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ABSTRACT

Based on information indicating a direction of movement of
a mobile station, a base station rotates a direction of a set of
a first antenna and a second antenna disposed on the base
station with respect to a direction of a set of a third antenna
and a fourth antenna disposed on the mobile station, the third
antenna and fourth antenna being symmetric with respect to
a direction of movement of the mobile station.
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FIG. 10
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BASE STATION AND ANTENNA CONTROL
METHOD

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a base station and
an antenna control method.

2. Description of the Related Art

[0002] A MIMO (Multiple-Input and Multiple-Output)
transmission technique has been used for NLOS (Non-Line
of Sight) communication.

[0003] In a case where an antenna interval is set to be
greater than a wavelength, it is possible to increase the
communication channel capacity in the MIMO transmission
depending on the number of antennas even in LOS (Line of
Sight) communication (for example, see P. F. Driessen and
G. J. Foschini, “On the capacity formula for multiple input-
multiple output wireless channels: a geometric interpreta-
tion”, IEEE Trans. Comm., vol.47, no.2, pp. 41-59, Autumn
1966). The “communication channel” is also referred to as
“transmission channel”, a “propagation channel”, or a
“channel”. Hereinafter, “line-of-sight MIMO” will be
referred as “LOS-MIMO”.

[0004] In a satellite communication technique, to capture
a satellite, it is known to control an antenna direction by
controlling, based on a level of a received signal, a rotation
angle (an azimuth angle, an angle of elevation, and a
polarization angle) of an antenna itself installed in a base
station located on Earth (for example, see Japanese Unex-
amined Patent Application Publication No. 2003-273631).

SUMMARY

[0005] When it is attempted to apply the LOS-MIMO
transmission technique to a wireless communication
between a base station (a base station apparatus) and a
mobile station (a mobile terminal apparatus), a reduction can
occur in a channel capacity owing to a rotation of a channel
phase between a base station antenna and a mobile station
antenna depending on movement of the mobile station.
[0006] One non-limiting and exemplary embodiment pro-
vides a base station and an antenna control method, capable
of suppressing a reduction in a channel capacity between a
base station antenna and a mobile station antenna depending
on movement of the mobile station.

[0007] Inone general aspect, the techniques disclosed here
feature a base station including a first antenna and a second
antenna disposed at locations symmetric with respect to a
symmetry axis, and an antenna rotation mechanism that
rotates, based on information indicating a direction of move-
ment of a mobile station, a direction of a set of the first
antenna and the second antenna with respect to a direction
of a set of a third antenna and a fourth antenna disposed on
the mobile station, the third antenna and the fourth antenna
being at locations symmetric with respect to the direction of
movement of the mobile station.

[0008] According to the aspect of the present disclosure, it
is possible to suppress a reduction in a channel capacity
between a base station antenna and a mobile station antenna
depending on movement of the mobile station.

[0009] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
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integrated circle, a computer program, a storage medium, or
any selective combination thereof.

[0010] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram illustrating an example of a
configuration of a base station according to an embodiment;
[0012] FIG. 2 is a diagram illustrating an example of a
configuration of the rotation unit shown in FIG. 1;

[0013] FIG. 3 is a diagram illustrating an example of a
manner in which antennas are disposed on a mobile station
according to an embodiment;

[0014] FIG. 4 is a diagram illustrating an example of a
LOS-MIMO transmission model between a base station and
a mobile station according to an embodiment;

[0015] FIG. 5 is a diagram illustrating a definition of an
antenna azimuth angle (0,) of a base station according to an
embodiment;

[0016] FIG. 6A is a diagram illustrating an example of a
per-stream average channel capacity at a location of a
mobile station when an antenna azimuth angle (8,) of a base
station is 0° according to an embodiment;

[0017] FIG. 6B is a diagram illustrating an example of a
per-stream average channel capacity at a location of a
mobile station when an antenna azimuth angle (8,) of a base
station is 45° according to an embodiment;

