A MBI LE COMMJNI CATI ON SYSTEM AND A NET ?ﬁQ&ﬁ )|
THERECF BACKGROUND OF THE INVENTION Field O

I nvention The present invention relates to a nobile connunlca1%ﬁ
tion systemand a nethod thereof covering a service area with a plurality
of base stations which provide radio zones and perfornms conmmuni cation

bet ween the base stati-ons and nobil e tations, and, nore particularly, to
a nobile comunication system and a nethod t hereof which a nobile station
nonitors a conmunicating quality .or receiving signal |evel of radio
signal from base stations and sel ects an appropri ate base station for
communi cati on during NOVRANGIOBILE COMMUNICATION SYSTEM AND

A METHOD OF THEREOF

BACKGROUND OF THE INVENTION
Field of the invention
The present invention relates to a mobile communica-
tion system and a method thereof covering a serv;ce area with
-a plurality of base stétions which provide radio zones'énd

performs communication between the base stations and mobile

stations, and, more particularly, to a mobile communication

system and a.method thereof which a mobile station monitors a
P\ or receiving signal level of radio

dElons and selects an appropriate base

Description of the Related Art
In a mobile communication system, in order to effec-

tively use a frequency, its service area is finely divided



Descrd ption of the Related Art In a nobile communi cati on system
n order to effec- tively use a frequency, its service area is finely

di vi ded 2 into a plurality of radio

zones so that the same frequency is used for conmmuni cation at the

respecti ve base stations in the radi o zone which are apart from each

other as far as they do not interfepe wth each other. In particular, a

per sonal handy- phone system whi ch has been put in practical use in
recent years is advanced in the fine division of radi o zones, and
therefore a nobile _station frequently change ver base tation

radi o freqhBhey af Bl ugadhty ot itdHt d"%@s i c,rgieecf%ﬁ rf WY Jr§

noving. Al so, in the nobile

used for communication at'the_respective base stations in the
radio zone which are apart from each other as far as they do
not interfere with each other. In particular, a personal
“handy-phone system which has been put in practical use in
recent years is advanced in the fine division of radio zones,
and therefore a mobile station frequently changes over a base
station (i.e., radio frequency for communication) to be
communicated with while it is moving. Also, in the mobile
communication system such as the personal handy-phone system,
its communication system is digitalized and a TDMA (Time
Division Multiple Access) transmission system, a plurality of
speech channels are multiplexed in a time-~division manner in
each radio frequency for communication, is adopted'for
communication between base stations and mobile stations. The
mobile station is so designed as to monitor a communication
quality and a reception level of radio signal transmitted

from base stations, and, to change over from a base station



gommuni cati on system such as the personal handy-phone system its
comuni cation systemis digitalized and a TDVA (Tine Division Miul'tiple
Access) transm ssion system a plurality of speech channel s are

mul tiplexed in a time-division manner in each radi o frequency for
communi cation, is adopted for communi cati on between base stations and
nobi |l e stations. The nobil e station is so designed as to nonitor a
comuni cati on quality and a recept3on |level of radio signal transmtted
from base stations, and, to change over from a base station

3 under comunication to another base station when the conmmuni - cation
qual ity iwhdpigreemEmunication torFpgothersbasai a§RrEAPENYREAGLAS S0BFEDIGN
sequence when a nobile station changes over a base station for its

comruni cation. A nopjle staéion éOé under conmuni cation with
cation quality 1s degraded.

Fig. 1 is a diagram'showing an operation sequence
when a mobile station éhanges over a base station for its
communication. A mobile station 102 under communication with
the base station 101 always monitors the receive signal level
and the communication quality of a speech channel currently
being used. The mobile station 102:sends out a speech

f

channel changeovér request signal 103 to the base station 101
when the receive level and the communication quality are
deteriorated lower than predetermined values, respectively.
Upon receiving the changeover request signal 103, the base
station 101 sends out.a channel changeover instruction signal
104 to.the mobile station 102. After receiving the channel
changeover instruction signal 104, the mobile station 162
carries out an observation operation 105 of control carriers

and inspects the receive level of radio signal transmitted

from base stations around the mobile station 102.



the base station 101 al ways nonitors the receive signal |evel and the
‘tommuni cat-i on quality ‘of a speech channel currently bei ng used. The
nobil e station 102 sends out a speech channel changeover request signal
103 to the base station 101 when the receive |evel and the comunication
quality are deteriorated | ower than predeterm ned val ues, respectively.
Upon receiving the changeover request4signal 103, the base station 101
sends out a channel changeover instruction signal 104 to the nobile
station 102. After receiving the channel changeover instruction signal
104, the nobile sFatioontB3l ceamriiees,owvnealf relmencat iien asEargatddrtd 0S5 of
control carriers and inspects the receive |evel of radio signal
transmtted from base stations around the nobile station 102.

all the base stations, and a time-division multiplexed time

slot is assigned to each base station. Each base station is
so designed as to send out a control siénal to the time slot
assigned fheieto: A time slot for sending out the control
signal through thé control carriers is called "a control
slot" in this specification. The mobile station monitors the
receive levels of all the base stations around the mobile
station by monitoring oné frequency for control carriers.

The mobile station 102 sequentially observes the
control slots oh each control carrier, detects a base station
corresponding to the control slot a receive level of which
exceeds a predetermined value, and selects the detected base
station as a target base station 106 for change over. The
mobile station 102 originates a call 107 to the target base
stationl106 for change over to resume communication through
the base station 106. Such a mobile communication system has

been disclosed in "The Second-Generation Cordless Telephone



For control carriers, one frequency is assigned to all the base stations,
‘and a time-division multiplexed timnme slot is assigned to each base
station. Each base station is so designed as to send out a control signal
to-the tinme slot assigned thereto. Atinme slot for sending out the
control signal through the control carriers is called "a control sl ot"
in this specification. The nobile station nonitors the receive |evels of
all the base stations around the nobPl e station by nonitoring one
frequency for control carriers. The nobile station 102
sequentially observes the control slots on each control carrier, detects
a base st3ysbem, Sbanpdapendprrgitfd aatd aantthg fdrsit £diddense RRevel7 ©ftawhi ch
exceeds a predeterm ned val ue, and sel ects the detected base station as a

target base_statjon 10 or change over. The nobi | ation 102 .
ori gi nat eéﬁv cBPPf-}@%eSoLﬁ’hg%FalP%&e%’e & %ﬁvﬁlioé’ﬂlel&%%&tecnnaéﬁfe RO ¢ o
resume conmuni cation through t he base station 106. Such a nobile

communi cakl, e ¥ SESThAZE ion.

‘The change over operation sequence in which searching
a subsequent base station for changing over after .

inturruption of communication with the original base station

-

causes communication interruption period long. Under such

circumstances, there have been a variety of propoéals by

' f

which the communiéation interruption period when éhanging
over is shortened and carrying out more smooth operation of
the changeover of base stations with the movement of the
mobile station.

