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TITLE OF THE INVENTION
CLUSTER STRUCTURED MOBILE COMMUNICATION
SYSTEM, BASE STATION, CLUSTER CONTROL
STATION, LINE CONTROL STATION AND MOBILE
STATION

BACKGROUND OF THE INVENTION

This application claims the benefit of a
Japanese Patent Application No.11-214180 filed July
28, 1999, in the Japanese Patent Office, the
disclosure of which is hereby incorporated by
reference.

1. Fleld of the Invention

The present invention relates to a mobile
communication system having a line control station
and a plurality of clustered base stations, a base
station for such a mobile communication system, a
cluster control station, a line control station, and
a mobile station.

2. Description of the Related Art

FIG. 1 is a dlagram for explaining an
example of a conventional mobile communication
system. The moblle communication system shown in
FIG. 1 includes a mobile station (MS) 10, base
stations (BSs) 11, through 11,;, a line control
station (RNC: Routing Network Controller) 12, and a
mobile communication switching station {(MSC: Mobile
Switching Center) 13.

The mobile communication switching station

13 is a switching station designed for a mobile
communication network. Lines of this mobile
communication switching station 13 are connected to
another mobile communication switching station or a
switching station of a fixed network such as a
Public Switched Telephone Network (PSTN). In the
case where the mobile communication switching
station 13 is a third generation type, the mobile
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communication switching station 13 not only supports
the circuit switching functions, but also supports
packet switching functions, which enables connection
to the Internet.

The line control station 12 is connected
to the mobile communication switching station 13,
and to the plurality of base stations 11; through
11,. When a communication request is generated, the
line control station 12 controls the allocation of
radio channels used by the base stations 11; through
11;, the start and end of the communication, and the
like. In addition, the line control station 12
carries out a handover control when the mobile
station 10 moves among the coverage areas of the
base stations 11; through 11,.

The base stations 11; through 11, are
connected to the line control station 12, and carry
out radio communication with a plurality of mobile
stations 10 under the control of the line control
station 12. Various kinds of radio signal protocols
(air interfaces), such as the Frequency Division
Multiple Access (FDMA), Time Division Multiple
Access (TDMA) and Code Division Multiple Access
(CDMA), may be employed between the base station and
the mobile station.

When making a communication with one
mobile station 10 in the mobile communication system
shown in FIG. 1, radio signals are basically
exchanged directly (peer-to-peer) between the mobile
station 10 and the base station which is located
near the mobile station 10. In the particular case
shown in FIG. 1, the base station 11, is close to
the one mobile station 10 which is shown.
Accordingly, the signals from the mobile station 10
are sent to the mobile communication switching
station 13 via the base station 11, and the line
control station 12. When the mobile station 10
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moves from the location near the base station 11,
towards a location near the base station 113 as
shown in FIG. 1, the handover is made from the base
station 11, to the base station 11l; in order to
continue the communication. In other words, the
line control station 12 controls the base stations
so as to change the base station which is used for
the communication with the mobile station 10 from
the base station 11, to the base station 11;, and
also switches the line to the base station from the
base station 11, to the base station 11j. In FIG. 1,
a solid line arrow pointing in two directions
indicates a normal communication, and a dotted line
arrows pointing in two directions indicates a
handover communication.

In the case of a microcell mobile
communication system in which an area covered by one
base station is small, the handover among the base
stations occur frequently when the mobile station 10
carries out the communication while moving at a high
speed. As a result, the load on the line control
station 12 which carries out the necessary control
increases considerably in this case, and there is a
problem in that it is difficult to appropriately
control and carry out the handover.

On the other hand, in a vicinity of a
boundary between two adjacent base stations, the
electric field intensity decreases and an error may
be generated in the received signals. Consequently,
the handover may not be carried out smoothly, and
the handover may fail, thereby causing a problem
particularly in the microcell mobile communication -
system in which the handover occurs frequently.

In order to eliminate the latter problen,
the CDMA mobile communication system employs the
diversity handover technique. According to the
diversity handover technique, the mobile station 10
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during the handover simultaneously exchanges radio
signals with the present base station 11, and the
next base station 11; which is to take over, so that
even if the signal level exchanged between the
mobile station 10 and one of the base stations 1l.
and 11; decreases and the signal error is generated,
the signals exchanged between the mobile station 10
and the other of the base stations 11, and 1ll1l; are
used for the communication to realize a smooth
handover. In this case, in addition to the load
caused by the handover control, the line control
station 12 must bear the load of the diversity
process. Hence, the load on the line control
station 12 increases considerably due to the
diversity process.

Furthermore, in order to more effectively
obtain the diversity effects, it is necessary to
transfer to the line control station 12 information
related to soft decisions made on the received
signals, and information related to the electric
field intensity of the received signals. As a
result, the amount of information exchanged between
the base station and the line control station
increases considerably, and there is a problem in
that it is necessary to use a line having a large
capacity.

The diversity handover is not limited
between two base stations, and in some cases, the
diversity effects are greater when the diversity
handover is carried out among three or more base
stations. 1In addition; the diversity handover can
effectively improve the quality of the communication
by being carried out not only during the handover,
but also when the electric field intensity of the
received signals decreases when the moblile station
enters within a building, for example. However, the
load on the line control station and the load on the
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line capacity between the base station and the line
control station further increases in such cases,
thereby making it difficult to realize such a
diversity handover in the conventional mobile
communication system. Therefore, there was a limit
to improving the quality of the communication in the
conventional mobile communication system.

