
SPECIFICATION  TITLE OF THE INVENTION. NETWORK SYSTEM OF RADIO BASE
STATIONS AND  CONTROL STATION, AND METHODS FOR SWITCHING. OF BASE.
STATIONS, SIGNAL PROCESSING AND.HANDOVER CONTROL  TECHNICAL FIELD The
present invention relates to a radio  communication system, more
particularly, to a  network system of radio base stations and the method
for switching base stations, in which a base station  provided in each of a
plurality of cells and a control  station that controls the base stations
are  connected by optical fibers using a wavelength  multiplexing
transmission or a sub-carrier optical  transmission method. The , present
invention also relates to a  system in which a control station receives
signals  from a plurality of base stations and equalizes those  signals,
which control station controls a communication network including the base
stations,  and which signals are sent to a plurality of base  stations by a
mobile station under handover. BACKGROUND ART In a network of radio. base
stations-to  which optical wavelength division multiplexing  (WDM) is
applied for example, there are generally  provided with a plurality of base
stations that  communicate with radio communication terminals, and  a
control. station that comprehensively controls the  plurality of base
stations and communicates with  external communication networks, wherein
those  stations are connected by optical fiber lines. A conventional base
station converts a  signal received from.a radio communication terminal
into an optical signal having a wavelength specific -2- for the base
station in order to transmit the optical  signal. to the control station
via the optical fiber  



lines. Therefore, the control station has an  optical receiving device that
can support a  plurality of wavelengths the number of which  wavelengths
equals to the number of the base stations  in the network. This optical
receiving device  includes a plurality of optical receivers wherein  each
of the plurality of optical receivers can  support a single wavelength.
Each of these optical  receivers is responsible for receiving. optical
signals from a single base station and converting  the received optical
signals into electrical signals.  The converted signals are switched by a
selection  switch, to become received electrical signals. That is, when a
mobile station moves to  another cell., the control station has to switch
the  selection switch into another optical receiver in  order to continue
receiving from that mobile station. The conventional WDM-applied network of
radio base stations is described hereinafter with  reference to Figs. 1 and
2. Fig. 1 is a block' diagram  showing an example.of a configuration of the
conventional network system of radio base stations.  A control station 10
and base.stations  . (BS 1-7 , hereinafter referred ,to as "BS", the number
of which base stations is not limited to 7) are  connected into a loop
structure by optical fibers  30 in which optical signals are transmitted
and  received by using a wavelength multiplexing  transmission method.. In
this configuration, when the control  station 10 transmits an optical
signal to each BS,  since a different wavelength for receiving is assigned
to each BS, and optical transmitter 16 for -3- transmitting a wavelength
specific for-each BS is  provided in the control station 10, each optical  



signal is combined.for wavelength multiplexing  transmission and is
transmitted by a WDM coupler 17. In each of the BS1-7, an optical signal
having a wavelength specific for each BS is split  off by each WDM coupler
25, and is received by an  optical receiver 23. Signals from the optical
receiver 23 are radio-transmitted to radio  communication terminals (MS1
and MS2, hereinafter.  referred to as "MS", the number of which terminals
is not limited to 2) via an antenna 21 by an access  radio (radio
communication between the BS and the  radio communication terminal)
transceiver 22. A radio signal from the MS is received by  the access radio
transceiver 22 via the antenna 21,  is converted into an optical signal by
an optical  transmitter 24, and is then combined by the WDM  coupler 25 for
wavelength multiplexing  transmission. The access radio transceiver 22 in
the BS  is.provided with a radio signal demodulator for  mobile
communications that demodulates and converts  the received signals from the
MS into digital signals,  and a radio signal modulator for mobile
communications that converts digital signals  outputted from the optical
receiver 23 into signals  having radio frequencies for mobile
communication. In the control station 10, the optical  signals from each BS
are split off into  single-wavelength signals by the WDM coupler 17, and
are then received by the optical receiver 15. When, for.example, the MS1 is
communicating with an MS3, the control station uses  a wavelength I 8S3 for
transmitting signals to the BS3,  and the BS3 uses a wavelength A. BS3' for
transmitting  signals to the control station. -4- Then, when the MS moves
and commences to communicate with the BS4, in the control station 10,  



the selection switch 14 is operated such that an  optical transmitter for
the wavelength /A. BS3 of the  BS3 is switched into an optical transmitter
for a.  wavelength 2. BS4' of the BS4, and the control station  10 uses the
wavelength I Bs4 for transmitting signals  to the BS4. At the'same time,
the BS4 uses the  wavelength 2.BS4. for transmitting signals to the
control station. Since a wavelength used for  signals to the control
station is consequently  switched from the wavelength ). Bs31 into X Bs4'
the  control station 10 switches a receiving optical  receiver into one for
the wavelength .BS4 by the  selection switch 13 in order to receive the
signals,  whereby the MS and the control station can continue
communicating. . Fig.2 is a diagram showing an example of  the WDM coupler
in the conventional control station.  Signals from the optical transmitters
for each wavelength are inputted to a WDM coupler 171r  are combined for
wavelength multiplexing, and are  then transmitted to'each BS. Therefore,
when a transmitting BS is  switched from the BS3 to the BS4, the optical
transmitter is accordingly switched from one for A.  BS3 to another for
2s4. At the.same time, in a WDM coupler 172,  optical signals having
wavelengths I Bs1 2, BsN' from  each BS are split off by wavelength into
different  terminals, and are respectively received by the  optical
receiver. Therefore, when a receiving BS is  switched from the BS3 to the
BS4, the optical  receiver is then.switched by the selection switch,  since
it is necessary for an output terminal to be  switched from one for ;-BS3'
to another for 2. Bs4' . -5- However, when switching of base stations' due
to the movement of the radio communication  



terminals is required frequently, there appears a  problem in that, in the
control station, the workload  for performing selective combination such as
one in  the selection switches of each optical transceiver  becomes
excessive so that the processing requirement  of the control station
becomes too high. DISCLOSURE OF THE INVENTION Therefore, the general object
of. the  present invention is to provide a novel and  advantageous network
system of radio base stations,  which can resolve the above-mentioned
problem that  the prior art has. The detailed object of the present
invention is to provide an effective network system  of radio base stations
and the method for switching  of base stations that can reduce -processing
load in  a control station even when switching of base  stations occurs due
to the movement of radio  communication terminals. These objects are
achieved by a network  system of radio base stations comprising base
stations provided. in a plurality of cells and a  control station
controlling the base stations, in  which the base stations and the control
station are  connected by optical fibers with a wavelength  multiplexing
transmission, wherein: the base  station comprises a variable-wavelength
transmitter for transmitting an optical signal  having a predetermined
wavelength, and an optical  coupler for combining optical signals from the
variable-wavelength transmitter in order to  transmit the optical signals
by using wavelength  multiplexing transmission; the control station
comprises a.plurality, of optical receivers for -6- receiving
wavelengths-of the optical signals  transmitted using a wavelength
multiplexing  transmission method, and an optical coupler for  



splitting the wavelength-multiplexed optical  signals transmitted from the
base stations into the  optical receivers by wavelength, and when the radio
communication terminal-communicating with the base  station moves and
changes. the base station to  communicate with, a new base station which
communicates with'the radio communication terminal  after a movement of the
radio communication terminal  controls the wavelength of the
variable-wavelength  transmitter, and.then transmits the optical signals
to the control station using the same wavelength as  the one used for
transmitting by a previous base  station which communicates with the radio
communication terminal before the movement. Although the coupler may be a
WDM coupler  in this context, any other devices capable of  combining and
splitting off optical signals by  wavelength can be employed. Another
object of the present invention  is'to increase the quality
of'communication in a  mobile station performing soft.handover in the
above-mentioned radio communication network  system. This object is
achieved by a network  system of radio base stations comprising a plurality
of base stations communicating with radio  communication terminals, a
control station  comprehensively controlling the base'stations and
communicating with an external communication  network, and optical fiber
lines connecting the base  stations and the control station, in which each
of  the base stations receives signals transmitted by  the radio
communication terminal, converts the  received signals into optical
signals, and then -7 transmits the.converted optical signals to the'
control station via the optical.fiber lines,  wherein: each of the base
stations comprises a signal  



converting part for converting signals transmitted  .from the.radio
communication terminal into optical  signals having different wavelengths
as assigned  specifically to each of the sending radio  communication
terminals, and the control station  comprises an optical signal receiving
part for  receiving via theopticalfiberlinessimultaneously  optical signals
having an identical wavelength to  the wavelength assigned to the
originating radio  communication terminal that are converted  respectively
by the signal converting part from  signals transmitted from a single radio
communication terminal and received by at least two  base stations, and for
converting the received  signals into electric signals to be output, and an
equalizing part for equalizing the output signals. Other objects, features,
and advantages  of the present invention are elucidated in the  following
detailed description with reference to the  accompanied figures. . BRIEF
DESCRIPTION OF THE DRAWINGS Fig.l is a diagram partially showing a
schematic of a conventional network system of radio  base stations; Fig.2
is a diagram showing an example of,  a WDM coupler of a control station in
the  conventional system; Fig.3 is a diagram partially showing a  schematic
of a radio communication system according  to a first embodiment of the
present invention; Fig.4 is a diagram showing an example of  a. WDM coupler
of a control station in the first  embodiment; -8- Fig.5 is a diagram
partially showing a schematic of a radio communication system according  to
a second embodiment of the present invention;  Fig.6 is a diagram showing
an example of 



