
;e3ex%L""$6$%Tx%U  TRANSMISSION CONTROL APPARATUS AND TRANSMISSION CONTROL
METHOD BACKGROUND OF THE INVENTION Field of the Invention The present
invention relates to a transmission control apparatus and a transmission
control method for transmitting information by radio communication toward a
mobile station located in a predetermined sector. Related Background Art It
is possible to increase or decrease an antenna gain in a specific direction
by arranging a plurality of dipole antennas on an array and adaptively
controlling weighting factors (weights) of the respective antennas by
signal processing. This process of adjusting the antenna gain in the
specific direction to form a directional beam is a very useful technique in
the radio transmission systems. This is because the technique enables
transmission with reduced transmission power by increasing the antenna gain
in the desired direction, and reduction of interference with signals
transmitted in the other directions by decreasing antenna gains in
non-desired directions, in transmission of signals. The technique is also
under active research and development for implementation in W-CDMA
(Wideband Code Division Multiple Access) being one of radio access systems
1   of the third-generation mobile communication systems, by making use of
the principle of the directional beam transmission as discussed for
example, reference is made to Document "A. Harada, S. Tanaka, M. Sawahashi,
and F. Adachi, "Performance of Adaptive Antenna Array Diversity Transmitter
for W-CDMA Forward Link," Proc. PIMRC99, pp.1134-1138, Osaka, Japan, Sep.
1999." This study presents a method of signal transmission from a base
station to mobile stations in the mobile communication system, in which
antenna directivities for respective mobile stations adaptively generated
in the base station are multiplied with transmit signals to the respective
mobil a stations to provide the directivity toward each desired mobile
station and reduce interference with signals in directions toward the other
mobile stations, and investigation is done on a technique of increasing
subscriber capacity. In the investigation of transmission with the antenna
directivity as described above, however, it is the present status that many
studies are directed toward improvements in the subscriber capacity in
comparison with the omnisector transmission to transmit signals to the area
(sector) of the base station without execution of the directional beam
transmission, and there are no studies made on selective use of the
transmission methods of omnisector transmission and directional beam
transmission and on allocation to the respective transmission methods
according to types of 2   



transmitted signals. Particularly, in the future radio transmission
systems, it is believed that the mainstream will turn from the circuit
switching type signal transmission in which signals to be transmitted like
voice are continuously present, to the data transmission in which signals
appear burstwise like data, and that packet transmission suitable for the
burst transmission will be performed. In the packet transmission signals
appear neither constantly nor continuously and the required quality and
amount of information vary according to types of data. It is thus very
important even in application of the directional beam transmission to
select an appropriate transmission method to transmit signals, according to
the type of information allowing for the required quality of burstwise
appearing signals and the information amount. The present invention has
been accomplished in order to solve the above problem and an object of the
invention is to provide a transmission control apparatus and a transmission
control method capable of transmitting signals by an appropriate
transmission method according to a type of information even in the case of
the directional beam transmission being applied. SUMMARY OF THE INVENTION
In order to achieve the above object, a transmission control apparatus
according to the present invention is a 3   transmission control apparatus
for transmitting information by radio communication toward a mobile station
located in a predetermined sector, the transmission control apparatus
comprising: selecting means for selecting a transmission method according
to a type of the information to be transmitted, from options including two
or more out of omnisector transmission of transmitting the information to
the entire sector, fixedly controlled directional beam transmission of
transmitting the information to at least one fixed direction preliminarily
determined, and adaptively controlled directional beam transmission of
adaptively controlling a transmission direction according to a location of
a target mobile station; and transmitting 



means for transmitting the information by the transmission method thus
selected. In the above transmission control apparatus, the selecting means
selects a transmission method according to the type of the information to
be transmitted, from the two or more options out of the omnisector
transmission of transmitting the information toward the entire sector, the
fixedly controlled directional beam transmission of transmitting the
information in at least one fixed direction preliminarily determined, and
the adaptively controlled directional beam transmission of adaptively
controlling the transmission direction according to the location of the
target mobile station. 4   Although the details will be described later,
the selecting means can be configured, for example, to select the
omnisector transmission in the case where the information to be transmitted
is information destined for a11 mobile stations in the sector; to select
the fixedly controlled directional beam transmission in the case where the
information to be transmitted is information destined for at least one
specific mobile station whose location is roughly known; or to select the
adaptively controlled directional beam transmission in the case where the
information to be transmitted is information destined for one specific
mobile station whose location is already known. Then the transmitting means
transmits the information by the transmission method thus selected. This
permits the transmission to be performed by the appropriate transmission
method according to the type of the information even in the case of the
directional beam transmission being applied. The transmission control
apparatus according to the present invention is preferably configured to
further comprise multiplex control means for performing such control in the
transmission of the information by the transmitting means that transmission
is carried out while a pilot channel for transmitting a pilot signal is
multiplexed on a channel for transmitting a signal other than the pilot
signal. The pilot signal herein is a signal for a mobile station to
estimate variation in phase and amplitude of a transmitted 