SUMMARY OF THE INVENTION
Accordingly, it is a general object of the

present invention to provide a novel and useful
mobile communication system, a base station, a
cluster control station, a line control station, and
a mobile station, in which the problems described
above are eliminated.

Another and more speclfic object of the
present invention i1s to provide mobile communication
system, a base station, a cluster control station, a
line control station, and a mobile station, which
can improve the quality of the communication, reduce
the load on the line control station and the line
between the base station and the line control
station, and carry out a distributed autonomous
process in the base station, so that an efficient
mobile communication system can be realized.

' Still another object of the present
invention is to provide a mobile communication
system comprising a line control station, and a
plurality of base stations belonging to a plurality
of clusters so that each of the clusters includes a
plurality of base stations, wherein each of the
clusters includes a cluster control station which 1is
connected to the line control station via a line and
controls the base stations within the cluster to
which the cluster control station belongs, and each
of the base stations within one cluster is connected
fo other base stations within the one cluster and/or
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the cluster control station within the one cluster
via lines, so that each of the base stations within
the one cluster is directly or indirectly connected
to the cluster control station within the one
cluster. According to the mobile communication
system of the present invention, it is possible to
improve the communication quality, and reduce the
load on the line control station and the load on the
line between the line control station and the base
station. In addition, it is possible to realize an
efficient mobile communication system, by the
distributed autonomous process carried out by the
base station.

In the mobile communication system,
connections within each of the clusters may be made
by high-speed cable lines or high-speed radio lines.

In the mobile communication system, the
cluster control station and each of the base
stations within a single cluster may be connected
via a loop network or a bus network.

In the mobile communication system,
Internet Protocol {(IP) may used as a communication
protocol on the lines within each of the clusters.
In this case, it is possible to efficiently build a
local area network (LAN) within the cluster.

In the mobile communication system, a
plurality of the base stations may simultaneously
send signals with respect to a single mobile station.
In this case, a site diversity transmission becomes
possible with respect to the mobile station.

In the mobile communication system, a
plurality of the base stations may simultaneously
recelve signals sent from a single mobile station.
In this case, a site diversity reception becomes
possible at the base stations.

. In the mobile communication system, the
plurality of clusters may be mutually connected via
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lines. In addition, the line control station may
connect corresponding cluster control stations
within the plurality of clusters via the lines. 1In
this case, the information exchanged between mobile
stations can take a bypass route around the line
control station, to thereby reduce the load on the
line control station.

A further object of the present invention
is to provide a cluster control station for
controlling a plurality of base stations within one
cluster to which the cluster control station belongs,
in a mobile communication system which includes a
line control station and a plurality of clusters,
where the cluster control station comprises means
for connecting the cluster control station to the
line control station via a line, and means for
combining signals received from one or a plurality
of base stations within the one cluster and sendihg
combined signals to the line control station.
According toc the cluster control station of the
present invention, it 1is possible to realize a soft
handover and a site diversity process.

The cluster control station may be
connected to the plurality of base stations within
the one cluster via a loop network or a bus network.

Another object of the present invention is
to provide a cluster control station for controlling
a plurality of base stations within one cluster to
which the cluster control station belongs, and
operable in a mobile communication system which
includes a line control station and a plurality of
clusters, where the cluster control station
comprises means for connecting the cluster control
station to the line control station via a line, and
means for sending signals received from the line
control station to a plurality of base stations
within the one cluster directly or via one or a
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plurality of other base stations within the one
cluster. According to the cluster control station
of the present invention, it is possible to realize
a soft handover and a site diversity process.

The cluster control station may be
connected to the plurality of base stations within
the one cluster via a loop network or a bus network.

Still another object of the present
invention is to provide a base station provided
within one cluster which includes a cluster control
station and a plurality of base stations, and
operable in a mobile communication system which
includes a line control station and a plurality of
clusters, where the base station comprises means for
sending signals received from a mobile station to
the cluster control station within the one cluster
directly or via one or a plurality of other base
stations within the one cluster. According to the
base station of the present invention, it is
possible to carry out a distributed autonomous
process.

The base station may further comprise
means for connecting to the one or the plurality of
other base stations within the one cluster via a
loop network or a bus network.

A further object of the present invention
is to provide a base station provided within one
cluster which includes a cluster control station and
a plurality of base stations, and operable in a
mobile communication system which includes a line
control station and a plurality of clusters, where
the base station comprises means for receiving
signals from the cluster control station within the
one cluster and sending to a mobile station
information included in the signals and required by
the mobile station. According to the base station
of the present invention, it is possible to carry
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out a distributed autonomous process.

The base station may further comprise
means for connecting to the one or the plurality of
other base stations within the one cluster via a
loop network or a bus network.

Another object of the present invention is
to provide a line control station operable in a
mobile communication system which includes a
plurality of clusters each including a plurality of
base stations, where the line control station
comprises means for carrying out a handover control
between first and second clusters when a mobile
station moves between areas of the first and second
clusters. According to the line control station of
the present invention, it is possible to realize a
soft handover.