a WDM coupler of a BS in the second embodiment of  the present invention;
Fig.7 is a diagram partially showing a  schematic of a radio communication
system according  to a third embodiment of the present invention; Fig.8 is
a diagram showing an example of  a WDM coupler of a BS in the third
embodiment of the  present invention;. Fig.9 is a diagram partially showing
a  schematic of a radio communication system according  to a fourth
embodiment of the present invention; Fig.10 is a'diagram partially showing
a  schematic of a radio communication system according  to a fifth
embodiment of the present invention; Fig.ll is a diagram partially showing
a  schematic of a radio communication system according  to a sixth
embodiment of the present invention; Fig.12 is a diagram partially showing
a  schematic of a radio communication system according  to a
seventhembodiment,of the present invention; Fig.13 is a diagram partially
showing a  schematic of a radio communication system according  to the
seventh embodiment of the present invention; Fig.14'is:a diagram partially
showing a  schematic of a radio communication system according  to an
eighth embodiment of the present invention; Fig.15 is a schematic diagram
to explain  a time difference that may cause interference, in  case of
providing no diversity equalizing parts in  the control station; Fig.16 is
a diagram partially showing a  schematic of a radio communication system.
according  to a ninth embodiment of the present invention; -9- Fig.17 is a
diagram partially showing a schematic of a radio communication system
according  to a tenth embodiment of the present invention;  Fig.18 is a
diagram showing the case in 



which plural base stations are connected into a mesh  structure; Fig.19 is
a diagram showing the case in  which plural base stations are connected
into a  cluster structure. PREFERRED EMBODIMENTS FOR CARRYING OUT THE
INVENTION  Embodiments of the present invention are  described hereinafter
with reference to figures..  A first embodiment of the present invention is
described with reference to Figs.3 and  4. Fig.3 is a diagram partially
showing a  schematic of a radio communication system according  to the
first embodiment of the present invention. A :control station 40 and base
stations  (BS) are connected in.a loop structure by optical  fibers in
which optical signals. are transmitted and  received using a wavelength
multiplexing transmission method. In the control station 40, a
variable-wavelength light source 44 is provided as  an optical transmitter
for transmitting each optical  wavelength, and each optical signal is
combined for  wavelength multiplexing transmission and is transmitted to
the BS by a WDM coupler'45. In each of the base stations BS1-7, a WDM
coupler 55 splits off a wavelength specific for each  base station from
others, and an optical receiver  53 then receives the split off wavelength.
Signals  from the optical receiver 53 are radio-transmitted  to radio
communication terminals (MS) via an antenna  51 by an access radio (radio
communication between -10- the BS and the radio communication terminal)
transceiver 52. Radio signals from the radio  communication terminal are
received by the access  radio transceiver 52. via the antenna 51, are
converted into optical signals having an arbitrary  



wavelength by a variable-wavelength light source 54,  and are then combined
by the WDM coupler 55 for  wavelength multiplexing transmission to the
control  station 40. In the control station 40, optical  signals from each
BS are split off into  single-wavelength signals by the WDM coupler 45, and
then respectively received by an optical receiver  43.. When the MS1 is
communicating with the BS3,  the BS3' uses a wavelength A, ms, for
transmitting the  received information from the MS1 to the control
station. . Then, when the MS1 moves and commences to  communicate with the
BS.4, since the BS4 changes an  output wavelength of the
variable-wavelength light  source 54 into the wavelength A.Msl, and
transmits  signals thereafter, the control station 40 can  continue
receiving signals having the wavelength A,  ms, without any switching
operation. The MS1 thus  achieves a switching of base stations from the BS3
to the BS4. Fig.4 is a diagram showing an example of  the WDM coupler in
the control station according to  the first embodiment. in a WDM coupler
452r.signals.having  wavelengths A. Ms1- l MSN received from each BS are
split off and distributed into different terminals  by wavelength, and then
respectively received by the  optical receiver 43. In this embodiment,
therefore, when the  switching of base stations occurs due to a movement
of the MS, since, in respect of this MS, the -11- wavelength of optical
signals from.the BS is not  changed, and in the control station., the
optical  signals are outputted from the identical terminal,  the control
station can continue to receive these  optical signals with the identical
optical receiver'  



43 and can dispense with any switching operations. A second embodiment of
the present  invention is described with reference to Figs. 5 and  6. Fig.5
is a diagram partially showing a  schematic of'a radio communication system
according  to the second embodiment of the present invention. A control
station 60 and base stations  (BS) are connected in a loop structure by the
optical  fibers 30. in the control station 60, there is  provided a
variable-wavelength light source 64 that  can vary a wavelength for
transmission, and each  optical signal is combined for wavelength
multiplexing transmission and is then transmitted  to the BS by a WDM
coupler 65. In each of base stations BS1-7, a WDM  coupler 75 splits off a
wavelength specific for each  base station from. others, and an optical
receiver  73 then receives the split off wavelength. Signals  from the
optical receiver 73 are radio-transmitted  to radio communication terminals
(MS) via an antenna  71 by an access radio transceiver 72. Radio signals
from the radio communication terminal are received  by the access radio
transceiver 72 via the antenna  71, are converted into optical signals
having an  arbitrary wavelength by a variable-wavelength light  source 74,
and are then combined by the WDM coupler  75 for wavelength multiplexing
transmission. In the control. station 60, optical  signals from each BS are
split off into  single-wavelength signals by the WDM coupler 65, and -12-
are then received by an optical receiver 63. When the MS1is communicating
with the BS3,  communication information is transmitted from the  control
station 60 to the BS3 with a wavelength  BS3 Then, when the MS moves and
commences to  



communicate with the-BS4, the control station 60  achieves a switching of
base stations by changing  a wavelength of the variable-wavelength light
source  from I BS3 to 2 BS4 and then transmitting with the  waveiengthI,BS4
The control station 80 thus  achieves the switching of BS by merely
controlling  the wavelength of the variable-wavelength light  source. Fig.6
is a diagram showing an example of  the WDM coupler in the BS according to
the second  embodiment. In a WDM coupler 751, among signals having
wavelengths 1 Bsl- 1 BsN received from the control  station 60 or the other
BS, only optical signals  having a wavelength that is a specific wavelength
2 BsM assigned for that BS are split off and others  .are to be passed
through. Signals from the  variable-wavelength light source in BS are
combined  for wavelength multiplexing transmission. Therefore, when the MS1
switches a base  station to be communicated with from the BS3 to the  BS4,
the control station 60 changes the wavelength  of the variable-wavelength
light source from 2 BS3 to  ?BS4 for transmission of information of that
communication, and then transmits signals with the.  wavelength 1. BS4 in
order to achieve a switching of  BS. A third embodiment of the present
invention is described with reference to Figs.7 and  8. Fig.7 is a diagram
partially showing a  schematic of a radio communication system according
-13- to the third embodiment-of-the present invention. A control station 80
and base stations  (BS) are connected in a loop structure by the optical
fibers 30 in which optical signals are transmitted  and received using the
wavelength multiplexing  



transmission method. In the control. station 80, there is  provided with an
optical transmitter 84 that  transmits.each optical wavelength, and each
optical  signal is combined for wavelength multiplexing  transmission and
is then. transmitted to the BS by  a WDM coupler 85. The light. sources for
transmission in the  optical-transmitter 84 are here provided for each  MS.
For example, when the MS1 commences to communicate with the BS3, a
wavelength of the light  source for transmission in the MS1'is set to the
wavelength 2- BS3 . In each, of BS1-7, a variable WDM coupler  95 splits
off an optical signal having an arbitrary  wavelength from others, and an
optical receiver 93  then receives the optical signal. Signals from the
optical receiver 931 are radio-transmitted to radio  communication
terminals (MS) via an antenna 91 by  an access radio transceiver 92. Radio
signals.from the radio  communication terminal are received by the access
radio transceiver 92 via the antenna 91,.are  converted into optical
signals having a  predetermined wavelength by a variable-wavelength .light
source 94, and are then combined by the WDM  coupler 95 for wavelength
multiplexing transmission.  The variable-wavelength light source 94 is a
light  source that can optionally control a wavelength  outputted from the
light source. In the control station 80, optical  signals from each BS are
split off into -14- single-wavelength signals by-the WDM coupler 85, and
are then received by an optical receiver 83. When the MS1 is communicating
with the BS3,  communication information is transmitted from the  control
station.to the BS3 with the wavelength I  



