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COMMUNICATION DEVICE,
COMMUNICATION CONTROL METHOD
AND COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a communication
device, a communication control method and a communica-
tion system.

[0003] 2. Description of the Related Art

[0004] A new communication method for enhancing the
communication speed of radio communication with use of
high-frequency electromagnetic waves called millimeter
waves is currently under development. The wavelength of
millimeter waves is 10 mm to 1 mm and the frequency of
millimeter waves is 30 GHz to 300 GHz, and assignment of a
channel in units of GHz is feasible in a 60-GHz band or the
like, for example.

[0005] Generally, millimeter waves have characteristics
that they propagate more straightly and are attenuated by
reflection more significantly compared to microwaves.
Therefore, a radio communication path in millimeter-wave
communication are mainly formed with direct waves or
reflected waves reflected once or so. Millimeter waves also
have characteristics that a free space propagation loss is large
(an electric wave attainment distance is short). Therefore,
while radio communication using millimeter waves has an
advantage that space division can be performed easier than
the case of using microwaves, there is an aspect that a com-
munication distance is short.

[0006] Inorder to compensate for such a weakness of mil-
limeter waves and make use of high-speed radio communi-
cation using millimeter waves in a larger variety of scenes,
one approach is to add a directionality to antennas of trans-
mitting and receiving devices and aim a transmitting beam
and a receiving beam in the direction where a device at the
other end of communication is located to thereby lengthen a
communication distance. The directionality of a beam can be
controlled by mounting a plurality of antennas on transmit-
ting and receiving devices and assigning different weights to
the respective antennas, for example. Japanese Unexamined
Patent Application Publication No. 2000-307494, for
example, discloses a technique of performing radio commu-
nication with millimeter waves after exchanging a control
signal through a communication medium such as sound
waves, infrared rays, light or the like and learning an optimum
antenna directionality.

SUMMARY OF THE INVENTION

[0007] However, the technique of learning an optimum
antenna directionality firstly changes an antenna directional-
ity at the transmitting end each time transmitting and receiv-
ing one packet and secondary determines an optimum direc-
tionality at the receiving end according to a result of the
received packet. In this case, it is necessary to transmit and
receive the same number of packets as the number of beam
patterns, which increases the time for learning and may cause
degradation of the throughput.

[0008] Inlight of the foregoing, it is desirable to provide a
novel and improved communication device, communication
control method and communication system that enable high-
speed learning of an antenna directionality to be used for
millimeter-wave communication.
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[0009] According to an embodiment of the present inven-
tion, there is provided a communication device including: a
first radio communication unit capable of radio communica-
tion in accordance with a first communication method; and a
second radio communication unit capable of radio commu-
nication in accordance with a second communication method
using a higher frequency band than the first communication
method, wherein the first radio communication unit transmits
an instruction signal instructing to learn a beam directionality
to another communication device, and the second radio com-
munication unit transmits a beam reference signal used for
learning a beam directionality to said another communication
device after completion of transmission of the instruction
signal by the first radio communication unit and before recep-
tion of a response signal to the instruction signal.

[0010] The second radio communication unit may transmit
the beam reference signal after a prescribed time period has
elapsed from completion of transmission of the instruction
signal by the first radio communication unit.

[0011] The instruction signal may contain only a header
portion of a signal format conforming to the first communi-
cation method.

[0012] The beam reference signal may be a signal contain-
ing plural signal sequences respectively associated with dif-
ferent directionality patterns.

[0013] The beam reference signal may be a signal contain-
ing plural time slots respectively corresponding to the plural
signal sequences.

[0014] The beam reference signal may be a signal combin-
ing the plural signal sequences in orthogonal or pseudo
orthogonal relation with one another.

[0015] At least part of transmission processing of a radio
signal in accordance with the first communication method
and atleast part of transmission processing of a radio signal in
accordance with the second communication method may be
executed using a common circuit.

[0016] According to another embodiment of the present
invention, there is provided a communication device includ-
ing: a first radio communication unit capable of radio com-
munication in accordance with a first communication
method; and a second radio communication unit capable of
radio communication in accordance with a second commu-
nication method using a higher frequency band than the first
communication method, wherein after the first radio commu-
nication unit transmits an instruction signal instructing to
learn a beam directionality to another communication device,
the first radio communication unit transmits a beam reference
signal used for learning a transmitting beam directionality of
the second radio communication unit to said another commu-
nication device before receiving a response signal to the
instruction signal.

[0017] The first radio communication unit may further
receive a notification signal containing a parameter value for
specifying an optimum beam pattern determined based on the
beam reference signal from said another communication
device, and the second radio communication unit may per-
form radio communication with said another communication
device by using a beam pattern specified by the parameter
value contained in the notification signal.

[0018] According to another embodiment of the present
invention, there is provided a communication device includ-
ing: a first radio communication unit capable of radio com-
munication in accordance with a first communication
method; and a second radio communication unit capable of
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radio communication in accordance with a second commu-
nication method using a higher frequency band than the first
communication method, wherein upon receiving an instruc-
tion signal instructing to learn a beam directionality, the first
radio communication unit determines a certain time point
after completion of reception of the instruction signal and
before transmission of a response signal to the instruction
signal as a reception start time point of a beam reference
signal, and the second radio communication unit starts recep-
tion of the beam reference signal from the reception start time
point determined by the first radio communication unit and
determines a parameter value for specifying an optimum
beam pattern based on the received beam reference signal.
[0019] The reception start time point may be a time point
after a prescribed time period has elapsed from completion of
reception of the instruction signal by the first radio commu-
nication unit.

[0020] Atleast part of reception processing of a radio signal
in accordance with the first communication method and at
least part of reception processing of a radio signal in accor-
dance with the second communication method may be
executed using a common circuit.

[0021] According to another embodiment of the present
invention, there is provided a communication device includ-
ing: a first radio communication unit capable of radio com-
munication in accordance with a first communication
method; and a second radio communication unit capable of
radio communication in accordance with a second commu-
nication method using a higher frequency band than the first
communication method, wherein upon receiving an instruc-
tion signal instructing to learn a beam directionality, the first
radio communication unit further receives a beam reference
signal transmitted subsequent to the instruction signal and
used for learning a transmitting beam directionality to be used
for radio communication by the second radio communication
unit, and determines a parameter value for specifying an
optimum beam pattern based on the received beam reference
signal.

[0022] The first radio communication unit may determine
the parameter value for specifying an optimum beam pattern
in accordance with eigenvalue analysis based on the beam
reference signal.

[0023] According to another embodiment of the present
invention, there is provided a communication control method
between a transmitting device and a receiving device capable
of radio communication in accordance with a first communi-
cation method and a second communication method using a
higher frequency band than the first communication method,
including the steps of: transmitting an instruction signal
instructing to learn a beam directionality from the transmit-
ting device to the receiving device in accordance with the first
communication method; transmitting a beam reference signal
used for learning a beam directionality from the transmitting
device to the receiving device in accordance with the second
communication method after completing transmission of the
instruction signal and before receiving a response signal to
the instruction signal; starting reception of the beam refer-
ence signal from a prescribed reception start time point deter-
mined based on the received instruction signal in the receiv-
ing device; and determining a parameter for specifying a
beam having an optimum directionality based on the received
beam reference signal.

[0024] According to another embodiment of the present
invention, there is provided a communication system includ-
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ing a transmitting device and a receiving device respectively
including: a first radio communication unit capable of radio
communication in accordance with a first communication
method; and a second radio communication unit capable of
radio communication in accordance with a second commu-
nication method using a higher frequency band than the first
communication method, wherein the first radio communica-
tion unit of the transmitting device transmits an instruction
signal instructing to learn a beam directionality to the receiv-
ing device, the second radio communication unit of the trans-
mitting device transmits a beam reference signal used for
learning a beam directionality to the receiving device after
completion of transmission of the instruction signal by the
first radio communication unit and before reception of a
response signal to the instruction signal, upon receiving the
instruction signal, the first radio communication unit of the
receiving device determines a reception start time point of the
beam reference signal based on the instruction signal, and the
second radio communication unit of the receiving device
starts reception of the beam reference signal from the deter-
mined reception start time point and determines a parameter
value for specifying an optimum beam pattern based on the
received beam reference signal.

[0025] According to the embodiments of the present inven-
tion described above, it is possible to provide a communica-
tion device, a communication control method and a commu-
nication system that enable high-speed learning of an antenna
directionality to be used for millimeter-wave communication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1is a schematic view showing an overview of
a communication system according to an embodiment.
[0027] FIG. 2 is a block diagram showing an example of a
configuration of a transmitting device according to a first
embodiment.

[0028] FIG. 3 is a block diagram showing an example of a
specific configuration of a second digital unit in the transmit-
ting device according to the first embodiment.

[0029] FIG. 4 is an explanatory view showing an example
of beam patterns.

[0030] FIG. 5 is an explanatory view showing an example
of formats of an instruction signal and a beam reference
signal.

[0031] FIG. 6 is a block diagram showing an example of a
configuration of a receiving device according to the first
embodiment.

[0032] FIG. 7is a block diagram showing an example of a
specific configuration of a second digital unit in the receiving
device according to the first embodiment.

[0033] FIG. 8 is an explanatory view to describe direction-
ality control processing.

[0034] FIG. 9 is an explanatory view showing an example
of a signal transmitting and receiving sequence according to
the first embodiment.

[0035] FIG. 10 is an explanatory view showing another
example of a format of a beam reference signal according to
the first embodiment.

[0036] FIG. 11 is ablock diagram showing an example of a
configuration of a transmitting device according to a second
embodiment.

[0037] FIG.12is ablock diagram showing an example of a
specific configuration of a second digital unit in the transmit-
ting device according to the second embodiment.
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[0038] FIG. 13 is an explanatory view to describe the tim-
ing of transmitting a beam reference signal according to the
second embodiment.