[0018] FIG. 6C is a diagram illustrating an example of a
per-stream average channel capacity at a location of a
mobile station when an antenna azimuth angle (0,) of a base
station is 90° according to an embodiment;

[0019] FIG. 7 is a diagram illustrating an example of an
antenna azimuth angle (6max) at which a per-stream average
channel capacity has a maximum value as a function of the
location of a mobile station according to an embodiment;
[0020] FIG. 8 is a diagram illustrating an example of a
histogram in terms of the antenna azimuth angle (Bmax)
shown in FIG. 7,

[0021] FIG. 9 is a diagram illustrating an example of a
manner of setting an antenna azimuth angle of a mobile
station according to an embodiment;

[0022] FIG. 10 is a diagram illustrating an example of a
per-stream average channel capacity as a function of an
antenna azimuth angle (8,) of a base station according to an
embodiment;

[0023] FIG. 11 is a diagram illustrating an example of a
model of transmission between transmitting and receiving
antennas according to an embodiment; and

[0024] FIG. 12 is a diagram illustrating an example of a
manner of rotating an antenna azimuth angle using am array
antenna according to an embodiment.

DETAILED DESCRIPTION

[0025] Embodiments of the present disclosure are
described in detail below referring to drawings as required.
However, unnecessarily too detailed descriptions will be
omitted. For example, a detailed description of an already
well-known item or a duplicated description of an element
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or a process substantially the same as an element or a
process already described will be omitted, which will pre-
vent the following description from being too redundant and
which will make it possible for the following description to
be more easily understood.

[0026] Note that the accompanying drawings and the
following description are provided for illustration purposes
only but not for limitation.

[0027] In the LOS-MIMO transmission technique dis-
closed in P. F. Driessen and G. J. Foschini, “On the capacity
formula for multiple input-multiple output wireless chan-
nels: a geometric interpretation”, IEEE Trans. Comm., vol.
47, no.2, pp. 41-59, Autumn 1966, a phase rotation (phase
difference) 6,, of a channel from an i-th transmitting antenna
to a k-th receiving antenna is represented by a formula (1)
described below.

b =2 (- k7 o

[0028] A transmission model will be discussed below for
a case where two transmitting antennas are provided in a
base station, and two receiving antennas are provided in a
mobile station.

[0029] In the line-of-sight mobile communication, the
communication distance between the base station and the
mobile station (in other words, the propagation circum-
stance) may change from every moment.

[0030] To satisfy formula (1) in a situation in which the
propagation circumstance changes, for example, an antenna
position (for example, a transmitting antenna position) at the
base station and an antenna position (for example, a receiv-
ing antenna position) at the mobile station are controlled
based a positional relationship between the base station and
the mobile station. Parameters related to the antenna posi-
tion include, for example, an antenna interval and an orien-
tation of antennas (also referred to as an “antenna direc-
tion™).

[0031] Controlling the antenna interval is generally more
difficult than controlling the antenna direction, and thus the
following discussion will focus on the controlling of the
antenna direction.

[0032] In the LOS-MIMO transmission, in the case where
the number of antennas and the number of receiving anten-
nas are both equal to two, for example, when the positions
of the two receiving antennas change with respect to the
positions of the two transmitting antennas, there can be a
situation in which 6,, in formula (1) meets the following
condition: 0,,=0,, and 0,,=0,,.

[0033] Forexample, when an angle between a straight line
connecting the two transmitting antennas and a straight line
connecting the two receiving antennas is equal to 90°,
0,,=0,, and 0,,=0,, are satisfied.

[0034] In this case, the average transmission capacity
achieved between the two transmitting antennas and the two
receiving antennas is, substantially, at most, a channel
capacity achieved by a SISO (Single-Input and Single-
Output) technique.