Bs3 Then, when the MS moves and commences to communicate with the BS4, the
control station 80 does  not change a wavelength. for transmission intended
for use by the BS. That is, even when the radio  communication terminal
changes the base station to  be communicated with, the control station
still uses  the wavelength. ). BS3 that is the wavelength of optical
signals intended for use by the base station which  communicates with the
MS before the movement of the  MS. At the same time, the BS4 splits off
signals intended for the MS1 transmitted from the  control station 80 with
the wavelength X8S3, from  other signals by. the variable WDM coupler 85,
receives them with the optical receiver 93, and then  radio-transmits them
to the MSl via the antenna 91  by the access.radio transceiver 92. Thus,
the control station 80 can continue  communicating with the MS1 without
switching an  optical transmitter or any other operation of  controlling
wavelengths, and can achieve a switching  of BS. Fig.8 is a diagram showing
an example of  the WDM coupler in BS according to the third  embodiment. In
a WDM coupler 951, among optical  signals having wavelengths ;L BS1- 1 BSN
received from  the control station 80 or the other BS, only  predetermined
optical signals having a wavelength BSM are split off, and the others are
to be passed  through. Signals from the variable-wavelength  light
source.94 in the BS are combined by a WDM -15- coupler 952 for wavelength
multiplexing  transmission. Therefore, when the MS1 switches a base
station to.be communicated with from the BS3 to the  BS4, the wavelength
split off by the variable WDM  



coupler in the BS4 is changed into the wavelength  A.ss3, whereby optical
signals from the control  station 80 are transmitted to the BS4 so that a .
switching of BS is achieved. A fourth embodiment of the present  invention
is.'described with reference to Fig.9.  Fig.9 is a diagram partially
showing a schematic of a radio communication system according  to the
fourth embodiment of the present invention.  A control station 100 and base
stations (BS) are connected in a loop structure by the optical  fibers 30.
In the control station 100, signals that  are split off by an MUX/DEMUX 102
are converted into  entrance radio signals by a variable-frequency
entrance MOD 104, are frequency-multiplexed by a  selective-frequency
coupler 105, and are then  transmitted to. the BS by an E/O 106 using the
sub-carrier transmission method. In each of BS1-7, the transmitted signals
are converted into frequency-multiplexed radio  signals by each O/E 115,
and a predetermined entrance  radio frequency signal is split off from the
frequency-multiplexed radio signals by a  selective-frequency coupler 114.
The signal split  off is demodulated by a variable-frequency entrance  DEM
1131 (here, a variable-frequency entrance MODEM  113 includes the
variable-frequency entrance DEM  113, for demodulating and a
variable-frequency  entrance MOD 1132 for modulating) . Digital signals
demodulated by the variable-frequency entrance MOD  1131 are converted into
radio frequency signals -16- intended for the radio communication terminals
and  are then radio-transmitted to the radio  communication terminal (MS)
via an antenna 111 by  an access radio transceiver 112. Radio.signals from
the radio  



communication terminal are received by the access  radio transceiver 112
via the antenna 111, and are  then converted into digital signals. The
digital  signals are then converted into the entrance radio  signals having
a frequency fMsl by the variable-frequency entrance MOD 1132. The output
signals are multiplexed by the selective-frequency  coupler 114 and are
then transmitted to the control  station or the other BS by an E/O 116 on
the sub-carrier transmission. in the control station 100, optical  signals
from each BS are converted into  frequency-multiplexed radio signals by the
O/E 107.  The converted signals are split off into  single-wavelength
signals by the  selective-frequency coupler 105. Each  single-wavelength
signal is demodulated into a  digital signal by the variable-frequency
entrance  DEM 103. When the MS1 is communicating with the BS3,  the BS3
modulates information from the MS1 with a  variable-frequency entrance
radio signal having the  frequency fMsl, and then transmits the modulated
signal to the control station 100 on the sub-carrier  transmission. Then,.
when the MS1 moves and commences to  communicate with the BS4, the BS4
controls.a carrier  (that is the entrance radio frequency) of the
variable-frequency entrance MOD 1132, modulates  information from the MS1
with the entrance radio  frequency having the frequency fMsl, and then
transmits the modulated signal to the control -17- station 100 on the
sub-carrier optical transmission.  The control station 100 still uses
the'same entrance  radio frequency fMs1 for receiving, whereby the .
control station can continue receiving the signals  from the MS1. 



The switching of base stations from the  BS3 to the BS4 in respect of the
MS1 is thus achieved.  A fifth embodiment of the present invention is
described with reference to.Fig.10.  Fig.10 is a diagram partially showing
a  schematic of a radio communication system according  to the fifth
embodiment of the present invention. A control station 120 and base
stations  (BS) are connected in a loop structure by the optical  fibers
30.. In the control station 120, signals that  are split off by an
MUX/DEMUX 122 are modulated into  entrance radio signals (with frequencies
fBSl-fBSN)  by a variable-frequency entrance MOD 124, are
frequency-multiplexed by a selective-frequency  coupler 125, and are then
transmitted to each BS by  an E/O 126 using the sub-carrier. transmission
method. In each of BS1-7, the transmitted signals  are converted into
frequency-multiplexed radio  signals by each O/E 135, and a signal having a
frequency specific for each BS is split off from the  converted signals by
a selective-frequency coupler  1.14. The signal split off is demodulated by
a  variable-frequency. entrance DEM 1331 (here, a  variable-frequency
entrance MODEM 133 includes the  variable-frequency entrance DEM 1331 for
demodulating and a variable-frequency entrance MOD  1332 for modulating).
Digital signals demodulated  by the variable-frequency entrance DEM 1131
are  radio-transmitted to the radio communication  terminal (MS) via an
antenna 131 by an access radio -18- transceiver 132. Radio-signals-from the
radio  communication terminal are received by the access  radio transceiver
132 via the antenna 131, and are  then converted into digital signals.' The
digital  signals are then modulated into the entrance radio  



signals by the variable-frequency entrance MOD 1332.  The output signals
are frequency-multiplexed by the  selective-frequency coupler 134, and are
then  transmitted to. the control station 120 or the other  BS by an E/O
127 using the sub-carrier transmission  method. In the control station 120,
optical  signals from each BS are converted into  frequency-multiplexed
radio signals by the O/E 127.  The converted signals. are split off into
single-wavelength. signals by the  selective-frequency coupler 125. Each
single-wavelength signal is demodulated into a  digital signal by the
variable-frequency entrance  DEM 123. When the MS1 is communicating with
the BS3,  the control station 120 modulates the information  with an
entrance radio signal having the frequency  fBS3, and then transmits the
modulated signal to the  BS3 on the sub-carrier transmission. Then, when
the MS1 moves and commences to  communicate with the BS4, the control
station 120  controls a carrier (that is the entrance radio  frequency) of
the variable-frequency entrance MOD  124, converts the entrance radio
frequency having  the frequency fBS3 into the entrance radio frequency
having the frequency fBS4, and then transmits the  converted signal to the
BS4 using the sub-carrier  optical transmission method. Thus, the control
station 120 controls a carrier of the  variable-frequency entrance MOD 124
so that the  control station can change a destination of signals 19- from
the- BS3 to the BS4, that is, the switching of  base stations is achieved.
.A sixth embodiment of the present  invention is described with reference
to Fig.11.  Fig.11 is a diagram partially showing a 



schematic of a radio communication system according  to the sixth
embodiment of the present invention.'  A control station 140 and base
stations (BS) are connected into a loop structure by the  optical fibers
30. In the control station 140, signals that  are split off by an MUX/DEMUX
142 are modulated into  entrance radio signals (with frequencies fast-fBsN)
by a variable-frequency entrance MOD 144, are frequency-multiplexed by a
selective-frequency  coupler 145, and are then transmitted to each BS by
an E/O 146 using the sub-carrier transmission  method. In each of BS1-7,
the transmitted signals  are converted into frequency-multiplexed radio
signals by each O/E 155, and a signal having a  predetermined frequency is
split off from the  converted signals by a selective-frequency coupler
154. The signal split off is demodulated by a  variable-frequency entrance
DEM 1531 (here, a  variable-frequency entrance MODEM 153 includes the
variable-frequency entrance DEM 1531 for.  demodulating and a
variable-frequency entrance MOD  1532 for modulating) Digital signals
demodulated  by the variable-frequency entrance DEM 1531 are
radio-transmitted to a radio communication terminal  (MS) via an antenna
151 by an access radio  transceiver 152. Radio signals from the radio
communication terminal are received by the access  radio transceiver 152
via the antenna 151, and are  then converted into digital signals. The
digital -20- signals are then- converted into the entrance radio  signals
by the variable-frequency entrance MOD 1532.  The output signals are
multiplexed by the  selective-frequency coupler 154, and are then
transmitted to the control station 120 or the other  