In a case where each of the clusters
includes a cluster control station which controls a
plurality of base stations within the cluster, the
means of the line control station may carry out the
handover control via cluster control stations
included in the first and second clusters.

Still another object of the present
invention is to provide a mobile station operable in
a mobile communication system which includes a
plurality of clusters each including a plurality of
mutually coupled base stations, where the mobile
station comprises means for simultaneously receiving
signals from one or a plurality of base stations
within one cluster, and means for simultaneously
sending signals to one or a plurality of base
stations within one cluster. According to the
mobile station of the present invention, it is
possible to realize a site diversity process.

In a case where each of the clusters
includes a cluster control station which controls
the plurality of base stations within one cluster to
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which the cluster control station belongs, the
mobile station may further comprise means for
notifying the cluster control station of one or a
plurality of base stations within the one cluster
capable of communicating with the mobile station.
Other objects and further features of the

present invention will be apparent from the
following detalled description when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram for explaining an
example of a conventional mobile communication
system;

FIG. 2 1s a diagram for explaining an
embodiment of a cluster structured mobile
communication system according to the present
invention using loop type local area networks;

FIG. 3 is a diagram for explaining a
modification of the embodiment of the cluster
structured mobile communication system which uses
bus type local area networks;

FIG. 4 1s a system block diagram for
explaining an embodiment of a cluster control
station according to the present invention;

FIG. 5 is a system block diagram for
explaining an embodiment of a base station according
to the present invention; and

FIG. 6 is a system block diagram for
explaining an embodiment of a mobile station
according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A description will be given of wvarious

embodiments of the present invention, by referring
to FIG. 2 and subsequent drawings.
(1) Structure of Mobile Communication System:
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An embodiment of a mobile communication
system according to the present invention is shown
in FIG. 2.

The mobile communication system shown in
FIG. 2 includes a mobile communication switching
station (MSC) 13, a line control station (RNC) 40,
cluster control stations 21 and 22, a plurality of
base stations 31 and 32, and local area networks
{LANs) 41 and 42 which connect the cluster control
stations 21 and 22 to the corresponding base
stations 31 and 32.

Normally, the base stations 31 and 32 are
respectively clustered for each region.

A cluster Cl1l includes a plurality of base
stations 31; through 31s, and the cluster control
station 21 which controls the base stations 31,
through 315. The base stations 31; through 31s and
the cluster control station 21 are connected by
lines, and the LAN 41 is formed within the cluster
Cl. Similarly, a cluster C2 includes a plurality of
base stations 324, 31;, ... and the cluster control
station 22 which controls the base stations 32,
31, ... . The base stations 3254, 317, ... and the
cluster control station 22 are connected by lines,
and the LAN 42 is formed within the cluster C2.

The cluster control stations 21 and 22 are
connected to the line control station 40 by lines. "

Compared to the conventional mobile
communication system, the number of stations which
are directly connected under the line control
station 40 is small, and only two cluster control
stations 21 and 22 are directly connected to the
line control station 40 in FIG. 2. Accordingly, the
load on the line control station 40 and the load on
the lines between the line control station 40 and
the base stations 31 and 32 (that is, the cluster
control stations 21 and 22) are greatly reduced.
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The line control station 40 carries out a
control with respect to the cluster control stations
21 and 22 of each of the clusters Cl and C2, by
recognizing the entire cluster Cl or C2 as a logical
base station. When a communication request is
generated, the line control station 40 carries out
the control such as the allocation of the radio
channels used by each of the base stations 31 and 32,
and the start and end of the communication. In
addition, the line control station 40 carries out a
handover control when a mobile station (MS) 20 moves
between the clusters Cl and C2.

High-speed communication is carried out
via the lines which form the LAN 41 within the
cluster C1 and the LAN 42 within the cluster C2.
Fixed high-speed cable lines including optical lines
or, high-speed radio lines may be used for such
lines forming the LANs 41 and 42.

In place of the loop type LANs 41 and 42
shown in FIG. 2, it is also possible employ bus type
LANs 43 and 44 shown in FIG. 3. FIG. 3 shows a
modification of the embodiment of the mobile
communication system. In FIG. 3, those parts which
are the same as those corresponding parts in FIG. 2
are designated by the same reference numerals, and a
description thereof will be omitted.

An exclusive protocol, a general Internet
Protocol (IP) and the like may be used for the
communication protocol employed in the LANs 41 and
42, In this case, for example, IP addresses are
assigned to each of the base stations 31 and 32 and
each of the cluster control stations 21 and 22, and
information 1s sent in the form of IP packets. By
providing a high-speed router or a Layer-3 switch in
each of the base stations 31 and 32 and each of the
cluster control stations 21 and 22, it is possible
to obtain the required information transfer rate.
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When sending the same information from the cluster
control stations 21 and 22 to the plurality of base
stations 31 and 32, it is efficient to employ the IP
multicast functions. In addition, in the case of
the loop type LAN 41 or 42 shown in FIG. 2, the
information can be sent using a backward route in
the case of the IP, even if a disconnection occurs
at a line, thereby making it possible to realize a
LAN structure having a high reliability.