5   signal before arrival at the mobile station, and the phase and
amplitude of the pilot signal transmitted are known to the mobile station.
For this reason, when the multiplex control means performs the control to
carry out the transmission while the pilot channel is multiplexed on the
channel for transmission of the signal other than the pilot signal, the
mobile station receives the pilot signal and measures variation amounts
from the known values of phase and amplitude of the received signal,
whereby the mobile station can estimate the variation amounts in signal
propagation paths. Therefore, the mobile station can compensate for
variations of the other received signals with unknown phase and amplitude
in signal propagation paths, based on the thus estimated variation amounts,
and it is feasible to improve the accuracy of restoration of transmitted
signals. Particularly, since the signals transmitted by the respective
three transmission methods (omnisector transmission, fixedly controlled
directional beam transmission, and adaptively controlled directional beam
transmission) are generally affected by their respective different
variations in the signal propagation paths, the improvement in the
restoration accuracy of the transmitted signals by compensation for the
variations in the signal propagation paths according to the respective
transmission methods is of great significance in the present invention. 6
The multiplex control means can be configured to multiplex the pilot
channel by at least one multiplex structure selected from a time division
multiplex structure, a freauency division multiplex structure, and a code
division multiplex structure. The transmission control apparatus according
to the present invention is preferably configured to further comprise
assignment control means for performing such . control in the transmission
of the information by the transmitting means that transmission is carried
out while a plurality of channels determined according to the number of
target mobile stations and types of the information to be transmitted are
assigned to the two or more transmission methods as the options. The above
plurality of charnels can be six types of channels : a common control
channel for transmitting a control signal destined for a11 mobile stations
in the sector; a shared control channel for transmitting individual control
signals destined for respective mobile stations; an individual control
channel for individually transmitting individual control signals destined
for respective mobile stations; a common data channel for transmitting
information destined for a11 mobile stations in the sector; a shared 



data channel for transmitting individual information destined for
respective mobile stations; and an individual data channel for individually
transmitting individual 7   information destined for respective mobile
stations. The assignment control means performs such control as to carry
out the transmission while the plurality of channels are assigned to the
two or more transmission methods as options. For example, a plurality of
channels are assigned based on predetermined assignment pattern rules
allowing for uses of transmitted channels, rates of use of the respective
transmission methods, and so on. Although the details will be described
later, efficient transmission can be performed for signals destined for a11
the mobile stations, for example, by assigning the common control channel
and common data channel to the omnisector transmission and transmitting the
signals to the entire sector by the omnisector transmission. Signals
destined for a specific mobile station can be transmitted with low
transmission power by assigning the individual control channel and
individual data channel to the adaptively controlled directional beam
transmission and transmitting the signals to the mobile station by the
adaptively controlled directional beam transmission. By properly assigning
the signal transmitting channels to the respective transmission methods in
this way, it is feasible to increase the number of acceptable mobile
stations (subscriber capacity). Incidentally, the transmission control
apparatus according to the present invention is preferably configured 8
to further comprise division control means for performing such control that
when the transmitting means transmits the information to a plurality of
mobile stations by emitting directional beans into a plurality of
directions in the fixedly controlled directional beam transmission, the
directional beams into the respective directions are emitted by a division
scheme selected from a time division scheme, a frequency division scheme,
and a code division scheme. By the control to emit the directional beams
into the respective directions by the variety of division schemes in this
way, it is feasible to transmit the information to the greater number of
mobile stations simultaneously or within a predetermined time and to
improve transmission efficiency. The division control means is preferably
configured to perform such control that: the directional beams into the
respective directions are grouped into a plurality of groups and the
directional beams into the respective directions are emitted by a division
scheme selected from the time division scheme, the frequency division
scheme, and the code division scheme or by a scheme of a combination of two
or more thereof for each of the groups. When the control is performed so
that the directional beams into the plurality of directions are grouped and
the directional beams into the respective directions are emitted by the
variety of division schemes for each of the groups, it is feasible 9   to
transmit the information to the much greater number of mobile stations
simultaneously or within a predetermined time and to improve the
transmission efficiency drastically. 



Incidentally, the invention associated with the transmission control
apparatus as described above can also be grasped as the invention
associated with the transmission control method as described below. It is
noted that these are based on the substantially same technological concept
' and achieve like operation and effect. Namely, in order to achieve the
above object, a transmission control method according to the present
invention is a transmission control method for transmitting information by
radio communication toward a mobile station located in a predetermined
sector, the transmission control method comprising: a selecting step of
selecting a transmission method according to a type of the information to
be transmitted, from options including two or more out of omnisector
transmission of transmitting the information to the entire sector, fixedly
controlled directional beam transmission of transmitting the information to
at least one fixed direction preliminarily determined, and adaptively
controlled directional beam transmission of adaptively controlling a
transmission direction according to a location of a target mobile station;
and a transmitting step of transmitting the information by the transmission
method thus selected. 10   In the transmission control method according to
the present invention, control is performed in the transmission of the
information in the transmitting step so that transmission is carried out
while a pilot channel for transmitting a pilot signal is multiplexed on a
channel for transmitting a signal other than the pilot signal. In the
transmission control method according to the present invention, the pilot
channel is multiplexed by at least one multiplex structure selected from a
time division multiplex structure, a frequency division multiplex
structure, and a code division multiplex structure. In the transmission
control method according to the present invention, control is performed in
the transmission of the information in the transmitting step so that
transmission is carried out while a plurality of channels determined
according to the number of target mobile stations and types of the
information to be transmitted are assigned to the two or more transmission
methods as the options. In the transmission control method according to the
present invention, the plurality of channels are: a common control channel
for transmitting a control signal destined for a11 mobile stations in the
sector; a shared control channel for transmitting individual control
signals destined for respective mobile stations; an individual control
channel for individually transmitting individual control signals destined
for respective mobile stations; 11   