BS by an E/O 156 on the sub-carrier transmission. In the control station
140, optical  signals from each BS are converted into
frequency-multiplexed radio signals by the O/E 147.  The converted signals
are split off into  single-wavelength signals by the  selective-frequency
coupler 145. Each  single-wavelength signal is demodulated into a  digital
signal by the variable-frequency entrance  DEM. 143. When the MS1 is
communicating with the BS3,  the control station 140 modulates the
information  with an entrance radio signal having the frequency  fBS3, and
then transmits the modulated signal to the  BS3 on the sub-carrier
transmission. Then, even when the MS1 moves and  commences to communicate
with the BS4, the control  station 140 still uses the entrance radio
frequency  having the frequency fss3 for transmitting using the
sub-carrier optical transmission method. At the  same time, the BS4
controls the variable  selective-frequency coupler 154 such that the BS4
uses the frequency fBS3 for splitting off, and then  receives the entrance
radio signal having the  frequency fss3 from the control station 140. Thus,
without any operation on switching of frequencies,  the control station can
change the destination of  signals from the BS3 to the BS4, and the
switching  of BS is achieved. A seventh embodiment of the present
invention is described with reference to Figs. 12 and  13. -21- Figs.12 and
13 are diagrams partially showing schematics of a radio communication
system  according to the seventh embodiment of the present  invention. This
embodiment shows the case that the  



radio communication terminal moves from the Cluster  1 to the Cluster 2
over the communication network  organized into a cluster structure, and
Figs.12 and  13 show the aspects of uplink and downlink controls,
respectively. In Fig-.12, when the MS1 is communicating  with the BS6, the
BS6 transmits information from the  MS1 to a cluster control station 1 with
the wavelength ;L Msi . Then, when the MS1 moves and changes a  cluster in
order to commence to communicate with the  BS2, in this embodiment, the
cluster, control station  1 in the Cluster 1 then transmits signals sent
from  the MS1 and intended for the cluster control station  2 in the
Cluster 2 to the control station 160 with  the same wavelength IMsl as one
used by the BS6 for  transmitting before the movement of the MS1. When the
wavelength X Msi is not being used  in the Cluster 2, the control station
160 then relays  and transmits signals sent from the MS1 and carried  on
the wavelength lMsx from the cluster control  station 1 to the cluster
control station 2 without  converting of wavelengths. When the wavelength
;. Msi is being used in  the Cluster 2, the control station 160 then
converts  the wavelength t.Msl sent from the cluster control  station 1
into a wavelength 2.MSl that is not used  in the Cluster 2, and then
transmits the converted  signals to the cluster control station 2. Then, in
the Cluster 2 that the MS1 moves  into, the BS2 transmits signals sent from
the MS1  to the cluster control station 2 with the same -22.- wavelength
IMS1 as one used by the BS6 in Cluster 1  for transmitting to the cluster
control station 1  before the movement of the MS1. In the case that  the
wavelength 2, Msl is being used in the Cluster 2,  the BS2 in the Cluster 2
transmits the signals to  



the cluster control station 2 with the wavelength  l Ms1. "that is not
being used in the Cluster 2. The radio communication terminal can thus
switch of clusters and of base stations, with achieve  a seamless handover
between clusters. .In Fig.13, when the MS1 is communicating  with the BS6
in the Cluster 1, the BS6 receives.  information from the cluster control
station 1 with  the wavelength 2 Msl . Then, when the MS1 moves and changes
a  cluster in order to commence to communicate with the  BS2 in the Cluster
2, in this embodiment, the cluster  control station I in the Cluster 1 then
transmits  signals intended for the MS1 to the BS2 in the Cluster  2 via
the control station 160 with the same wavelength IMs1 as one used by the
cluster control  station 1 for transmitting to the BS6 before the  movement
of the MS1. When the wavelength 2 Ms1 is not being used  in the Cluster 2,
the control station 160 then relays  and transmits signals sent from MS1
and carried on  the wavelength ) Ms1 from the cluster control station  1 to
the cluster control station 2 without converting  of wavelengths.. When the
wavelength 2, MS1 is being used in  the Cluster 2, the control station 160
then converts  the wavelength 'MS1 sent from the cluster control  station 1
into the wavelength XMS1- that is not being  used in the Cluster 2, and
then transmits the converted signals to the cluster control station 2.  The
cluster control station 2 then  transmits signals intended for the MS1 with
the -23  wavelength 2. Msi or 2. Msl. , to the BS2 with which the  MS1 is
currently communicating. The BS2 then  converts the received signals into
signals having  the access radio (a radio communication between the  BS and
the radio communication terminal) frequency,  



and then radio-transmits the converted signals to  the MS1. The radio
communication terminal can thus  switch of clusters and of base stations,
with a  seamless handover between clusters. Although, in the context of,the
above-mentioned embodiments 1-7, the WDM couplers  are described to include
a coupler for combining and  a coupler for splitting off in some cases (for
example, Fig.4, Fig.6, and Fig.8), it is an  exemplified description to
emphasize a function to  combine and a function to split off, and a single
WDM coupler provided with these two functions can  be employed. Also, a
plurality of base stations and a  control station that controls the
plurality of base  stations may be connected with the sub-carrier  optical
transmission with the radio signals for  mobile communication instead of
the entrance radio  signals. V As described above, according to the
embodiments 1-7 of the present invention, in the  network system of radio
base stations in which the  plurality of base stations and the control
station  that controls those base stations are connected  using the
wavelength multiplexing transmission  method, a wavelength is assigned to a
communication  between the base station and the radio communication
terminal, and when the mobile terminal moves and the  switching of base
stations arises, wavelengths used  for transmission of information in base
stations and  control stations are controlled so that the control --24-
station can dispense with any operation of switching,  resulting in a
simplified control operation. Also, by applying sub-carrier optical
transmission to control frequencies of sub-carriers  on this network system
of radio base stations, the  



same effect is obtained. Further, by applying these embodiments of  the
present invention to a network organized into  a cluster structure, a
highly scalable network  system of radio base stations is achieved, and the
radio communication terminals can roam among the  clusters. An eighth
embodiment of the present  invention is described with reference to Figs.
14and  15. Fig.14 is a diagram partially showing a  schematic of a radio
communication system according  to the eighth embodiment of the present
invention. During performing soft handover, a signal  sent from a single
mobile station is converted into  two respective optical signals
independently at two  base stations. The control station receives and
monitors those two optical signals in order to  achieve handover. According
to the above-mentioned  embodiments 1-7, although these two optical signals
arrive at the control station 201 at different times  depending on at which
base station they are converted,  these two optical signals are received at
the same  receiver in the control station since they have the  same
wavelength.- This might cause interference  between these signals and make
it difficult to  establish communications. In this embodiment,  therefore,
a process of equalization is performed  in a subsequent stage of the
optical receiving  device. In Fig.14, a control station 201 and a
plurality of base stations (referred to as BS1-BS7  hereinafter, as an
example) are connected in a loop -25- structure by- optical- fiber cables.
The WDM is  applied here, for example. The base station is  provided in
each cell and controls radio  communications with radio communication
terminals  that are located within each cell. Any type of  



optical fibers'or any optical fibers with arbitrary  performance may be
used, and any interval between  base stations may be employed. Also, it is
assumed  that the control station and each base station  mutually
communicate in optical signals using the  wavelength multiplexing
transmission method. The control station 201 includes a  controller 202, an
MUX/DEMUX 203, a  variable-wavelength light source 204, a WDM coupler  205,
an optical receiving device 206, and a diversity  equalizer 207. The
controller 202 controls  communications between the network of the base
stations (BS1-BS7) that are managed by the control  station 201 and the
external communication network  (that is the backbone network). The
MUX/DEMUX 203 splits off multiplexed  signals received from the backbone
network, and  multiplexes signals to be transmitted to the  backbone
network. The variable-wavelength light source 204  (supporting N types of
wavelengths 1-N) converts. an  electric signal to be transmitted into an
optical  signal having a wavelength specific for each destination mobile
station. It is here assumed that  a single wavelength is assigned to each
mobile  station, and the variable-wavelength light source  is also provided
to accommodate each wavelength,  that is, the variable-wavelength light
source is  provided to meet the supposed maximum number of  mobile stations
that can be accepted. The WDM coupler 205 combines optical -26- signals to
be transmitted having-different  wavelengths, and splits off a received
combined  optical signal-into single-wavelength optical  signals split off
by wavelength. The optical receiving device 206 that  



includes a plurality of optical receivers receives  and converts the
single-wavelength optical signals  split off by wavelength into electric
signals. It  is here assumed that a single wavelength.is assigned  to each
mobile station, and the optical receiving  device is also provided for each
wavelength, that  is, the optical receiving device is provided to meet  the
supposed maximum number of mobile stations that  can be accepted. In other
words, optical signals  that are converted from signals transmitted from an
identical mobile station are converted into electric  signals by an
identical. receiver, irrespective of  which base station transmits each of
those optical  signals. The diversity equalizer.207 is provided
subsequently to the optical receiving device 206.  Among signals received
and converted into electric  signals, the diversity equalizer 207 combines
only  signals that are. sent from an identical mobile  station, that is,
that have the same wavelength at  the input stage of the control station
201, in order  to equalize the received signals having arrived at
different times. Taking the base station BS2 as an example,  a
configuration of each base station is then  described. It is assumed that
every base station  has the same configuration.. Each base station has  a
WDM coupler 208, an optical receiver 209, an access  radio transceiver 210,
an antenna 211, a radio  transceiver 212, an access MODEM 213, and a
variable-wavelength light source 214. The WDM coupler 208 splits off and
takes -27- in an optical signal having a wavelength specific  for the base
station among the combined optical  signals transmitted from the control
station 201,  and combines optical signals to be transmitted to  the
control station 201. 