The line speed of the lines connecting the
line control station 40 and the cluster control
stations 21 and 22 may be slower than that of the
lines forming the LANs 41 and 42.

A line may be provided to mutually connect
the clusters Cl1 and C2. In other words, a line may
be provided to connect the cluster control station
21 and the cluster control station 22. In this case,
the information which is exchanged when
communicating between the mobile stations 20 may be
transferred directly between the cluster control
stations 21 and 22, without transferring the
information via the line control station 40.

Therefore, it is possible to reduce the
load on the line control station 40 and the load on
the line between the line control station 40 and the
base stations 31 and 32 (that is, the cluster
control statiomns 21 and 22).

{2) Operation of Mobile Communication System

Next, a description will be given of the
operation of the mobile communication system shown
in FIG. 2.

The line control station 40 and the mobile
communication switching station 13 are connected via
a line, and the handover between the clusters Cl and
C2 is made via the line control station 40.

. The cluster control stations 21 and 22
distribute the signals from the line control station
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40 to each of the base stations 31 and 32. 1In

addition, the cluster control stations 21 and 22

combine and send to the line control station 40 ﬁp-

signals from the same mobile station 20 and received
5 wvia the base stations 31 and 32.

Each of the base stations 31 and 32 only
recelves down-signals which are required or
addressed thereto, and received from the cluster
control stations 21 and 22 or other base stations.

10 In addition, depending on the instruction from the
cluster control stations 21 and 22, the signal
content and the like, each of the base stations 31
and 32 relays the received signals to other base
stations.

15 When communicating with the mobile station
20, the radio signals are simultaneously exchanged
between the mobile station 20 and a plurality of
base stations 31 or 32 which are located near the
mobile station 20. In the case shown in FIG. 2, the

20 radio signals are simultaneously exchanged between
the mobile station 20 and the base stations 31,, 31:
and 313 which are located near the mobile station 20.

Furthermore, when the mobile station 20
moves in the direction of the base station 31, as

25 shown in FIG. 2, the radio signals are then
simultaneously exchanged between the mobile station
20 and the base statioms 31,, 31; and 314, which are’
located near the new position of the mobile station
20.

30 ' Accordingly, when the mobile station 20
moves within the same cluster Cl, for example, only
the base stations 31 which communicate with the
mobile station 20 change, and when viewed from the
line control station 40, the mobile station 20

35 remains under the control of the cluster control
station 21. The signal flow will be described
hereunder in more detail.
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(2-1) Up-Signals

The signals sent from the mobile station
20 are received by the plurality of the base
stations 31;, 31, and 31; which are located near the
mobile station 20. The signals received by the base
stations 31, 31, and 31; are sent to the cluster
control station 21 wvia the lines (LAN 41) which
connect the base stations 31 and the cluster control
station 21. The cluster control station 21 subjects
the up-signals which are received by the base
stations 31;, 31, and 31; to a diversity combining
process.

The diversity combining process may be
carried out according to various methods, such as
the methods Dand @ described below.

According to the method @, a soft
declsion signal which is received and detected by
the base station is sent to the cluster control
station together with the received signal intensity
(RSSI) or the signal-to-noise and interference total
power ratio (S/N+I), and the cluster control station
combines the signals received by the base stations
with a maximal ratio combining. Although the amount
of information sent between the cluster control
station and the base station is large, maximum
diversity effects are obtainable.

According to the method @, bit
information demodulated in the base stations is sent
to the cluster control station, and the cluster
control station combines the bit information in
units of error correction words using parity
information. Although the diversity effects are not
as large as those obtainable according to the method
@, the amount of information sent between the
cluster control station and the base stations is
smaller. '

The received information which is combined
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and subjected to the error correction process is
sent to the mobile communication switching station
13 directly or, via the line control station 40.
The information to the party at the other end is
sent from the mobile communication switching station
13 via a fixed network, Internet or the like.

(2-2) Down-Signals

The down-signals are sent from the mobile
communication switching station 13 to the cluster
control station 21 which belongs to the cluster Cl
in which the mobile station 20 presently exists,
directly or, via the line control station 40 under
which the cluster Cl is connected. The cluster
control station 21 uses the LAN 41 within the
cluster Cl, and sends the down-signals to each of
the base stations 31; through 31s within the cluster
Cl. Each of the base stations 31; through 31ls sends
the down-signals to the mobile station 20 according
to one of the following two methods, for example.

According to a first method, the down-
signals are sent from all of the base stations 31;
through 315 within the cluster Cl to the mobile
station 20, and the down-signals are combined in the
mobile station 20.

Although this first method also sends the
down-signals from the base stations 31, and 31s
which are not located close to the mobile station 20
and cause interference among the base stations 31;
through 315, the required control is simple. Hence,
this first method is suited for a case where common
information 1s to be sent to all of the base
stations 31; through 315 within the same cluster Cl.