Japanese Patent Layed Opeﬂ No. Hei 4-29495 discloses
a mobile communication system that performs a communication
test between a mobile station and a target base station for
change over during a waiting period since receiving a time
slot of speech channel until a subsequent time slot which

will be received in one cycle of period later. Because the



Jeen disclosed in "The Second- Generation Cordl ess Tel ephone

.5 System Standard Specification, the first edition, pp. 376 to 377,
publ i shed by The Research & Devel opnent Center for Radio Syst ens

Foundat i on. The change over oper-ation sequence in which searching
a subsequent base station for chahging over after I nturruption of

comuni cation with the original base gstation causes commruni cation

i nterruption period |ong. Under such circunstances, there have been a
variety of proposals by whi ch the conmunication interruption period when

the ohangSSTEFnsF33en SERE SHUE S TE¥HEORERL BBEReRTPhe RBBERE 0 21 o
Japanese Patent Layed Open No. Hei 4-29495 discl oses
station and anether base station during the waiting perioq of
the time slot for communication with the original base
station in the speech channel, the communication interruption
period caused by the changing over operation can be short-
ened.

Also, Japanese Patent Layed Open.No. Hei 1-238329
discloees a mobile communication system in which a time slot
of speech channel for communicafion with the target base
station is to be allocated in the position which is apart
from a time slot under communication by a predetermined
period later behind. Similarly, in that mobile communication
system, a communication test is also performed during a
waiting period, but, ellocation of time slot of speech
channel for communication with the target base station is
prevented from adjoining a time slot of speech channel under

communication with the original base station. If there is a

time difference necessary for changing over a speech channel



4 nobile comuni cation systemthat perforns a comunication test between
a nobile station and a target base station for change over during a

wai ting period since receiving a tine sl ot of speech channel until a
subsequent tine slot which wll be received in one cycle of period |ater.
Because the , 6 conmuni cation test can
be perfornmed between the nobile station and anot her base station during
the waiting period of the tine slot for conmunication with the original
base station in the speech channel, the conmunication interruption

period capeedeby the €haRJisNGtQVelorORSFiafirRl Gonmthisdwtion aedeatew
Al so, Japanese Patent Layed Open No. Hei 1-238329 di scl oses a nobile

comuni cation systemin which a tine sl ot
communication, the channel changeover is unnecessary to

perform at a high speed, thereby being capable of simplifying
circuits in a communication aparatus.

In additionc Japanese Patgnt Layed Open No. Sho 64-
55924 discloses a mobile COmmunicatién ;ystem which is
designed in such a manner that the number of multiplexed time
slots for communication carriers and the number of multi-
plexgd time slots for control carri;rs are set to different |
values respectively, so tﬁat the state of_all the control
slots can be observed during the waitin;M;;;iod. If the
number of multiplexed time slots for communication carriers -
and the number of multiplexed time slots for control carriers
are identical to each other, the control slot at the same
timing as that of the time slot for communication carriers
cannot be observed. However, if the number of multiplexed

time slots is set to a difference value therebetween, whereby

the control slot that has the same timing as that of the time



of speech channel for comunication with the target base station is to be
‘allocated in the position which is apart froma tinme slot under

comuni cation by a predetermnm ned period | ater behind. Simlarly, in that
nobi | e communi cati on system a conmunication test is also perforned
during a waiting period, but, allocation of tinme slot of speech channel
for communication with the target base station is prevented from
adjoining a tine slot of speech channgl under communi cation with the
original base station. If thereis a tine difference necessary for
changi ng over a speech channel 7

bet ween t helbitnEos| commuon carfiigimala radmunisc aepdacaet widh thendibhfeaénon,

t he channel changeover is unnecessary to performat a high speed, thereby

bei ng capable of sinplifying circuits in a communication aparatus.
time slot for communication carrier in every one cycle of

period. Accordingly, with the observation of the control
carriers over a plurality of cycles of period, a communi-
cation test can be performed on all the control slots.

Also, Japanese Patent Layed Open No. Hei 5-75531 dis-
closes a mobile communication system which ié so designed
that a radio frequency is changed over for the alternation of
a base station, using a period during which communication is
in a silent state (no voice signal exists). In the communi-
cation system having a voice operatéd transmission (hereinaf-
ter referred.to as "VOX") function by which the mobile
station under communication stops a transﬁission output in
accordance with the presence/absence of voice signal, a fre-
quency is changed over using a transmission stop period
(hereinafte; referred to as "VOX period") due to.silence.

In the related art disclosed in Japane;e Patent Layed

Open No. Hei 4-29495 or Japanese Patent Layed Open Hei 1-



I'n addition, Japanese Patent Layed Open No. Sho 64- 55924 di scl oses a
‘mobi | e communi cation systemwhich is designed in such a nmanner that the
nunber of nultiplexed tine slots for conmunication carriers and the
nunber of multi- pl exed tinme slots for control carriers are set to

di fferent val ues respectively, so that the state of all the contro

sl ots can be observed during the maiti&g period. If the nunber of

mul tiplexed time slots for comrunication carriers and the nunber of

mul tiplexed tine slots for control carriers are identical to each other,

t he control at the sane timng as that . of the tine s]ot faqr
connunicati%ﬁégé?ri@rgommeghﬁéFlﬁé 5%§§r9é8p°Fb&Ev8FFﬁqr QR of
mul ti pl exed time slots is set to a difference val ue therebetween, whereby

the control .8} etoi N8l of2int iR $3M8s5ifhad 82 HAR' s¥he! rlidl as that of

the time slot under current communication. For that reason,
after communication between the mobile station and the
original base station has been interrupted, it is necessary
that at least a communication state of the control slot at
that timing is observed, which leads to such a problem that
the  interruption of communication when changing ovef the base
station cannot be sufficiently shortened. |

In the prior art disclosed in Japanese Patent Layed
Open No. Sho 64-55924, a communication state_can be observed
on all the coﬁtrol slots using a waiting peridd by providing
different number of multiplexed time slots for the communica-
tion carrier and the control carrier. Howeve;, there exists
a limitation in conditions that the number of multiplexed
time slots is to be differed therebetween, and fhis causes

not only the flexibility of the communication system be

lowered, but also the remarkable alteration of the present



8 sl ot for communication carrier is replaced with the different tinme
slot for communication carrier in every one cycl e of period. Accordingly,

with the observation of the control carriers over a plurality of cycles
of period, a comuni- cation test can be perforned on all the control
sl ots. Al so, Japanese Patent Layed Qpen No. Hei 5-75531 dis-

cl oses a nobil e comuni cati on system wiiah is so desi gned that a radio
frequency is changed over for the alternation of a base station, using a
peri od during which comunication is in a silent state (no voice signal
exists). In_t co tion system having a_voice . ap erateqWh
transniSS|oﬁefﬁﬁiggﬂgﬁpeC1FéFaFé98F B& nggéregoin)aggﬁ e t he
nobile  station under comuni cation stops a transm ssion output in

accor dance Eé&@n&h8e8%§§%985/%B%%ﬁ%%sokei%pﬁgn%'%H%Eenﬁ fre- guency is

changed overt “tUsSi ng”a transm ssron stop einafter referred to as
"VOX period") due to silence.