[0035] When 0,,=0,, and 0,,=0,, are satisfied, the path
length difference between two signals (streams) transmitted
from the two transmitting antennas and arrived at the one
receiving antenna does not change even if the antenna
themselves are rotated, for example, in a manner as
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described in P. F. Driessen and G. J. Foschini, “On the
capacity formula for multiple input-multiple output wireless
channels: a geometric interpretation”, IEEE Trans. Comm.,
vol.47,1n0.2, pp. 41-59, Autumn 1966. Therefore, no change
occurs also in the phase rotation 8,, of the channel between
the antennas, and it is difficult to achieve an improvement in
channel capacity.

[0036] The following description provides an example of
a technique of suppressing a reduction in channel capacity
between base station antennas and mobile station antennas,
due to a movement of a mobile station, in LOS-MIMO
transmission between a base station and a mobile station.
[0037] In the following description, the terms . . . unit”
used to describe constituent elements of the base station 100
and the mobile station 200, such as . . . circuit”, . . .
device”, . . . module”, or the like may be replaced with
equivalent other expressions.

[0038] FIG. 1 is a diagram illustrating an example of a
configuration of the base station 100 according to an
embodiment. The base station 100 includes, for example, a
baseband processing unit 102, an RF unit 103, a rotation unit
104, and two transmitting antennas 105-1 and 105-2.
[0039] The baseband processing unit (processing circuit)
102 performs baseband (BB) signal processing on a trans-
mission data series 101. The BB signal processing may
include, by way of example, a scrambling process, an error
correction coding process, a stream dividing process, a
constellation mapping process, an interleaving process, a
precoding process, a pulse shaping process, and a digital-
analog (DA) conversion process.

[0040] The RF unit (RF circuit) 103 performs, for
example, a frequency conversion process, a quadrature
modulation process, an analog beamforming process, and an
amplification process, on a signal output from the baseband
processing unit 102.

[0041] The rotation unit 104 is an example of an antenna
rotation mechanism, and includes a disk-shaped rotary unit
1041 as shown, for example, in FIG. 2. The rotary unit 1041
is rotatable in a horizontal plane over 360° about a rotation
axis 1041qa located in the center of the rotary unit 1041 as
seen in plan view.

[0042] The transmitting antennas 105-1 and 105-2 are
fixed to one of surfaces of the rotary unit 1041. The
transmitting antennas 105-1 and 105-2 are located at posi-
tions apart in a radial direction by an equal distance (D;/2)
from the center of the disk as shown in FIG. 2.

[0043] Inother words, the transmitting antennas 105-1 and
105-2 are disposed on the rotary unit 1041 at symmetric
positions with respect to a symmetry axis given by a line
(perpendicular bisector) passing through the center of a line
segment connecting the transmitting antennas 105-1 and
105-2.

[0044] Therefore, the distance between the transmitting
antenna 105-1 and the transmitting antenna 105-2 is equal to
D,. The symmetry axis between the transmitting antennas
105-1 and 105-2 functions as the rotation axis 1041a about
which the transmitting antennas 105-1 and 105-2 are rotat-
able.

[0045] The rotary unit 1041 may be allowed to be rotated
in one rotation direction, or the rotation direction may be
switched between a forward direction and a reverse direc-
tion. The rotary unit 1041 may be driven to rotate, for
example, by a drive circuit including a motor etc. (not
illustrated). The driving of the rotation of the rotary unit
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1041 may be controlled, for example, based on mobile
station information 106 acquired at the base station 100.
Note that the rotation unit 104 may electronically rotate the
set of transmitting antennas 105-1 and 105-2 as will be
described later.

[0046] The mobile station information 106 may be
received from the mobile station 200, for example, via
wireless communication between the base station 100 and
the mobile station 200 (see FIG. 3), or the mobile station
information 106 may be received from a device that is
different from the base station 100 and that communicates
with the mobile station 200.

