communication sys£em according to
any one of claims 1, 2, or 4, wherein the frame
synchronous system further comprises talking connection

15 request reception inhibiting means for inhibiting the
reception of a talking connection request in at least a
frame synchronous control period.

9. The inter-base-station frame synchronous
system of the mpbile communication system according to

20 ény one of claims 1, 2, or 4, whérein said second
control channel signal transmitting means comprises:
control channel signal generating means for
generating the control channel signal in
synchronization with the frame timing of its own
25 station; and
timing adjusting means for variably setting

transmitting timing of the control channel signal



efficiently perfornmed by conmmuni cati on control w thout _
interruption. When the reception of the new 20 controni cati on request

is rejected in this way, an i nfluence on the congmmle'““muls““ﬂmp
since the frane synchronous control period is a ! Wi 1k
* %et ih a

several seconds and the frame synchronous control is

period of small comunication traffic. The &5 above control is
performed in the clock/control circuit 51. The frane
synchronous system may be al so )

57 constructed such that talking is allowed during the

frame synchr onous9@BfFabed p%Yi%ﬂl%I?%6E§ﬁ tahanBel ghgnal genegpitdmy y
beconmes conplicated. In thls case, control _channel and a
tal ki ng channel Jr@AR®tORt e5baSlsd??f%?%ﬂ?sﬁﬂaﬁﬁéﬁg ?Hﬁor@aﬁlona flag is
set toriseto discrimnate the control channe nal so as to

si nul t aneousl y recelvﬁoandg??ah§5$¥ -bagechetdrnc 5ﬁﬁ§lsynghron0§ﬁgnal and

t ted
Such that the {1 ESRTNCR ORTS AP BHES %3<‘>mm¥n+§abmoﬁxaﬁe%§a%ﬁ§sfiﬁ%%ee
. t LS
Cerminateds o Clabh® yherels oIl ARG aYplPTRg REshE Se R grnee

the flag specifyigg Pﬂkéﬁi%nggféiéﬁqﬁtf&éﬁ@hf?ﬁiﬁ&'tlme such that a

total time of a propagation delay fime from a base
station transmitting the control channel signal to its
own station, a detecting time required from a receiving
10 time point of this control channel signal to the
detection of frame timing shown by this control channel
signal, a generating time required from a detecting
time point of this frame timing to the generation of
its own station frame timing, and a transmitting time
15 until the control channel signal is transmitted in
synchronization with this generated its own station
frame timing, is an substantially integer times a frame
period.
11. The inter-base-station frame synchronous
20 system of the mobile communication system acéording to
claim 10, wherein said propagation delay time is
fixedly set to zero or a predetermined value in each
slave base station. .
12. The inter-base-station frame synchronous
25 system of the mobile communication system according to
claim 10, wherein said timing adjusting means presumes

the propagation delay time of the control channel



channel signal of the base station on communication is 15— descrihbed

above, and an object of the flag is to speci fy renoyj 0
channel signal fromtimng reference of the frane SIQBM Eﬂﬁ" UJIH

control. Therefore, t he enbodi nent descri bed above C

by changi ng the neaning of the flag from"on 20 communi cati on"”
to "timng reference prohibition". 66 Wien the franme synchronous
control period starts, all of the base stations start at a flag
condition of "timng reference prohibition" whether on

conmuni cati on or not. The base station not on communication is set
25 to the al |sigealvipgdnbedegenavateoibst pencehatépn frame témdmgelon
signal is not transmtted. The base station on_ conmmuni cati on

out puts the contrbhechashel ofi gnkpcpiving level of the received control
58 the flag of "timng reference prohibition". The base

station terninati PPERR f?hﬂ%agynchronous control turns off the

flag of "timng refer smts the control

hibjtion" d . t
channel signal. 5 £3e° QﬁgC%n %%gatﬁggsﬁﬁﬁa?nmﬁﬁﬁ&ggﬁ%ﬂﬁ%EQPPHﬁ request
[ [ 1 nhat | t he f . h .
control, tho arl TRy Gf HiGhiElia ebnuh {ARE: N SVERAR Seggraing. 5o on

can be pernitted'cfgiﬁhi§,t&ﬂgre1#ethe transmitting level of the control

-

channel signal is set to the same level in each of the
master base station and the slave base stations.
14. The inter-base;station frame synchronous
10 system of the mobile communication system according to
claim 10, wherein said timing adjusting means presumes
the propagation delay time of the control channel
signal used to generate its own station frame timing on
the basis of a receiving level of the received control
15 channel signal and information showing a transmitting
level transmitted from a base station on a transmitting
side in this control channel signal.
15. The inter-base-station frame synchronous
system of the mobile communication system according to
20 claim 10, further comprising transmitting level
information storing means for storing trénsmitting
level information showing a transmitting level of the
control channel signal in each of said plural base
stations, wherein
25 in the received control channel signal used to
generate its own station frame timing, said timing