The optical receiver 209 receives optical  signals taken into by the WDM
coupler 208, and then  converts them into electric signals. The access
radio transceiver 210 includes  a radio transceiver 212 radio-communicating
with the  mobile stations via the antenna 211, and an access  MODEM 213
modulating and demodulating the received  signals and the signals to
betransmitted. The variable-wavelength light source 214  receives electric
signals received from the mobile  station and then converts them into
optical signals  having a wavelength specific for that mobile station.
Before describing the operation of the  above-mentioned configuration, the
above-mentioned  interference that may occur during handover is  described.
Fig. 15 is a schematic diagram to explain  the time difference that may
cause interference, in  case of not providing diversity equalizing parts in
the control station. In.Fig. 15, for simplicity, it  is assumed that the
mobile station MS is under  handover between the base station BS1 and the
base  station BS2. In case of mobile stations  communicating via the base
station BS1, that  communication continues through the base station BS2
and the base station BS3 (hereinafter, referred to  as a route r1) to
arrive at the control station 201.  In case of mobile stations
communicating via the base  station BS2, that communication continues
through  the base station BS3 (hereinafter, referred to as  a route r2) to
arrive at the control station 201. The control station 201 receives signals
-28- passed through the route r1 and signals passed  through the route r2
at the same time, and monitors  and compares the quality of both
connections in order  to perform handover. For simplifying here, in Fig.15
a radio  



circuit part 301 comprehensively represents  components necessary for
transmitting and receiving  signals, except the coupler .208 and the
antenna 211  in the base stations BS1-BS3. As described in Fig. 15, it is
assumed here  that t1 represents a time required for transferring  signals
from the mobile station MS to the base  station BS1, t2 represents a time
required for  transferring signals from the mobile station MS to  the base
station BS2, t12 represents a time required  for transferring signals from
the base station BS1  to the base station BS2 via. the route r1, and t
represents a time required for transferring signals  from the base station.
BS2 to the control station 201  via the routes ri and r2, whereby a total
time  required for transferring via the route rl equals  to t+t1+t12, and a
total time required for  transferring via the route r2 equals to t+t2.
Therefore, even though transmitted from  the same mobile station MS, a time
lag  t=I(t1+t12)-t21 arises for arrival at the control  station 201 between
the signals via the route r1 and  the signals via the route r2. The times
required to transfer t1, t2, and  t12 are values that always vary because
of the  position of the mobile station MS, the condition of  installation
of the base station BS, and any other  factors of a communication
environment. Therefore,  it is difficult to accomplish the above
time-adjustment. As described above, since both signals  routed in the
route r1 and the route r2 have the same -29- wavelength, those signals
interfere with each other  at the optical receiver in the control station
as  the result of the above-mentioned time lag.  Therefore, even though
soft handover is achieved by  receiving the signal via the route rl and the
signal  



via the route r2 at the same time and monitoring the  quality of
connections, establishing and  maintaining communication during performing
a soft  handover may be difficult. The diversity equaling part 207 is
provided to avoid such difficulties from arising.  When optical signals
having the same wavelength are  received, after these signals are converted
into  electric signals by the optical receiving device 206,  the diversity
equaling part 207 equalizes the  converted received signals. Since all
signals  including the delayed waves are equalized by this  process, the
above-mentioned interference is  avoided, and the diversity effect is
obtained,  whereby the quality of connection increases. The operation of
the radio communication  system shown in Fig.14 will now be then described.
It is assumed here that there are the mobile stations  MS1 and MS2, and the
wavelength 1 Msi is assigned to  the mobile station MS1 as the wavelength
specific  for the MS1 and the wavelength 1, Ms2 is assigned to  the mobile
station MS2 as the wavelength specific  for the MS2. It is assumed now that
the mobile station  MS1 is located ina cell under control of the base
station BS3. A signal transmitted for the mobile  station MS1 via the
backbone network is firstly.  received by the controller 202 in the control
station  201, and is then fed to the MUX/DEMUX 203. The transmission signal
intended for the  mobile station MS1 is then split off by the MUX/DEMUX
203, and is converted into the optical signal having -30- the wavelength A,
Msl by the variable-wavelength  optical source 204. The transmission signal
intended for the  mobile station MS1 is then combined with signals  having.
other wavelengths by the WDM coupler 205, and  



.is transmitted by the control station 201. The transmission signals for
the mobile  station MS1 that are passed thus through the network  of radio
base stations are split off and taken into  the WDM coupler 208 in the base
station BS3. Then, the transmission signals intended  for the mobile
station MS1 are converted into  electrical signals by the optical receiver
209, are  modulated by the access MODEM 213 in.the access radio
transceiver 210, and are then transmitted to the  mobile station MS1 via
the antenna 211 by the radio  transceiver 212. On the other hand, a signal
transmitted  from the mobile station MS1 is firstly received by  the radio
transceiver 212 in the access radio transceiver 210 via the antenna 211 in
the base  station BS3, is demodulated by the access MODEM 213,  and is then
transmitted the to variable-wavelength  optical source 214. Then, the
transmission signal sent from  the mobile station MS1 is converted into an
optical  signal having the wavelength ?.Ms, by the variable-wavelength
optical source 214, is combined  by the WDM coupler 208,. and is then
transmitted to  the control station 201 using the wavelength multiplexing
transmission method. Then, the transmission signal sent from  the mobile
station MS1 is split off and taken into  the WDM coupler 205 in the control
station 201. Then, the transmission signal sent from  the mobile station
MS1 is converted into an electric  signal, and is then transferred to the
diversity -31- equalizer 207 by the optical receiver for MS1 in the
optical receiving device 206 that is the optical  receiver specific for the
wavelength )MSi Then, the transmission signal sent from  the mobile station
MS1 is equalized when there are  



some components arriving with time differences in  the same-wavelength
signal, and is then transferred  to the MUX/DEMUX 203. Then, the
transmission signal from the  mobile station MS1 is multiplexed, and is
transferred to the backbone network via the  controller 202. It is here
regarded that the mobile  station MS1 moves from a cell under control of
the  base station BS3 to another cell under control of  the base station
BS4. As described above, during  handover, each of the base station BS3 and
the base  station BS4 converts the signal received from the  mobile station
MS1 into the optical signal having  the wavelength 2MS1, and transfers the
optical  signal to the control station 201. The control station 201
near-simultaneously. receives signals routed via the  base station BS3 and
signals routed via the base  station BS4, and monitors the quality of both
connections.  The optical signal having the wavelength  IMsi transmitted
from the base station BS3 and the  optical signal having the wavelength 2
s1  transmitted from the base station BS4 arrive at the  control station
201 with the time difference that  always varies, as described above. All
received signals having the  wavelength IMsi are converted into electric
signals  by the same optical receiver, irrespective of which  base station
transmits each of those signals. The converted electric signals received
-32- from the mobile station.MS1 under handover including  the delayed
waves are equalized by the diversity  equalizer 207, as described above.
Since the signals transmitted from the  mobile station MS1 under handover
are thus equalized  



irrespective of through which base station those  signals pass,. the
interference due to the time  difference of arrival at the control station
can be  eliminated, and the effect of diversity can be  obtained.
Therefore, during handover of the mobile  station, the control station
near-simultaneously  receives signals transmitted from the mobile stations
in order to monitor the condition of  connections to perform handover,
while signals  transmitted from all possible destination base  stations of
the handover are equalized rather than only a single signal from either of
the possible  destination base stations.being handled as the  received
signal. Consequently the quality of  telephone speech can be retained
during the handover,  irrespective of the position and the movement of the
mobile station and other factors of the  communication environment.
Although it is described that the  diversity equalizer 207 equalizes all
signals  transmitted from the mobile station under handover  in this
context, the diversity equalizer 207 may  equalize only chosen signals with
the known aspect  and method in order to further increase the quality  of
communication. Fig.16 is a diagram partially showing a  schematic of a
radio communication system according  to the ninth embodiment of the
present invention.  This embodiment has a configuration similar to the  one
of the configurations according to the eighth  embodiment, however this
embodiment uses a -33- sub-carrier optical transmission method instead of
wavelength multiplexing transmission method as the  transmission method in
the communication network  including the plurality of base stations under
control of the control station. 



