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(57) Abrége/Abstract:

In a mobile communication system and a WLL communication system sharing a frequency or a time slot including time-divided
CDMA method and TDMA method, radio waves are divided into groups according to a magnitude of a transmitting power and
each group Is assigned to a different time slot. Further, a frame synchronization is established among the base stations based
on the transmitted radio waves, and cellular communication systems and PCS systems each having different time slot length
are performed under a same frame synchronization.
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ABSTRACT

In a mobile communication system and a WLL communication
system sharing a frequency or a time slot including time-divided
CDMA method and TDMA method, radio waves are divided into
groups according to a magnitude of a transmitting power and each
group is assigned to a different time slot. Further, a frame

synchronization is established among the base stations based on the

transmitted radio waves, and cellular communication systems and PCS

systems each having different time slot length are performed under a

same frame synchronization.
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Specification

BASE STATIONS CONTROL SYSTEM IN MOBILE
COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a mobile communication system
that is capable of realizing the use in combination of a wireless local
loop (WLL) communication system and a mobile communication
system using frequency channel sharing and time slot sharing based on
a time-divided multiple access (TDMA) method, or a code division

multiple access (CDMA) method, or a time-divided CDMA method.

BACKGROUND ART

A mobile communication system mainly comprises for example a
mobile vehicle communication apparatus or mobile portable
communication apparatus (hereinafter referred to as mobile stations)
and base stations that communicate with the mobile stations through
radio channels or wireless channels. In mobile communication systems,
sometimes a radio frequency spectrum using different radio
communication methods is shared between FDMA (frequency division
multiple access)/ TDMA method and a CDMA method. CDMA methods

sharing frequencies between different codes have been performed.
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In the prior art, the technique in a mobile communication system with
time slot sharing in which TDMA signals and time-divided CDMA
signals are shared in a same time slot is known. In addition to this, there
is a technique in mobile communication systems with time slot sharing,
in which TDMA signals and time-divided CDMA signals are commonly
used In a same time slot, and with frequency sharing. Furthermore,
there is the conventional system that shares a plurality of CDMA
signals disclosed in the United State patent U.S.P. No.5,363,403,

Spread Spectrum CDMA Subtractive Interference Canceller and
Method , by D.L. Schilling et al. However, this US patent does not

disclose any method handling time-divided CDMA signals.

In addition, in U.S.P. No.5,511,068, Mobile Communication
system capable of transmitting and receiving radio signals obtained by
TDMA and CDMA methods without Interference , T.Sato discloses the
Adaptive Filter in a time-divided CDMA signal system. However, in
this literature, there is no description of frequency sharing of a time-

divided CDMA signal and a TDMA signal in a time slot.

Furthermore, the Japanese laid open publication number JP-A-6-
268575 has disclosed a technique in which a receiving level of a radio
signal transmitted from mobile stations to base stations is measured by
a base station located 1n an uplink and the base station divides the

received uplink signal into groups and each group is assigned into each
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time slot.

In addition, the Japanese laid open publication number JP-A-8-
228375 discloses a technique to handle outer cells and inner cells in a
concentric circle, but, there is no explanation about a technique to
assign time-divided CDMA radio waves to different time slots inside
and outside of a concentric circle zone of a mobile station or a Wireless
Local Loop (WLL) station. In addition, in this literature, there is no
description about interference in which a large power radio waves
generate noise in small power radio waves in the demodulation of the

CDMA method or about anti-interference.

As described above, in the prior art, in the conventional mobile
communication systems formed by WLL stations or mobile stations and
base stations communicating them through radio wave channels, there
Is the requirement to expand time slot sharing and frequency channel
sharing using different radio communication methods to WLL
communication and mobile communication sharing systems performed
between TDMA signals, time-divided CDMA signals, and synchronous

word identification sharing TDMA signals.

Furthermore, the prior art entails the problem that it has been
necessary to determine the function of the mobile switching station that
manages the communication of the entire system in which different
transmission power signals are assigned into different time slots when

TDMA signals, time-divided CDMA signals, and synchronous word
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identification sharing TDMA signals are assigned into a mobile station
positioned in a concentric circle zone in a cell.

Moreover, the prior art entails the problem that operators in
different mobile communication systems need to be able to perform a

frame synchronization in each system described above.