[0039] FIG. 14 is a block diagram showing an example of a
configuration of a receiving device according to the second
embodiment.

[0040] FIG.15is ablock diagram showing an example of a
specific configuration of a second digital unit in the receiving
device according to the second embodiment.

[0041] FIG.16 is a block diagram showing an example of a
configuration of a transmitting device according to a third
embodiment.

[0042] FIG.17 is an explanatory view showing an example
of'formats of an instruction signal and a beam reference signal
according to the third embodiment.

[0043] FIG. 18 is ablock diagram showing an example of'a
configuration of a receiving device according to the third
embodiment.

[0044] FIG.19is ablock diagram showing an example of a
specific configuration of a first digital unit in the receiving
device according to the third embodiment.

[0045] FIG. 20 is a block diagram showing an example of a
specific configuration of a second digital unit in the receiving
device according to the third embodiment.

[0046] FIG. 21 is an explanatory view showing an example
of a signal transmitting and receiving sequence according to
the third embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

[0047] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.
[0048] Preferred embodiments of the present invention will
be described hereinafter in the following order.
[0049] 1. Overview of Communication System
[0050] 2. Explanation of First Embodiment
[0051] 2-1. Configuration of Transmitting Device
[0052] 2-2. Configuration of Receiving Device
[0053] 2.3. Example of Signal Transmitting and
Receiving Sequence

[0054] 2-4. Alternative Example
[0055] 3. Explanation of Second Embodiment
[0056] 3-1. Configuration of Transmitting Device
[0057] 3-2. Configuration of Receiving Device
[0058] 4. Explanation of Third Embodiment
[0059] 4-1. Configuration of Transmitting Device
[0060] 4-2. Configuration of Receiving Device
[0061] 4-3. Example of Signal Transmitting and

Receiving Sequence
[0062] 4-4. Alternative Example
[0063] 5. Summary

1. Overview of Communication System

[0064] FIG. 11is a schematic view showing an overview of
a communication system 1 according to an embodiment of
the present invention. Referring to FIG. 1, the communication
system 1 includes a communication device 100 and a com-
munication device 200. In this embodiment, the communica-
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tion device 100 transmits a given signal, which is described
later, to the communication device 200 and starts communi-
cation with the communication device 200. The communica-
tion device 200 receives a signal transmitted from the com-
munication device 100 and starts communication with the
communication device 100. Therefore, in this specification,
the communication device 100 is referred to as a device at the
transmitting end or a transmitting device, and the communi-
cationdevice 200 is referred to as a device at the receiving end
or a receiving device, in some cases.

[0065] The communication devices 100 and 200 can per-
form radio communication with each other in accordance
with first and second communication methods. The first com-
munication method is a communication method using elec-
tromagnetic waves such as microwaves, for example, that
propagate less straightly and are attenuated by reflection less
significantly compared to the above-described millimeter
waves. The first communication method may be a communi-
cation method based on wireless LAN (Local Area Network)
standards such as IEEE802.11a/b/g, for example. Thus, when
performing radio communication in accordance with the first
communication method, the communication devices 100 and
200 can communicate with each other without considering
the directionality of a transmitting beam and a receiving
beam. On the other hand, the second communication method
is a communication method using electromagnetic waves that
propagate straightly and are attenuated by reflection signifi-
cantly, which are typified by the above-described millimeter
waves. The second communication method may be a com-
munication method based on VHT (Very High Throughput)
standards using a 60-GHz band, for example. Thus, when
performing radio communication in accordance with the sec-
ond communication method, it is preferred that the commu-
nication devices 100 and 200 transmit and receive radio sig-
nals by pointing a transmitting beam and a receiving beam at
the device at the other end of communication.

[0066] Intheexample of FIG. 1, the communication device
100 includes an antenna 110 for transmitting and receiving
radio signals in accordance with the first communication
method and a plurality of antennas 160a to 1607 for trans-
mitting and receiving radio signals in accordance with the
second communication method. The communication device
200 includes an antenna 210 for transmitting and receiving
radio signals in accordance with the first communication
method and a plurality of antennas 260a to 260# for trans-
mitting and receiving radio signals in accordance with the
second communication method. The communication devices
100 and 200 can perform so-called MIMO (Multi-Input
Multi-Output) communication in accordance with the second
communication method by using the plurality of antennas
160a to 1607 and the plurality of antennas 260a to 2607. By
adjusting weights assigned to signals transmitted and
received through the respective antennas, the directionality of
transmitting and receiving beams at the time of radio com-
munication in accordance with the second communication
method is controlled. Referring to FI1G. 1, a transmitting beam
Bt s directed from the communication device 100 toward the
communication device 200, for example, Further, a receiving
beam Br is directed from the communication device 200
toward the communication device 100, for example.

[0067] The communication devices 100 and 200 may be a
PC (Personal Computer), a terminal device such as a cellular
phone terminal, a portable information terminal, a music
player or a game terminal or a household electrical appliance
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such as a television set, for example, Further, the communi-
cation devices 100 and 200 may be network equipment such
as a broadband router or a wireless access point. Furthermore,
the communication devices 100 and 200 may be a radio
communication module incorporated into such equipment,
for example.

2. Explanation of First Embodiment

[0068] Configurations of the communication devices
according to a first embodiment the present invention are
described hereinafter with reference to FIGS. 2 to 8.

2-1. Configuration of Transmitting Device

[0069] FIG. 2 is a block diagram showing an example of a
configuration of the communication device 100 according to
the embodiment. Referring to FIG. 2, the communication
device 100 includes an antenna 110, a first radio communi-
cation unit 120, a storage unit 150, a plurality of antennas
1604 to 1607 and a second radio communication unit 170.
The first radio communication unit 120 includes a first analog
unit 122, an AD (Analog-to-Digital) conversion unit 124, a
DA (Digital-to-Analog) conversion unit 126, a first digital
unit 130 and a control unit 140. The second radio communi-
cation unit 170 includes a second analog unit 172, an AD
conversion unit 174, a DA conversion unit 176, a second
digital unit 180 and a control unit 190.

[0070] The antenna 110 is an antenna that is used for radio
communication in accordance with the first communication
method. The antenna 110 transmits an instruction signal
which instructs to learn a beam directionality by using micro-
waves, for example. Further, the antenna 110 receives a noti-
fication signal to obtain notification of an optimum beam
pattern and outputs it to the first analog unit 122, for example.
[0071] The first analog unit 122 typically corresponds to an
RF (Radio Frequency) circuit for transmitting and receiving a
radio signal in accordance with the first communication
method. Specifically, the first analog unit 122 performs
amplification and frequency conversion of a received signal
received by the antenna 110 and outputs the signal to the AD
conversionunit 124, for example. Further, the first analog unit
122 performs frequency conversion of a transmission signal
converted into an analog signal by the DA conversion unit 126
and outputs the signal to the antenna 110.

[0072] The AD conversion unit 124 converts an analog
received signal input from the first analog unit 122 into a
digital signal and outputs it to the first digital unit 130. The
DA conversion unit 126 converts a digital transmission signal
input from the first digital unit 130 into an analog signal and
outputs it to the first analog unit 122.

[0073] The first digital unit 130 typically includes a circuit
for demodulating and decoding a received signal in accor-
dance with the first communication method and a circuit for
encoding and modulating a transmission signal in accordance
with the first communication method. If the instruction signal
which instructs to learn a beam directionality is input from the
control unit 140, the first digital unit 130 encodes and modu-
lates the instruction signal and outputs it to the DA conversion
unit 126, for example. Further, if the above-described notifi-
cation signal is input from the AD conversion unit 124, the
first digital unit 130 demodulates and decodes the notification
signal and outputs it to the control unit 140, for example.
[0074] The control unit 140 controls the overall operation
of the first radio communication unit 120 by using an arith-
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metic unit such as a CPU (Central Processing Unit), for
example. The control unit 140 outputs the above-described
instruction signal to the first digital unit 130 in response to a
request from a given application, for example. Further, if a
decoded notification signal is input from the first digital unit
130, the control unit 140 acquires a parameter value for speci-
fying an optimum beam pattern contained in the notification
signal and stores it into the storage unit 150.

[0075] The storage unit 150 stores a program and a param-
eter value to be used for communication processing by the
communication device 100 by using a recording medium
such as semiconductor memory, for example. In this embodi-
ment, the storage unit 150 may store a parameter value for
specifying an optimum beam pattern at the time of radio
communication by the second radio communication unit 170
in accordance with the second communication method, for
example.

[0076] The plurality of antennas 160a to 160 are antennas
to be used for radio communication in accordance with the
second communication method. The plurality of antennas
160a to 160r are typically configured as MIMO antennas.
Specifically, the antennas 160a to 1607 transmit radio signals
which are weighted with prescribed weighting factors by
using millimeter waves, for example. Further, the antennas
160a to 160n receive radio signals, which are millimeter
waves, and output the signals to the second analog unit 172,
for example.

[0077] The second analog unit 172 typically corresponds to
an RF circuit for transmitting and receiving radio signals in
accordance with the second communication method. Specifi-
cally, the second analog unit 172 performs amplification and
frequency conversion of a plurality of received signals
respectively received by the antennas 160a to 160» and out-
puts the signals to the AD conversion unit 174, for example.
Further, the second analog unit 172 performs frequency con-
version of a plurality of transmission signals respectively
converted into analog signals by the DA conversion unit 176
and outputs the signals to the antennas 160a to 1607.

[0078] The AD conversion unit 174 converts a plurality of
analog received signals input from the second analog unit 172
into digital signals and outputs them to the second digital unit
180. The DA conversion unit 176 converts a plurality of
digital transmission signals input from the second digital unit
180 into analog signals and outputs them to the second analog
unit 172.