a common data channel for transmitting information destined for a11 mobile
stations in the sector; a shared data channel for transmitting individual
information destined for respective mobile stations; and an individual data
channel for individually transmitting individual information destined for
respective mobile stations. In the transmission control method according to
the present invention, when the information is transmitted to a plurality
of mobile stations by emitting directional beams into a plurality of
directions in the fixedly controlled directional beam transmission in the
transmitting step, division transmission control is performed so that the
directional beams into the respective directions are emitted by a division
scheme selected from a time division scheme, a frequency division scheme,
and a code division scheme. In the transmission control method according to
the present invention, in the division transmission control, control is
performed so that: the directional beams into the respective directions are
grouped into a plurality of groups and the directional beams into the
respective directions are emitted by a division scheme selected from the
time division scheme, the frequency division scheme, and the code division
scheme or by a scheme of a combination of two or more thereof for each of
the groups. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a configuration
diagram of the mobile 12   communication system in the embodiment of the
invention. Fig. 2 is a block configuration diagram of the transmission
control apparatus installed in the base station. Fig. 3A is a diagram
showing the transmission beam pattern from the base station to the mobile
station about the omnisector transmission. Fig. 3B is a diagram showing the
transmission beam 



pattern from the base station to the mobile station about the fixedly
controlled directional beam transmission. Fig. 3C is a diagram showing the
transmission beam pattern from the base station to the mobile station about
the adaptively controlled directional beam transmission. Fig. 4 is a table
showing an example of the selection criteria for the respective
transmission methods. Fig. 5A is a diagram for explaining the multiplexing
method of pilot channels about the time division multiplex structure. Fig.
5B is a diagram for explaining the multiplexing method of pilot channels
about the frequency division multiplex structure. Fig. 5C is a diagram for
explaining the multiplexing method of pilot channels about the code
division multiplex structure. Fig. 6 is a diagram for explaining an example
of time multiplex of pilot channels in the three transmission methods 13   



of the omnisector transmission, the fixedly controlled directional beam
transmission, and the adaptively controlled directional beam transmission.
Fig. 7 is a diagram for explaining an example of frequency multiplex of
pilot channels in the three transmission methods. Fig. 8 is a diagram for
explaining a first example of multiplexing the pilot channels in the three
transmission methods by the frequency division multiplex structure and the
time division multiplex structure. Fig. 9 is a diagram for explaining a
second example of multiplexing the pilot channels in the three transmission
methods by the frequency division multiplex structure and the time division
multiplex structure. Fig. 10 is a diagram for explaining a third example of
multiplexing the pilot channels in the three transmission methods by the
frequency division multiplex structure and the time division multiplex
structure. Fig. 11 is a diagram for explaining an example of code '
multiplex of pilot channels in the three transmission methods. 



Fig. 12 is a diagram for explaining a first example of multiplexing the
pilot channels in the three transmission methods by the code division
multiplex structure and the time division multiplex structure. Fig. 13 is a
diagram for explaining a second example 14   of multiplexing the pilot
channels in the three transmission methods by the code division multiplex
structure and the time division multiplex structure. Fig. 14 is a diagram
for explaining a third example of multiplexing the pilot channels in the
three transmission methods by the code division multiplex structure and the
time division multiplex structure. Fig. 15 is a diagram showing an example
of assignment of channels to the respective transmission methods according
to the types of channels to be transmitted. Fig. 16 is a table showing an
example of the assignment pattern rules of Fig. 15. Fig. 17 is diagrams
showing an example of transmission 



in which the directional beams into the respective directions are emitted
while being changed over on a time basis, in the fixedly controlled
directional beam transmission. Fig. 18 is a diagram showing an example of
transmission in which the directional beams into the respective directions
are emitted with use of different frequencies in the fixedly controlled
directional beam transmission. Fig. 19 is a diagram showing an example of
transmission in which the directional beams into the respective directions
are emitted with use of different spreading codes in the fixedly controlled
directional beam transmission. Fig. 20 is a diagram showing an example of
transmission in which the directional beams into the respective directions
15   are grouped in the fixedly controlled directional beam transmission.
DESCRIPTION OF THE PREFERRED EMBODIMENTS Embodiments of the present
invention will be described below on the basis of the drawings. 



[Configurations of Mobile Communication System and Transmission Control
Apparatus] First, configurations of mobile communication system 1 and
transmission control apparatus 12 in the present embodiment will be
described with Figs . 1 and 2 . As shown in Fig. 1, the mobile
communication system 1 comprises base station 10, and at least one mobile
station 20 located in a transmission-reception area (sector) 2 of signals
with a directional beam antenna installed in the base station 10. The base
station 10 comprises the transmission control apparatus 12 of the
configuration shown in Fig. 2. The transmission control apparatus l2 is
configured to transmit multiplexed pilot channels for transmission of pilot
signals in execution of the omnisector transmission, the fixedly controlled
directional beam transmission, and the adaptively controlled directional
beam transmission. The pilot signals herein are signals for estimating the
variation in phase and amplitude of signals during periods between emission
from a transmitter and reception at a receiver. As shown in Fig. 2, the
transmission control apparatus 12 comprises an information generator 12A
for generating 16   information to be transmitted; a transmission method
selector 12B for selecting a transmission method according to predetermined
selection criteria from the three transmission: methods described later; an
omnisector-transmission pilot symbol generator 12C for generating a pilot
signal for the omnisector transmission; anomnisector transmission part 12D
for transmitting a signal in which a pilot signal for the omnisector
transmission is superimposed on information to be transmitted; a
fixedly-controlled-directional-beam-transmission pilot symbol generator 12E
for generating a pilot signal for the fixedly controlled directional beam
transmission;afixedly controlled directional beam transmission part 12F for
transmitting a signal in which a pilot signal for the fixedly controlled
directional beam transmission is superimposed on information to be
transmitted; an adaptively-controlled-directional-beam-transmission pilot
symbol generator 12G for generating a pilot signal for the adaptively
controlled directional beam transmission; and an adaptively controlled
directional beam transmission part 12H for transmitting a signal in which a
pilot signal for the adaptively controlled directional beam transmission is
superimposed on information to be transmitted. 