[0047] The mobile station information 106 may include,
for example, position information (for example, a latitude, a
longitude, and an altitude) of the mobile station 200, a
traveling (moving) direction (an azimuth angle) of the
mobile station 200, a moving speed of the mobile station
200, an inclination (a roll angle, a yaw angle, and a pitch
angle) of the mobile station 200, and a channel estimation
value between the base station 100 and the mobile station
200.

[0048] The mobile station 200 may be a flying object such
as an aircraft, a helicopter, a drone, or the like. Two receiving
antennas may be provided on the flying object as described
later. In a case where the mobile station 200 is an aircraft,
operation information associated with the aircraft may be
given as mobile station information 106 to the base station
200.

[0049] The operation information may include flight infor-
mation indicating scheduled flight time and flight route for
each aircraft. It is possible to determine, from the flight
information, the direction of traveling of the aircraft with
respect to the base station 100.

[0050] An output signal from the RF unit 103, that is, a
radio signal, is radiated from the transmitting antennas
105-1 and 105-2 toward the mobile station 200.

[0051] FIG. 3 is a diagram illustrating an example of a
manner in which the receiving antennas 201-1 and 201-2 are
disposed on the mobile station 200.

[0052] The receiving antenna 201-1 and the receiving
antenna 201-2 are installed on the mobile station 200, for
example, such that the direction of a perpendicular bisector
(a symmetry axis) of a line segment connecting the receiving
antenna 201-1 and the receiving antenna 201-2 is coincident
with the direction of movement of the mobile station 200
and such that the receiving antenna 201-1 and the receiving
antenna 201-2 are at locations symmetric about the symme-
try axis described above. The distance between the receiving
antenna 201-1 and the receiving antenna 201-2 is equal to,
for example, Dy.

[0053] The base station 100 may include, in addition to or
instead of the transmitting antennas 105-1 and 105-2, two
receiving antennas corresponding to the receiving antennas
201-1 and 201-2 illustrated by way of example in FIG. 3.
The mobile station 200 may include, in addition to or instead
of the receiving antennas 201-1 and 201-2, two receiving
antennas corresponding to the transmitting antennas 105-1
and 105-2 illustrated by way of example in FIG. 1 and FIG.
2

[0054] In other words, the wireless communication
between the base station 100 and the mobile station 200 may
be unidirectional or bidirectional. The mechanism (for
example, the rotation unit 104) that rotates the transmitting
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antennas 105-1 and 105-2 may be applied to the rotation of
the receiving antennas 201-1 and 201-2.

[0055] Using the configuration described above, LOS-
MIMO transmission is performed between the base station
100 and the mobile station 200. For example, data may be
transmitted using LOS-MIMO between the base station 100
and the mobile station 200 which may be a flying object such
as an aircraft. The data may include at least one of moving
image (video) data, still image (picture) data, text data,
voice/sound data, and control data. Example of method of
controlling rotation unit

[0056] Next, a method of controlling the rotation angle of
the rotation unit 104 is described. FIG. 4 is a diagram
illustrating an example of a LOS-MIMO transmission model
according to an embodiment. In FIG. 4, the base station 100
is disposed, for example, such that the center point of the
line segment connecting the transmitting antennas 105-1 and
105-2 is coincident with an origin of a 3-dimensional
orthogonal coordinate system. That is, the center point
between the transmitting antennas 105-1 and 105-2 is at
coordinates (X, y, z)=(0, 0, 0).

[0057] The transmitting antennas 105-1 and 105-2 are
rotatable, for example, in a horizontal plane (an XY-plane)
about a Z-axis corresponding to the center axis 104a shown
in FIG. 2. Herein, for example, as shown in FIG. 5, an angle
made by a perpendicular bisector, in the XY-plane, of the
line segment connecting the transmitting antennas 105-1 and
105-2 with respect to the Y-axis is defined as an azimuth
angle 0.