In the related art dlsclosed in Japanese Patent Layed
Open No. Hei 5-75531, the base stations can be changed during
a VOX period which is a silent period. However, the control
slot still need to be observed té-determine the target base
station for change over. This leads to such a problem that
communication must be interrupted for observing the control

slot.

SUMMARY OF THE INVENTION
In view of the above, the present invention solves
such problems, and intended to provide a mobile communication
system which is capable of changing over to an optimum base
station in a period of communication interruption as short as
posible.
A mobile communication system according to the

present invention is for the system which provides a service



In the related art disclosed in Japanese Patent Layed Open No. He

4- 29495 or Japanese Patent Layed Open Hei 1-

9 238329, a conmmuni cation test cannot be perforned on the control sl ot
which is assigned at the same timng as that of the time slot under
current comuni cation. For that reason, after communi cati on between the
nobi |l e station and the original base station has been interrupted, it is
necessary that at | east a comunication state of the control slot at
that timng is observed, which | eads to such a problemthat t he

I nterruption of comunication whep changi ng over b . sstation not
be sufficieﬁﬁ%ﬂ (N%(ﬂﬁﬂfaf&ty of ba??l??é?iﬁ?%réng §?§XF8§8§ 9nrf§§ nese
Pat ent Layed . OQpen No. Sho 64-55924, a conmunication state can be observed

on all the coydal, shftéh uasiIﬂcgbfl@aé{é{]ﬂorpeé&ﬂgulj?i'cgfagﬂbdhﬂgh the base

station using a Time Division Multiple Access transmission
system, and the mobile communication system comprises the
following elements:

(1) communication means for providing a plurality of
time diviéioned speech time slots in a radiQ frequency for
speech channels for communication between a mobile station
and a base station in a radio zone, and a plu;ality of time
divisioned control time slots in a radio frequency for
control channels transmitting and receiving control informa-
tion between a mobile station and a plufality of base sta-
tibns around the mobile station;

(2) the mobile station including;

a. first communication state observing means
for observing each control time slot for monitoring communi-

cation states between tlie mobile station and base stations



different nunber of nmultiplexed tine slots for the comunica- tion
*carrier and the control carrier. However, there exists alimtation in
conditions that the nunber of nultiplexed time slots is to be differed
t her ebet ween, and this causes not only the flexibility of the

communi cati on system be | ower ed, but also the remarkable alteration of
t he present 10 t echni cal
specifications be required in adapting2t to the second generation
cordl ess tel ephone system In the related art disclosed in
Japanese Patent Layed Open No. Hei 5-75531, the base stations can be

cont ol draong BN 030""“ DTG Gufi Ry Ghthe S R0Gs BYEYE tnbfica
station for change over. Th|s Ieads to such a probl emthat
time period for Fhe speech time slot currently being used;
b. silent state detecting means for detecting a
silent period, no voice signal existing, in a predetermined
time interval in a speech time slot;

c. second communication state observing means
for observing a control time slot for monitoring communica-
tion s;ates between the mobile station and a base station,
whose control time slot is in the same timing as the speech
time slot currently being used, during silent periodé when
the silent state detecting means'has detected; and

d. base station changeover means for changing
§Ver a base station to be communicated to a base station from
which a best communication state is obtained on the basis of
observation results of the first communication state observ-
ing means and the second communication state observing means.

A method of mobile communication according to the

present invention is for a mobile communication system which



communi cation nust be interrupted for observing the control sl ot .-
SUWWARY OF THE | NVENTI ON In view of the above, the present

i nvention sol ves such problens, and intended to provide a nobile

comuni cati on system whi ch is capabl e of changing over to an opti nmum base
station in a period of conmunication interruption as short as posi bl e.

A nobi |l e conmuni cati on system according to the present invention is for

t he system whi ch pr.ovides a service 13 area by a plurality of
base stations each providing a radio zone in which a nobile station
communi cating with the base station using a Time Division Miultiple Access

transm $si 0frovides a service area by a plurality of base stations each
providing a radio zone in which a mobile station communicat-
ing with the base station using a Time Division Multiple
Access transmission system, providing a plurality of time
divisioned speech time slots in a radio frequency for speech
channels for communication between a mobile station and a
base station in a radio zone, énd a plurality of time
divisioned control tin@ slots in a radio frequency for
control channels transmitting and receiving control informa-
tion between a mobile stafion and a plurality of base sta-
tions around the mobile station. The method comprisese the

y
following steps:
(1) first observing'each control time slot for moni-

toring communication statés between the mobile station and

base stations around the mobile station during time periods

other than a time period for the speech time slot currently

being used;



system and the nDblle conmmuni cation system conprises the follow ng

el enents: - (1) comunication neans for providing a plurality of
time divisioned speech tinme slots in a radio frequency for speech
channel s for communi cati on between a nobile station and a base station in
a radio zone, and a plurality of tine di visioned control tine slots in a
radi o frequency for control channels transmtting and receiving control

i nf or ma- tion between a nobile statidd and a plurality of base sta-

tions around the nobile station; (2) the nobile station

I ncl udi ng; n stat e, obserV|n

t
for observing each(génFFG@cﬁlﬁgsﬂ(ﬁfgﬁﬂynlca | q MY SOfthi$t9nE t?%ﬁsg_

states between the npobile stati on and base statlons
ing, in a predetermined time interval in a speech time slot;

(3) second observing a control time slot for moni-
toring communication states between the mobile station and a
base station, whose control timé slot is in the same timing
as the speech time slot currently being used, during silent
periods having been detecfed; and

(4) changiné over a base station to be communicated

{ .
to a base station from which a best communication state is
obtained on the basis of observation results of the first
observing and second obéerving.

In other words, in the present invention, the commu-
nication states between the mqbile station and all the base
stations around the mobile station can be checked while
communication with the original base station so that the

communication interruption period for changing over the base

station is shortened.



12 around the nobile station during tine periods other than a tine
period for the speech tine slot currently being used:; b.
silent state detecting neans for detecting a si | ent period, no voice
signal existing, in a predetermned tinme interval in a speech tinme slot;
c. second communi cation state observing neans for observing a control

time slot for nonitoring conmunica- tion states between the nobile
station and a base station, whose corgrol tinme slot is in the sanme timng
as the speech tine slot currently being used, during silent periods when
the silent state detecting neans has detected; and d. base

stati on changeover neansBRIEFCDESGRIFPTION OF THEa DRESUAGSON to be

communi cated to a base station from which a best communi cation state is
obt ai ned on the basis of observation results of the first conmunication
state observ- ' infifreahsifindnt REPIABSHQLYORAAATLAHEY SHOWINGt @ SPSWFUA IR~
nmeans.

tion sequence when a mobile station changes over a base
station to be communicated in a con&entional mobile communi-—
cation system.

Fig. 2 is an explanatofy diagram showing the area
structure of a mobile communication sYstem in accordance with
one embodiment of the preéent invention.

Fig. 3 is an explanatory diagram showing one example
of a communication sequence in changing over: the base station
in the mobile communication system in accordance with the
present invention.