Each of the pilot symbol generators 12C, 12E, and 12G generates the pilot
signal according to the corresponding 17   transmission method (a signal
with phase and amplitude known to the mobile station 20 which receives the
signal) . Each of the transmission parts 12D, 12F, and 12H multiplies the
signal after the superposition with a weight coefficient according to each
of antenna patterns, and transmits the multiplied signal. Since the phase
and amplitude of the pilot signal transmitted are known to the mobile
station 20, the mobile station 20 is able to estimate variations in
propagation paths from the base station 10 to the mobile station 20 by
measuring variation amounts of the phase and amplitude of signals actually
received. The mobile station 20 becomes able to compensate for variations
in propagation paths of other received signals with unknown phase and
amplitude, based on the variation amounts thus estimated, and to restore
the transmitted signals correctly. Since each o f the signal s transmitted
in the omnisector transmission, the fixedly controlled directional beam
transmission, and the adaptively controlled directional beam transmission
is affected by different variations in propagation paths, it is necessary
to use the pilot signals corresponding to the respective transmission
methods. For this reason, Fig. 2 shows the configuration of multiplexing
the pilot channels corresponding to the respective transmission methods.
[Transmission Beam Patterns from Base Station to Mobile 18   Station, and
Selection Criteria] The transmission beam patterns from the base station to
the mobile station and their selection criteria will be described below.
Fig. 3A, 3B and 3C show the transmission beam patterns from the base
station 10 to the mobile station. Since in the omnisector transmission of
Fig. 3A the base station 10 can transmit the signal to the entire sector,
the omnisector transmission is a transmission mode suitable for
simultaneous transmission of information. to a11 the mobile stations in the
sector. In the fixedly controlled directional beam transmission of Fig. 3B,
the base station 10 can transmit information to all the mobile stations in
the sector, as in the case of the omnisector transmission, if directional
beams are simultaneously emitted in all predetermined directions. If the
base station 10 successively emits the directional beams in the respective
predetermined directions, it can also transmit the information to a11 the
mobile stations in the sector with some temporal delay and the use of the
directional beams enables reduction of transmission power. For a plurality
of mobile stations located in nearly close directions, the base station 10
can transmit the signal with low transmission power to those mobile
stations by emitting a directional beam along a direction directionally
closest to their locations. In the adaptively controlled directional beam
19 



transmission of Fig. 3C, wherever a target mobile station is located in the
sector, the base station 10 can perfectly direct the directional beam
toward the mobile station according to its location and it is always
feasible to perform transmission of the signal with low transmission power.
The transmission method selector 12B of Fig. 2 can select an efficient
transmission method according to a type or the like of information to be
transmitted, for example, ' based on the selection criteria as shown in
Fig. 4. For example, according to the selection criteria shown in Fig. 4,
the omnisector transmission (Fig. 3A) is selected in the case where the
information to be transmitted is information to be transmitted to a11 the
mobile stations in the sector, in the case where a location of a target
mobile station is unknown, or in the case where the signal transmission
rate is low (i.e., in the case of information transmission required for low
transmission power). The fixedly controlled directional beam transmission
(Fig. 3B) is selected in the case where the information to be transmitted
is information to be transmitted to a specific mobile station or to a11 the
mobile stations in the sector, in the case where locations of target mobile
stations are roughly known, or in the case where the signal transmission
rate is high ( i . a . , in the case of information transmission: required
for high transmission power). Furthermore, the adaptively controlled
directional 20   r beam transmission (Fig. 3C) is selected in the case
where the information to be transmitted is information to be 



transmitted to a specific mobile station in the sector, in the case where a
location of a target mobile station is known, or in the case where the
signal transmission rate is high ( i . a . , in the case of information
transmission required for high transmission power). By combining the
features of these three transmission . methods, it becomes feasible to
perform efficient signal transmission according to the types or the like of
information in transmission of information to the mobile stations in the
sector. The addition of the fixedly controlled and adaptively controlled
directional beam transmissions to the omnisector transmission enables the
system to carry out the transmission methods with reduced transmission
power. It is not essential that a11 the above three transmission methods be
used as options, and two of the three transmission methods maybe selected
and executed as options . By selectively using the two transmission methods
according to uses, it becomes feasible to perform efficient signal
transmission and implement the transmission methods with reduced
transmission power. [On Multiplexing of Pilot Channel] The multiplexing of
pilot channel in the present embodiment will be described below. 21   Each
of Fig. 5A, 5B and 5C shows an example of configurations of pilot channels
corresponding to respective beams, for pilot channels in the fixedly
controlled directional beam transmission or for pilot channels in the
adaptively controlled directional beam transmission. Since a plurality of
pilot channels corresponding to respective directions are needed in the
fixedly controlled directional beam transmission, those channels have to be
multiplexed. Since directional beams 