SUMMARY OF THE INVENTION

The present invention is proposed to overcome the above
drawbacks in the prior art. It 1s an object of the present invention to
provide a mobile communication system enable TDMA signals or time-
divided CDMA signals, and synchronous word 1dentification sharing
TDMA signals to perform time slot sharing and frequency sharing. The
mobile communication system is capable of avoiding the masking ot
TDMA signals, time-divided CDMA signals, and synchronous word
identification TDMA signals by larger power transmission signals
provided to mobile stations located in difterent zones. This 1s performed
in a shared same time slot and frequency channel in which TDMA
signals, time-divided CDMA signals, and synchronous word
1dentification sharing TDMA signals are shared. For example, radio
waves 1n a downlink transmitted from the base station are divided into
different groups according to the magnitude of the radio wave
transmission power. Each of the groups is assigned 1nto a different time

slot. It 1s thereby possible to obtain the mobile communication system
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that enables the shared use of frame synchronization of the same system
by base stations belonging to a plurality of operators and capable of
avoiding to mask the weak downlink and uplink radio waves.

According to one aspect of the present invention a mobile
communication system with shared time slots and shared frequency
channels comprising: a plurality of mobile stations such as automobile
telephones and portable telephone units; at least one semi-tixed wireless
local loop (WLL) station; at least one base station; and at least one
mobile switching center connected to the base station, radio
communication being performed by using time-divided code division
multiple access (CDMA) signals that share time slots and frequencies
with time division multiple access (TDMA) signals or share only time
slots with TDMA signals, wherein said mobile switching center
comprises: time slot management means to control a transmission power
of a TDMA signal sharing a time slot and a frequency channel with a
time-divided CDMA signal to a minimum necessary level so as to
improve the quality of the CDMA signal.

This results 1n the etfect that the time slot and frequency are shared
in the TDMA signals and/or the time-divided CDMA signals and/or the
synchronous word identification sharing TDMA signals. In addition, in
the same time slot and frequency channels in which the TDMA signal,
the time-divided CDMA signal, and the synchronous word 1dentification

sharing TDMA signal are shared, the masking of radio waves by radio
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waves of a large transmission power, transmitted to mobile stations
located in different zones is avoided. It is thereby possible to reduce
communication €rrors.

According to another aspect of the invention, there is provided a
mobile communication system in which the mobile switching center
comprises a memory. The mobile switching center identities the WLL
station belonging to the base station connected to the mobile switching
center, stores radio information about the WLL station and relationship
information about station identification information. The mobile
switching center uses the relationship information of the WLL station
stored in the memory when initiating communication to the WLL station.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when completing the radio
communication with the WLL station, the mobile switching center
updates the relationship information of the WLL station stored in the
memory by using relationship information obtained during radio
communication.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when starting a radio
communication with the WLL station, the mobile switching center
transmits the relationship information of the WLL station to the base
station, the base station receives the relationship information ot the WLL

station, a transmitter incorporated in the base station controls a
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transmission power of a radio wave according to a position of the WLL
station by using the received relation information of the WLL station, and
transmits the radio wave of the controlled transmission power to the WLL
station.

According to yet another aspect of the invention, there is provided
a mobile communication system in which when starting a radio
communication with the WLL station, the mobile switching center
controls the transmission power of a radio wave transmitted from the base
station connected to the WLL station according to a position of the WLL
station by using the relationship information of the WLL station stored in
the memory. A time slot 1s set corresponding to the transmission power
of the radio wave.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which a transmitter incorporated in
each of the mobile stations, the WLL stations, and the base stations
controls a transmission power of the TDMA signal, that shares a time slot
and frequency channel with the time-divided CDMA signal, and the
synchronous word identification sharing TDMA signal. Control 1s
performed under the control of the mobile switching center.

According to yet another aspect of the invention, there 1s provided
a mobile communication system 1in which the mobile switching center
classifies the mobile stations and the WLL stations according to many

kinds of magnitude of transmission powers of the TDMA signals and the
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synchronous word identification sharing TDMA signals that share time
slots and frequency channels with time-divided CDMA signals, and
assigns a different time slot to each classification. This results in an etfect
in that they are classified into groups according to transmission powers of
the time-divided CDMA signal in downlink of the base station, and each
group is assigned to difterent time slot.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which the mobile switching center
classifies the mobile stations and the WLL stations according to many
kinds of magnitude of transmission powers of the TDMA signals, assigns
a different time slot to each classification, sets a zone in one cell virtually
for each classification, and locates the mobile stations and the WLL
stations using the TDMA signals and the synchronous word identification
signals sharing the time slots and the frequency channels with time-
divided CDMA signals in the zone. Furthermore the mobile switching
center stores allocation information about the mobile stations and the
WLL stations in the memory for controlling.