Fig. 4 is a circuit diagram showing the outline of a
circuit structure of a mobile station in the-mobile communi-
cation system in accordance with the present invention.

Fig. 5 is a timing chart showing the ;Late of each

signal when a speech state is changed from a voice state to a

silent state.



A nethod of nobil e comuni cation according to the present invention is
for a nobile communication system whi ch

13 provi des a service area by a plurality of base stations each

providing a radio zone in which a nobile station conmuni cat - ing with the
base station using a Tine Division Miltiple Access transm ssion system
providing a plurality of tine di vi sioned speech tine slots in a radio
frequency for speech channel s for communi cation between a nobile station
and a base station in a radio zone, ahfl a plurality of tine divisioned
control tine slots in a radio frequency for control channels transmtting

and receiving contr I nf.or. ma- en.a nmobi | t|on d a
plurality of base s?ég t £8né §FH&H§ FﬁéwﬁDEPP¥1§PQF| ﬁg?
conpri sese the

signal when the silent state continues.

Fig. 7 is a timing chart showing the state of each
signal when the state changes from a silent state to a voice
stafe.

Fig. 8 is an explanatory diagram showing the communi-
cation sequence in the mobile communication system where the

changeover of a base station is performed by changing over

the communicaticdn channel.

DETAILED DESCRIPTION 6F THE PREFERRED EMBODIMENTS
The present invention will be described in the
following by referring to the attached drawings.
Fig. 2 is a diagram showing the structure of a mobile

communication system in accordance with one embodiment of the
present invention. Base stations 11, to 1l1; provide radio
zones 12, to 12,, respectively for covering service area of

the mobile communication system. The adjacent radio zones



foll owing steps: (1) first observing each control tinme sl|ot

noni -

stations around the nobile station during tinme periods

toring comruni cation states between the nobile station and

period for the speech time slot currently bei ng used;

14

(2) detecting a silent period, no voice signal exist- [

for
base

ng,

a predetermned tine interval in a speech tine slot; (3) second
observing a control time slot for nopy- toring comuni cati on states
bet ween the nobile station and a base station, whose control tine s
In the sane timng as the speech tinme slot currently being used, du

si | ent

base station

over in the overlap area when a mobile station 13 moves

between the radio zones. The respective base stations 11,
11, are connected to a base station control unit 14 for
managing those base stations 11, to 11,. The base station

control unit 14 is connected to another mobile communicati
system or a fixed communication network through a system

control unit 15.

| ot
ring

p%rdet%g%dag%gig% ég;@gtggxeeftgg:tﬁi@ the base st41i6Ra0g REAQYRY @

to

on

Fig. 3 is a diagram showing one example of a communi-

cation sequence in changing over the base station in the

mobile communication system in accordance with the present

invention. Each frequency used for communication between the

base station and the mobile station is multiplexed in time

division into a plurality of time.slots, respectively.

The communication carriers which is a frequency used

for speech channels corresponding to a plurality of time

slots.

other than a tinme

in

S



to a-.base station fromwhich a best communication state is  obtained on
the basis of observation results of the first observi ng and second

obser vi ng. In other words, in the present invention, the conmu-
ni cation states between the nobile station and all the base stations
around the nobile station can be checked while comuni cation with the
original base station so that the communi cation interruption period for
changi ng over the base station is shidtened.

15 _ BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an
expl anatory di agram showi ng a conmuni ca- tion sequence when a nobile

station changes ove, 1 PAsEarr AL @ded OfHL EXAMRIN EBiRG Anvarcefyesti onal
nobi | e comruni -

control signals are multiplexed in time division, énd one
frequency is commonly used for the control-carriers in a
plurality of base stations. It means that the commuhication
states between the mobile station and all.the base stationé
afound the mobile station can be observed by monitoring only
one frequency of the control carrier.

A VOX function is provided for an upward channel
(channel direction from mobile station to base.station) and a
downward channél (channel direction from base station to
mobile station), réspectively. Both of the.base étation and
the mobile station include a VOX burst signal transmission
function. The VOX burst signal transmission function is a
function to trnsmit background noise information or the like,
using a VOX period.

The mobile statién 21 performs an observation 23 of
the control carrier for discriminating the communication

state between the mobile station 21 and the base stations



cation system Fig. 2 is an explanatory diagram show ng the area
“structure of a nobile comunication systemin accordance with one

enbodi ment of the present invention. Fig. 3 is an explanatory

di agram showi ng one exanple of a conmunication sequence in changi ng over

t he base station in the nobile communi cati on systemin accordance with

t he present invention. Fig. 4 1is a circuit diagramshow ng the

outline of a circuit structure of a mobile station in the nobile communi -
cation systemin accordance with the present invention. Fig. 5is
a timng chart showing the state of each si gnal when a speech state is

changed frogtygudQi €ReShebe1k0s2atidhl @Nt s¢h@li€aneously during communica-
tion with the base station 22. A control slot having the
timing different from that of the time slot of speech channel
is observed while waiting for the time slot of the speech
chanﬁel, to thereby check the communication state. A control
slot having the timing identical to that of the time slot of
speech chénnel is observed using the VOX pe:iod where it is
in a silent (no voice signal exists) state.

Information such as background noise is transmitted
by the VOX burst signal, and.when a.VOX period continues over
a plurality of cycles of period, it is unnecessary to trans-
mit the VOX burst signal in every cycle of period. During a
silent section (VOX periods), the VOX burst signal is trans-
mitted and received only once per two or four frames, and
other VOX periods are assigned for observing the carrier
level of a control slot. Also, the communication state of
the speech channel, for example, the receive level is moni-

tored during communication, and when the receive quality is



Fig.«6 is atimng chart showing the state of each si gnal when the silent
‘state continues. Fig. 7 i1s atimng chart showi ng the state of

each si gha
state.

when the state changes froma silent state to a voice
Fig. 8 is an explanatory di agram showi ng the comruni -

cation sequence in the nobile comunication system where the changeover
of a base station is perfornmed by changi ng over t he comruni cati on

channel .

DETAI LED DESCRI PTI Oy OF THE PREFERRED EMBODI MENTS

The present invention will be described in the followng by referring to
the attached draw ngs. Fig. 2 is a diagram show ng the structure

of a nobile

comuni cation systemin accordance w th one enbodi nent of the

present i ndeheirdnratBdseastchongesvel] eedquess Bljgaa]] J% i derangmbtted

to an original base station 22 under communication. In re-

sponse thereto, upon receiving a changeover instruction

signal.25 from the original station 22, the mobile station 21

selecfs a target base station 26 for changing over on the

‘basis of the result of the observation 23 of the control

carrier having done during communication, and originates a

call request 27 to that target base station 26. Then,

communication 28 with new base station 26 is commenced.

Fig. 4 is a circuit diagram showing the outline of a

circuit structure of a mobile station in the mobile communi-

cation system of the above-mentioned communication sequence.