are directed to respective mobile stations in the adaptively controlled
directional beam transmission, a plurality of pilot channels have to be
used corresponding to those beams and those channels have to be
multiplexed. As methods of multiplexing those channels, Fig. 5A, 5B and 5C
show a time multiplex method, a frequency multiplex method, and a code
multiplex method. In the time multiplex method shown in Fig. 5A, the pilot
channels for the respective beams are assigned by time division. The
frequency multiplex method shown in Fig. 5B is applicable to a system of
transmission using a plurality of frequency carriers. The pilot channels
for the respective beams are assigned to the respective frequency carriers
for forming and emitting the directional beams, thereby enabling
multiplexing by frequency division. In the code multiplex method shown in
Fig. 5C, orthogonal code patterns are assigned to the respective pilot
channels, thereby enabling multiplexing. 22   A variety of configuration
examples will be described below in order about the pilot channel
multiplexing methods in the respective transmission methods. Fig. 6 shows
an example of a makeup of the pilot channel multiplexing methods in the
respective transmission methods and shows a case of time multiplex of pilot
channels in the respective omnisector transmission, fixedly controlled
directional beam transmission, and adaptively controlled ' directional beam
transmission. In this makeup, the pilot channel for the omnisector
transmission is transmitted during period T1 from time t1 by the omnisector
transmission, and the other channels are thereafter transmitted by the
omnisector transmission. Next, the pilot channel for the fixedly controlled
directional beam transmission is transmitted during period T2 from time t2
by the fixedly controlled directional beam transmission, and the other
channels are thereafter transmitted by the fixedly controlled directional
beam transmission. Furthermore, the pilot channel for the adaptively
controlled directional beam transmission is transmitted during period T3
from time t3 by the adaptively controlled directional beam transmission,
and the other channels are thereafter transmitted by the adaptively
controlled directional beam transmission. In this makeup of Fig. 6, the
pilot channels in the respective transmission methods can be transmitted in
a 



23   timewise separated state, whereby the pilot channels can be prevented
from interfering with each other. The three multiplexing methods shown in
Fig. 5A, 5B, and 5C can be applied to multiplexing of a plurality of pilot
channels corresponding to the respective beams in the fixedly and
adaptively controlled directional beam transmissions. Fig. 7 shows an
example of a makeup of the pilot channel multiplexing methods in the
respective transmission methods and shows a case of frequency multiplex of
pilot channels in the respective omnisector transmission, fixedly
controlled directional, beam transmission, and adaptively controlled
directional beam transmission. This makeup is the example wherein the pilot
channel for the omnisector transmission is transmitted at frequency fl by
the omnisector transmission, the pilot channel for the fixedly controlled
directional beam transmission is transmitted at frequency f2 by the fixedly
controlled directional beam transmission, and the pilot channel for the
adaptively controlled directional beam transmission is transmitted at
frequency f3 by the adaptively controlled directional beam transmission.
This makeup of Fig. 7 is applicable to a system of transmission using a
plurality of frequency carriers and the pilot channels in the respective
transmission methods can be transmitted in a frequencywise separated state,
whereby the pilot channels can be prevented from interfering 24   with each
other. Each of the expressions of the frequencies fl, f2, f3, etc. herein
can be considered as a frequency carrier, or as a frequency group
collectively including a plurality of frequency carriers. The three
multiplexing methods 



shown in Fig. 5A, 5B and 5C can be applied to multiplexing of a plurality
of pilot channels corresponding to the respective beams in the fixedly and
adaptively controlled . directional beam transmissions. Fig. 8 shows an
example of a makeup of the pilot channel multiplexing methods in the
respective transmission methods. In this makeup, the pilot channel for the
omnisector transmission is transmitted at frequencies fl and f2 during
period T1 from time tl, and the other channels are thereafter transmitted
by the omnisector transmission. The pilot channel for the fixedly
controlled directional beam transmission is then transmitted at the
frequency fl during period T3 from time t2, and the other channels are
thereafter transmitted by the fixedly controlled directional beam
transmission_. Concurrently with this fixedly controlled directional beam
transmission,thepilot channel for the adaptively controlled directional
beam transmission is at thefrequency f2 transmitted during period T2 from
the time t2, and the other channels are thereafter transmitted by the
adaptively controlled directional beam transmission. 25   Fig. 8 shows the
example wherein the transmission periods T3, T2 of the pilot channels for
the fixedly controlled and adaptively controlled directional beam
transmissions are equal, but it is also possible to employ a makeup wherein
the transmission periods T3, T2 are different from each other. Fig. 9 shows
an example where the multiplexing methods in the omnisector transmission
and in the fixedly controlled directional beam transmission are
interchanged, with respect to the makeup of Fig. 8. Likewise, Fig. 10 shows
an example where the multiplexing methods in the omnisector transmission
and in the adaptively controlled directional beam transmission are
interchanged, with respect to the makeup of Fig. 8 . In the contents
described with Figs . 8, 9, and 10, the switch to the fixedly controlled
directional beam transmission was made at the same time t2 in the
transmission using the directional beams of different frequencies, but the
transmission times in the fixedly controlled directional beam transmission
and in the adaptively controlled directional beam transmission do not
always have to be equal, and may be shifted from each other. These makeups
enablethe pilot channels corresponding to the respective transmission
methods to be multiplexed. In either of the makeup examples, the three
multiplexing methods shown in Fig. 5A, 5B and 5C can be applied to
multiplexing of a plurality of pilot channels corresponding 26   to the
respective beams in the fixedly and adaptively controlled directional beam
transmissions. Fig. 11 is an example of a makeup of the pilot channel 