[0079] The second digital unit 180 typically includes a
circuit for demodulating and decoding received signals in
accordance with the second communication method and a
circuit for encoding and modulating transmission signals in
accordance with the second communication method.

[0080] FIG. 3 is a block diagram showing an example of a
specific configuration of the second digital unit 180. Refer-
ring to FIG. 3, the second digital unit 180 includes a synchro-
nization unit 181, a receiving beam processing unit 182, a
demodulation and decoding unit 183, an encoding and modu-
lation unit 184, and a transmitting beam processing unit 185.
[0081] The synchronization unit 181 synchronizes the start
timing of reception processing on a plurality of received
signals received by the plurality of antennas 160a to 160r
according to a preamble at the head of a packet, for example,
and outputs the signals to the receiving beam processing unit
182.

[0082] The receiving beam processing unit 182 performs
weighting processing of the plurality of received signals input
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from the synchronization unit 181 according to uniform dis-
tribution or Taylor distribution, for example, and thereby
controls the directionality of a receiving beam. The values of
the weights used by the receiving beam processing unit 182
are specified by a directionality control signal input from the
control unit 190, for example. Alternatively, the receiving
beam processing unit 182 may produce a receiving beam by
treating the plurality of antennas 160a to 160x as an array
antenna.

[0083] The demodulation and decoding unit 183 demodu-
lates and decodes the received signals weighted by the receiv-
ing beam processing unit 182 according to arbitrary modula-
tion method and encoding method used in the second
communication method and acquires a data signal. The
demodulation and decoding unit 183 then outputs the
acquired data signal to the control unit 190.

[0084] The encoding and modulation unit 184 encodes and
modulates a data signal input from the control unit 190
according to arbitrary encoding method and modulation
method used in the second communication method and gen-
erates a transmission signal. The encoding and modulation
unit 184 then outputs the generated transmission signal to the
transmitting beam processing unit 185.

[0085] The transmitting beam processing unit 185 gener-
ates a plurality of transmission signals weighted according to
uniform distribution or Taylor distribution, for example, from
atransmission signal input from the encoding and modulation
unit 184 and thereby controls the directionality of a transmit-
ting beam. The values of the weights used by the transmitting
beam processing unit 185 are specified by a directionality
control signal input from the control unit 190, for example.
Alternatively, the transmitting beam processing unit 185 may
produce a transmitting beam by treating the plurality of
antennas 160a to 160% as an array antenna. The plurality of
transmission signals weighted by the transmitting beam pro-
cessing unit 185 is respectively output to the DA conversion
unit 176.

[0086] Although not shown in FIG. 3, the second digital
unit 180 may further estimate channel characteristics of
MIMO channels from the received signals received by the
plurality of antennas 160a to 160z and perform channel
equalization according to the estimation result.

[0087] Referring back to FIG. 2, an example of a configu-
ration of the communication device 100 is further described.

[0088] The control unit 190 controls the overall operation
of the second radio communication unit 170 by using an
arithmetic unit such as a CPU, for example. The control unit
190 makes control to transmit a beam reference signal from
the second radio communication unit 170 after completing
transmission of the above-described instruction signal from
the first radio communication unit 120 and before receiving a
response signal to the instruction signal in response to a
request from a given application, for example. Further, the
control unit 190 acquires a parameter value for specifying an
optimum beam pattern from the storage unit 150 and outputs
a directionality control signal that contains the acquired
parameter value to the receiving beam processing unit 182 or
the transmitting beam processing unit 185 of the second digi-
tal unit 180 described above. A receiving beam or a transmit-
ting beam at the time of radio communication in accordance
with the second communication method by the communica-
tion device 100 is thereby directed in the direction where the
device at the other end of communication is located.
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[0089] FIG. 4 is an explanatory view showing an example
of'beam patterns which can be created in the communication
device 100.

[0090] Referring to FIG. 4, ten transmitting beam patterns
Bt0 to Bt9 are shown which can be created in the communi-
cation device 100 according to the present embodiment. The
transmitting beam patterns Bt0 to Bt9 respectively have
directionalities in directions differing by 36 degrees each on
a plane where the communication device 100 is located. The
transmitting beam processing unit 185 of the communication
device 100 can transmit radio signals from the antennas 160a
to 160x by using a transmitting beam pattern selected from
the ten transmitting beam patterns Bt0 to Bt9 according to the
directionality control signal from the control unit 190. Fur-
ther, receiving beam patterns which can be created in the
communication device 100 may be beam patterns similar to
the transmitting beam patterns Bt0 to Bt9 shown in FIG. 4. In
the storage unit 150 of the communication device 100,
weighting factors for the antennas 160a to 160x to create
those beam patterns are prestored. It should be noted that the
transmitting beam patterns and the receiving beam patterns
which can be created in the communication device 100 are not
limited such examples. For example, the transmitting beam
patterns or the receiving beam patterns having directionalities
in various directions on a three-dimensional space may be
created.

[0091] FIG. 5 is an explanatory view showing an example
of signal formats of the instruction signal and the beam ref-
erence signal transmitted from the communication device
100.

[0092] Referring to FIG. 5, the instruction signal transmit-
ted from the antenna 110 in accordance with the first com-
munication method contains only a header portion 112 of the
signal format conforming to the first communication method.
A data portion 118 of'the signal format conforming to the first
communication method is omitted in the instruction signal.
By omitting the data portion 118 in the instruction signal in
this manner, it is possible to promptly complete transmission
of the instruction signal and promptly start transmission of
the beam reference signal in accordance with the second
communication method, for example. The header portion 112
has L-STF (Legacy-Short Training Field) 114 and L-LTF
(Legacy-Long Training Field) 116, for example. The STF 114
principally serves as a preamble and can be used for packet
detection, automatic gain control and synchronization pro-
cessing at the receiving end. The L-LTF 116 is principally
used for channel estimation and frequency offset correction.
[0093] On the other hand, the beam reference signal trans-
mitted from the antennas 160a to 1607 has BTF (Beam Train-
ing Field) 162. The BFT 162 is transmitted from the antennas
160a to 160a under control by the control unit 190 at the
timing when the data portion 118 would be transmitted in the
case where the data portion 118 of the instruction signal
described above is not omitted.

[0094] Inthis embodiment,the BTF 162 is composed often
time slots T0 to T9 respectively corresponding to the trans-
mitting beam patterns Bt0 to Bt9 shown in FIG. 4. In each
time slots T0to T9, a known signal sequence used for learning
of a beam at the receiving end is weighted with weighting
factors for creating the corresponding transmitting beam pat-
terns Bt0 to Bt9, respectively. Specifically, the directionality
of the transmitting beam of the beam reference signal is
sequentially changed in the respective time slots TO to T9.
Accordingly, in a receiving device located in the vicinity of
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the communication device 100, a power level of a received
signal has an outstanding value in any time slot of the beam
reference signal according to the location, so that an optimum
transmitting beam pattern can be determined. The known
signal sequence may be a random pattern of BPSK (Binary
Phase Shift Keying), for example.

[0095] As the instruction signal shown in FIG. 5, a header
portion of RTS (Request To Send) or CTS (Clear To Send)
based on IEEE802.11a/b/g standards or the like may be used,
for example. As an example, a transmitting and receiving
sequence of a signal in which the header portion of RTS is the
instruction signal is described in further detail later.

[0096] A configuration of the communication device 200
that receives the instruction signal and the beam reference
signal transmitted in the above manner is described hereinaf-
ter.

2-2. Configuration of Receiving Device

[0097] FIG. 6 is a block diagram showing an example of a
configuration of the communication device 200 according to
the firstembodiment. Referring to FI1G. 6, the communication
device 200 includes the antenna 210, a first radio communi-
cation unit 220, a storage unit 250, a plurality of antennas
260a to 260n and a second radio communication unit 270.
The first radio communication unit 220 includes a first analog
unit 222, an AD conversion unit 224, a DA conversion unit
226, a first digital unit 230 and a control unit 240. The second
radio communication unit 270 includes a second analog unit
272, an AD conversion unit 274, a DA conversion unit 276, a
second digital unit 280 and a control unit 290.

[0098] The antenna 210 is an antenna that is used for radio
communication in accordance with the first communication
method. The antenna 210 receives the above-described
instruction signal that is transmitted from the communication
device 100, for example. Further, the antenna 210 transmits a
notification signal for giving notification of an optimum beam
pattern that is determined by processing which is described
later, for example.

[0099] The first analog unit 222 typically corresponds to an
RF circuit for transmitting and receiving a radio signal in
accordance with the first communication method. Specifi-
cally, the first analog unit 222 performs amplification and
frequency conversion of a received signal received by the
antenna 210 and outputs the signal to the AD conversion unit
224, for example. Further, the first analog unit 222 performs
frequency conversion of a transmission signal converted into
an analog signal by the DA conversion unit 226 and outputs
the signal to the antenna 210.

[0100] The AD conversion unit 224 converts an analog
received signal input from the first analog unit 222 into a
digital signal and outputs it to the first digital unit 230. The
DA conversion unit 226 converts a digital transmission signal
input from the first digital unit 230 into an analog signal and
outputs it to the first analog unit 222.