On the other hand, according to a second
method, the down-signals are sent from only the base
statlions 31; through 313 from which the mobile
station 20 can receive the down-sighals, and the
down-signals are combined in the mobile station 20.
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_ In other words, the mobile station 20
measures the received signal intensity (RSSI) or the
signal-to-noise and interference total power ratio
(S/N+I) of the signals received from each of the
base stations 31; through 31s within the cluster Cl1.
From the measured results, the mobile station 20
specifies one or more base stations which can
communicate with the mobile station 20, and lilnserts
information indicating the specified base stations
to control signals within the up-signals. The up-
signals including the control signals are sent via
the specified base stations to the cluster control
station 21, to thereby register the specified base
stations in the cluster control station 21. The
cluster control station 21 determines the base
stations to which the down-signals are to be sent,
based on the registered specified base stations, and
sends the down-signals to the determined base
stations by specifying the determined base statiomns.
The specified base stations which receive the down-
signals from the cluster control station 21 send the
received down-signals to the mobile station 20.

According to this second method, the
required control is slightly more complicated than
the first method, but unnecessary signal exchanges
are reduced, and the interference among the base
stations is reduced compared to the first method.
Therefore, this second method is suited for a case
where an independent communication is to be made the
mobile station 20.

When the IP is used for the protocol of
the LANs 41 and 42 within the respective clusters Cl
and C2 in order to carry out the above described
control, a Dynamic Host Configuration Protocol
({DHCP) server may be provided within each of the
cluster control stations 21 and 22, for example.
Based on the information indicating the registered
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specified base stations, each DHCP server can assign
the IP addresses of the specified base stations to
the mobile station 20. Hence, each of the base
stations 31 and 32 in this case function as a host
which logically accommodates the mobile station 20.

Various access systems or techniques may
be used to multiplex and demultiplex the down-
signals exchanged on the radio line.

For example, when the CDMA is used as the
access system, the signals may be sent from the base
stations at the same frequency by using different
spread codes for each of the base stations. In this
case, the mobile station 20 uses a number of spread
codes corresponding to the base stations, and
despreads the signals received from the base
stations. The despread signals are demultiplexed,
so as to detect the received soft decision signal,
and the soft decision signal is used to carry out
the maximal ratio combining process.

In a case where the radio transmission
rate is high, the signals may be sent from each of
the base stations using a common spread code. 1In
this case, the mobile station 20 uses propagation
delay time differences between the mobile station 20
and the base stations to make a RAKE reception, so
as to obtain the diversity effects.

Further, when the TDMA is used as the
access system, the signals may be sent from the base
stations using different time slots for each of the
base stations. In this case, the mobile station 20
demultiplexes the signals of the different slots
from each of the base stations, so as to detect the
receilved soft decision signal, and the soft decision
signal is used to carry out the maximal ratio
combining process.

(2-3) Handover Between Clusters
As described above, when the mobile
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station 20 moves within the cluster Cl, for example,
the handover is carried out by the process within
the cluster Cl. However, the handover between the
clusters Cl and C2 cannot be processed within the
cluster Cl or C2, and is carried out via the line
control station 40.

In FIG. 2, when the mobile station 20
moves from the area of the cluster Cl to the area of
the cluster C2, the mobile station 20 measures the
received signal intensity (RSSI) or the signal-to-
noise and interference total power ratio (S/N+I) of
the signals received from each of the base stations

326, 31,7, ... within the cluster C2. From the

measured results, the mobile station 20 specifies
one or more base stations which can communicate with
the mobile station 20, and inserts information
indicating the specified base stations to the
control signals within the up-signals. The up-
signals including the control signals are sent via
the specified base stations to the cluster control
station 22 of the cluster C2, to thereby register
the specified base stations in the c¢luster control
station 22. The cluster control station 22 which
receives the information inserted in the control
signals within the received up-signals notifies the
line control station 40 that the registration of the
specified base stations are made with respect to the
mobile station 20.

In addition, the cluster control station
22 determines the base stations 32 which are
included in the cluster C2 and to which the down-
signals are to be sent. The c¢luster control station
22 specifies the determined base stations 32, and
sends the down-signals thereto. Thereafter, the
line control station 40 exchanges the signals
related to the mobile station 20 with the cluster
control station 22 in the cluster C2. 1In the case
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of the CDMA mobile communication system, it is of
course possible to carry out a diversity handover
between the base station 31 of the cluster Cl and
the base station 32 of the cluster C2, similarly to
the diversity handover carried out between the base
stations in the conventional mobile communication
system. _

Therefore, according to this embodiment of
the mobile communication system, the mobile station
can constantly receive signals from a plurality of
base stations, and excellent site diversity
transmission effects with respect to the mobile
station can be expected. In addition, a plurality
of base stations can simultaneously receive signals
from one mobile station, and excellent site
diversity reception effects with respect to the base
stations can be expected. Hence, it 1is possible to
transmit and receive high-quality signals according
to this embodiment. Moreover, for a given signal
guality, this embodiment enables communication over
a wider range as compared to the conventional mobile
communication system.

If the mobile station moves within the
area of one cluster, a suitable site diversity
process can be carried out within the cluster
independently of the line control station, thereby
reducing the load on the line control station. In’
addition, the amount of information exchanged
between the base station and the line control
station is small, such that the capacity of the line
connecting the base station and the line control
station can be reduced compared to that of the
conventional mobile communication system.

Furthermore, when the mobile station moves
within the area of one cluster, a soft handover can
be carried out within the cluster, because the base
stations communicating with the mobile station
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before the handover do not change in their entirety
after the handover and one or more base stations
communicating before the handover continue to
communicate with the mobile station after the
handover. Hence, it is possible to realize a high-
quality mobile communication while reducing the load
on the line control station and reducing the load on
the line between the line control station and the
base station (cluster control station), as compared
to the conventional mobile communication system.