multiplexing methods in the respective transmission methods and shows a
case of code multiplex of the pilot channels in the respective omnisector
transmission, fixedly controlled directional beam transmission, and
adaptively controlled directional beam transmission. This makeup is the
example wherein the pilot channel for the omnisector transmission. is
transmitted with a spreading code c1 by the omnisector transmission, the
pilot channel for the fixedly controlled directional beam transmission with
a spreading code c2 by the fixedly controlled directional bean
transmission, and the pilot channel for the adaptively controlled
directional beam transmission with a spreading code c3 by the adaptively
controlled directional beam transmission. In this makeup of Fig. 11,
orthogonal codes are used as the spreading codes. If the orthogonality is
maintained in propagation paths, the pilot channels can be prevented from
interfering with each other. Use of the code division method permits the
signals to be transmitted simultaneously at the same time and at the same
frequency by these three transmission methods. Each of the expressions of
the spreading codes c1, c2, c3, etc. herein may be considered as a single
spreading 27   code, or as a spreading code group collectively including a
plurality of spreading codes. The three multiplexing methods shown in Fig.
5A, 5B, and 5C can also be applied to multiplexing of a plurality of pilot
channels corresponding to the respective beams in the fixedly and
adaptively controlled directional beam transmissions. Fig . 12 shows an
example of a makeup of the pilot channel multiplexing methods in the
respective transmission methods. In this makeup, the pilot channel for the
omnisector transmission is transmitted during the period T1 from the time
t1, and the other channels are thereafter transmitted by the omnisector
transmission. The pilot channel for the fixedly controlled directional beam
transmission is then transmitted with the spreading code c1 during the
period T3 from the time t2, and the other channels are thereafter
transmitted by the fixedly controlled directional beam transmission.
Concurrently with this fixedly controlled directional beam
transmission,thepilot channel for the adaptively controlled directional
beam transmission is transmitted with the spreading code c2 during the
period T2 from the time t2, and the other channels are thereafter
transmitted by the adaptively controlled directional beam transmission. In
Fig. 12, the transmission periods T3, T2 of the pilot channels for the
fixedly controlled and adaptively controlled directional beam transmissions
are equal to each 28   code, or as a spreading code group collectively
including a plurality of spreading codes. The three multiplexing methods
shown in Fig. 5A, 5B, and 5C can also be applied to multiplexing of a
plurality of pilot channels corresponding to the respective beams in the
fixedly and adaptively controlled directional beam transmissions. Fig. 12
shows an example of a makeup of the pilot channel multiplexing methods in
the respective transmission methods. In this makeup, the pilot channel for
the omnisector transmission is transmitted during the period 



T1 from the time t1, and the other channels are thereafter transmitted by
the omnisector transmission. The pilot channel for the fixedly controlled
directional beam transmission is then transmitted with the spreading code
c1 during the period T3 from the time t2, and the other channels are
thereafter transmitted by the fixedly controlled directional beam
transmission. Concurrently with this fixedly controlled directional beam
transmission,the pilot channel for the adaptively controlled directional
beam transmission is transmitted with the spreading code c2 during the
period T2 from the time t2, and the other channels are thereafter
transmitted by the adaptively controlled directional beam transmission. In
Fig. 12, the transmission periods T3, T2 of the pilot channels for the
fixedly controlled and adaptively controlled directional beam transmissions
are equal to each 28   otter, but it is also possible to set the
transmission periods T3, T2 different from each otter. Fig. 13 shows an
example where the multiplexing methods in the omnisector transmission and
in the fixedly controlled directional beam transmission are interchanged,
with respect to the makeup of Fig. 12. Likewise, Fig. 14 shows an example
where the multiplexing methods in the omnisector transmission and in the
adaptively controlled directional beam transmission are interchanged, with
respect to the makeup of Fig. 12. In the contents described with Figs. 12,
13, and 14, the change to the fixedly controlled directional beam
transmission was made at the same time t2 in the transmission using the
directional beams with the different spreading codes being assigned
thereto, but the transmission times in the fixedly controlled directional
bean transmission and in the adaptively controlled directional beam
transmission do not always have to be equal to each other, and may be
shifted from each other. These makeups enable the pilot channels
corresponding to the respective transmission methods to be multiplexed. In
either of the makeup examples, the three multiplexing methods shown in Fig.
5A, 5B and 5C can be applied to multiplexing of a plurality of pilot
channels corresponding to the respective beams in the fixedly and
adaptively controlled directional beam transmissions. The above described
the examples where there were the 29   