[0101] The first digital unit 230 typically includes a circuit
for demodulating and decoding a received signal in accor-
dance with the first communication method and a circuit for
encoding and modulating a transmission signal in accordance
with the first communication method. Further, in this embodi-
ment, if the above-described instruction signal is input, the
first digital unit 230 acquires synchronization by using the
header portion 112 of the instruction signal shown in FIG. 5
and notifies a reception start time point at which reception of
the beam reference signal is to be started to the second digital
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unit 280 of the second radio communication unit 270. For
example, it is assumed that a time interval from a given
position (e.g. at the head of the L-STF 114, at the head of the
L-LTF 116 or at the end of the L-L'TF 116 etc.) of the header
portion 112 of the instruction signal to the head of the beam
reference signal is prescribed in advance between a transmit-
ting device and a receiving device. In such a case, the first
digital unit 230 can determine a time point at which the
prescribed time interval has elapsed from the time point at
which the given position of the header portion 112 of the
instruction signal is detected as the reception start time point.
Alternatively, for example, data that designates a specific
reception start time point may be contained in the header
portion 112 of'the instruction signal in a transmitting device.
In such a case, the first digital unit 230 can acquire the data
that designates the reception start time point from the header
portion 112 of the instruction signal and determine the recep-
tion start time point based on the data. Reception processing
of the beam reference signal in the second digital unit 280 is
described in further detail later. Then, if a notification signal
for notifying the optimum beam pattern determined using the
beam reference signal is input from the control unit 240, the
first digital unit 230 encodes and modulates the notification
signal and outputs it to the DA conversion unit 226, for
example.

[0102] The control unit 240 controls the overall operation
of the first radio communication unit 220 by using an arith-
metic unit such as a CPU, for example. Further, if the opti-
mum beam pattern is determined by the second radio com-
munication unit 270, which is described later, the control unit
240 acquires a parameter value that specifies the determined
optimum beam pattern from the storage unit 250, adds the
parameter value to the above-described notification signal
and outputs the signal to the first digital unit 230.

[0103] The storage unit 250 stores a program and a param-
eter value to be used for communication processing by the
communication device 200 by using a recording medium
such as semiconductor memory, for example. In this embodi-
ment, the storage unit 250 may store a parameter value for
specifying an optimum beam pattern at the time of radio
communication by the second radio communication unit 270
in accordance with the second communication method, for
example. Further, the storage unit 250 stores a parameter
value for specifying an optimum beam pattern at the trans-
mitting end that is determined by the second radio commu-
nication unit 270 which is described later, for example.
[0104] The plurality of antennas 260a to 260 are antennas
to be used for radio communication in accordance with the
second communication method. The plurality of antennas
260a to 260x are typically configured as MEMO antennas.
Specifically, the antennas 260a to 2607 transmit radio signals
which are weighted with prescribed weighting factors by
using millimeter waves, for example. Further, the antennas
260a to 260n receive radio signals, which are millimeter
waves, and output the signals to the second analog unit 272,
for example.

[0105] The second analog unit 272 typically corresponds to
an RF circuit for transmitting and receiving radio signals in
accordance with the second communication method. Specifi-
cally, the second analog unit 272 performs amplification and
frequency conversion of a plurality of received signals
respectively received by the antennas 260a to 2607 and out-
puts the signals to the AD conversion unit 274, for example.
Further, the second analog unit 272 performs frequency con-
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version of a plurality of transmission signals respectively
converted into analog signals by the DA conversion unit 276
and outputs the signals to the antennas 260a to 2607.

[0106] The AD conversion unit 274 converts a plurality of
analog received signals input from the second analog unit 272
into digital signals and outputs them to the second digital unit
280. The DA conversion unit 276 converts a plurality of
digital transmission signals input from the second digital unit
280 into analog signals and outputs them to the second analog
unit 272.

[0107] The second digital unit 280 typically includes a
circuit for demodulating and decoding received signals in
accordance with the second communication method and a
circuit for encoding and modulating transmission signals in
accordance with the second communication method.

[0108] FIG. 7 is a block diagram showing an example of a
specific configuration of the second digital unit 280. Refer-
ring to FIG. 7, the second digital unit 280 includes a synchro-
nization unit 281, a receiving beam processing unit 282, a
power calculation unit 283, a determination unit 284, a
demodulation and decoding unit 285, an encoding and modu-
lation unit 286 and a transmitting beam processing unit 287.
[0109] The synchronization unit 281 synchronizes the start
timing of reception processing on a plurality of received
signals received by the plurality of antennas 260a to 2607
according to a preamble at the head of a packet, for example,
and outputs the signals to the receiving beam processing unit
282. Further, if the reception start time point of the beam
reference signal is notified from the first digital unit 230 of the
first radio communication unit 220 described above, the syn-
chronization unit 281 starts reception of the beam reference
signal illustrated in FIG. 5 from the notified reception start
time point. Then, the synchronization unit 281 outputs the
received beam reference signal to the receiving beam pro-
cessing unit 282 and instructs calculation of a received power
to the power calculation unit 283.

[0110] The receiving beam processing unit 282, like the
receiving beam processing unit 182 described above, per-
forms weighting processing of the plurality of received sig-
nals input from the synchronization unit 281 according to
uniform distribution or Taylor distribution, for example, and
thereby controls the directionality of a receiving beam. The
receiving beam processing unit 282 then outputs the weighted
received signal to the power calculation unit 283 and the
demodulation and decoding unit 285.

[0111] FIG. 8 is an explanatory view to describe direction-
ality control processing of q receiving beam by the receiving
beam processing unit 282.

[0112] Referring to FIG. 8, an example of the signal format
of the beam reference signal is shown which is transmitted
from the communication device 100 in accordance with the
second communication method. The beam reference signal
contains the BTF 162 composed of ten time slots T0 to T9
respectively corresponding to the transmitting beam patterns
Bt0 to Bt9. The receiving beam processing unit 282 further
divides each of the time slots T0 to T9 of the beam reference
signal into ten sections ST0 to ST9 and performs weighting
processing of the received signals with ten receiving beam
patterns which are different from one another in the respective
sections STO to ST9. For example, the first section STO of the
time slot T0 is associated with the receiving beam pattern Br0,
and the second section ST1 of the time slot T0 is associated
with the receiving beam pattern Brl or the like. As a result of
such directionality control processing, received signals trans-
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mitted and received with total 100 transmitting and receiving
beam patterns (10 transmitting beam patternsx10 receiving
beam patterns) can be obtained in one beam reference signal.

[0113] The power calculation unit 283 shown in FIG. 7
calculates received powers of the respective received signals
transmitted and received with the above-described total 100
transmitting and receiving beam patterns in response to an
instruction from the synchronization unit 281. Then, the
power calculation unit 283 sequentially outputs the calcu-
lated received power values to the determination unit 284.

[0114] The determination unit 284 determines a parameter
value for specitying the optimum transmitting beam pattern
and receiving beam pattern based on the received power val-
ues input from the power calculation unit 283. The optimum
beam pattern is a beam pattern with which a series of received
power values input from the power calculation unit 283 for
one beam reference signal has a maximum value. The param-
eter value for specifying the optimum transmitting beam pat-
tern may be any time slot number (T0 to T9) of the BTF 162
shown in FIG. 5 and FIG. 8, for example. Alternatively, the
parameter value for specifying the optimum transmitting
beam pattern may be a weighting factor to be multiplied with
a transmission signal by the transmitting beam processing
unit 287, for example. Further, the parameter value for speci-
fying the optimum transmitting beam pattern may be a sec-
tion number (STO to ST9) shown in FIG. 8, for example.
Alternatively, the parameter value for specifying the optimum
transmitting beam pattern may be weighting factors to be
respectively multiplied with a plurality of received signals by
the receiving beam processing unit 282, for example. The
determination unit 284 outputs the determined parameter
value to the control unit 290.

[0115] The demodulation and decoding unit 285 demodu-
lates and decodes the received signal weighted by the receiv-
ing beam processing unit 282 according to arbitrary modula-
tion method and encoding method used in the second
communication method and acquires a data signal. The
demodulation and decoding unit 285 then outputs the
acquired data signal to the control unit 290.

[0116] The encoding and modulation unit 286 encodes and
modulates the data signal input from the control unit 290
according to arbitrary encoding method and modulation
method used in the second communication method and gen-
erates a transmission signal. The encoding and modulation
unit 286 then outputs the generated transmission signal to the
transmitting beam processing unit 287.

[0117] The transmitting beam processing unit 287, like the
transmitting beam processing unit 185 described above, gen-
erates a plurality of transmission signals weighted according
to uniform distribution or Taylor distribution, for example,
from the transmission signal input from the encoding and
modulation unit 286 and thereby controls the directionality of
a transmitting beam. The values of the weights used by the
transmitting beam processing unit 287 are specified by a
directionality control signal input from the control unit 290,
for example. The plurality of transmission signals weighted
by the transmitting beam processing unit 287 is respectively
output to the DA conversion unit 276.

[0118] Although not shown in FIG. 7, the second digital
unit 280 may further estimate channel characteristics of
MIMO channels from the received signals received by the
plurality of antennas 260a to 2607 and perform channel
equalization according to the estimation result.
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[0119] Referring back to FIG. 6 an example of a configu-
ration of the communication device 200 is further described.
[0120] The control unit 290 controls the overall operation
of the second radio communication unit 270 by using an
arithmetic unit such as a CPU, for example. Further, if the
beam reference signal is received by the second radio com-
munication unit 270, the control unit 290 stores a parameter
value for specifying an optimum transmitting beam pattern
output from the second digital unit 280 into the storage unit
250. The stored parameter value is notified using a notifica-
tion signal to a device from which the beam reference signal
has been transmitted (e.g. the communication device 100) by
the firstradio communication unit 220. Further, if a parameter
value for specifying an optimum transmitting beam pattern is
output from the second digital unit 280, the control unit 290
outputs a directionality control signal that contains the
parameter value to the receiving beam processing unit 282 so
as to produce a receiving beam having a directionality in the
direction of the device at the other end of communication.
Further, the control unit 290 may output a directionality con-
trol signal that contains the same parameter value as the value
used for producing the receiving beam to the transmitting
beam processing unit 287 so as to produce a transmitting
beam having a directionality in the same direction. It is
thereby possible to perform radio communication between
the communication device 100 and the communication
device 200 in accordance with the second communication
method with their directionalities oriented toward the other
device, for example.