adjusting'means judges the transmitting level of said



control channel signal is maintained in a "timng 10 ———reference——

prohi bition" condition. Then, the node . returns ' -
recei ving node again after term nating the com'nj II "zH“IH“l
n 0 *

operation can return to an operation so the frame synchr omous
control . The present invention is not limted to the above 15
enbodi ment. For exanple, the PHS is expl ai ned as an exanple in the
above enbodi nent. However, the present i nvention may be al so
applied to anot her TDVA nobile comuni cati on system such as a

di gi tal I , handyphone, system , 20 ) " _The present
ihgén?ioﬁe{iogfsor%ﬁ?%xE?v€$§¥§3§|?%aXneffSlg?E6 HIERSESFRZRAFEN 8 RO ipl e
[ . t .t he system. .e.g., CDVA
e Sy, rdiEh g 1 pre B ERB e Eh e B R BT O,
I red | on . not make transm.tting 25
gsgﬁg{eof anothefgﬁ%ggﬁg%gfﬁgnfégég %ﬁféﬁTsﬁéﬁgesgﬁrggg mahs chgi I ng

signal of 1S owhelalign &fsrHPbha¥eh§Mhfornation BECH bisUPURLL ;AN

downward transm SsSi ons. _ , _ _
Further, i the ahove erbochi®Ping 3 FQEPARSHILPed from BREVMBRKeCONNECt ed

to a base station is set to a wre .conmuni cation network such as an

| SDN, but may be s##®©ion on tBS!ti&nsmLOPIHGI §28E0NNNSLYAr KouehBY W rel ess
channel signal, and presumes the propagation delay time
of this control channel signal from said transmitting
~level and the receiving level.

10 l6. A base station apparatus dispersively arranged
within a service area and used as a slave base station
among plural base stations wirelessly connected to
plural mobile stations by a time-division bidirectional
multiplex system, the base station apparatus

15 comprising:

control channel signal observation period setting
means in which a predetermined period from a first
receiving time point of a control channel signal
transmitted from other base stations is set to a

20 control channel signal observation period;

its own station frame timing generating means for
generating its own station frame timing on the basis of
receiving timing of the control channel signal
transmitted from one of said other base stations when

25 only this control channel signal is received during

said control channel signal observation period, said

its own station frame timing generating means also



5 transm ssi on. Furthernore, the present invention can be

enbodi ed in various kinds of nodifications wthin the scope not
departing fromthe features of the present invention.

60 CLAIMS LT
i nter-base-station frame synchronous system in anobite¢ L ® s«
communi cati on system conpri sing: 68 plural base stations

di spersively arranged within 5 a service area and connected to a

comuni cati on network, and having at | east one naster base station

and pl ural sl ave base stations; and - plural nobile
stations wirel essg§nesahiegeditsoown statigni frpmer &imiage ont hieobashiy »f
time-division 10 bidirectional nultiplex system wherein

sai d master base QRatPHnreeRpyivgstimings of contpgechapsedasiignalscei vi ng
means for receiving . tinme infornathgn with high reci sion externally
supplied; 15 respectiy@iEntEarshstted frgmgRAErE ihgsﬁeéﬁétPGPs

generating reference frane tigbgg for ivision,multiplex

pd, tine- d
connection in syn%%?%%i%%f?o% hbasesgkat%bggewggﬁiﬁgﬁsgyﬁgﬁFEH S

setting ti'g ng Seéhgﬂnéfesignals are received during said control
channel signal observation period; and
control channel signal transmitting means for
transmitting each control channel signal in
synchronization with séid.its own station frame timing
10 after said control channel signal observation period is

terminated.



basis of said time information; and 20 first control channel

signal transmtting neans for transmtting a control channel signal
to said plural slave base stations |ocated around its own

station in synchronization with said reference frane timng,
wherein 25 said sl ave base stations conprise:

control channel signal observation period seffing means in which a
predeterm ned period froma first '

61 receiving tinme point of a control channel signal

transmtted fromsaid naster base station or other . sl ave base
stations during said frame synchroniz& B T R A C 5bntrol peri od |s set to
a control channel sign obseL tlon

station frame tining g%ﬂe+3¥?ﬁgbﬁ%%n§ ?gFon ame §¥H8P§Ppﬁ§aFP§noﬁﬂ5tem

station frame Urggp on the bas ceiving,tim.n

control channel S|gna.se 1 ?%ééwﬁ?wﬁﬁp*?% %3|8Y%E§FangéEQe§t3Fion or
one of the 10 @%nélﬁ @f‘sk?aééaét ﬁ{"“gﬁdoglﬁlﬁ?hiﬁ?ngﬁoglfwe

channel signal |s Fecei ved ring said con

observati or peri %é;@ts@é/t%ﬁg Cofﬁé %a&t@fnﬁése sta tiofi ngbr89§.aé¥lat lon

perl od setti ng neans, said 1ts own . tation rarre ng gener at I ng
nmeans al so genera}itly) time information receiving means for receiving

time information with high precision externally
supplied, reference framé_timing generation means for
generating a reference frame timing on the basis of the

10 time information, and first control chanhel signal
transmission means for transmitting a control channel
signal to the slave base stations in synchronism with
the reference frame timing. Each of the slave base
stations is provided with its own station frame timing

15 generation means for generating an its own station
frame timing on the basis of the reception timing of
one of the control channel signals transmitted from the
master base station and other slave base stations, and
second control channel signal transmission means for

20 transmitting a control channel signal in synchronism

with the its own station frame timing.