A mobile station is comprised of an antenna 31, a duplexer 32

for using the antenna for transmission and reception, a

transmitting section 33 for processing a transmission signal,

~a receiving section 34 for processing a reception signal; and

a speech channel changeover control circuit 35 for control-

ling the operation of changing over a speech channel. An



zones 12[err] to 12[err], respectively for covering service area of t he
‘nobi | e conmuni cati on system The adjacent radi o zones

17 overlap with each other so that the base station is changed over in
the overlap area when a nobile station 13 noves bet ween the radi o zones.
The respective base stations 11[err] to 115 are connected to a base
station control unit 14 for managi ng t hose base stations 1ll[err] to
11[err]. The base station control urdt 14 is connected to another nobile
communi cation systemor a fixed conmunicati on network through a system
control unit 15. Fig. 3 is a diagram show ng one exanple of a
conmuni - upairan speaedn e gra lc Bt ginpptthest firtoam aseokeat tBANSALEREL not
nobi | e conmmuni cati on systemin accordance with the present
shown is processed through the transmitting section 33 in
such a manner that it forms one frame every 5 milli-sec, and
digitalized. The digital speech signal for one frame is com-
pressed in time and put in one time slot of the speech chan-
nel.
A signal from the antenna 31 is received by a receiv-
er 37 of the receiving section 34 through the duplexer:32.
The ,received signal by the receiver 37 is transferred to
demodulator 38-for demodulating that received signal, and the
demodulated downward speech signal 39 is transferred to a
receiver not shown. The demodulator 38 is provided with a
function of discriminating whether the time slot having been
received contains voice signal or not. An upward VOX period
control carrier level monitoring circuit 41 is a circuit for
observing a control carrier level in the control slot having

the same timing as that of the speech channel when the upward

speech signal 36 is in a silent state (no voice signal ex-



I.nvention. Each frequency used for communi cation between the base station
and the nobile station is nultiplexed in tine division into a plurality

of time slots, respectively. The conmuni cation carriers which is
a frequency used for speech channels corresponding to a plurality of time
sl ot s. + 18 Control carriers

used for transmtting a variety of control signals are nultiplexed in
time division, and one frequency is @monly used for the control
carriers in a plurality of base stations. It nmeans that the comunication
states between the nobile station and all the bfse statio around the

. s
mobi | e st at3®rekan HAPRERTEIVEY RBRLPSr FARCEA ycarsﬁsrfisa&én@9n&¢°Fﬁe

control carrier. A VOX function is provided for an upward channe

ing circuit 42 is a circuit for monitoring the carrier level
of the control slot having the same timing as that of the
time slot for speech channel for which silent state has been
detected by the demodulator 38.

* A control slot carrier level monitoring circuit 43 is
a circuit for observing the carrier level of the control slot
having a timing different from that:of the time slot for
speech channel. A receive state mo;itoring circuit 44 is a
circuit for monitoring the communication quality of the
speech channel. A speech channel changeover control circuit
35 has a function of selecting an optimum base station as a
farget base station for changing over on the basis of the
monitored results of the upward and downward VOX period
control carrier level monitoring circuits 41, 42, and control
slot cérrier level monitoring circuit 43. When the speech

channel changeover control circuit 44 is notified of the -

deterioration of the communication quality of the speech-



(channel direction fromnobile station to base station) and a  downward
‘channel (channel direction frombase station to nobi | e station),
respectively. Both of the base station and the nobile station include a
VOX burst signal transmi ssion function. The VOX burst signal transm ssion
function is a function to trnsmt background noise information or the

i ke, using a VOX peri od. The nobile station 21 perforns an
observation 23 of the control carri@3 for discrimnating the

conmuni cati on state between the nobile station 21 and the base stations
19 around the nobile station 21 sinultaneously during communica- tion

with the baéﬁaﬁh@ll Frofl thR G Qe Yttt MUNEdiGg difdnge diffefent from
that of the time slot of speech c Jhanne
changes over the speech channel to the optimum base station
selected on the basis of the monitored results during commu-
nication.

The receiver 37 and the demodulétor 38 are commonly
used in any one of the reception of the_time slot for speech
channel,-the reception of the time 'slot for control carrier
at a timing different from that of the speech time élot, and
the reception of the time slot for :control carrier at a
timing identical to that of the spéech channei but the speech
time slot is in the VOX period. 1In other words, when receiv-
ing the time slot for speech channel, the frequency of the
receiver 37 is set to a radio channel of speech channel, and
when receiving the time slot for control carriér, it is set
to the frequency of the radio channel of control carrier.

Fig. 5 is a timing chart showing the state transition

of each signal when the state of speech channel is changed

from a voice state to a silent state. A signal in a speech



is observed while waiting for the tine slot of the speech channel, to

t hereby check the comunication state. A control  slot having the timing
identical to that of the tine slot of speech channel is observed using
the VOX period where it is in a silent (no voice signal exists) state.

I nformati on such as background noise is transmtted by the VOX bur st
signal, and when a VOX period continueﬁﬁover a plurality of cycles of
period, it is unnecessary to trans- % the VOX bur st signal in every
cycle of period. During a silent section (VOX periods), the VOX burst
signal is trans- mtted and received only once per two or four franes,
and ot her SEBORR}; of@®) ake BEYi gRedifoiNoBsBPIFRgStRAECCHALidr @ tIBUAYT of a
control slot. Also, the comruni cation state of t he speech channel, for

exanple, the receive |level is noni- tored during communi cation, and when
the recei ve Huappfythereafter changed into a silent state. The signal

in the speech channel is formed into frames for every 5
milli-sec, (b) in Fig. 5. The signal is converted into a
digital signal for each frame and then compressed in time
before being assigned to eéch time slot. The mobile station
or the base station detects whether the signal in a speech
channel is in the silent state or not, for each frame, and
outputs ,a signal state detection signal, (c¢) in Fig. 5, at a
time point between'the adjacent frame. In the figure, a mark
O_represénts that the wvoice staté is detected, whereas a mark
X represents that the silent state (no voice signal exists

for whole frame period) is detected. Since a frame 51 before
a timing T,;, includes a voice signal, the voice state is de-
tected at the timing T,,. In a frame 52 after the voice

signal has been disappeared, the silent state is detected at

a timing T,,.