[0121] Instead of notifying the above-described parameter
value from the second radio communication unit 270 to the
first radio communication unit 220 through the storage unit
250, the parameter value may be notified from the second
radio communication unit 270 to the first radio communica-
tion unit 220 by using a dedicated signal line, for example.

2-3. Example of Signal Transmitting and Receiving
Sequence

[0122] FIG. 9 is an explanatory view showing an example
of'a sequence of signals transmitted and received between the
communication device 100 and the communication device
200 described above. Referring to FIG. 9, signals transmitted
from the communication device 100 (Tx) and the communi-
cation device 200 (Rx) are sequentially shown along the time
axis.

[0123] First, the header portion of RTS in accordance with
the first communication method is transmitted from the first
radio communication unit 120 of the communication device
100. The header portion of RTS corresponds to the above-
described instruction signal. After transmission of the
instruction signal is completed, BTF in accordance with the
second communication method is transmitted from the sec-
ond radio communication unit 170 of the communication
device 100. The BTF corresponds to the above-described
beam reference signal. An optimum transmitting beam pat-
tern and an optimum receiving beam pattern for transmitting
a signal from the communication device 100 to the commu-
nication device 200 is thereby determined in the communi-
cation device 200.

[0124] Next, CTS in accordance with the first communica-
tion method is transmitted from the first radio communication
unit 220 of the communication device 200. The data portion
of'the CTS contains a parameter value that specifies an opti-
mum transmitting beam pattern, for example. In this case, the
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CTS corresponds to the above-described notification signal.
The communication device 100 can be thereby notified about
the optimum transmitting beam pattern when transmitting a
signal to the communication device 200. Note that the CTS
transmitted from the communication device 200 to the com-
munication device 100 may also serve as the above-described
instruction signal. In this case, only the header portion of CTS
(i.e. the instruction signal) is transmitted from the first radio
communication unit 220 of the communication device 200,
and BTF in accordance with the second communication
method is transmitted after completing transmission of the
instruction signal. An optimum receiving beam pattern can be
thereby determined in the communication device 100 as well.
[0125] After that, data is transmitted from the communica-
tion device 100 to the communication device 200, and ACK
(acknowledgement) is transmitted back from the communi-
cation device 200 to the communication device 100. At this
time, because the optimum transmitting and receiving beam
patterns determined by learning are used between the com-
munication device 100 and the communication device 200, it
is possible to transmit and receive data more reliably in accor-
dance with the second communication method even with use
of millimeter waves with high straightness and short electric
wave attainment distance.

2-4. Alternative Example

[0126] FIG. 10 is an explanatory view showing another
example of the signal format of the beam reference signal.
[0127] Referring to FIG. 10, the beam reference signal
contains BTF 164. The BTF 164 is a signal that combines a
plurality of signal sequences in orthogonal or pseudo
orthogonal relation with one another, which have different
directionality patterns. For instance, in the example of FIG.
10, the BTF 164 is a signal that combines ten signal sequences
which are respectively spread by using spread codes C0 to C9
and respectively correspond to the transmitting beam patterns
Bt0 to Bt9. With use of the spread codes C0 to C9 that
establish the orthogonal or pseudo orthogonal relation, even
if signal sequences associated with the transmitting beam
patterns Bt0 to Bt9 are combined at the transmitting end, each
signal sequence can be extracted from a composite signal at
the receiving end. It is thereby possible to calculate a received
power for each extracted signal sequence and determine an
optimum transmitting beam pattern with which the received
power is maximum. In this case, a parameter for specifying a
transmitting beam pattern may be a spread code that specifies
at least one signal sequence of the above-described signal
sequences, an identifier of a signal sequence or the like, for
example. The BTF 164, like the BTF 162 shown in FIG. 5, is
transmitted in accordance with the second communication
method at the timing when the data portion 118 would be
transmitted in the case where the data portion 118 of the
instruction signal is not omitted. By using such an alternative
example, it is possible to shorten the data length of the beam
reference signal compared to the case of using the same
number of time slots as the number of beam patterns.

[0128] The first embodiment of the present invention is
described above with reference to FIGS. 2 to 10. According to
the present embodiment, the reception start time point of the
beam reference signal that is transmitted in accordance with
the second communication method (e.g. using millimeter
waves etc.) is determined based on the instruction signal
transmitted in accordance with the first communication
method (e.g. using microwaves or the like etc.). The beam
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reference signal is transmitted and received at the timing
when the data portion omitted in the instruction signal is
originally supposed to be received. Then, a parameter value
for specifying an optimum beam pattern is determined based
on the beam reference signal. It is thereby possible to learn
optimum directionalities of transmitting and receiving beams
used for radio communication in accordance with the second
communication method during a time period in which one
packet (e.g. RTS, CTS etc.) can be transmitted and received.
Further, in this embodiment, a signal in accordance with the
first communication method and a signal in accordance with
the second communication method are not simultaneously
transmitted, the possibility of an error caused by that signal
processing in accordance with different communication
methods is performed at the same time is avoided.

3. Explanation of Second Embodiment

[0129] As described above, in the first embodiment, a sig-
nal in accordance with the first communication method and a
signal in accordance with the second communication method
are not simultaneously transmitted. Therefore, a part of the
circuit may be used in common by the first radio communi-
cation unit and the second radio communication unit in each
communication device. As a second embodiment of the
present invention, a configuration of a device in which a part
of' the circuit is used in common by the first radio communi-
cation unit and the second radio communication unit is
described hereinbelow. In this embodiment, a device at the
transmitting end (Tx), which is described in relationto FIG. 1,
is a communication device 300, and a device at the receiving
end (Rx) is a communication device 400.

3-1. Configuration of Transmitting Device

[0130] FIG.11 is a block diagram showing an example of a
configuration of the communication device 300 according to
the second embodiment of the present invention. Referring to
FIG. 11, the communication device 300 includes an antenna
110, a first radio communication unit 320, a control unit 340,
a storage unit 150, a plurality of antennas 160a to 1607 and a
second radio communication unit 370. The first radio com-
munication unit 320 and the second radio communication
unit 370 share the use of a common analog unit 323, an
AD/DA conversion unit 324, and a common digital unit 331.
Further, the first radio communication unit 320 includes a first
analog unit 322 and a first digital unit 330. The second radio
communication unit 370 includes a second analog unit 372
and a second digital unit 380.

[0131] The first analog unit 322 receives a radio signal in a
prescribed frequency band that is used for the first commu-
nication method through the antenna 110, performs fre-
quency conversion and outputs the signal to the common
analog unit 323, for example. Further, the first analog unit 322
converts a transmission signal input from the common analog
unit 323 into aradio signal in a prescribed frequency hand that
is used for the first communication method and transmits the
signal through the antenna 110, for example.

[0132] Ifareceived signal is input from the first analog unit
322, the common analog unit 323 amplifies the received
signal, performs filtering and then outputs the signal to the
AD/DA conversion unit 324, for example. Further, if a trans-
mission signal is input from the AD/DA conversion unit 324,
the common analog unit 323 amplifies the transmission signal
and outputs the signal to the first analog unit 322, for example.
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[0133] If an analog received signal is input from the com-
mon analog unit 323, the AD/DA conversion unit 324 con-
verts the received signal into a digital signal and outputs it to
the first digital unit 330, for example. Further, if a digital
transmission signal is input from the first digital unit 330, the
AD/DA conversion unit 324 converts the transmission signal
into an analog signal and outputs it to the common analog unit
323, for example.

[0134] If the digital received signal is input from the
AD/DA conversion unit 324, the first digital unit 330 per-
forms reception processing specific to the first communica-
tion method, for example. The reception processing specific
to the first communication method may be arbitrary process-
ing for which commonality is not achievable between the first
communication method and the second communication
method among reception processing such as packet synchro-
nization, demodulation and decoding, for example. Next, if
the received signal on which the reception processing specific
to the first communication method has been performed is
input from the first digital unit 330, the common digital unit
331 performs reception processing for which commonality is
achieved between the first communication method and the
second communication method. For example, if the same
encoding method is used between the first communication
method and the second communication method, decoding
processing among the reception processing can be performed
in the common digital unit 331. Then, the common digital unit
331 outputs a data signal acquired as a result of the reception
processing to the control unit 340.

[0135] Ifadatasignal forthe first radio communication unit
320 is input from the control unit 340, the common digital
unit 331 performs transmission processing for which com-
monality is achieved between the first communication
method and the second communication method. For example,
if the same encoding method is used between the first com-
munication method and the second communication method,
encoding processing among the transmission processing can
be performed in the common digital unit 331. Next, the first
digital unit 330 performs transmission processing specific to
the first communication method, for example. The transmis-
sion processing specific to the first communication method
may be arbitrary processing for which commonality is not
achievable between the first communication method and the
second communication method among transmission process-
ing such as encoding and modulation, for example. Then, the
first digital unit 330 outputs a transmission signal generated
as a result of the transmission processing to the AD/DA
conversion unit 324. Note that the order of processing in the
first digital unit 330 and the common digital unit 331 is not
limited to such an example.

[0136] The control unit 340 controls the overall operation
of'the first radio communication unit 320 and the second radio
communication unit 370 by using an arithmetic unit such as a
CPU, for example. The control unit 340 makes control to
transmit the above-described instruction signal from the first
radio communication unit 320 in response to a request from a
given application, for example. Then, the control unit 340
makes control to transmit the beam reference signal from the
second radio communication unit 370 after completing trans-
mission of the instruction signal and before receiving a
response signal to the instruction signal, for example. Further,
if a decoded notification signal is input from the first digital
unit 330, the control unit 340 acquires a parameter value for
specifying an optimum beam pattern contained in the notifi-
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cation signal. Then, the control unit 340 outputs a direction-
ality control signal that contains the acquired parameter value
to a receiving beam processing unit 382 or a transmitting
beam processing unit 385 of the second digital unit 380,
which is described later.