According to yet another aspect of the invention, there 1s provided
a mobile communication system with shared time slots and shared
frequency channels comprising: a plurality of mobile stations such as
automobile telephones and portable telephone units; at least one semi-
fixed wireless local loop (WLL) station; at least one base station; and at

least one mobile switching center connected to the base station, radio
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communication being performed by using time-divided code division
multiple access (CDMA) signals that share time slots and trequencies
with time division multiple access (TDMA) signals or share only time
slots with TDMA signals, wherein said mobile switching center
comprises: control channel allocation means for determining whether to
allow said base station, said mobile stations and said WLL station to use a
TDMA signal as the control channel, use one of a TDMA signal and a
time-divided CDMA signal selected based in accordance with a level of
congestion, use a TDMA signal and a time-divided CDMA signal
alternately depending on a current frame being transmitted, or use a
plurality of TDMA signals and a plurality of time-divided CDMA signals
alternately depending on a current frame being transmitted.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which the mobile station or the WLL
station transmits and receives the control signal of the time-divided
CDMA method and the control signal of the TDMA method and
processes information relating the control signal of the time-divided
CDMA method and information relating the control signal of the TDMA
method simultaneously, and receives the TDMA control channel and the
time-divided CDMA control channel under a receiving state of a

broadcasting control channel. It selects one of the TDMA control channel

and the time-divided CDMA control channel and transmits the control

information to the base stations and the mobile switching centers by using
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the selected control channel. This enables use of the control information
through a plurality of control channels among the mobile stations, the
WLL stations, and the base stations.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which one of the base station and the
mobile switching center or both the base station and the mobile switching
center transmit and receive the control signal of the time-divided CDMA
method and the control signal of the TDMA method and process
information relating the control signal of the time-divided CDMA method
and information relating the control signal of the TDMA method
simultaneously. Otherwise one or both select one of processing of the
information relating the control signal of the time-divided CDMA method
and processing of the information relating the control signal of the
TDMA method.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which one of the base station and the
mobile switching center or both the base station and the mobile switching
center transmit and receive the control signal of the time-divided CDMA
method and the control signal of the TDMA method and process
information relating the control signal of the time-divided CDMA method
and information relating the control signal of the TDMA method
simultaneously. One or both broadcast information relating a trattic rate

of the time-divided CDMA control channel and the TDMA control

10



10

15

20

CA 02261309 2001-09-19

channel through a broadcasting control channel of the time-divided
CDMA control channel and the TDMA control channel. The mobile
station or the WLL station selects either the time divided CDMA control
channel or the TDMA control channel.

According to yet another aspect of the invention, there is provided
a mobile communication system in which one of the base station and the
mobile switching center or both the base station and the mobile switching
center transmit and receive the control signal of the time-divided CDMA
method and the control signal of the TDMA method and process
information relating the control signal of the time-divided CDMA method
and information relating the control signal of the TDMA method
simultaneously. One or both transmit and receive the time-divided
CDMA control channel by using one of time frames, and transmit and
receive the TDMA control channel by using a following time frame so
that the time-divided CDMA control channel and the TDMA control
channel are transmitted and received alternately per frame.

According to yet another aspect ot the invention, there 1s provided
a synchronized multi-operator mobile communication system with shared
time slots and shared frequency channels comprising: a plurality of
mobile stations such as automobile telephones and portable telephone

units; at least one semi-fixed wireless local loop (WLL) station; a
plurality of base stations belonging to respective multiple operators; and a

plurality of mobile switching centers belonging to respective operators of

11
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different radio communication systems, and connected to respective ones
of said plurality of base stations, radio communication being performed
by using time-divided code division multiple access (CDMA) signals that
share time slots and frequencies with time division multiple access
(TDMA) signals or share only time slots with TDMA signals, wherein
each of said plurality of mobile switching centers comprises: information
storing means for storing information related to control channels provided
by said plurality of base stations; and each of said plurality of base
stations comprises: control channel transmitting means for transmitting
either a TDMA control channel or a time-divided CDMA control
channel; and time slot and frequency channel configuration sharing
means for sharing the same time slot and frequency channel configuration
for frame synchronization, by selectively using a control channel
transmitted from a reference base station belonging to a ditterent
operator, in accordance with the information stored in said information
storing means.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which each of the plurality of base
stations transmits the TDMA control channel or the time-divided CDMA
control channel. One base station belonging to one operator interrupts the
transmission of the control channel in a time slot while transmitting
notice information and so on to the mobile stations or to the WLL

stations. That base station receives a control channel from the other base

12
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station belonging to the other operator during the interrupted time slot
and synchronizes their own time frame with a time tframe of the other
base station belonging to the other operator.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when a base station belonging
to an operator working as the standard of the time frame breaks down and
interrupts the transmission of the control channel, the plurality of base
stations select and use a control channel of the other base station
belonging to the other operator as an alternative standard of the time
frame.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when a base station belonging
to an operator working as the standard of the frame breaks down and
interrupts the transmission of the control channel, the plurality of base
stations select and use a control channel of the other base station
belonging to the other operator as an alternative standard of the time
frame. The plurality of base stations and the mobile switching centers
store the order of the other base stations to be the standard into a memory
incorporated in each of the plurality of base stations and the mobile
switching centers, and abandon the failed base station as the standard, and
newly select the other base station as the standard for frame

synchronization according to the order stored in the memory.