20 .deteriorated, a changeover request signal 24 is transmtted to an
‘original base station 22 under communication. In re- sponse thereto, upon
recei ving a changeover instruction signal 25 fromthe original station
22, the nobile station 21 selects a target base station 26 for changing
over on the basis of the result of the observation 23 of the control
carrier having done during connunicationzsand originates a call request
27 to that target base station 26. Then, comuni cation 28 with new base
station 26 is commenced. Fig. 4 is acircuit diagramshow ng the
outline of a circuit structure of a nnbi#e statjon in tge Hpbil conmuni -
cation system of the® abb¥3hentdbnél Edfmumi c@ti bhesBgHantec anﬂeﬁnbﬁQ&ch

station is conprised of an antenna 31, a dupl exer 32 for using the

o anaino A Rl PR on BAE REBTRE' SRacfon EOARRE bRLRISTERYSH) Hhddy-
mits the voice signal of the frame 51 as an upward burst
signal 53 in one time slot. Similarly, a signal, (e) in Fig.
5, of the downward -channel, which is sent from the base
station to the mobile station, transmits a voice signal as a
downward burst signal 54. In a period of the time slot after

»

the silent state has been detected, the VOX burst signéls 55
and 56 are transmitteq. |

In the upward channel, the VOX burst signal is sent
out for every four frames, and in the downward channel, the
VOX burst signal is sent out for every two frames. In the
figure 5, a time slot indicated by oblique lines represents

that the VOX burst signal is transmitted. 1In the VOX peri-

ods, the silent state is detected and transmission is
stopped, at times T,;, T,, and T,; where the VOX burst signal

is not transmitted, the reception frequency is changed over

to that of the control carrier, 'and the carrier level of the



a receiving section 34 for processing a reception signal; and a speech
“‘channel changeover control circuit 35 for control - ling the operation of
changi ng over a speech channel. An 21
upward speech signal 36 inputted froma voice transmtter not shown is
processed through the transmtting section 33 in such a manner that it

forms one franme every 5 mlli-sec, and digitalized. The digital speech
signal for one frame is com pressegg n tinme and put in one tine slot of
t he speech chan- nel . A signal fromthe antenna 31 is received
by a receiv- er 37 of the receiving section 34 through the dupl exer 32.

The recei ved ﬁkgoihgggttggv& 'V%ﬁnﬁ% g%5ﬁﬁ§£gfﬁ§§lgﬂat germill B s 188

for denodul &f recelve denodul at ed downward
speech si gnal 39 is transferred to a

time slot is observed. Downward arrows 57, to 57; in (d) of

the figure 5 represent that the downward control carrier

level has been observed in the VOX period of the transmit

slot of the mobile station. Also, upward arrows 58, to 58,

in (e) of the figure 5 represent that the downward carrier

level has been observed in the VOX period of the receive slot
i o of the mobile station.

~Fig. 6 is a timing chart showing the state of each
signal when the silent state continues. A signal in the
épeech channel, (a) in the figure 6, continues to be a silent
state. During this state, in an upward channel, (b) in the
figure 6, the VOX burst signal is transmitted once per four
frames, and in the VOX period for rest of three frames, a
downward control carrier is measured. In a downward channel,
(c) in the figure 6, the VOX burst signal is transmitted once
per two frames, and in other VOX period, the upward control

carrier is observed. It is needless to say that the control



receiver not shown. The denodul ator 38 is provided with a function of

‘di scrimnati

ng whet her the tinme slot having been recei ved contains voice

signal or not. An upward VOX peri od control carrier |level nonitoring

circuit 41 i

s acircuit for observing a control carrier level in the

control slot having the sane timng as that of the speech channel when

t he upward

speech signal 36 is in a shhent state (no voice signal ex-

22 . ists). A downward VOX period control carrier |evel nonitor- i ng
circuit 42 is a circuit for nonitoring the carrier |evel of the control
sl ot havi ng he, tine slot for speech channel

for which si

.tim h f
R Tl S S8t tufing e aRbat i anoateg tindng

control slot carrier level nonitoring circuit 43 is

of time slots used for other than current speech channel.
Fig. 7 is a timing chart showing the state of each
signal when the state changes from a silent state to a voice

state. A signal in the speech channel, (a) in the figure 7,
is in a silent state until a time T,, and thereafter changed

in a voice state. The voice signal is divided into frames
for every 5 milli-sec, (b) in the figure 7, and it is detect-
ed whether each frame has voice or silence. In the voice
stafe detection signél, (c) in the figure 7, a ma;k O repre-
sents that a voice state is detected, whereas a mark X
represents that a silent state is detected, gs in the case of
Fig. 5. Since a frame 61 is .a frame that has chahged from
the silent state to the voice state, the voice state is

detected at a time T,,.

Upon detecting the voice state, the transmission of
the VOX burst signal or the measurement of the carrier level

of the control slot is stopped, and the transmis-

A



a circui.t for observing the carrier |evel of the control slot havi ng a
timng different fromthat of the time slot for speech channel. A receive
state nmonitoring circuit 44 is a circuit for nonitoring the conmuni cation
quality of the speech channel.. A speech channel changeover control

circuit 35 has a function of selecting an opti num base station as a
target base station for changi ng over on the basis of the noni t or ed
results of the upward and downward VOX28eri od control carrier |eve
nmonitoring circuits 41, 42, and control slot carrier |level nonitoring
circuit 43. Wen the speech channel changeover control circuit 44 is
notified of sitba/redeptionr atfi woiafe tshigyradmmisi @etriformadl i tEt ofan Hee sgeeeh
23 channel fromthe receive state nonitoring circuit 44, it changes

over the speech channel to the optinmum base station
criminated whether it is a voice burst signal, a VOX burst

signal or a VOX period where the transmission operation is
stopped so that none of the voice burst signal and the VOX
burst signal exists, by analyzing the top portion of each
time slot. The demodulator 38 of the mobile station analyzes
the top portion of a signal of a communication time slot for
egch cycle of period,.and discriminateé whether that signal
is voice, the VOX burst or the VOX period. Then, when it is
discriminated that it is the VOX period, the control carrier
is measured in its burst period. Hence, the voice signal can
be normally received even though the state is changed into
the voice stafe from the time slot of a period sucéeeding to
the VOX burst signal.

In this way, since the time slot in the silént state
is used, the communication state of all the time slots of the

control carrier can be checked during communication with the

original base station. Then, when detecting the deteriora-



sel ected on the basis of the nonitored results during conmu- ni cati on.
“The receiver 37 and the denodul ator 38 are conmonly used in any one of
the reception of the tine slot for speech channel, the reception of the
time slot for control carrier at atimng different fromthat of the
speech tinme slot, and the reception of the tinme slot for control carrier
at a timng identical to that of the speech channel but the speech tinme
slot is in the VOX period. In other wordd, when receiv- ing the time slot
for speech channel, the frequency of the receiver 37 is set to a radio
channel of speech channel, and when receiving the tinme slot for control

carrier, ittienseéf théorébeptisegueegylobft hRer adindughaarelonofcheanidlol
carrier. Fig. 5is atimng chart show ng the state transition
of each signal when the state of speech channel is changed froma voice
state to a during somnenidatignal ornwhespdetkcting the control slot on

the control carrier whose receptionllevel is stronger than
that of the communication channel during communication, a
base station to be communicated is changed to a base station
more excellent in communication state. As a result, inter-
ruption period of communication can be made shorter than that
in a case where the communication state of each control slot

i is checked after communication with the original base station
is intefrupted.

Fig. 8 is a diagram showing the.communication se-
quence in the mobile communication system where the change-
over of base station is performed by changing over the commu-
nication channel. The same portions as those in the communi-
cation sequence shown in Fig. 3 are represented by the same
symbols, and its description will be omitted appropriately.
Similarly, in this mobile communication system, the levels of

all the control slots are measured during communication.