15 its own station franme timng on the basis of one of
receiving timngs of control channel signals respectively
transmtted from said master base station or plural slave base
stations anong the other slave base stations when these control
channel signals are 20 recei ved during said control channel signa
observati on period; and second control channel signa
transmtting nmeans for transnltt(kg each control channel signal in
synchroni zation with said its own station frame timng 25 after said
control channel signal observation period is : term nat ed.
2. The inter-base-station frame synchronous
62 system of the nobile conmunication system according to
claim1, wherein the its own station frame timng gener at i ng{nmeans
generates its own station frame tim ng in SyﬂChFDHPZ&FLQﬁ w't h the
frame timng of a nost 5 advanced phase anong p Far al Zgﬁ‘ELnlngs
based on the respective receiving timngs oi the cont S annel
signal s resplq,Iver transmtted fromthe nmaster pase statlon\or
pl ural slave b‘ e stations agnwg t he ot her / slave base stations\when
I

t hese control amsel signa /
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10 are received during the control channel signal observati on
peri od. 3. The inter-base-station frame synchronous
system of the nobile conmunication system according to claim 2,
wherein, when the control channel signals 15 respectively transmtted
fromthe master base station or plural slave base stations anong

t he ot her sl ave base stations q*;greceived, the frame timng of a
nost advanced phase anong the plural frame timngs based on

the respective receiving timngs of these control 20 channel signals
Is discrimnated as first franme timng wWithin a period set at a
frame interval froma tine point shifted by a tinme about half this
frame interval froma first receiving time point of the control
channel signals during the control channel signal 25 observati on

peri od. 4. The inter-base-station frame synchronous

system of the nobil e communication system according to

63 cl ai m bmsiegh—rame—tm ng >
generati ng neans nBZ e its own station frame timng based on
receiving timng af S| mum receiving | evel anong the control

channel signals regpectivgly 5 trlansmtfed fromthe ster Hase

station or pigraps| T1 T2 T3 T4 R1 R2 R3 R4

<—— FORWARD LINK ——>i< REVERSE LINK ——>

F1G. 2 (PRIOR ART)
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sl ave base stations anong the other slave base stations when t hese
control channel signals are received during the control channe

si gnal observation period. 5. The inter-base-station frame .
synchronous 10 system of the nobile communication system according to
any one of clainms 1, 2, or 4, wherein, when the communi cati on

bet ween base and nobile stations is approxi mately perforned at the
same time point as the begi nni ¥YDf the ordinary frame

synchroni zation control 15 period, the frame synchronous system
further conprises frame synchronous starting extending neans for
setting a frame synchronous control period after the

conmuni cati on between base and nobile stations is termnated. 20
6. The inter-base-station frame synchr system of the nobile
communi cati on system according to wherein said second
control channel signal aJdds i nformation show ng
whet her the conmruni caiA Ni |l e stations is 25

ansm tti means
on between~base ?ﬂf

performed or not or informatyon SWE? ng whet her IS sui tabl e as
reference of the frame synchironous ontrol O or MYt to the control
channel signal. 64



7. The inter-base-station frane synchronous | system'of the nobile

conmmuni cati on system according to claim6, wherein said its own
station frame timng generating means generates its own station
frame timng 5 based on the receiving timng of only a control
channel signal to which information showi ng that the
comuni cati on between base and nobile stations is per fornmed or
i nformati on prohibiting becomng to referencecgf the frame
synchronous control, is noLE 10 added. o 8. The
I nt er-base-station frane sypchronous system of jthe nobile
conmuni cation system according to ) any one of clains 1, 2. or 4,
wherei n the[franme “Tsynchronous system further conprisps tsftking
connection |18 requasi—teception inhibitipg means for inpibitjing the
reception of Wc@ﬁc lon request in at |east a
synchronous |C ol per]i %% PN 9. The inter-base-s '
synchr onous . sydt M}%f thre nobi | e commyini catFpn syste
20 any gne Ws Z52| or 4, wherein $aid second
channel signal4ransm tTing means conpri ses: ?C co
si gnal generlaid ng nmeans_far generatin he—%nt ol c S
in gynchr oni zatign with the franme timn oﬁn_ts own |2 —
station; ang o _|S tinlng adjusting negng f@ZLQafi abl %lggnc
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65
nmeans on the
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