13
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According to the yet another aspect of the invention, there 1s
provided a synchronized multi-operator mobile communication system
with shared time slots and shared frequency channels comprising: a
plurality of mobile stations such as automobile telephones and portable
telephone units; at least one semi-fixed wireless local loop (WLL) station;
a plurality of base stations belonging to respective multiple operators; and
a plurality of mobile switching centers belonging to respective operators
of different radio communication systems, and connected to respective
ones of said plurality of base stations, radio communication being
performed by using time-divided code division multiple access (CDMA)
signals that share time slots and frequencies with time division multiple
access (TDMA) signals or share only time slots with TDMA signals,
wherein each of said plurality of mobile stations comprises: monitoring
means for receiving control channels from base stations belonging to
different operators, so as to collect time-difterence information indicating
a time difference between the received control channels, and for
transmitting the time-difference information to selected one of said
plurality of base stations via selected ones of said plurality of mobile
switching centers; each of said plurality of base stations comprises: frame
synchronization recovery means for recovering frame synchronization
between said plurality of base stations in accordance with the time-
difference information transmitted from each of said plurality of mobile

stations.
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According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when there 1s no WLL station
or no mobile station in the peripheral areas in which the cells formed by
the radio waves from the plurality of base stations are overlapped, a
supervision station is placed at a position where the radio waves from the
plurality of base stations can be received, and the supervision station
measures the time difference among the frame synchronization
information of the plurality of base stations, and transmits the measured
information of the time difference to one of, or both of, or the plurality of
base stations.

According to the yet another aspect of the invention, there 1s
provided a mobile communication system in which a synchronized multi-
operator mobile communication system with shared time slots and shared
frequency channels comprising: a plurality of mobile stations such as
automobile telephones and portable telephone units; at least one semi-
fixed wireless local loop (WLL) station; a plurality of base stations
belonging to respective multiple operators; and a plurality of mobile
switching centers belonging to respective operators of different radio
communication systems, and connected to respective ones of said
plurality of base stations, radio communication being performed by using
time-divided code division multiple access (CDMA) signals that share
time slots and frequencies with time division multiple access (TDMA)

signals or share only time slots with TDMA signals, wherein the WLL
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station comprises: monitoring means for receiving control channels from
base stations belonging to different operators, so as to collect time-
difference information indicating a time difference between the received
control channels, and for transmitting the time-difference information to
selected one of said plurality of base stations via selected ones of said
plurality of mobile switching centers; each of said plurality ot base
stations comprises: frame synchronization recovery means for recovering
frame synchronization between said plurality of base stations in
accordance with the time-difference information transmitted from each of
said plurality of mobile stations.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which even 1t any subscriber 1s not
calling a WLL station, the WLL station 1s capable of receiving a plurality
of control channels transmitted from the plurality of base stations, of
measuring the time difference among the frame synchronization
information of the plurality of base stations, and of transmitting the
measured information of the time difference to one of, or both of, or the
plurality of base stations.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which when there 1s no WLL station

or no mobile station in the peripheral areas in which the cells formed by
the radio waves from the plurality of base stations are overlapped, a

supervision station 1s placed at a position where the radio waves tfrom the
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plurality of base stations can be received, and the supervision station
measures the time difference among the frame synchronization
information of the plurality of base stations, and transmits the measured
information of the time difference to one of, or both of, or the plurality of
base stations.

According to yet another aspect of the invention, there is provided
a mobile communication system with shared time slots and shared
frequency channels comprising: a plurality of mobile stations such as
automobile telephones and portable telephone units; at least one semi-
fixed wireless local loop (WLL) station; a plurality of base stations; and
at least one mobile switching center connected to said plurality of base
stations, radio communication being performed by using time-divided
code division multiple access (CDMA) signals that share time slots and
frequencies with time division multiple access (TDMA) signals or share
only time slots with TDMA signals, wherein said mobile switching center
comprises: time slot designation means for designating time slots used by
said plurality of mobile stations, the WLL station and said plurality of
base stations such that a given time slot 1s allocated to a plurality of zones
that belong to different cells and do not overlap each other.