24 -channel, (a) in Fig. 5 is in a voice state until a timng Tlerr]

‘and thereafter changed into a silent state. The signal I n the speech
channel is forned into frames for every 5 mlli-sec, (b) in Fig. 5 The
signal is converted into a digital signal for each frame and then
conpressed in tinme bef ore being assigned to each tine slot. The nobil e

station or the base station detectSjwhether the signal in a speech
channel is in the silent state or not,” for each frame, and outputs a
signal state detection signal, (c) in Fig. 5, at a time point between the
adj acent frane. In the figure, a mark O represents that the voice state

i s det ect e§hatherignshe mase whereptheerpmuehbcathenssrahe besweepngheoi ce
signal exists for whole frame period) is detected. Since a frane 51

bef ore atimng T[err] includes a voice_ signal, the voige,st te is de-
mobile station and the original base station 22 is deterio-

rated, the mobile station sends out the changeover request
signal 24 to the original base station 22, and receives the
changeover instruction signal 25. The base station can be
changed by only changing over the communication channel
without additionally originating a call to the target base
station. .Hence, the communication interruption period due to
the chang;over of the base station can be further shortened.

In the embodiment described above, the voice signal
in speech channel is divided as one frame for 5 milli-sec.
quever, the length of one frame is not limited thereto or
thereby. Also, in the above-mentioned embodiment, several
VOX periods are assigned to the transmissioﬁ of the VOX burst
signal. However, the control carrier may be observed in all
thé VOX periods.

Although the present invention has been fully de—,

scribed by way of the preferred embodiments thereof with



tected at the timng T[err]. In a frane 52 after the voice si gnal has
‘been di sappeared, the silent state is detected at atimng T[err].

25 A signal, (d) in Fig. 5 of the upward channel, which is
sent fromthe nobile station to the base station, trans- mts the voice
signal of the franme 51 as an upmard bur st signal 53 in one tine slot.
Smlarly, a signal, (e) in Fig. f t he downward channel, which is
sent fromthe base station to the n%blle station, transmts a voice
signal as a downward burst signal 54. In a perlod of the time slot after
the silent state has been detected, the VOX burst signals 55 and 56 are

transmtted the: upward ¢ st .si LS§4Sent

Ut Tor evERSFERCY e A IRl Ehantar 1947 ccliages s
.modifications will be apparent to those having skill in this
field. Therefore, unless these changes and modifications

otherwise depart from the scope of the present invention,

- they should be construed as included therein.



VOX hurst signal is sent out for every two franmes. In the figure 5, a
time slot indicated by oblique |ines represents that the VOX burst signa
is transmtted. In the VOX peri - ods, the silent state is detected and
transm ssion is stopped, at tines T[err], ILeLF}~and”Tr€F?T~ﬁﬁere t he VOX

bur st signal I's not transmtted, the receptiQ ii‘ hanged over
to that of the control carrier, and the carri eﬂwmmﬂmu\
26 control slot having a timng ideggdical to . the Sspéech tinme
slot is observed. Downward arrows 57[err] to 57[err] in (d) of the figure
5 represent that the downward control carrier | evel has been observed in
the VOX period of the transTit sl,ot of the nobile station. Al so, upward
arrows 58[err] to Watkrt$ Clatmed)18f the figure 5 represent that the
downward carrier

1. A mobile communication system providing a

service area by a plurality of base stations each providing a
radio zone in which a mobile station communicating with the
base station using a Time Division Multiple Acceés transmis-
sion system, said mobile communication system comprising:

communicatign means for providing a plurality of time
divisionéd speech Eime slots in a radio frequency for speech
channels for communication between a mobile station and a
base station in a radio zone, and a plurality of time
divisioned control time slots in a radio freqﬁency for
control channels transmitting and receiving control info;ma—
tion between a mobile station and a plurality of bése sta-
tions around fhe mobile station;

said mobile station including:

first communicatiop state ;bserving means for

observing each control time slot for monitoring communication



| evel. has been observed in the VOX period of the receive slot of the
mobil e station. Fig. 6 is atimng chart showi ng the state of
each signal when the silent state continues.—Asignal in the speech

channel, (a) in the figure 6, continues to be a|gj E“ During this
state, in an upward channel, (b) in the figur%gg“ﬂmu“m t signal is
transmtted once per four franmes, 3gnd in the pertod fdr rfest of three
franes, a downward control carrier is neasured. In a downward channel
(c) inthe figure 6, the VOX burst signal is transmtted once per two
frames, and in other VOX period, the upward control carrier is observed.
It is needesised bSByedhathé heolsdhér station and base stations around
27 carrier is always observed during conmunication at a timng of time
slots used for other than current speech channel. .

the mobile station during time periods other than a time

period for the speech time slot currently being used;

silent state detecting means for detecting a
silent period, no voice signal existing, in a predetermined
time interval in a speech time slot;

second communication sfate observing means for
observing a control time slot fqr monitoring communication
states between the mobile station and a base station, whose
control time slot is in the same timing as the speech time
slot currently being used, during silent periods when said
silent state detecting means has detected; and

base station changeover means for Changing over
a base station to be communicated to a base station from
which a best communication state is obtained on tﬁe basis of
observation results of said first communication state observ-

" ing means and said second communication state observing

means.



Fig. Y is atinmng chart showing the state of each signal when the state
changes froma silent state to a voice state. A signal in the speech

ed

channel, (a) in the figure 7, is in a silent ste;g~gE;LL+ETéL%E’11§rr]
and thereafter changed in a voice state. The voi Ivided into
frames for every 5 mlli-sec, (b) inthe figure 7, an t-

whet her each franme has voice or silence. In the vm ﬂﬂ“& ion
signal, (c) in the figure 7, a mark O_repre- sent Vol ce State is

detected, whereas a mark X represen@é that a silent state is detected,
in the case of

the silent state to the voice state, the voice state is detected at a

as

Fig. 5. Since a frane 61 is a franme that has changed from

time T[err]. 2. Upanolsiel @ ctomguiheavbom es gsaem, atberdinagsiibssi on of
t he VOX burst signal or the neasurenment of the carrier |evel of the
control slot is stopped, and the transm s-

claim 1, wherein said second communication state obse;ving
means observing a control time slot of a base station, whose
control time Sldt is in the same timing as the speech time
slot eurrently being used, during continued silent periods

which said silent state detecting means has detected.
3. A method of mobile communication in a mobile

communication system providing a ‘service area by a plurality
of base stations each providing a radio zone in which a
mobile station communicating with the base station using a
Time Division Multiple Access transmission system, providing
a plurality of time divisioned speech time slots in a radio
frequency for speech channels for communication between a
mobile station and a base station in a radio zone, and a
plurality of time divisioned control time slots in a radio
frequency for control channels transmitting and reeeiving

~

control information between a mobile station and a plurality



28 <sion/reception of voice signals is performed. It can be dis-
trimnated whether it is a voice burst signal, a VOX burst signal or a
VOX period where the transm ssion operation is Lstopped SO0 that none of
the voice burst signal and the VOX  burst signa ing the
top portion of each time slot. The denodul ator” 4mlm ,ﬂ IM"W"Ftann
anal yzes the top portion of a signal of a communi*cati on t#

each cycle of period, and discrimnates whether that signal is voice, the
VOX burst or the VOX period. Then, wheB5it is discrimnated that it is
t he VOX period, the control carrier I's measured in its burst period.