[0137] The second analogunit 372 receives radio signals in
a prescribed frequency hand that are used for the second
communication method through the antennas 1604 to 160z,
performs frequency conversion and outputs the signals to the
common analog unit 323, for example. Further, the second
analog unit 372 converts a plurality of transmission signals
input from the common analog unit 323 into radio signals in
a prescribed frequency band that are used for the second
communication method and transmits the signals through the
antennas 160a to 1607, for example.

[0138] If a plurality of received signals are input from the
second analog unit 372, the common analog unit 323 ampli-
fies the plurality of received signals, performs filtering and
then outputs the signals to the AD/DA conversion unit 324,
for example. Further, if a plurality of transmission signals are
input from the AD/DA conversion unit 324, the common
analog unit 323 amplifies the plurality of transmission signals
and outputs the signals to the second analog unit 372, for
example.

[0139] If a plurality of analog received signals are input
from the common analog unit 323, the AD/DA conversion
unit 324 converts the plurality of received signals into digital
signals and outputs them to the second digital unit 380, for
example. Further, if a plurality of digital transmission signals
are input from the second digital unit 380, the AD/DA con-
version unit 324 converts the plurality of transmission signals
into analog signals and outputs them to the common analog
unit 323, for example.

[0140] If a plurality of digital received signals are input
from the AD/DA conversion unit 324, the second digital unit
380 performs reception processing specific to the first com-
munication method, for example.

[0141] FIG.12is ablock diagram showing an example of'a
specific configuration of the second digital unit 380. Refer-
ring to FIG. 12, the second digital unit 380 includes a syn-
chronization unit 181, a receiving beam processing unit 382
and a transmitting beam processing unit 385.

[0142] The receiving beam processing unit 382 performs
weighting processing of the plurality of received signals input
from the synchronization unit 181 according to uniform dis-
tribution or Taylor distribution, for example, and thereby
controls the directionality of a receiving beam. The values of
the weights used by the receiving beam processing unit 382
are specified by a directionality control signal input from the
control unit 340, for example. Alternatively, the receiving
beam processing unit 382 may produce a receiving beam by
treating the plurality of antennas 160a to 160x as an array
antenna. The received signal weighted by the receiving beam
processing unit 382 is output to the common digital unit 331.
[0143] The transmitting beam processing unit 385 gener-
ates a plurality of transmission signals weighted according to
uniform distribution or Taylor distribution, for example, from
the transmission signal input from the common digital unit
331 and thereby controls the directionality of a transmitting
beam. The values of the weights used by the transmitting
beam processing unit 385 are specified by a directionality
control signal input from the control unit 340 for example.
Alternatively, the transmitting beam processing unit 385 may
produce a transmitting beam by treating the plurality of
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antennas 160a to 160% as an array antenna. The plurality of
transmission signals weighted by the transmitting beam pro-
cessing unit 385 are respectively output to the AD/DA con-
version unit 324. In this embodiment, beam patterns created
in the communication device 300 may be the beam patterns
illustrated in FIG. 4 or other arbitrary beam patterns.

[0144] Referring back to FIG. 11, an example of a configu-
ration of the communication device 300 according to the
embodiment is further described.

[0145] If the weighted received signal is input from the
receiving beam processing unit 382 of the second digital unit
380, the common digital unit 331 performs the reception
processing for which commonality is achieved between the
first communication method and the second communication
method, for example. For example, if the same modulation
method and encoding method are used between the first com-
munication method and the second communication method,
demodulation processing and decoding processing among
the reception processing can be performed in the common
digital unit 331. Then, the common digital unit 331 outputs a
data signal acquired as a result of encoding processing to the
control unit 340.

[0146] Ifa data signal for the second radio communication
unit 370 is input from the control unit 340, the common
digital unit 331 performs transmission processing for which
commonality is achieved between the first communication
method and the second communication method, for example.
If the same modulation method and encoding method are
used between the first communication method and the second
communication method, for example, encoding processing
and modulation processing among the transmission process-
ing can be performed in the common digital unit 331. Then,
the common digital unit 331 outputs a transmission signal
generated as a result of encoding processing and modulation
processing to the transmitting beam processing unit 385 of
the second digital unit 380. Note that the order of processing
in the second digital unit 380 and the common digital unit 331
is not limited to such an example.

[0147] FIG. 13 is an explanatory view to describe the tim-
ing of transmitting the beam reference signal according to the
embodiment.

[0148] Referringto FIG. 13, the instruction signal transmit-
ted from the antenna 110 in accordance with the first com-
munication method contains only a header portion 112 of the
signal format conforming to the first communication method,
as in the first embodiment. A data portion 118 of the signal
format conforming to the first communication method is
omitted in the instruction signal.

[0149] On the other hand, the beam reference signal trans-
mitted from the antennas 160a to 1607 has BTF 362. The BTF
362 is transmitted from the antennas 160a to 1607 according
to control by the control unit 340 after predetermined time t
has elapsed from completion of transmission of the above-
described instruction signal from the first radio communica-
tion unit 320. During the time t, the communication device
400 that receives the instruction signal and the beam refer-
ence signal can switch the operation of the common part of
the circuit from an operation for the first communication
method to an operation for the second communication
method.

[0150] The BTF 362 is composed of ten time slots T0 to T9
respectively corresponding to the transmitting beam patterns
Bt0 to Bt9 shown in FIG. 4, for example, just like the BTF 162
according to the first embodiment. Accordingly, in the com-
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munication device 400, a power level of a received signal has
an outstanding value in any time slot of the beam reference
signal according to the location, so that an optimum transmit-
ting beam pattern can be determined.

3-2. Configuration of Receiving Device

[0151] FIG. 14 is a block diagram showing an example of a
configuration of the communication device 400 according to
the second embodiment. Referring to FIG. 14, the communi-
cation device 400 includes an antenna 210, a first radio com-
munication unit 420, a control unit 440, a storage unit 250, a
plurality of antennas 260a to 2607 and a second radio com-
munication unit 470. The first radio communication unit 420
and the second radio communication unit 470 share the use of
a common analog unit 423, an AD/DA conversion unit 424,
and a common digital unit 431. Further, the first radio com-
munication unit 420 includes a first analog unit 422 and a first
digital unit 430. The second radio communication unit 470
includes a second analog unit 472 and a second digital unit
480.

[0152] The first analog unit 422 receives a radio signal in a
prescribed frequency band that is used for the first commu-
nication method through the antenna 210, performs fre-
quency conversion and outputs the signal to the common
analog unit 423, for example. Further, the first analog unit 422
converts a transmission signal input from the common analog
unit423 into aradio signal in a prescribed frequency band that
is used for the first communication method through the
antenna 210, for example.

[0153] The common analog unit 423, like the common
analog unit 323 of the communication device 300, performs
amplification, filtering or the like of a received signal and as
transmission signal. Further, the AD/DA conversion unit 424,
like the AD/DA conversion unit 324 of the communication
device 300, performs conversion between an analog signal
and a digital signal.

[0154] Ifa digital received signal is input from the AD/DA
conversion unit 424, the first digital unit 430 performs recep-
tion processing specific to the first communication method,
for example. Next, if the received signal on which the recep-
tion processing specific to the first communication method
has been performed is input from the first digital unit 430, the
common digital unit 431 performs the reception processing
for which commonality is achieved between the first commu-
nication method and the second communication method, for
example. Further, if the above-described instruction signal is
input, the first digital unit 430 acquires synchronization by
using the header portion 112 of the instruction signal shown
in FIG. 13 and notifies a reception start time point at which
reception of the beam reference signal is to be started to the
second digital unit 480 of the second radio communication
unit 470. The reception start time point may be a time point at
which the time t shown in FIG. 13 has elapsed from comple-
tion of reception of the instruction signal, for example.
[0155] Ifadatasignal (e.g.the above-described notification
signal etc.) for the first radio communication unit 420 is input
from the control unit 440, the common digital unit 431 per-
forms transmission processing for which commonality is
achieved between the first communication method and the
second communication method, for example. Next, the first
digital unit 430 performs transmission processing specific to
the first communication method, for example. Note that the
order of processing in the first digital unit 430 and the com-
mon digital unit 431 is not limited to such an example.
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[0156] The control unit 440 controls the overall operation
of'the first radio communication unit 420 and the second radio
communication unit 470 by using an arithmetic unit such as a
CPU, for example. If the above-described instruction signal is
received by the first radio communication unit 420, for
example, the control unit 440 switches the operation of the
common analog unit 423, the AD/DA conversion unit 424 and
the common digital unit 431 to an operation in accordance
with the second communication method. Such switch pro-
cessing can be performed after the instruction signal is
received and until reception of the beam reference signal is
started (i.e. during the time t shown in FIG. 13). Further, if an
optimum beam pattern is determined by the second radio
communication unit 470, which is described later, the control
unit 440 adds a parameter value that specifies the determined
optimum beam pattern to the notification signal and outputs
the notification signal to the common digital unit 431 so as to
transmit the notification signal from the first radio communi-
cation unit 420. Furthermore, the control unit 440 outputs the
above-described directionality control signal to the second
digital unit 480 and controls a transmitting beam and a receiv-
ing beam of the communication device 400.