three types of transmission methods of the omnisector transmission, the
fixedly controlled directional beam transmission, and the adaptively
controlled directional beam transmission, with reference to Fig. 5A to Fig.
14, but multiplexing of pilot channels can be implemented according to much
the same ideas even in the case where there are arbitrary two types of
transmission methods. [Assignment Control of Channels to Respective
Transmission Methods according to Types of Channels to be Transmitted] The
following will describe assignment control of channels to the respective
transmission methods according to types of channels to be transmitted. Fig.
15 shows a manner of assigning channels to the respective transmission
methods according to types of channels to be transmitted, based on
assignment pattern rules to the respective transmission methods, in the
case where there are the three types of transmission methods of the
omnisector transmission, the fixedly controlled directional beam
transmission, and the adaptively controlled directional beam transmission.
The channels herein are the following six channels a common control channel
for transmitting a control signal destined for a11 the mobile stations in
the sector; a shared control channel for transmitting individual control
signals destined for respective mobile stations an individual 30   control
channel for individually transmitting individual control signals destined
for respective mobile stations; a com~~non data channel for transmitting
ir! formation destined for a11 the mob=le stations in the sector; a shared
data channel for transmitting individual information destined for
respective mobile stations; and an individual data channel for individually
transmitting individual information destined for respective mobile
stations. The assignment pattern rules herein car. be determined ir~
consideration of uses of channels to be transmitted, rates of use of the
transmission methods, and so on. For example, a signal destined for a11 the
mobile stations can be efficiently transmittedwhen it is transmitted to the
entire sector of the base station by the omnisector transmission. In the
case of a signal destined for a specificmobile station, the signal can be
transmitted with low transmi ssion power if a directional beam is formed
toward the mobile station by the adaptively controlled directional beam
transmission. Fig. 16 shows an example of the above assignment pattern
rules . In the example of Fig. 16, the commorL control channel and common
data channel are assigr_ed to the omnisector transmission. The reason is
that the channels are signal s destined for all the mobile stations and
thus the simultar_eous transmission by the omnisector transmission.
improves the transmission efficiency. The shared control channel and shared
data channel are ass;~gned 31   to the fixedly controlled directional beam
transmission. The reason is tha t the channels are those sharedbyaplural
ity of mobile stations and it is feasible to implemerLt efficient
transmission with a directional beam being assigned to users existing in
nearly equal directions and to perform the transmission withlow
transmission power. Furthermore, the individual control channel and
individual data channel are assigned to the adaptively controlled
directional beam transmission. Since these signals are completely those
destined for each mobile station, an efficient way is to form a directional
beam to each desired mobile station by adaptive control and transmit the
channels with low transmissior_ power. It is noted that Fig. 16 is just an
example of the channel assignment and the present embodiment is not limited
thereto. I~ theprobabilityof signal transmissionbyaspecific transmission
method out of the three transmission methods is high, it is also possible,
for example, to employ a process of allocating some channels to the other
transmission methods not used so often. Fig. 15 took the three types of
transmission methods and the six types of channels into consideration, but
these canbe applied to cases of arbitrary types. [Changeover Control of
Directional Beams into Respective Directions in Fixedly Controlled
Directional Beam Transmission] 32 



A variety o~ examples will be described below about changeover control of
directionalbeamsinto the respective directions in the fixedly controlled
directional beam transmission. Fig. 17 shows an example where the
directional beams into the respective directions are emitted while being
changed over on time basis, in the fixedly controlled directional beam
transmission. Fig, 17 shows the case where there are a total of N
directional beams and shows a manner of successively changing the
directions of the directional beams according to the procedure of emitting
a directional beam at time t'_, thereafter emitting a beam in another
direction at time t2, emitting a directional beam in still another
direction at time t3, and so on. This prevents adjacent directional beams
from overlapping and makes it feasible to implement the transmission with
reduced interference between beams. This example of Fig. 17 showed the
example where the directions of beams were changed over on a time basis,
but it is also possible to increase transmission chances, by extending an
assigned period to a beam in a direction in which a number of mobile
stations exist, or by increasing the number of times the beam is assigned,
according to a distribution of mobile stations in the sector. It is also
possible to select and emit fixedly controlled directional
beamswhileavoiding overlap with thetransmission direction 33   of the
adaptively controlled directional beam. Fig. 18 shows an example where
directional beams into the respective directions are emitted with use of
different frequencies, in the fixedly controlled directional beam
transmission. This example can be applied to a radio transmissionsystem
using a plurality offrequency carriers. Fig. 18 shows the case where there
are a total of Ndirectional beams, and a manner of emitting the di
rectional beams with use of N different frequencies (f1-fN), in which the
assignment of the different frequencies to the respective beams makes it
feasible to avoid mutual interference even with overlap of the directional
beams. This example of Fig. 18 showed the example where the directions of
the beams were changed over on a frequency basis, but it is also possible
toincrease transmission chances, by broadening an assigned frequency band
to a direction in which the number of mobile stations is large, or by
increasing the number of times the frequency band is assigned, according to
a distribution of mobile stations in the sector. It is also possible to
select and emit the fixedlycon_trolleddirectionalbeams whilebeing
separatedfrom the adaptively controlled directional beam. Fig. 19 shows an
example where the directional beams into the respective directions are
emitted with use of different spreading codes, in the fixedly controlled
directional beam transmi ssion. Fig. 19 shows the case where there are a
total of N directional beams, and a manner of 34 



emitting the directional beams with use of V different spreading codes
(c1-cN), in which the assignment of the different spreading codes to the
respective beams makes it feasible to avoid the mutual irterferer~ce even
with overlap of the directional beams. This example of Fig. 19 showed the
example where the directions of beams were differentiated frorc~ each other
with use of the different spreading codes, but it is also possible to
increase transmission chances, by increasing the number of spreading codes
assigned to a direction in which the number of mobile stations is large,
according to a distribution of mobile stations in the sector. It is also
possible to select and transmit the beams of the spreading codes while
being separated from the adaptively controlled directional beam. In these
examples of the fixedly controlled directional beam transmission, the
mutual interference can also be avoided by a combination of the time
division multiplex structure, the frequency division multiplexstructure,or
thecode division multiplex structure, whereby the beams can be utilized
more efficiently. Fig. 20 shows an example where, in the case of
directional beams into the respective directions being emitted in the
fixedly controlled directional beam transmission, the beams are
preliminarily grouped and emitted group by group. Fig. 20 shows the case
where there exi st a total of directional beams in eight directions and 35
where they are grouped into four groups in total while each group
accommodates two beams. Each of the time division method shown in Fi g. 17,
the frequency division method showr_ in Fig. 18, and the code division
method shown in Fig. 19 can be applied to the four groups. The time
division method among the above methods increases transmission chances of
each beam by the grouping, in comparison with the case of transmission beam
by beam without grouping, thus shortens intervals of transmission, and
implements an efficient transmission method. In the frequency division and
code division methods, it is feasible to decrease the number of frequencies
or the number of spreading codes necessary for correspondence to the
respective beams, and thus to implement an efficient transmission method. 