[0058] Hereinafter, the azimuth angle 6, will also be
referred to as an “antenna azimuth angle 0, or a “trans-
mitting antenna azimuth angle 6;,”. In the embodiment, the
transmitting antenna azimuth angle 6, may take a value in a
range from -180°<0,<+180°.

[0059] On the other hand, the location of the center point
between the receiving antennas 201-1 and 201-2 on the
mobile station 200 is represented by coordinates (X, y, Z)=(a,
b, ¢). Therefore, coordinates (a, b, c) represent a relative
position of the mobile station 200 as seen from the base
station 100.

[0060] Furthermore, it is assumed that the mobile station
200 moves in a direction parallel to the Y-axis while
maintaining its altitude at z=c. Therefore, when an angle
made by the direction of the movement of the mobile station
200 with respect to the Y-axis in the XY-plane is defined as
an azimuth angle 0, of the receiving antennas 201-1 and
202-2, the mobile station 200 moves while maintaining the
azimuth angle at 6,=0° in the LOS-MIMO transmission
model shown in FIG. 4. Hereinafter, the azimuth angle 0,
will also be referred to as “antenna azimuth angle 6;” or a
“receiving antenna azimuth angle 0;”.

[0061] In the embodiment, for example, c=10000 m (me-
ters), and a range within which the mobile station 200 is
allowed to move is given by —10000 m =a=+10000 m and
-10000 m=b=+10000 m. The antenna interval D, between
the transmitting antenna 105-1 and transmitting antenna
105-2 and the antenna interval Dy between the receiving
antenna 201-1 and the receiving antenna 201-2 are repre-
sented by formula (2) as shown below.
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where A denotes a wavelength of a carrier. For example, the
wavelength is A=1 mm in a terahertz band.

[0062] FIGS. 6A, 6B, and 6C illustrate examples of per-
stream average channel capacities in eigenmode transmis-
sion in the LOS-MIMO transmission model.

[0063] FIG. 6A illustrate an example of a per-stream
average channel capacity at the location of the mobile
station 200 where azimuth angle 6,=0°.

[0064] FIG. 6B illustrate an example of a per-stream
average channel capacity at the location of the mobile
station 200 where azimuth angle 6,=45°.

[0065] FIG. 6C illustrate an example of a per-stream
average channel capacity at the location of the mobile
station 200 where azimuth angle 6,=90°.

[0066] As shown in FIGS. 6A, 6B, and 6C, even when the
location the mobile station 200 does not change, the per-
stream average channel capacity changes depending on the
azimuth angle 0.

[0067] FIG. 7 illustrates an azimuth angle 6,=0max at
which a maximum per-stream average channel capacity is
obtained when 0, is changed in the range from -180°<0 =+
180° for each of various locations of the mobile station 200.
[0068] As shown in FIG. 7, Bmax changes depending on
the location of the mobile station 200. Note that in FIGS. 6A,
6B, and 6C and FIG. 7, the base station 100 is located at
coordinates a=b=0. Also note that in FIGS. 6A, 6B, and 6C
and FIG. 7, the mobile station 200 moves, for example, in a
direction from the lower right to the upper left while
maintaining the coordinate ¢ at a fixed value (for example,
¢=10000 m). In other words, the mobile station 200 moves
in a direction in which the value of the coordinate a and the
value of the coordinate b increase.

[0069] For example, the mobile station 200 may move in
a direction in which “b” increases (in the positive direction
along the Y-axis in FIG. 4) while maintaining “a” at a fixed
value (for example, at a 32 -10000 m). When b=10000 m is
reached, “a” is increased (for example, to a=—9000 m), and
the mobile station 200 moves in a direction in which “b”
increases. By repeating the above-described operation on the
coordinates until a=10000 m, it is possible to achieve the
movement of the mobile station 200.