In Fig.16, a variable-wavelength  entrance MOD 401 modulates a signal split
off by the  MUX/DEMUX 203 into an entrance radio signal. In  frequencies of
the entrance radio signals, a different frequency is assigned to each
mobile  station. It is here assumed that there are N mobile  stations and
they respectively employ one of the  frequencies fMsl-fMsN A
selective-frequency coupler 402  frequency-multiplexes the entrance radio
signals  that are converted such that each converted signal  has a
different frequency for each destination  mobile station, and splits off
the signals having  the wavelength specific for each base station among
the multiplexed signal received and taken into. An E/O 403 puts the f
requency-multiplexed  signal onto an optical sub-carrier, and transmits
the optical sub-carrier to the communication network  using the sub-carrier
optical transmission method. An O/E 404 converts the received optical
signal into a frequency-multiplexed radio signal.  A variable-wavelength
entrance DEM 405 demodulates  the entrance radio signal. The entrance MODEM
406 demodulates the  entrance radio signal taken into, and modulates the
signal received from the mobile station into the  entrance radio signal.
Even though the transmission method is  thus switched to the sub-carrier
optical  transmission method, the process during the handover  is not
changed, so that by equalizing the received  signals with the diversity
equalizer 207 after -34- wave-splitting, whereby the effect similar with
one  of the eighth embodiment is obtained. Also, the ninth embodiment can
be  employed with a configuration of the control station  and each base
station dispending with the optical  



receivers and the variable-wavelength optical sources so as to obtain a
reduction of configuration  and/or processing steps. Fig.17 is a diagram
partially showing a  schematic of the radio communication system  according
to the tenth embodiment of the present  invention. This embodiment has a
configuration.  similar to the configuration of the ninth embodiment,
however the tenth embodiment uses the access radio  signals instead of the
entrance radio signals. In Fig.17, a variable-frequency MOD 501  modulates
the signal split by the MUX/DEMUX 203 into  the access radio signal. In
frequencies of the  access radio signals, a different frequency is
assigned to each mobile station. It is here assumed  that there are N
mobile stations and they  respectively employ one of the frequencies
fMSl-fMSN  A variable-frequency access DEM 502 demodulates the  access
radio signal. In the sub-carrier optical transmission  method, the access
radio signal used in the radio  communication between each base stations
and the  mobile station is thus utilized for the radio signal  at a stage
before being carried on the sub-carrier  so that it becomes possible for
each base station  to dispense with the modulator/demodulator for the
access radio signal, and further reduction of configuration and/or
processing steps in the base  station can be obtained than in the eleventh
embodiment. It is also clear that an effect similar  to the one of the
eighth embodiment can be obtained  as well. -35- Although the case is
described to frequency-multiplex the signals to be carried on the  optical
sub-carrier (that is FDMA) in the contexts  of the ninth and tenth
embodiments, 'other methods,  for example, time-division multiplexing
(TDMA),  



code division multiplexing (CDMA) , can be used. In  those cases, th.e
splitting part in the control  station and each base station would be a
corresponding one for the method used. Also, although the case is mainly
described that the plurality of base stations are  connected in the loop
structure in the communication  network under control of the control
station in the  context of the above-mentioned embodiments, the base
station network according to the present invention  can be organized into a
mesh structure as shown in  Fig.18 and into a cluster structure as shown in
Fig.19, as well as the examples shown in the seventh  embodiment. In the
case of Fig.18, the base station  BS5 become a control station 601, while,
in the case  of Fig.19, there is a cluster control stations 701
respectively controlling each cluster and a control  station 702
controlling the plurality of cluster  control stations 701. Each control
station corresponds to the control station described in the  eighth to
tenth embodiments. Further, although, in the context of all  the
above-mentioned embodiments, performing  handover is limited to the example
of a radio  communication terminal that is a mobile station,  other
communication terminals communicating with  the network of radio base
stations directly or via  the external communication network connected with
the radio base station network through the control  station are not limited
to the mobile radio terminals  and may be stationary wired terminals such
as -36- personal computers, mobile wired terminals such as  PDAs, and
stationary wireless terminals such as  wireless LANs. Furthermore, although
in the contexts of  all the above'-mentioned embodiments, the WDM coupler  



is described as an example of the device for splitting and combining the
optical signals, these  embodiments are not limited to the WDM coupler, and
the present invention can employ any other devices  that can split.and
combine the optical signals by  wavelength and can have. an arbitrary
configuration  and form. The present invention can employ for  example a
device comprising a variable-wavelength  filter such as OADM (Optical
Add-Drop Multiplexer) ,  .or AOTF (Acoustic Optical Tunable Filter). As
described above, according to the. base  station network of the present
invention, the  wavelength of the optical signal transmitted from  the base
station through the optical fiber cable to  the control station is specific
for each mobile  station, so that, although the mobile station is  under
handover, the control station can receive all  that mobile station's
transmissions with the single  optical receiver. Therefore, by having a
configuration dispensing with the selective switch  compared to the prior
art,. it becomes possible to  reduce configuration and processing steps.
Also, in the control-station, the  equalizing part is provided at the
subsequent stage  of the optical receiver, so that, when the control
station receives the optical signals having the same  wavelength from the
different base stations, it  becomes possible to avoid those signals
interfering  with each other, to obtain the effect of diversity,  and to
increase the quality of communication during  the soft handover of the
mobile station. 1111111IIIIiIIIIiIII1!II -37- L M S CLAIMS  1. A network
system of radio base stations  comprising base stations provided in a
plurality of  cells and a control station controlling the base  stations,
in which the base stations and the control  



station are connected by optical fibers using a  wavelength multiplexing
transmission method,  wherein: the base station comprises a
variable-wavelength transmitter for transmitting  an optical signal having
a predetermined wavelength,  and an optical coupler for combining optical
signals  from the variable-wavelength transmitter in order  to transmit the
optical signals using the wavelength  multiplexing transmission method; the
control station comprises a plurality  of optical receivers for receiving
wavelengths of  the optical signals transmitted using the wavelength
multiplexing transmission method, and an optical  coupler for splitting the
wavelength-multiplexed  optical signals transmitted from the base stations
to the optical receivers by wavelength; and when the radio communication
terminal  communicating with the base station moves and  changes the base
station to communicate with, a new  base station which communicates with
the radio  communication terminal after a movement of the radio
communication terminal controls the wavelength of  the variable-wavelength
transmitter, and then  transmits the optical signals to the control station
with the same. wavelength as one used for transmitting  by a previous base
station which communicates with  the radio communication terminal before
the  movement. 2. The network system of radio base  stations as claimed in
claim 1, characterized in L M S -38- that: the optical coupler provided in
the base  station splits off only a particular wavelength from  the optical
signals with a plurality of wavelengths  to be transmitted using the
wavelength multiplexing  transmission method, and the base station further



comprises an optical receiver for receiving optical  signals split off by
the optical coupler; the control station further comprises a  plurality of
variable-wavelength optical  transmitters for transmitting the optical
signals  used in the wavelength multiplexing transmission  method, and the
optical coupler provided in the  control station combines the optical
signals from  the variable-wavelength optical transmitter in  order to
transmit the optical signals with the  wavelength multiplexing transmission
method; and when the radio communication terminal  communicating with the
base station moves and  changes the base station to communicate with, the
control station controls the wavelength of the  variable-wavelength
transmitter, and then  transmits the optical signals to the new base
station  with a wavelength intended for use by the new base  station. 3.
The network system of radio base  stations as,claimed in'claim 1,
characterized in  that: the optical coupler provided in the base  station
is a variable optical coupler and varies a  wavelength to be split off from
the optical signals  having a plurality of wavelengths transmitted using
the wavelength'multiplexing transmission method,  and the base station
comprises an optical receiver  for receiving the optical signals split off
by the  variable optical coupler; and IIII(l lUIIIIII~~~~ItiU III -39- * C
L M when the radio communication terminal  communicating with the base
station moves and  changes the base station to communicate with, the
control station does not change the wavelength of  the optical signals to
be transmitted to the base  station even when the radio communication
terminal  



changes the base station to be communicate with, and  the new base station
splits off and receives the  optical signals of the same wavelength from
the  control station with the variable optical coupler. 4. The network
system of radio base  stations as claimed in each of claims 1-3,
characterized in that: the.base station further comprises a  radio signal
demodulator for mobile communication  for demodulating radio signals
received from the  radio communication terminal and for converting the
demodulated signals into digital signals, an optical  transmitter for
converting the digital signals  intended for the control station converted
by the  radio signal demodulator for mobile communication  into optical
signals to be transmitted using the  wavelength multiplexing transmission
method, an  optical receiver for.receiving optical signals  transmitted by
wavelength-multiplexing from the  control station, and a radio signal
modulator for  mobile communication for converting the digital  signals
converted by the optical receiver into radio  frequency signals for mobile
communication; and the control station further comprises an  optical
receiver for converting the optical signals  received from the base station
and transmitted using  the wavelength multiplexing transmission method
into digital signals, and an optical transmitter for  converting digital
signals intended for the base  station into wavelength-multiplexed optical
1111111 111111 11111 11111 ii 1111 * C L M S * _40_  signals. 5. The
network system of radio base  stations as claimed in each of claims 1-3,
characterized in that: the base station further comprises a  radio signal
demodulator for mobile communication  