Hence, the voice signal can be normally received even though the state is

changed i nt 6. |18 oV Qo YAl 5L BR 116 LR 1Y Qe s & PoLLOd suEERD no to

t he VOX burst sSig I'S ‘Way, since t he
silent state

comprising steps of:

first observing each control time slot for monitoring
commUnication states between the mobile station and base
stations around ﬁhe mobile station during time periods other
than a time period for the speech time slot currently being
used;

detecting a silent period, no voice signal existing,
in a predetermined tige interval in a speech time slot;

second observing a control time slot for monitoring
communication states between the mobile station and a base
station, whose control time slot is in the same timing as the
speech time slot currently being used, during silent periods
having been detected; and

changing over a base station to be communicated to a
base station from which a best communic§tion state is ob-

tained on the basis of observation results of said first

observing and second observing.



i.s used, the communication state of all the tinme slots of the contr ol
‘carrier can be checked during comunication with the ori gi nal base
station. Then, when detecting the deteriora-

29 tion of the reception | evel of the communication channel during
comuni cation, or when detecting the control slot on the control carrier
whose reception level is stronger than t hat of the conmunicati on channel
during comuni cation, a base stationgé)be comuni cated is changed to a
base station nore excellent in comunication state. As a result, inter-

ruption period of comunication can be made shorter than that In a case
where the conmuni cation state of each control sl ot I s checked after
comuni cation with the original base station i's interrupted.

Fig. 8 is a diagram show ng the comuni cation se-

A MOBILE COMMUNICATION SYSTEM AND A METHOD OF THEREOF
ABSTRACT

A mobile communication system and a method thereof which is capable of
performing the base station (11) change over operation with minimum communication
interruption is provided. Communication between a base station (11) and a mobile
station (13) is performed by using time slots of the Time Division Multiple Access
transmission system. The mbbile station monitors time slots of the control carrier for
base stations (11) around the mobile station (13) during periods of time slots for other
than current speech channel. As for monitoring control slot in the same timing as the'i
speech channel, the monitoring is performed during VOX periods, in which no voice:
signal exists. Since the control carrier state can be monitored during communication
with the original base station, interruption of communication to change over to new base

station can be minimized.

Fig. 2



L~

&GEH&% in the nobile conmmunication system where the change- over of base
station is performed by changi ng over the commu- ni cati on channel. The
sanme portions as those in the communi - cation sequence shown in Fig. 3
are represented by the sane synbols, and its description will Be onitted
-appropriately. Simlarly, in this nobile communication system the |evels
of © all the control sloets are neasured during comuni cati on.

30 Then, in the case where the comuhi8ation state between the nobi | e
station and the original base station 22 is deterio- rated, the nobile

station sends out the ove gst gnal 24 to the original base
station and-re elﬁ%ggghf changydﬁbvqrﬂ%truction signal 25. The base
station can be changed by only changi ng over the comuni cation channel
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‘withsut additionally originating a call to the target base station
Hence, the communication interruption period due to t he changeover of the

base station can be further shortened. In the enbodi ngnt .
descri bed above, the voice signal in speech channel is divided- as one
frame for-5 mlli-sec. However, the length of one frame is not limted

thereto or - thereby. Also,-in the ab®/®-nentioned enbodi nment,: 'several
VOX periods are assigned to the transm ssion of the VOX burst si gnal

However, the control carrier may be observed in all t he VOX peri ods.
Al t hough the present invention has been fully de- scrL\ed by way of the
preferred enbodi nents thereof with o 31

reference to the.acconpanyi ng draw ngs, vari ous changesﬁ%nd nodi fications
wi || be apparent to those having skill in this a
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Tfiekd. Therefore, unless these changes and nodifications ot herwi se depart
fromthe scope of the present invention, they shoul d be construed as
i ncl uded therein. What is clained is: N A
nmobi | e comruni cati on systemproviding a service area by a plurallty of
base. stations each providing a radio zone in which a nobile station
comuni cating with the base stationayging a Tine Division Miltiple Access
transm s- sion system said nobile conmunication system conprising:
conmuni cat i on mmeans fﬁy\ raviding a plurality of time divisioned speech
time slots in a radio Jequency for speech . channels for conmunication
between a nobile station and a base station in a radio zone, and a
plurality of time
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di vi Si oned control tinme slots in a radio frequency for control channels
transmtting and receiving control inform- tion between a nobile station
and a plurality of base sta- tions around the nobile station; .

said nobile station including; first communication state
observing neans for observing each control time slot for nonitoring
communi cati on . states betwegn the nobile station and base
stations around the nobile station during time periods other than a tine
period for the speech time slot currently being used; -
silent state detecting neans for detecting a silent period, no voice

signal existing, in a predeterm ned time interval in a speech tine slot;
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second conmuni cation state observing neans for observing a control tine
slot for nonitoring comunication states between the nobile station and a
base station, whose control tinme slot is in the same timng as the speech
tinme slot currently being used, during silent periods when said: ‘silent
state detecting neans has detected; and base station
changeover neans.for changi ng over a e station to be communicated to a
base station from which a best conmuni’cation state is obtained on the
basi s of observation results of said first comunication state observ-
ing means and said second communi cati on state observing = means.

2. - A nobile conmunication systemaccording to
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L . . o .
“clarm 1, wherein said second communication state observing
observing a control tine slot of a base station, whose

is in the same timng as the speech tine ),

during continued silent periods "which said silent state detecting neans
has detected. . 3. A et hod of nobile communication in a nobile
communi cati on system providing a servi § area by a plurality - of base
stations each providing a radi o zone Pz whi ch a nobi |l e station

comuni cating with the base station using a _
transm ssion system providing -a plurality of tine divisioned speech tine
slots in a radio frequency for speech channels for comruni cati on between
a nobil e station and a base station in a radio zone, and a plurality of
time divisioned control tine slots in a radj frequency for control

means
control tine slot
slot currently being, used,

Time Division Miultiple Access

channel s transmtting and receivind —TYnt i nformation between a nobile
station and a plurality
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35 ’of base stations around the nobile station, said method conpri sing
steps of: first observing each control tinme slot for nonitoring
conmuni cation states between the nobile station and base statjons around
the nobile station during tine periods other than a tinme period for the

speech tine slot currently being used; detecting a silent
period, no voice signal existing, ig € predetermned tine interval in a
speech tinme slot; second ob%é ving a control tine slot for

nmoni t ori ng conmmuni cation states between the nobile station and a base
station, whose control tine slot is in the same timng as the speech tine

sl ot currently being used, duri silent periods havi ng been det ect ed,;
and
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b .

- changjing over a base station to be communicated to a base station from
whi ch a best conmunication state is ob- tained on the basis of
observation results of said first observing and second observi.ng:
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