(3) Structure and Operation of Cluster Control
Station

A description will be given of the
structure and operation of the cluster control
stations 21 and 22.

The cluster control stations 21 and 22
have the same construction, and thus, a description
will hereunder be given of the cluster control
station 21. The cluster control station 21
distributes the signals from the line control
station 40 to each of the base stations 31 within
the cluster Cl1 to which the cluster control station
21 belongs. In addition, the cluster control
station 21 combines the up-signals which originate
from one moblle station 20 and are received via the
base statiomns 31, and sends the combined signal to
the line control station 40. '

FIG. 4 is a system block diagram showing
the structure of an embodiment of the cluster
control station according to the present invention.

The cluster control station 21 shown in
FIG. 4 includes a line terminating section 50, a
controller 51, and a line interface (I/F) section 54.
The controller 51 includes a transmission processor
52 and a reception processor 53.

In FIG. 4, the down-signais from the line
control station 40 are supplied to the controller 51
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via the line terminating section 50. In a case
where the down-signals received from the line
control station 40 are to be sent from the base
stations 31 to the mobile station 20, the controller
51 specifies with respect to the transmission
processor 52 the base stations 31 to which the down-
signals are to be sent and the transmission scheme
and the multiplexing scheme to be employed when
sending the down-signals from the base station 31.
The controller 51 sends the down-signals from the
transmission processor 52 to the specified base
stations 31 via the line interface section 54.

On the other hand, the up-signals from the
base stations 31 are received by the line interface
section 54, and are subjected to a diversity
combining process and an error correction process in
the reception processor 53 of the controller 51.

The up-signals which are processed in the reception
processor 53 are sent via the line terminating
section 50 to the moblle communication switching
station 13 directly or, via the line control station
40. If the error within the received up-signals
cannot be corrected by the processes of the
reception processor 53, the up-signals are discarded
in units such as code words, frames and packets or,
an Automatic Request (ARQ) process is carried out
with respect to the up-signals in the reception
processor 53.

When the IP is used as the protocol of the
LAN 41 within the cluster Cl1l, the line interface
section 54 uses an IP router or a Layer-3 switch.

In addition, a DHCP server may be provided in the
controller 51. In this case, based on the
information indicating the registered specified base
stations 31, the DHCP server can assign the IP
addresses of the specified base stations 31 to the
mobile station 20. Hence, each of the base stations
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31 in this case functions as a host which logically
accommodates the mobile station 20.

This embodiment of the cluster control
station controls the base stations within the
cluster to which the cluster control station belongs,
so that processes which can be carried out within
the cluster are carried out within the cluster. As
a result, the load on the line control station and
the mobile communication switching station is
effectively reduced.

In addition, the cluster control station
exchanges signals with the base stations that enable
each base station to carry out a distributed
autonomous process.,

(4) Structure and Operation of Base Station

Each of the base stations 31 and 32 relays
and sends to other base stations the signals which
are received from other base stations or the cluster
control station 21 or 22. Each of the base stations
31 and 32 receives the signals addressed thereto or
the signals required therein. In addition, each of
the base stations 31 and 32 capable of communicating
with the mobile station 20 basically communicates
with the mobile station 20. Various access systems
such as the CDMA, TDMA and FDMA may be employed for
the communication between each of the base stations
31 and 32 and the mobile station 20.

The base stations 31 and 32 have the same
construction, and thus, a description will hereunder
be given of the base station 31. FIG. 5 is a system
block diagram showing the structure of an embodiment
of the base station according to the present
invention.

The base station 31 shown in FIG. 5
includes an antenna 59, a transmission and reception
sharing section 60, a transmission section 61, a
reception section 62, a base station (BS) controller
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63, and a line interface (I/F) section 64.

In FIG. 5, the down-signals from the
cluster control station 21 are recelved by the line
interface section 64, and the BS controller 63
judges whether or not the received down-signals are
to be sent from the base station 31 to which the BS
controller 63 belongs. The BS controller 63 also
recognizes the transmission scheme and the
multiplexing scheme to be employed when sending the
down-signals from this base station 31. When the BS
controller 63 judges that the received down-signals
are to be sent from thls base station 31, the
transmission section 61 encodes the down-signals
according to a predetermined air interface, and the
encoded down-signals are sent via the transmission
and reception sharing section 60 and the antenna 59.

On the other hand, the up-signals received
from the mobile station 20 are detected by the
reception section 62 via the antenna 59 and the
transmission and reception sharing section 60. The
reception section 62 includes in the detected up-
signals the information which is required in the
cluster control station 21 in order to carry out the
diversity combining process, such as the received

signal intensity (RSSI) and the signal-to-noise and

interference total power ratio (S/N+I) of the
detected up-signals. The detected up-signals,
including the above information, are sent to the
cluster control station 21 via the line interface
section 64.

When the IP is used as the protocol of the
LAN 41 within the cluster Cl, a portion of the line
interface section 64 and the BS controller 63 is
formed by an IP router or a Layer-3 switch.