[0157] The second analogunit 472 receives radio signals in
a prescribed frequency band that are used for the second
communication method through the antennas 2604 to 260z,
performs frequency conversion and outputs the signals to the
common analog unit 423, for example. Further, the second
analog unit 472 converts a plurality of transmission signals
input from the common analog unit 423 into radio signals in
a prescribed frequency band that are used for the second
communication method and transmits the signals through the
antennas 260a to 260, for example.

[0158] If a plurality of digital received signals are input
from the AD/DA conversion unit 424, the second digital unit
480 performs reception processing specific to the second
communication method, for example.

[0159] FIG. 151s ablock diagram showing an example of a
specific configuration of the second digital unit 480. Refer-
ring to FIG. 15, the second digital unit 480 includes a syn-
chronization unit 281, a receiving beam processing unit 482,
a power calculation unit 283, a determination unit 284 and a
transmitting beam processing unit 487.

[0160] The receiving beam processing unit 482, like the
receiving beam processing unit 382 described above, per-
forms weighting processing of the plurality of received sig-
nals input from the synchronization unit 281 according to
uniform distribution or Taylor distribution, for example, and
thereby controls the directionality of a receiving beam. The
receiving beam processing unit 482 then outputs the weighted
received signal to the power calculation unit 283 and the
common digital unit 431. The directionality control process-
ing ofa receiving beam by the receiving beam processing unit
482 may be similar to the processing according to the first
embodiment described earlier with reference to FIG. 8.
[0161] The transmitting beam processing unit 487, like the
above-described transmitting beam processing unit 385
described above, generates a plurality of transmission signals
weighted according to uniform distribution or Taylor distri-
bution, for example, from the transmission signal input from
the common digital unit 431 and output the signals to the
AD/DA conversion unit 424.

[0162] The configurations of the devices at the transmitting
end and the receiving end according to the second embodi-
ment of the present invention are described above with refer-
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ence to FIGS. 11 to 15. According to the embodiment, it is
possible to learn the directionalities of transmitting and
receiving beams used for radio communication in accordance
with the second communication method at high speed and
further to suppress an increase in circuit scale by the shared
use of a part of the circuit used for transmission and reception
processing between the first and second communication
methods. Further, because the beam reference signal used for
learning of the directionality is received after a certain time
interval from completion of reception of the instruction signal
that instructs learning, it is possible to switch the operation of
the common part of the circuit from the first communication
method to the second communication method during the time
period.

4. Explanation of Third Embodiment

[0163] In the first and second embodiments described
above, the optimum directionalities of transmitting and
receiving beams when performing radio communication in
accordance with the second communication method are
determined based on the beam reference signal conforming to
the second communication method. If it is assumed that the
arrival direction of direct waves or reflected waves with the
highest received power does not vary regardless of whether a
transmission medium is millimeter waves or microwaves, the
directionalities of transmitting and receiving beams may be
learned by using microwaves (i.e. using the first communica-
tion method). As a third embodiment of the present invention,
a configuration of a device which transmits and receives the
instruction signal and the beam reference signal in accor-
dance with the first communication method and learns the
directionalities of transmitting and receiving beams is
described hereinbelow. In this embodiment, a device at the
transmitting end (Tx), which is described in relationto FIG. 1,
is a communication device 500, and a device at the receiving
end (Rx) is a communication device 600.

4-1. Configuration of Transmitting Device

[0164] FIG.16 is ablock diagram showing an example of a
configuration of the communication device 500 according to
the third embodiment of the present invention. Referring to
FIG. 16, the communication device 500 includes an antenna
110, a first radio communication unit 320, a control unit 540,
a storage unit 150, a plurality of antennas 160a to 1607 and a
second radio communication unit 370. The first radio com-
munication unit 320 and the second radio communication
unit 370 share the use of a common analog unit 323, an
AD/DA conversion unit 324, and a common digital unit 331.
Further, the first radio communication unit 320 includes a first
analog unit 322 and a first digital unit 330. The second radio
communication unit 370 includes a second analog unit 372
and a second digital unit 380.

[0165] The control unit 540 controls the overall operation
of'the first radio communication unit 320 and the second radio
communication unit 370 by using an arithmetic unit such as a
CPU, for example. The control unit 540 makes control to
transmit an instruction signal which instructs to learn a beam
directionality from the first radio communication unit 320 in
response to a request from a given application, for example.
Then, the control unit 540 makes control to transmit a beam
reference signal used for learning of the directionality of a
transmitting beam from the first radio communication unit
320 after completing transmission of the instruction signal
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and before receiving a response signal to the instruction sig-
nal, for example. Further, if a notification signal that notifies
a learning result of the directionality is input from the first
radio communication unit 320, the control unit 540 acquires
a parameter value for specifying an optimum beam pattern
contained in the notification signal. Then, the control unit 540
outputs a directionality control signal that contains the
acquired parameter value to a receiving beam processing unit
382 or a transmitting beam processing unit 385 of the second
digital unit 380.

[0166] FIG. 17 is an explanatory view to describe the tim-
ing of transmitting the beam reference signal according to the
embodiment.

[0167] Referringto FIG. 17, the instruction signal transmit-
ted in accordance with the first communication method by the
first radio communication unit 320 contains only a header
portion 112 of'the signal format conforming to the first com-
munication method, as in the first and second embodiments.
[0168] On the other hand, the beam reference signal has
BTF 562. In this embodiment, the BTF 562 is transmitted
subsequent to the above-described instruction signal by the
first radio communication unit 320 in accordance with the
first communication method. The BTF 562 is composed of
ten time slots T0 to T9 respectively corresponding to the
transmitting beam patterns Bt0 to Bt9 shown in FIG. 4, for
example, just like the BTF 162 according to the first embodi-
ment and the BTF 362 according to the second embodiment.
Accordingly, in a receiving device located in the vicinity of
the communication device 500, a power level of a received
signal has an outstanding value in any time slot of the beam
reference signal according to the location, so that an optimum
transmitting beam pattern can be determined. In this manner,
an optimum transmitting beam pattern is determined based on
the beam reference signal transmitted in accordance with the
first communication method. Then, the determined optimum
transmitting beam pattern is applied to a transmitting beam
pattern when performing radio communication in accordance
with the second communication method.

4-2. Configuration of Receiving Device

[0169] FIG. 181s ablock diagram showing an example of a
configuration of the communication device 600 according to
the third embodiment. Referring to FIG. 18, the communica-
tion device 600 includes an antenna 210, a first radio com-
munication unit 620, a control unit 640, a storage unit 250, a
plurality of antennas 260a to 2607 and a second radio com-
munication unit 670. The first radio communication unit 620
and the second radio communication unit 670 share the use of
a common analog unit 423, an AD/DA conversion unit 424,
and a common digital unit 431. Further, the first radio com-
munication unit 620 includes a first analog unit 422 and a first
digital unit 630. The second radio communication unit 670
includes a second analog unit 472 and a second digital unit
680.

[0170] FIG. 19is ablock diagram showing an example of a
specific configuration of the first digital unit 630. Referring to
FIG. 19, the first digital unit 630 includes a synchronization
unit 632, a power calculation unit 634 and a determination
unit 636.

[0171] The synchronization unit 632, detects a packet of a
received signal received in accordance with the first commu-
nication method in accordance with a preamble at the head of
the packet, for example. Then, the synchronization unit 632
outputs the received signal to the common digital unit 431.



US 2015/0282153 Al

Further, if the first digital unit 630 detects the above-de-
scribed instruction signal, it further detects the beam refer-
ence signal which is transmitted subsequent to the instruction
signal, outputs the detected beam reference signal to the
power calculation unit 634 and instructs calculation of a
received power.

[0172] The power calculation unit 634 calculates received
powers of the plurality of signal sequences contained the
beam reference signal in response to an instruction from the
synchronization unit 632. The plurality of signal sequences
may be signal sequences respectively contained in the time
slots TO to T9 described in relation to FIG. 17 or signal
sequences in orthogonal or pseudo orthogonal relation with
one another described in relation to FIG. 10, for example.
Then, the power calculation unit 634 sequentially outputs the
calculated received powers to the determination unit 636.
[0173] The determination unit 636 determines a parameter
value for specifying an optimum transmitting beam pattern
based on the received power values input from the power
calculation unit 634. The optimum transmitting beam pattern
may be a transmitting beam pattern with which a series of
received power values are maximum values, for example.
Then, the determination unit 636 outputs the parameter value
determined based on the received power values to the control
unit 640.

[0174] The control unit 640 controls the overall operation
of'the first radio communication unit 620 and the second radio
communication unit 670 by using an arithmetic unit such as a
CPU, for example. If the optimum transmitting beam pattern
is determined by the first radio communication unit 620, for
example, the control unit 640 adds a parameter value for
specifying the transmitting beam pattern to a notification
signal and outputs it to the common digital unit 431 so as to
transmit the notification signal from the first radio communi-
cation unit 620. Further, the control unit 640 may output a
directionality control signal to the second digital unit 680 and
controls a transmitting beam or a receiving beam of the com-
munication device 600.

[0175] FIG. 20 is a block diagram showing an example of a
specific configuration of the second digital unit 680. Refer-
ring to FIG. 20, the second digital unit 680 includes a syn-
chronization unit 681, a receiving beam processing unit 682
and a transmitting beam processing unit 487.

[0176] The synchronization unit 681 synchronizes the start
timing of reception processing on a plurality of received
signals received in accordance with the second communica-
tion method according to a preamble at the head of a packet,
for example, and outputs the signals to the receiving beam
processing unit 682.

[0177] The receiving beam processing unit 682 performs
weighting processing of the plurality of received signals input
from the synchronization unit 681 according to uniform dis-
tribution or Taylor distribution, for example, and thereby
controls the directionality of a receiving beam. The receiving
beam processing unit 682 then outputs the weighted received
signal to the common digital unit 431.