According to yet another aspect of the invention, there 1s provided
a mobile communication system with shared time slots and shared
frequency channels comprising: a plurality of mobile stations such as

automobile telephones and portable telephone units; at least one semi-

17
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fixed wireless local loop (WLL) station; a plurality of base stations; and
at least one mobile switching center connected to said plurality of base
stations, radio communication being performed by using time-divided
code division multiple access (CDMA) signals that share time slots and
frequencies with time division multiple access (TDMA) signals or share
only time slots with TDMA signals, wherein said mobile switching center
comprises: control means for controlling personal handy phone system
(PHS) time slots and cellular time slots to be synchronized along a time
line.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which the time-divided time slot for
cellular i1s a time-divided CDMA time slot for cellular, and the time-
divided time slot for PCS i1s a time-divided CDMA time slot for PCS, and
the mobile stations, the WLL stations, and the base stations control, under
instruction of the mobile switching centers, the sharing of the time-
divided CDMA time slot for cellular and the time-divided CDMA time
slot for PCS 1n the same time-divided time slot so that a guard time of the
time-divided CDMA time slot for cellular becomes longer than a guard
time of the time-divided CDMA time slot tor PCS.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which the cellular time-divided time
slot 1s a cellular time-divided CDMA time slot and a cellular TDMA time

slot, and the PCS time-divided time slot 1s a PCS time-divided CDMA
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time slot and a PCS TDMA time slot. The mobile stations, the WLL
stations, and the base stations under instruction of the mobile switching
stations control the sharing of the cellular time-divided CDMA time slot
and the cellular TDMA time slot and the PCS time-divided CDMA time
slot and the PCS time-divided time slot in the same time-divided time slot
so that a guard time of the cellular time-divided time slot 1s longer than a
guard time of the PCS time-divided time slot.

According to yet another aspect of the invention, there 1s provided
a mobile communication system the time-divided time slot for cellular 1s
a time-divided CDMA time slot for cellular and a TDMA time slot for
cellular, and the time-divided time slot for PCS 1s a time-divided CDMA
time slot for PCS and a TDMA time slot for PCS, and the mobile stations,
the WLL stations, and the base stations control, under instruction of the
mobile switching stations, the sharing of the time-divided CDMA time
slot for cellular and the TDMA time slot for cellular and the time-divided
CDMA time slot for PCS and the TDMA time slot for PCS in the same
time-divided time slot so that a guard time of the TDMA time slot for
cellular becomes longer than a guard time of the TDMA time slot for
PCS. Thereby, a proper time position of a time slot 1s always designated
and controlled.

According to yet another aspect of the invention, there 1s provided
a mobile communication system with shared time slots and shared

frequency channels comprising: a plurality of mobile stations such as
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automobile telephones and portable telephone units; at least one semi-
fixed wireless local loop (WLL) station; a plurality of base stations; and
at least one mobile switching center connected to said plurality of base
stations, radio communication being performed by using time-divided
code division multiple access (CDMA) signals that share time slots and
frequencies with time division multiple access (TDMA) signals or share
only time slots with TDMA signals, wherein each of said plurality of base
stations comprises: measuring means for measuring a first time difterence
between a transmission of a radio wave from the base station to one of
said plurality of mobile stations, and a reception thereof; each of said
plurality of mobile stations comprises: transmitting means for
transmitting a second time difference that elapses between an arrival of a
first radio wave from a first base station and an arrival of a second radio
wave from a second base station, to the first base station; and the mobile
switching center comprises: time slot management means for receiving
the first time difference and the second difference, so as to determine a
third time difference that should be provided by an associated one of said
plurality of mobile stations between a transmission of a radio wave and a
head of a frame.

According to yet another aspect of the invention, there 1s provided
a mobile communication system in which the information of the time
difference 1s stored 1n a memory in each of the plurality of mobile

switching centers. Thereby, the same information of time difference 1s

20
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shared among the plurality of mobile switching centers and a proper time

position of a time slot is always designated and controlled.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 is an explanation diagram showing the entire configuration
5 of a mobile communication system of time slot sharing and frequency
sharing according to the first embodiment of the present invention.
FIG.2 is an explanation diagram showing an example of a
frequency spectrum axis and a time axis when radio waves are used based

on time-divided CDMA communication method.

10 FIG.3 1s an
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explanation diagram showing a frequency sharing state of FDMA
signals, TDMA signals, and the time-divided CDMA signals shown in

FI1G.2 1n an actual radio communication environment.

FIG.4 1s a block diagram showing the configuration of a mobile
switching station in the mobile communication system of the first

embodiment shown in FIG.1.

FI1G.5 1s an explanation diagram showing a time axis and a

frequency axis when a time slot and a frequency are shared by a time-

divided CDMA signal and TDMA signals.