Therefore, this embodiment of the base
station can carry out the distributed autonomous
process.
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{5) Operation of Line Control Station

In an embodiment of the line control
station according to the present invention, when a
communication request is generated, the line control
station 40 controls the allocation of radio channels
used by the base stations 31 and 32, the start and
end of the communication, and the like. In addition,
the line control station 40 carries out a handover
control when the mobile station 20 moves between the
areas of the clusters Cl and C2.

(6) Structure and Operation of Mobile Station

A description will be given of the
structure and operation of the mobile station 20.

Basically, the moblle station 20 exchanges
signals with all base stations 31 and 32 which are
capable of communicating with the mobilile station 20.
In addition, the mobile station 20 simultaneously
recelives signals from a plurality of base stations
31 and/or 32, and simultaneously sends signals to a
plurality of base stations 31 and/or 32. Channels
which are used to exchange the signals between the
mobile station 20 and the plurality of base stations
31 and/or 32 may be the same or different. 1In
addition, the signals from the plurality of base
stations 31 and/or 32 may be combined and received
by the mobile station 20 or, the best signal of the
signals received from the plurality of base statiomns
31 and/or 32 may be selected and received by the
mobile station 20. The signals sent from the mobile
station 20 to the plurality of base stations 31
and/or 32 may be the same or, different for each of
the base stations 31 and 32.

FIG. 6 1s a system block dilagram showing
the structure of an embodiment of the mobile station
according to the present invention.

The mobile station 20 shown in FIG. 6
includes an antenna 69, a transmission and reception
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sharing section 70, a transmission section 71, a
reception section 72, a mobile station (MS)
controller 73, an external interface (I/F) section
74, and an audio CODEC 75.

In FIG. 6, the down-signals from the base
stations 31 and/or 32 are received by the reception
section 72 via the antenna 69 and the transmission
and reception sharing section 70. The reception
section 72 demultiplexes the down-signals from the
base stations 31 and/or 32, and carries out a
diversity combining process.

For example, when the CDMA is employed as
the access system, the base stations 31 and/or 32
send the down-signals at the same frequency using
spread codes which are different for each of the
base stations 31 and/or 32. In this case, the
mobile station 20 despreads the down-signals from
the base statlons 31 and/or 32 using spread codes
corresponding to the base stations 31 and/or 32.
The despread signals from each of the base stations
31 and/or 32 are demultiplexed, so as to detect the
received soft decision signél, and the soft decision
signal is used to carry out a maximal ratio
combining process.

In the case where the radio transmission
rate is high, the signals may be sent from each of
the base stations 31 and/or 32 using a common spread
code. In this case, the mobile station 20 uses
propagation delay time differences between the
mobile station 20 and the base stations 31 and/or 32
to make a RAKE reception, so as to obtain the
diversity effects.

Further, when the TDMA is used as the
access system, the signals may be sent from the base
stations 31 and/or 32 using different time slots for
each of the base stations 31 and/or 32. In this
case, the mobile station 20 demultiplexes the
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signals of the different slots from each of the base
stations 31 and/or 32, so as to detect the received
soft decision signal, and the soft decision signal
is used to carry out the maximal ratio combining
process.

The MS controller 73 carries out necessary
processes by confirming the contents of the down-
signals after the diversity combining process and
the error correction process. For example, if the
down-signals are audio signals, the MS controller 73
carries out the necessary process to start the audio
CODEC 74, converts the audio signals into signals
suited for outputting sound from a transmitter-
recelver circuit (not shown) within the mobile
station 20, and outputs the signals to the
transmitter-receiver circuit via the audio CODEC 74.
In addition, if the down-signals are data signals to
be sent to a portable information terminal (not
shown) which is coupled to the mobile station 20,
the MS controller 73 carries out the necessary
process to output the data signals to the portable
information terminal wvia the external interface
section 74.

The MS controller 73 also encodes the up-
signals to be sent from the mobile station 20 to the
base stations 31 and/or 32 according to a
predetermined air interface, and sends the up-
signals to the base stations 31 and/or 32 wvia the
transmission section 71, the transmission and
reception sharing section 72 and the antenna 69.

The reception section 72 of the mobile
station 20 measures the received signal intensity
(RSSI) or the signal-to-noise and interference total
power ratio (S/N+I) of the signals received from
each of the base stations 31 within the cluster Cl
and/or the base stations 32 within the cluster C1.
From the measured results, the MS controller 73 of
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the mobile station 20 specifies one or more base
stations 31 and/or 32 which can communicate with the
mobile station 20, and inserts information
indicating the specified base stations 31 and/or 32
to the control signals within the up-signals. The
up-signals including the above control signals are
sent from the transmission section 71 wvia the
specified base stations 31 and/or 32 to the cluster
control station 21 of the cluster Cl and/or the
cluster control station 22 of the cluster C2, to
thereby register the specified base stations 31
and/or 32 in the corresponding cluster control
stations 21 and/or 22.

Therefore, this embodiment of the mobile
station can'simultaneously receive the signals from
one or a plurality of base stations within the same
cluster, and to simultaneously send signals to the
one or plurality of base stations within the same
cluster. Hence, 1t 1is possible to carry out the
soft handover process and the suitable site
diversity process.