4-3. Example of Signal Transmitting and Receiving
Sequence

[0178] FIG. 21 is an explanatory view showing an example
of'a sequence of signals transmitted and received between the
communication device 500 and the communication device
600 described above. Referring to FIG. 21, signals transmit-
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ted from the communication device 500 (Tx) and the com-
munication device 600 (Rx) are sequentially shown along the
time axis.

[0179] First, the header portion of RTS conforming to the
first communication method is transmitted from the first radio
communication unit 320 of the communication device 500.
The header portion of RTS corresponds to the above-de-
scribed instruction signal. Next, subsequent to the header
portion of RTS, BTF conforming to the first communication
method is transmitted from the first radio communication unit
320 of the communication device 500. The BTF corresponds
to the above-described beam reference signal. An optimum
transmitting beam pattern when transmitting a signal from the
communication device 500 to the communication device 600
is thereby determined in the first radio communication unit
620 of the communication device 600.

[0180] Next, CTS conforming to the first communication
method is transmitted from the first radio communication unit
620 of the communication device 600. The data portion of the
CTS contains a parameter value that specifies an optimum
transmitting beam pattern, for example. In this case, the CTS
corresponds to the above-described notification signal. If it is
assumed that the arrival direction of direct waves or reflected
waves with the highest received power does not vary regard-
less of a transmission medium as described earlier, a result of
learning with use of the BTF conforming to the first commu-
nication method can be applied to radio communication in
accordance with the second communication method. Accord-
ingly, the communication device 500 can be notified from the
above-described CTS about the optimum transmitting beam
pattern when transmitting a signal to the communication
device 600 in accordance with the second communication
method. Note that the CTS transmitted from the communica-
tion device 600 to the communication device 500 may also
serve as the above-described instruction signal. In this case,
the header portion of CTS (i.e. the instruction signal ) and BTF
(i.e. the beam reference signal) are transmitted from the first
radio communication unit 620 of the communication device
600 to the communication device 500.

[0181] After that, data is transmitted from the communica-
tion device 500 to the communication device 600 in accor-
dance with the second communication method, and ACK
(acknowledgement) is transmitted back from the communi-
cation device 600 to the communication device 500. At this
time, because the optimum transmitting beam pattern deter-
mined by learning is used between the communication device
500 and the communication device 600, it is possible to
transmit and receive data more reliably in accordance with the
second communication method even with use of millimeter
waves with high straightness and short electric wave attain-
ment distance.

4-4. Alternative Example

[0182] In this embodiment, the first digital unit 630 of the
communication device 600 may determine the direction
where the communication device 500 is located by using
MUSIC (Multiple Signal Classification) method, which is
known as a kind of eigenvalue analysis, for example. When
using the MUSIC method, the first digital unit 630 of the
communication device 600 calculates a MUSIC spectrum
depending on the direction where the communication device
500 is located based on the amplitude and phase of the
received beam reference signal, for example. Next, the first
digital unit 630 estimates the direction in which the calculated
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value of the MUSIC spectrum is largest as the direction where
the communication device 500 is located. Then, the first digi-
tal unit 630 can determine the optimum directionalities of
transmitting and receiving beams when performing radio
communication in accordance with the second communica-
tion method according to the estimated direction.

5. Summary

[0183] The first to third embodiments of the present inven-
tion are described above with reference to FIGS. 1 to 21. In
each embodiment, the reception start time point of the beam
reference signal transmitted according to the first or second
communication method is determined based on the instruc-
tion signal transmitted in accordance with the first commu-
nication method. Reception of the beam reference signal is
started at the timing when the data portion omitted in the
instruction signal is originally supposed to be received. Then,
a parameter value for specifying an optimum beam pattern is
determined based on the beam reference signal. It is thereby
possible to learn optimum directionalities of transmitting and
receiving beams used for radio communication in accordance
with the second communication method during a time period
in which one packet can be transmitted and received. Further,
because a part of the circuit used for transmission and recep-
tion processing can be shared between the first and second
communication methods, itis possible to suppress an increase
in circuit scale and reduce manufacturing costs or reduce the
device size, as in the second embodiment.
[0184] It should be noted that, although a configuration of a
device at the transmitting end and a configuration of a device
at the receiving end are described separately for convenience
of description, a communication device which has both func-
tions of the transmitting end and the receiving end may be
configured as a matter of course.
[0185] Further, in this specification, the case of determining
a beam pattern with a maximum received power as an opti-
mum beam pattern in a device at the receiving end is
described. Alternatively, however, a plurality of beam pat-
terns with high received powers may be determined as can-
didates of a beam pattern to be used. Radio communication
using millimeter waves can be thereby performed by the
combined use of a plurality of beam patterns, for example.
[0186] Although preferred embodiments of the present
invention are described in detail above with reference to the
drawings, the present invention is not limited thereto. It
should be understood by those skilled in the art that various
modifications, combinations, sub-combinations and alter-
ations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
[0187] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2009-03202.9 filed in the Japan Patent Office on Feb.
13, 2009, the entire content of which is hereby incorporated
by reference.
1-16. (canceled)
17. An electronic device comprising:
circuitry configured to:
control transmitting an first signal to another electronic
device by a first frequency band, the first signal does not
include a data portion; and
control transmitting a second signal to the another elec-
tronic device by a second frequency band, the second
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signal is used for learning channel state information
based on reception of the first signal,

wherein the second frequency band is higher than the first

frequency band.

18. The electronic device of claim 17, wherein the channel
state information is used to decide beam directionality.

19. The electronic device of claim 18, wherein the circuitry
configured to control transmitting the second signal after a
prescribed time period has elapsed from completion of trans-
mission of the first signal.

20. The electronic device of claim 18, wherein the first
signal contains only a header portion of a signal format trans-
mitted by the first frequency band.

21. The electronic device of claim 18, wherein the second
signal is a signal containing plural signal sequences respec-
tively associated with different directionality patterns.

22. The electronic device of claim 21, wherein the second
signal is a signal containing plural time slots respectively
corresponding to the plural signal sequences.

23. The electronic device of claim 21, wherein the second
signal is a signal combining the plural signal sequences in
orthogonal or pseudo orthogonal relation with one another.

24. The electronic device of claim 17, wherein at least part
of transmission processing of a radio signal by the first fre-
quency band and at least part of transmission processing of a
radio signal by the second frequency band are executed using
a common circuit.

25. The electronic device of claim 17, wherein the first
signal corresponds to an instruction signal instructing to learn
the channel state information and the second signal corre-
sponds to a reference signal.

26. The electronic device of claim 17, further comprising:

aplurality of antennas configured to receive the first signal

and the second signal.

27. The electronic device of claim 26, wherein the plurality
of antennas includes at least one array antenna.

28. The electronic device of claim 26, wherein a number of
the plurality of antennas is two.

29. The electronic device of claim 26, wherein a number of
the plurality of antennas is more than three.

30. The electronic device of claim 26, wherein the plurality
of antennas includes a first antenna and a second antenna, the
first antenna is configured to transmit signals by the first
frequency band and the second antenna is configured to trans-
mit signals by the second frequency band.

31. An electronic device comprising:

circuitry configured to:

control receiving an first signal from another electronic

device by a first frequency band, the first signal does not
include a data portion; and

control receiving a second signal from the another elec-

tronic device by a second frequency band, the second
signal is used for learning channel state information
based on reception of the first signal,

wherein the second frequency band is higher than the first

frequency band.

32. The electronic device of claim 31, wherein the channel
state information is used to decide beam directionality.

33. The electronic device of claim 32, wherein the circuitry
configured to control receiving the second signal after a pre-
scribed time period has elapsed from completion of reception
of' the first signal.
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34. The electronic device of claim 32, wherein the first
signal contains only a header portion of a signal format trans-
mitted by the first frequency band.

35. The electronic device of claim 32, wherein the second
signal is a signal containing plural signal sequences respec-
tively associated with different directionality patterns.

36. The electronic device of claim 35, wherein the second
signal is a signal containing plural time slots respectively
corresponding to the plural signal sequences.

37. The electronic device of claim 35, wherein the second
signal is a signal combining the plural signal sequences in
orthogonal or pseudo orthogonal relation with one another.

38. The electronic device of claim 31, wherein at least part
of reception processing of a radio signal by the first frequency
band and at least part of reception processing of a radio signal
by the second frequency band are executed using a common
circuit.

39. The electronic device of claim 31, wherein the first
signal corresponds to an instruction signal instructing to learn
the channel state information and the second signal corre-
sponds to a reference signal.

40. The electronic device of claim 31, further comprising:

aplurality of antennas configured to receive the first signal

and the second signal.

41. The electronic device of claim 40, wherein the plurality
of antennas includes at least one array antenna.

42. The electronic device of claim 40, wherein a number of
the plurality of antennas is two.
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43. The electronic device of claim 40, wherein a number of
the plurality of antennas is more than three.

44. The electronic device of claim 40, wherein the plurality
of antennas includes a first antenna and a second antenna, the
first antenna is configured to transmit signals by the first
frequency band and the second antenna is configured to trans-
mit signals by the second frequency band.

45. A method comprising:

transmitting, by a first frequency band, an first signal to

another electronic device, the first signal does not
include a data portion; and

transmitting, by a second frequency band being higher than

the first frequency band, a second signal used for learn-
ing a channel state information based on reception of the
first signal to the another communication device.

46. The method of claim 45, wherein the channel state
information is used to decide beam directionality.

47. A method comprising:

receiving, by a first frequency band, an first signal from

another electronic device, the first signal does not
include a data portion; and

receiving, by a second frequency band being higher than

the first frequency band, a second signal used for learn-
ing a channel state information based on reception of the
first signal from the another communication device.

48. The method according to claim 47, wherein the channel
state information is used to decide beam directionality to said
another communication device.
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