As described above, the present invention successfully achieved the
efficient transmission by the appropriate transmission methods according to
the types of information even in the application of the directional beam
transmission. 36   What is claimed is: 1. A transmission
controlapparatusfortransmitting information by radio communication toward a
mobile station locatedin a predeterminedsector, the transmission control
apparatus comprising: selecting means for selecting a transmission method
according to a type of the information to be transmitted, from options
including two or more out of omnisector transmission of transmitting the
information to the entire sector, fixedly controlled directional beam
transmission of transmitting the information to at least one fixed
direction preliminarily determined, and adaptively controlled directional
beam transmission of adaptively controll ing a transmissa.on direction
according to a location of a target mob~.le stations and transmitting means
for transmitting the information by the transmission method thus selected.
2. The transmission control apparatus according to Claim 1, further
comprising multiplex control means for performing such control in the
trar_smiss~on of the information by the transmitting means that
transmission is carried out while a pilot charnel for transmitting a pilot
signal is multiplexed on a channel for transmitting a signal other than the
pilot signal. 3. The transmission control apparatus according to Claim 2,
wherein the multiplex control means multiplexes 37   the pilot channel by
at least one multiplex structure selected from a time division multiplex
structure, a frequency division multiplexstructure, and a code division
multiplex structure. 4. The transmission control apparatus according to
Claim 1, further comprising assignment control means for performing such
control in the transmission of the information by the transmitting means
that transmission is carried out while a plurality of channels determined
according to the num~er of target mobile stations and types 



of the ir_formation to be transmitted are assigned to the two or more
transmission methods as the options. 5. The transmission control apparatus
according to Claim 4, wherein the plurality of charnels are: a common
control channel for transmitting a control signal destined for all mobile
stations in the sector; a shared control channel for transmitting
individual control signals destined for respective mobile stations; an
individual control channel for individually transmitting individual control
signals destined for respective mobile stations; a common data channel for
transmitting information destined for a11 mobile stations in the sector; a
shared data channel for transmitting individual information destined for
respective mobile stations; and an individual data channel for individually
38   transmitting ir_dividual information destined for respective mobile
stations. 6. The transmission control apparatus according to Claim 1,
further comprising division control means for performing such control that
when the transmitting means transmits the information to a plurality of
mobile stations by emitting directional beams into a plurality of
directions in the fixedly controlled directional beam transmission, the
directional beams into the respective directions are emitted by a division
scheme selected from a time division scheme, a frequency division scheme,
and a code division scheme. 7. The transmission control apparatus according
to Claim 6, wherein the division control means performs such control that:
the directional beams into the respective directions 



are grouped into a pl urality of groups and the directional beams into the
respective directions are emitted by a division scheme selected from the
time division scheme, the frequency division scheme, and the code division
scheme or by a scheme of a combination of two or more thereof for each of
the groups. 8. A transmissior_ control method for transmitting information
by radi o communication toward a mobile station locatedin a
pred2terminedsector, thetransmission control method comprising: 39   a
selecting step of selecting a transmission method according to a type of
the informati on to be transmitted, from options including two or more out
of omnisector transmission of transmitting the information to the entire
sector, fixedly controlled directional beam transmission of transmitting
the information to at least one fixed direction preliminarily determined,
and adaptively controlled directional beam transmission of adaptively
controlling a transmission direction accordingto alocation of a target
mobile station; and a transmitting step of transmitting the information by
the transmission method thus selected. 9. The transmission control method
according to Claim 8, wherein control is performed in the transmission of
the information in the transmitting step so that transmission is carried
out while a pilot channel for transmitting a pilot signal is multipl exed
on a channel for transmitting a signal other than the pilot signal. 10. The
transmission control method according to Claim 9, wherein the pilot channel
is multiplexed by at least one multiplex structure selected from a time
division multiplex structure, a frequency division multiplex structure, and
a code division multiplex structure. 11. The transmission control method
according to Claim 8, wherein control is performed in the transmission of
the information in the transmitting step so that 40   transmission is
carried out whil a a plurality of channels determined according to the
number of target mobile stations and types of the information to be
trar_smitted are assigned to the two cr more transmission methods as the
options. 12. The transmission control method according to Claim 11, wherein
the plurality of channels are: a commor_ control channel for transmitting a
control signal destined for a11 mobile stations in the sector; a shared
control channel for transmitting individual control signals destined for
respective mobile stations an individual control channel for individually
transmitting individual control signals destined for respective mobile
stations a common data channel for transmitting information destined for
all mobile stations in the sector; a shared data channel for transmitting
individual information destined for respective mobile stations and an
individual data channel for individually 



transmitting ,individual information destined for respective mobile
stations. 13. The transmission control method according to Claim 8, wherein
when the information is transmitted to a plurality of mobile stations by
emitting directional beans into a plurality of directions in the fixedly
controlled directional beam transt~ission in the transmitting step,
division transmission control is performed so that the 41   directional
beans into the respective directions are emitted by a division scheme
selected from a time division scheme, a frequency division scheme, and a
code division scheme. 14. The transmission control method according to
Claim 13, wherein in the division transmission control, control is
performed so that: the directional beams into the respective directions are
grouped into a plurality of groups and the directional . beams into the
respective directions are emitted by a division scheme selected from the
time division scheme, the frequency division scheme, and the code division
scheme or by a scheme of a combination of two or more thereof for each of
the groups. 42  .A@.A@.Afu.A
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