FI1G.6 1s an explanation diagram showing a case in which no

proper control of a TDMA signal transmission power is performed.

FIG.7 1s an explanation diagram showing a case in which a proper
control of the TDMA signal transmission power is performed and

showing an example in which optimal control of the transmission power

Is performed.

FIG.8 1s an explanation diagram showing time-divided CDMA
signals/ TDMA signals (designated by the reference character *)
corresponding to zones and time-divided CDMA control channel 60/
TDMA control channel 61 in the mobile communication system of the

third embodiment according to the present invention.

FI1G.9 1s an explanation diagram showing the entire configuration
of the mobile communication system of time slot sharing and frequency

sharing of the fourth embodiment according to the present invention.
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F1G.10 1s an explanation diagram showing an example in which a
plurality of different operators share a configuration of same time slots

and frequency channels.

F1G.11 1s an explanation diagram showing the mobile
communication system of the sixth embodiment according to the

present invention.

FI1G.12 1s an explanation diagram showing the use of a control
channel by WLL stations and the like for observing the frame
synchronization between base stations belonging to a plurality of

different operators in a time slot and a frequency axis in a

TDMA/time-divided CDMA sharing system.

FIGS.13 and 14 are explanatory diagrams showing examples when

time slots are assigned into concentric circle zones in adjacent cells to
each other in the mobile communication system of the seventh

embodiment according to the present invention.

FI1G.15 1s an explanatory diagram showing the mobile

communication system of the eighth embodiment according to the

present invention.

FI1G.16 1s an explanatory diagram showing the relationship among

delay times of radio waves transmitted from different base stations.

FIG.17 is an explanatory diagram showing the relationship among
delay times of radio waves transmitted from different base stations

The distance between these base stations varies greatly.

22
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FI1G.18 1s an explanatory diagram showing a common mobile

communication system having time-divided CDMA signals/ TDMA

signals (designated by the reference character * ) having different

time slot lengths in cellular and PCS.

F1G.19 1s an explanatory diagram showing PCS time slots in a
cellular frequency band in a common mobile communication system
having time-divided CDMA signals/ TDMA signals (designated by the

reference character * ) having different lengths of time slots in

cellular and PCS.

F1G.20 1s an explanatory diagram showing a frame
synchronization between adjacent base stations belonging to different
two communication systems in the mobile communication system of the

ninth embodiment according to the present invention.

F1G.21 1s an explanatory diagram showing the relationship of time

delay of radio waves, at a mobile station, transmitted from different

base stations.

FI1G.22 1s an explanatory diagram showing the relationship of time

delay when a radio wave transmitted from a mobile station is received

by a base station.

FIGS.23 and 24 are diagrams showing information stored in a
memory incorporated in a type setting processor in the mobile
switching center MSC, that is, examples such as speech channel

numbers of time-divided CDMA signals that are time slotted,
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subscriber numbers, zone numbers, time slot numbers, and frequency

channel numbers, as shown in FIGS.2 and 3.

FI1G.25 1s a diagram showing a management example of time
slotted time-divided CDMA signals and TDMA signals stored in a
memory incorporated in a type setting processor in the mobile

switching center MSC.

F1G.26 is a diagram showing a management example stored in a
memory incorporated in a type setting processor in the mobile
switching center MSC when no proper control of a TDMA signal

transmission power shown in FIG.6 is performed.

F1G.27 1s a diagram showing a management example stored in a

memory incorporated in a type setting processor in the mobile

switching center when optimal control of the transmission power shown

In FIG.7 is performed.

FIG.28 is a diagram showing a management example of control
channels to base stations where information is stored in a memory

Incorporated in a type setting processor in the mobile switching center.

F1G.29 1s a diagram showing an example of changed-orders of
targets for frame synchronization stored in a memory incorporated in a
type setting processor in the mobile switching center of the fifth

embodiment.

FIG.30 is a diagram showing the information of a delay time

stored in a memory incorporated in the mobile switching center MSC.
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BEST MODE FOR EMBODYING THE INVENTION

For a more detailed description of the present invention, a
description will now be given of the best mode for practicing the present

invention with reference to the accompanying drawings.

First embodiment.

FIG.1 is an explanation diagram showing the entire configuration
of a mobile communication system of time slot sharing and frequency
sharing according to the first embodiment of the present invention.
Specifically, FIG.1 shows the configuration of cells in concentric circles.
In the diagram, the reference characters BS1, BS2, designate radio
wave base stations, the reference numbers 3 and 4 denote the covering
area of radio waves and cells managed by the radio wave base stations

BS1 and BS2. The cell 3 includes the zones 11, 12, and 13, and the cell 4

includes the zones 21, 22, and 23.