for demodulating radio signals for mobile  communication received from the
radio communication  terminal and for converting the demodulated signals
into digital signals, an entrance radio signal  modulator for converting
the digital signals  converted by the radio signal demodulator for mobile
communication into entrance radio signals, an  optical transmitter for
converting-the entrance  radio signals converted by the entrance radio
signal  modulator into optical signals in order to transmit  the optical
signals using the sub-carrier optical  transmission method, an optical
receiver for  converting the entrance radio signals transmitted  using the
sub-carrier optical transmission method  into electrical signals, an
entrance radio signal  demodulator for converting the converted electrical
entrance radio signals into digital signals, a radio  signal modulator for
mobile communication for  converting the digital signals converted by the
entrance radio signal demodulator into radio  frequency signals for mobile
communication; and the control station further comprises an  optical
receiver for converting optical signals  transmitted. with the entrance
radio signals sent  from the base station using the sub-carrier optical
transmission method into electrical signal's, an  entrance radio signal
demodulator for converting the  converted electrical entrance radio signals
into  digital signals, an entrance radio signal modulator  for converting
the digital signals intended for base I*I11c 111111 111 L a s -41- stations
into the entrance radio signals, and an  optical transmitter for converting
the entrance  radio signals converted by the entrance radio signal
modulator into optical signals in order to transmit  the optical signals
using the sub-carrier optical  



transmission method. 6. The network system of radio base  stations as
'claimed in each of claims 1-3,  characterized in that: the base station
further comprises an  optical transmitter for converting radio signals
received from the radio communication terminal into  optical signals in
order to transmit the optical  signals using the sub-carrier optical
transmission  method, and an optical receiver for converting  .optical
signals transmitted with radio signals  received from the control station
using the  sub-carrier optical transmission method into  electrical
signals; and the control station further comprises an  optical receiver for
converting optical signals  transmitted with radio frequency signals for
mobile  communication using the sub-carrier optical  transmission method
into electrical signals, a radio  signal demodulator for mobile
communication for  converting the converted electrical radio frequency
signals for mobile communication into digital  signals, a radio signal
demodulator for mobile  communication for.converting the digital signals
intended for the base stations into radio frequency  signals for mobile
communication, and an optical  transmitter for converting the radio
frequency  signals for mobile communication converted by the  radio signal
demodulator for mobile communication  into optical signals to be
transmitted using the  sub-carrier optical transmission method. I IOIIII
IIIIII IIIII ~liii II IIII _42  * C L M S 7. A network system of radio base
stations  comprises base stations' provided in a plurality of  cells and a
control station controlling the base  stations, in which the base stations
and the control  station are connected by optical fibers with a  



sub-carrier optical transmission, wherein: the base station comprises. a
radio signal  demodulator for mobile communication for  demodulating radio
signals for mobile communication  received from the radio communication
terminal and  for converting the demodulated signals into digital  signals,
a variable-frequency entrance radio signal  modulator for converting the
signals converted by  the radio signal demodulator for mobile
communication into entrance radio signals, an  optical receiver for
converting'radio signals  transmitted from the control station or other
base  stations using the sub-carrier optical transmission  method into
electrical signals, and a coupler for  combining an output of the optical
receiver and an  output of the variable-frequency entrance radio  signals
modulator; the control station comprises: an optical  receiver for
converting optical signals transmitted  with the entrance radio.signals
using the sub-carrier optical transmission method into  electrical signals,
a selective-frequency coupler  for splitting off the outputs from the
optical  receiver by frequency, and an entrance radio signal  demodulator
for converting each entrance radio  signal split off by the
selective-frequency coupler  into digital signals; and when'the radio
communication terminal  communicating with the base station moves and
changes the base station to communicate with, a new  base station which
communicates with the radio II !III1!IIlIIIIIII * L Mlllll1111* -43
communication . terminal after a movement of the radio  communication
terminal controls a carrier frequency  of the variable-frequency entrance
radio signals  modulator, and transmits the entrance radio signals  to the
control station on the same frequency as one- 



used for transmitting by a previous base station  which communicates with
the radio communication  terminal before the movement. 8. The network
system of radio base  stations as claimed in claim 7, characterized in
that: V the base station comprises an optical  receiver'for converting the
entrance radio signals  transmitted using the sub-carrier optical
transmission method into electrical signals, a  selective-frequency coupler
for splitting off a  predetermined frequency signal from the outputs of
the optical receiver, an entrance radio signal  demodulator for converting
the entrance radio  signals split off by the selective-frequency coupler
into digital signals, and a radio signal modulator  for mobile
communication for converting the digital  signals converted by the entrance
radio signal  demodulator into radio frequency signals for mobile
communication; the control station comprises a  variable-frequency entrance
radio signal modulator  for converting digital signals intended for base,
stations into the entrance radio signals,.a coupler  for combining the
output of the variable-frequency  entrance radio signal modulator, and an
optical  transmitter for converting the entrance radio  signals. converted
by the entrance radio signal  modulator into optical signals in order to
transmit  the optical signals using the sub-carrier optical  transmission
method; and -44- * ~ L I'IIIIII'IIII'I S ,r .. .when the radio
communication terminal  communicating with the base station moves and
changes the base station to communicate with, the  .control station
controls and converts the carrier  



frequency of the variable-frequency entrance radio  signal modulator that
converts the digital signals  intended for base stations into the entrance
radio  signals, into the entrance radio frequency intended  for use by the
new base station. 9. The network system of radio base  stations as claimed
in claim 7, characterized in  that: the base station further comprises an
optical receiver for converting radio signals having  a plurality of
frequencies and transmitted using the  sub-carrier optical transmission
method into  electrical signals, a variable selective-frequency  coupler
for splitting off only predetermined  frequencies, and a radio signal
modulator for mobile  communication.for converting the electrical signals
split off by the variable selective-frequency  coupler into radio frequency
signals for mobile  communication; the control station further comprises a
plurality of entrance radio.. signal modulators for  converting the digital
signals intended for the base  stations into entrance radio signals, a
coupler for  multiplexing the electrical signals from the entrance radio.
signal modulators, and an optical  transmitter for converting outputs of
the coupler  into optical signals in order to transmit the optical  signals
using the sub-carrier optical transmission  method; and . when the radio
communication terminal  communicating with the base station moves and..
changes the base station to communicate with, the IHJI * C L S -45- control
station does not change.the carrier  frequency of the variable-frequency
entrance radio  signal modulator even when the radio communication
terminal changes the base station to be 'communicated  



with and the new base station changes the frequency  for splitting in the
variable selective-frequency  coupler into a frequency of the entrance
radio signal  intended for use of the previous base station. 10.. The
network system of radio base  stations as claimed in each of claims 1-9,.
characterized in that: the network system of radio base stations  is
organized in a loop structure, wherein the network  system *comprises- the
base stations provided in the  plurality of cells and the control station
controlling the base stations, in which the base  stations and the control
station are connected by  the optical. fibers. 11. The network system of
radio base  stations as claimed in each of claims 1-9,  characterized in
that: the network system of radio base stations  is organized in a mesh
structure, wherein'the network  system comprises the base stations provided
in the  plurality of cells and the control station controlling the base
stations, in which the base  stations and the control station are connected
by  the optical fibers. 12. The network system of radio base.  stations as
claimed in each of claims 1-9,  characterized in that.: the network system
of radio base stations  is organized in a cluster structure, wherein.the
network system comprises the base stations provided 11 hiIIIlIIIIIIIIIIII
in the plurality of cells and the control station  controlling the base
stations, in which the base  stations and the control station are connected
by  the optical fibers. 13. The network system of radio base  stations as
claimed in claim 12, characterized in.  that: 



the network system of radio base stations  further comprises an upper=level
control station for  controlling cluster control stations; and when the
radio communication terminal  communicating with the base station moves and
changes the cluster to communicate with, a cluster  control station used by
the radio communication  terminal before the'movement transmits signals
sent  from the radio communication terminal to a new  cluster control
station which communicates with the  radio communication terminal after the
movement via  the upper-level control station with the same  wavelength as
one used for transmitting optical  signals by the previous base station,
and the new  cluster control station transmits signals sent from  the radio
communication terminal to the new cluster  control station with the same
wavelength as one used  for transmitting optical signals by the previous
base station. 14. The network system of radio base  stations as claimed in
claim 12, characterized in  that: the network system of radio base stations
further comprises an upper-level control station for  controlling cluster
control stations; when the radio communication terminal  communicating with
the base station moves and.  changes the cluster to communicate with, a
previous r IIIII")11111111111II'I'11l"I -47- * L L M S
cl-uster--contro-lstation which communicates with the  radio communication
terminal before the movement  transmits signals intended for the radio.. .
communication terminal via the upper-level control  station and a new
cluster control station on the same  wavelength as one used for
transmitting optical  signals to the previous base station, and-the new
cluster control station transmits signals intended.  