In the embodiments described above, the
cluster control stations are independent of the base
stations. However, the cluster control station may
include the functions of the base station. In other
words, the functions of the cluster control station
may be included within one of the base stations
belonging to the same cluster.

According to the present invention, it is
possible to reduce the load on the line control
station, and to realize an efficient network for the
mobile communication system. In addition, because
the soft handover process can be carried out easily
and efficiently, the communication quality between
the mobile station and the base stations is improved,
and it is also possible to improve the area coverage
of the mobile communication system.
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Further, the present invention is not
limited to these embodiments, but various variations
and modifications may be made without departing from
the scope of the present invention.
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WHAT IS CLAIMED IS

1. A mobile communication system

comprising:

a line control station; and

a plurality of base stations belonging to a
plurality of clusters so that each of the clusters
includes a plurality of base statiomns,

each of the clusters including a cluster
control station which is connected to said line
control station via a line and controls the base
stations within the cluster to which the cluster
control station belongs,

each of the base stations within one cluster
being connected to other base stations within said
one cluster and/or the cluster control station
within said one cluster via lines, so that each of
the base stations within said one cluster is
directly or indirectly connected to the cluster
control station within said one cluster.

2. The mobile communication system as
claimed in claim 1, wherein connections within each
of the clusters are made by high-speed cable lines
or high-speed radio lines.

. 3. The mobile communication system as
claimed in claim 1, wherein the cluster control
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station and each of the base stations within a
single cluster are connected via a loop network or a
bus network.

4. The mobile communication system as
claimed in claim 1, wherein Internet Protocol (IP)
is used as a communication protocol on the lines
within each of the clusters.

5. The mobile communication system as
claimed in claim 1, wherein a plurality of said base
stations simultaneously send signals with respect to
a single mobile station.

6. The mobile communication system as
claimed in claim 1, wherein a plurality of said base
stations simultaneously receive signals sent from a
single mobile station.

7. The mobile communication system as
claimed in claim 1, wherein the plurality of
clusters are mutually connected via lines.
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8. The mobile communication system as
claimed in claim 7, wherein said line control
station connects corresponding cluster control
stations within the plurality of clusters wvia the
lines.

9. A cluster control station for
controlling a plurality of base stations within one
cluster to which the cluster control station belongs,
in a mobile communication system which includes a
line control station and a plurality of clusters,
sald cluster control station comprising:

means for connecting the cluster control
station to the line control station via a line; and

means for combining signals recelived from one
or a plurality of base stations within said one
cluster and sending combined signals to the line
control station.

10. The cluster control station as
claimed in claim 9, whereln said cluster control
station i1s connected to the plurality of base
stations within said one cluster via a loop network
or a bus network.

11. A cluster control station for
controlling a plurality of base stations within one
cluster to which the cluster control station belongs,



et
L

W,

10

15

20

25

30

35

-33-

and operable in a mobile communication system which
includes a line control station and a plurality of
clusters, sald cluster control station comprising:

means for connecting the cluster control
station to the line control station via a line; and

means for sending signals received from the
line control station to a plurality of base stations
within said one cluster directly or wia one or a
plurality of other base stations within said one
cluster.

12. The cluster control station as
claimed in claim 11, wherein said cluster control
station is connected to the plurality of base
stations within sald one cluster via a loop network
or a bus network.

13. A base station provided within one
cluster which includes a cluster control station and
a plurality of base statiloms, and operable in a
mobile communication system which includes a line
control station and a plurality of clusters, said
base station comprising:

means for sending signals received from a
mobile station to the cluster control station within
said one cluster directly or via one or a plurality
of other base stations within said one cluster.
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14, The base station as claimed in claim
13, further comprising:
means for connecting to said one or the
plurality of other base stations within saild one
cluster via a loop network or a bus network.

15. A base station provided within one
cluster which includes a cluster control station and
a plurality of base stations, and operable in a
mobile communication system which includes a line
control station and a plurality of clusters, said
base station comprising:

means for receilving signals from the cluster
control station within said one cluster and sending
to a mobile station information included in the
signals and required by the mobile station.

1s6. The base station as claimed in claim
15, further comprising:
meahs for connecting to said one or the
pPlurality of other base stations within said one
cluster via a loop network or a bus network.

17. A line control station operable in a
mobile communication system which includes a
plurality of clusters each including a plurality of
base stations, said line control station comprising:
means for carrying out a handover control
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between first and éecond clusters when a mobile
station moves between areas of the first and second
clusters.

18. The line control station as claimed
in claim 17, wherein each of the clusters includes a
cluster control station which controls a plurality
of base stations within the cluster, and said means
carries out the handover control via cluster control
stations included 1n the first and second clusters.

19. A mobile station operable in a mobile
communication system which includes a plurality of
clusters each including a plurality of mutually
coupled base stations, séid mobile station
comprising:

means for simultaneously receiving signals from
one or a plurality of base stations within one
cluster; and

means for simultaneously sending signals to one
or a plurality of base stations within one cluster.

20. The mobile station as claimed in
claim 19, wherein each of the clusters includes a
cluster control station which controls the plurality
of base stations within one cluster to which the
cluster control station belongs, and said mobile
station further comprises:
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means for notifying the cluster control station
of one or a plurality of base stations within said
one cluster capable of communicating with the mobile
station.
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