The mobile stations MS 31 to MS 37 are mobile stations such as
mobile vehicle communication apparatus or mobile portable
communication apparatus which communicate with the base stations
BS1 and BS2 through radio wave channels. WS41 to WS47 denote
semi-fixed Wireless Local Loop (WLL) stations which communicate
with the base stations BS1 and BS2 through the radio wave channels.

The reference number 5 designates a Mobile Switching Center (MSC),
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for controlling the operations of the base stations BS1 and BS2,

connected to a Public Switching Telephone Network (PSTN).

Signals are transferred among the mobile stations MS31 to MS37,

the WLL stations WS41 to WS47 and the base stations BS1 and BS2,
based on digital modulation such as FSK, BPSK, QPSK, QDPSK, mt/4-
QDPSK, QAMSK, QGMSK, and the like. They are connected by
radio waves based on Frequency Division Multiple Access (FDMA)
method, Multi-carrier TDMA method, or Code Division Multiple
Access (CDMA) method, or Time-divided CDMA method, or FDMA
method, TDMA/FDD (Frequency Division Duplex) method,
TDMA/TDD (Time-divided Duplex) method, CDMA/TDMA/FDD

method, and CDMA/TDMA/TDD method.

As described above, the mobile communication system of the

present invention comprises mainly a plurality of mobile stations MS, a

plurality of WLL stations, a plurality of base stations BS, and a
plurality of mobile switching centers MSC. Under the control of the
mobile switching centers MSC, a plurality of mobile stations MS, a
plurality of WLL stations, a plurality of base stations BS control and
manage the transmission power and the time slot of time-divided

CDMA signals and TDMA signals so that they have proper values.
Next, the operation of the invention will be explained.

FI1G.2 1s an explanatory diagram showing an example of a

frequency spectrum axis and a time axis when radio waves are used
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based on time-divided CDMA communication method. The figure
shows an example 1n which the position of a time slot is changed
according to the zone where the mobile station BS and the WLL station

are presernt.

Accordingly, the power levels of transmission signals in a downlink
transmitted by the base station BS, to a plurality of mobile station MS
and/or a WLL station have approximately the same level when they are
In the same time slot (namely, being present in the same zone).
Conversely, the difference in power of transmission signals transmitted
to mobile stations MS or WLL stations in a downlink increases among

different time slots.

When there i1s a power difference between transmission signals, a
transmission signal having a large power suppresses a transmission
signal of a small power in a same time slot. Because transmission
signals with different transmission power are set into different time
slots, 1t 1s possible to avoid the situation that a transmission signal with
a large transmission power suppresses a transmission signal with a
small transmission power. Thereby, the drawbacks in a conventional

time continuous type CDMA can be eliminated.

FIG.3 1s an explanatory diagram showing a frequency sharing
state of FDMA/TDMA signals, TDMA signals and the time-divided

CDMA signals shown in FIG.2 in an actual radio communication

environment.
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As shown in FI1G.3, the relationships between frequencies and
time slots in the shared mobile communication system with time-
divided CDMA methods of time slots are shown by using frequency

time slot regions

CDMA#52-0, CDMA#52-1, CDMA#52-2, and CDMA#52-3 formed by

the frequency {3 of the first time slot.

FIGS.23 and 24 are tables showing examples such as speech
channel numbers of time-divided CDMA signals that are time slotted,
subscriber numbers, zone numbers, time slot numbers, and frequency

channel numbers, as shown in FIGS.2 and 3.

In FIGS.23 and 24, although a subscriber number of an available
moblle station or a WLL station has approximately 10 digits in general,
a subscriber number of two digits is used in this explanation for brevity.
In addition, the reference characters M and W are added after
the last digit of each subscribe number in order to distinguish a mobile

station from a WLL station, respectively.

FI1G.4 is a block diagram showing the configuration of a mobile
switching center (MSC) as a configuration component of the mobile
communication system of the first embodiment shown in FIG.1. In the
diagram, the reference number 61 designates a PSTN interface for
connecting a Public Switching Telephone Network, 65 denotes a base
station interface for connecting a plurality of base stations BS1, BS2,...,

BSn, 62 indicates a speech channel switching section connected between

23




tn

10

15

20

CA 02261309 1999-01-20

the PSTN interface 61 and the base station interface 65, and 63
designate a type setting processor incorporating a memory 67
connected to the base station interface 65, the speech channel switching
section 62, and a signaling processor 64, that will be explained later.
The reference number 64 designates the signaling processor connected
to the PSTN interface 61, the base station interface 65, and the type

setting processor 63.