for the radio communication terminal to the new  cluster control station
with the same wavelength as  one used for transmitting optical signals to
the  previous'base station. '15. The network system of radio base  stations
as claimed in one of claim 13 or 14,  characterized in that: the
upper-level control station'  comprises an optical wavelength converting
part; and  when a wavelength of the optical signals used for transmission
to the previous base-station.  is used in the new cluster, the upper-level
control  station converts the wavelength into one that is not  being used
in the new cluster by the wavelength  converting part, and transmits the
optical signals  to the cluster control station in the new cluster. 16. A
network system of radio base  stations comprising a plurality of
base.stations  communicating with radio communication terminals,  a control
station comprehensively controlling the  base stations and communicating
with an external  communication network, and optical fiber lines
connecting the base stations and the control station,  in which each of the
base stations receives signals  transmitted by the radio communication
terminal,  converts the received signals into optical signals,  and then
transmits the converted optical signals.to * ~ ~ M S II I"I -48- the
control station via the optical fiber lines;  wherein: each of the base
stations comprises a  signal converting part for converting signals
transmitted from the. radio communication terminal  into optical signals
having different. wavelengths  assigned particularly to each of the sending
radio  communication terminals; and the control station comprises an
optical  



signal receiving part for receiving via the optical  fiber lines
near-simultaneously optical signals  having an identical wavelength. that
are converted  respectively by the signal converting part from  signals
transmitted from the same radio  communication terminal and received by at
least two  base stations, and for converting the received  signals into
electrical signals to be output, and  an equalizing part for equalizing the
output  signals. 17. The network system of radio base  stations as
claimed.in claim 16, characterized in  that: . each of the base stations
and the control  station are connected in a loop structure. 18. The network
system of radio base  stations as claimed in claim 16, characterized in
.that: each of- the base stations and the control  station are connected in
a mesh structure. 19. The network system of radio base.  stations as
claimed in claim 16, characterized in  that: each of the base stations and
the control  station are connected in a cluster structure. UIIIIIIHI;/jlj,
"  IIIIII -49  1 20. The network system of radio base  stations as claimed
in each of claims 16-19,  characterized in that: a .wavelength multiplexing
transmission  method is applied to the communication between each  of the
base stations and the control station. 21. The network system of radio base
stations as claimed in each of claims 16-19,  characterized in that: a
sub-carrier optical transmission  



method is applied to the communication between-each  of the base stations
and the control station, each  of which sub- carrier optical signals
carries signals  frequency-multiplexed from.the entrance radio  signals.
22. The network system of radio base  stations as claimed in each of claims
16-19,  characterized in that: a sub-carrier optical transmission  method
is applied to the communication between each  of the base stations and the
control station, ..each  of which sub-carrier optical signals carries
signals  frequency-multiplexed from access radio signals,  wherein the
access radio signal is used for radio  communication between each base
station and the  radio communication terminals. 23. A control station which
controls a  network system of radio base stations comprising a  plurality
of base stations communicating with radio  communication terminals, and
optical fiber lines,  further comprising: an optical signal receiving part
for.  receiving via the optical fiber lines 111111111111111111111111 ll
1111 * C L N s * -50- near-simultaneously optical signals having a
different wavelength assigned particularly to each  sending radio
communication terminal that are  converted respectively by. the signal
converting part  from signals transmitted from an identical radio
communication terminal and received by at least two  base stations, and for
converting the received  signals into electric-signals to be output; and.
an equalizing part for equalizing the  output signals. 24. A method for
switching of base  stations in a network system of radio base stations  



comprising base stations provided in a plurality of  cells and a control
station controlling the base.  stations, in which the base stations and
the. control  station are connected by optical fibers, wherein: a
wavelength for transmission from the  base station to the-control station
is set at the  beginning of a communication between the base  station and
the radio communication terminal, and  this wavelength for transmission is
fixed while the  radio communication terminal is communicating; and even
when the radio communication  terminal moves and changes the base station
to  communicate.with,.a new bas,e.station which  communicates with the
radio communication terminal  after a movement of the radio communication.
terminal  transmits information from the radio communication  terminal
to.the control station on the wavelength  for transmission set for
the-radio communication  terminal. 25. A method for switching of base
stations in a network system of radio base stations  comprising base
stations provided in a plurality of  cells and a control station
controlling the base 11111111111111IlijI 11111111111 * C L S stations, in
which the base stations and the control  station are connected by optical
fibers, wherein:  the control. station comprises a variable-wavelength
transmitter; and a.different wavelength for transmission  from the control
station to the base station is set  for each base station, and when the
radio  communication terminal moves and changes the'base  station to
communicate with, the control station  controls a wavelength of the
variable-wavelength  transmitter and transmits information intended for
the radio communication terminal to a new base  station which communicates
with the radio  



communication terminal after a movement of the radio  communication
terminal, on the wavelength for  transmission set for a new base station
which  communicates with the radio communication terminal  after the
movement. 26. A method for'switching of base  stations in a network system
of radio base stations  comprising base stations provided in a plurality of
cells and. a control'station controlling the base  stations, in which the
base stations and the control  station are connected by optical fibers,
wherein: a different wavelength for transmission  from the control station
to the base station is set  for each base station, and when the. radio
communication terminal,moves and changes the base  station to communicate
with, the control station  transmits information of the radio
communication'  terminal to a new base station which communicates  with the
radio communication terminal after a  movement of the radio communication
terminal on the  wavelength for transmission set for a previous base
station which communicates with the radio  communication terminal before
the movement. -52- i iiil1111111 N 1111 .27. A method for switching of base
stations in a network system of radio base stations  comprising base
stations provided in a plurality of  cells and a control station
controlling the base  stations, in which the base stations and the control
station are connected by optical fibers with a  sub-carrier optical
transmission, wherein: an entrance radio signal for a  sub-carrier optical
transmission from the base  station to the control station is set at the
beginning of a. communication between the base.  station and a radio
communication terminal, and the  entrance radio signal is fixed while the
radio  



communication terminal is communicating; and even when the radio
communication  terminal moves and changes, the base station to  communicate
with, a new base station which  communicates with the radio communication
terminal  after a movement of the radio communication terminal  transmits
information of the radio communication  terminal to the control station
with the entrance  frequency signal set for the radio communication
terminal using the sub-carrier optical transmission  method. . 28. A method
for switching of base  stations in a network system of radio base stations
comprising base stations provided in a plurality of  cells and a control
station controlling the base.  stations, in which the base stations and the
control  station are connected by optical fibers.with-the  sub-carrier
optical transmission, wherein: a different entrance radio signal sent  from
the control station to the base station is set  for each base station; and
when the radio communication terminal 1111111111111111111 BIII II Ill! c N
$ -53 moves and changes the base station to communicate  with, the control
station transmits information  intended for the radio communication
terminal to a  new base station which communicates with the radio
communication terminal after a movement of the radio  communication
terminal with the entrance radio  signal set for the new base station using
the  sub-carrier optical. transmission method. 29. A method for switching
of base  stations in a network system of radio base stations  comprising
base stations provided in a plurality of  cells and a control station
controlling the base  stations, in which the base stations and the control
station are connected by optical fibers with a V  



sub-carrier optical transmission, wherein: a'different entrance radio
signal sent.  from the control station to the base station is -set  for
each base station; and when the radio communication terminal  moves and
changes the base station to communicate  with, a new base station which
communicates with the  radio communication terminal after a movement of the
radio communication terminal transmits information  of the radio
communication terminal to the control  station-using the sub-carrier
optical transmission  method with an entrance frequency signal set for a
previous base station which communicates with the .radio communication
terminal before the movement.  30. A method for signal processing in a
network system of radio base stations comprising a  plurality of base
stations communicating with radio  communication terminals, a control.
station  comprehensively controlling the base stations and  communicating
with an external communication - network, and optical fiber lines
connecting the base 111111111111111111111111111111 c L M s -54 stations
and.-the control --station-, comprising the.  steps of:  in each of the
base stations, receiving  signals transmitted from the radio communication
terminal, converting the received signals into  optical signals having
different wavelengths  assigned-parti'cularly to each of the sending radio
communication terminals, and transmitting the  converted signals to the
control station via the  optical fiber lines; and in the control station,
receiving via the  optical fiber lines near-simultaneously optical  signals
having an identical wavelength that are.  converted from signals
transmitted. from the same  radio communication terminal and received by at



least two base stations, converting the received  signals into electric
signals, and equalizing the  electric signals.. 31. A method for handover
control. when  signals are processed according.to.the signal  processing
method as -claimed in claim 30, further .comprising the steps'of:
monitoring the'condition of connection  shown by the received optical
signals that have an  identical. wavelength and are received.
near-simultaneously by the control station, and  determining whether the
control station can  terminate the handover process based on results of
the monitoring; and establishing or sustaining a  communication between the
control station and the  radio communication terminal under handover based
on the equalized signals. 