The memory 67 incorporated in the type setting processor 63 in the
mobile switching center MSC, for example, stores information shown in
FIGS.23 and 24 that are managed by the type setting processor 63 and
the information shown in FIGS.25 to 30 used by the mobile
communication systems of the second to ninth embodiments that will be

explained later.

In the mobile communication system commonly used by the mobile
station MS and the WLL station, for example, when the base station BS
accesses the WLL station, the mobile switching éenter MSC transfers
information about a magnitude of the transmission power or an
assigned time slot, of the WLL station shown in FIGS.23 and 24 which
Is stored in the memory 67 to the access target base station BS. The
base station BS receives the transmitted information, and_then
transmits the radio wave to the WLL station according to the received
information. Therefore there is the effect that it is possible to reduce the
setting operation of communication parameters performed between the

mobile switching center MSC and the WLL station by using the
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characteristics of a semi-fixed WLL station. As described above,
because 1t is possible to reduce the setting operation of the
communication parameters, to that degree the transmission of
unnecessary radio waves can be eliminated. This avoids the
transmission of radio waves causing interference. By this
identification operation, the reference character W labeled at the

last digit in the subscribe number is used as an identifier, as shown in

F1GS.23 and 24.

In actual cases of course, because the base station BS and the
mobile switching center MSC can not know the present position of a
mobile station MS the following operation must be performed in

addition to the process described above.

That 1s, at first, the base station BS transmits a radio wave having
the maximum power (the maximum power is transmitted based on the
assuming that the mobile station MS is in the most outside zone). After
this process, the mobile station transmits information about the level
information of the transmitted radio wave to the base station BS.
Thereby, the transmitter in the base station BS initiates the adjustment
operation of the power level of the transmission radio wave for the
mobile station MS.  Similarly, the same adjustment process of the
power of transmission radio wave to be transmitted to the base station

BS described above will be performed for the first connection to the

WLL station.
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As described above, according to the first embodiment, the mobile
switching center MSC stores various control information in the
memory incorporated in the type setting processor 63. The mobile

switching center MSC indicates a plurality of mobile stations MS, a

plurality of WLL stations, and a plurality of base stations BS according

to the stored control information, and then controls and manages the
power level of TDMA signal, that is in the state of a time slot sharing
and a frequency channel sharing, to a proper value. It is thereby
possible to construct the mobile communication system with high
performance, that is capable of performing the time slot sharing and
the frequency channel sharing without generating communication

CIrrors.

Second embodiment.

FIG.S 1s an explanation diagram showing a time axis and a

frequency axis when time slots and frequencies are shared by time-

divided CDMA signals and TDMA signals.

F1G.25 1s a table showing a management example about time
slotted time-divided CDMA signals and TDMA signals, managed by
the type setting processor 63 in the mobile switching center MSC. This
information is stored in the memory 67 incorporated in the type setting

processor 63 in the mobile switching center MSC, for example.

As shown in the mobile communication system of the first
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embodiment, FIG.25 shows that the state of the transmission power is
controlled per zone of the mobile station MS or the WLL station. When
a time-divided CDMA signal of a large power and a time-divided
CDMA signal of a small power are mixed, the former is evaluated as
noise for the latter., The reliability or quality (a data error rate) of a
low power time-divided CDMA signal is affected depending on the level

of the high power time-divided CDMA signal.

In the prior art, there are many discussions regarding the control

of a transmission power of time-divided CDMA signals as problems to

be solved.
Next, the operation will now be explained.

FIG.6 is an explanatory diagram showing a case in which no
proper control of a TDMA signal transmission power of the mobile
station 33M is performed. FIG.26 is a diagram showing a management
example managed by the type setting processor 63 when no proper

control of the transmission power of the mobile station 33M shown in

FIG.6 is performed.

As shown in FIG.6, in the state where a time slot and frequency are
shared by the TDMA signal and time-divided CDMA signal, the
TDMA signal 33M of a large signal power is spread by using a spread
code by a code correlator in a receiver for the time-divided CDMA
signal, and then evaluated as noise, like un-required time-divided

CDMA signals. Therefore the reliability or quality of the time-divided
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CDMA signal becomes low when the level of the spread TDMA signal
as noise Is large. That is, in the state that the TDMA signal and the
time-divided CDMA signal share a time slot and a frequency channel, it
must be required to reduce a TDMA signal power to a necessary and

minimuim power.

FIG.7 is an explanation diagram showing a case in which a proper
control of the TDMA signal transmission power is performed and

showing an example in which the optimal control of the transmission

power 1s performed.

FIG.27 i1s a diagram showing a management example controlled by the
type setting processor 63 when the optimal control of the transmission

power shown in FIG.7 is performed.

Next, the case that the optimize control of the transmission power

Is performe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>