[0070] FIG. 8 is a diagram illustrating an example of a
histogram in terms of 6max shown in FIG. 7. As seen from
FIG. 8, it can be seen that the distribution tends to have a
narrow and steep peak near 6max=0°. In the LOS-MIMO
transmission model shown in FIG. 4, 0,=0°, and thus it
tends that when a condition 8,=0; or 0,~0; is met, the
per-stream average channel capacity has a maximum value.
[0071] The above-described discussion indicates that the
channel capacity may be improved with a simple configu-
ration and/or by a simple control process, for example, by
following two methods.

[0072] For example, the Y-axis in FIG. 4 is read as a
meridian passing through the base station 100, and the
direction of the Y-axis is taken in the north direction of the
meridian. In the real world, the mobile station 200 such as
an aircraft moves in various directions, and thus 6,=0° is not
necessarily met.
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[0073] In a first method, the base station 100 controls the
rotation angle of the rotation unit 104 thereby controlling the
relative direction between the transmitting and receiving
antennas, for example, based on the direction of travelling of
the mobile station 200 (for example, the azimuth angle 6 )
obtained from the mobile station information 106.

[0074] Forexample, as shown in FIG. 9, the rotation angle
of the rotation unit 104 is controlled such that a straight line
connecting the transmitting antennas 105-1 and 105-2 and a
straight line connecting the receiving antennas 201-1 and
201-2 of the mobile station 200 are parallel to each other (for
example, 6,=0,) or substantially parallel to each other (for
example, 0,~05).

[0075] Inasecond method, for example, making use of the
fact that the per-stream average channel capacity changes
repeatedly at intervals of 180° of 0, the rotation unit 104 is
rotated, for example, at a fixed rate such that the transmitting
antennas 105-1 and 105-2 are continuously rotated.

[0076] In the second method, if the rotation speed of the
rotation unit 104 is too low, there is a possibility that a
reduction in channel capacity occurs over a long time
duration, which may cause communication to have a prob-
lem. To handle the above situation, for example, a maximum
allowable value may be set in terms of the time duration in
which a continuous reduction in the channel capacity occurs
(hereinafter referred to as a “continuous reduction time
duration”), and the rotation speed of the rotation unit 104 is
determined such that the continuous reduction time duration
does not exceed the maximum allowable value.

[0077] FIG. 10 is a diagram illustrating an example of a
per-stream average channel capacity taken over a 20 km
square shown in FIG. 6, in which a vertical axis represents
the value of the per-stream average channel capacity.
[0078] For example, if the continuous reduction time
duration is defined by a time duration in which the channel
capacity is continuously lower than a capacity threshold
value (for example, 70% of the maximum channel capacity)
with respect to the maximum channel capacity, then, in the
example shown in FIG. 10, a continuous reduction time
duration occurs in an angle range of 15.4° in which -97.
7°=0,<-82.3° and also in an angle range of 15.4° in which
82.3°<0,<97.7°.

[0079] Therefore, in a case where the allowable upper
limit of the continuous reduction time duration is, for
example, 0.1 sec, the rotation speed of the rotation unit 104
is set to be greater than or equal to 15.4°/0.1 sec=154°/sec
(referred to as a threshold speed).

[0080] As examples of methods of achieving an improve-
ment in the average channel capacity, the first method and
the second method have been described above. Next, an
example of a manner of setting the rotation angle of the
rotation unit 104 so as to maximize the per-stream average
channel capacity is described below.

[0081] As shown in FIG. 11, a channel matrix H between
the base station 100 and the mobile station 200 can be
represented by formula (3) shown below.

®
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o /T80T

[ hiy o } 1
- - @ @
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[0082] In formula (3), oi; (in units of degrees) represents
a phase difference between a channel directed from the
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transmitting antenna 105-1 to the receiving antenna 201-1
and a channel from a transmitting antenna 105-i to a
receiving antenna 201-k, where i=1 or 2, k=1 or 2, and
o.,,=0°.

[0083] The channel matrix H can be decomposed by

singular value decomposition using unitary matrices U and
V as described in formula (4) shown below.

H=USV 4)

[0084] From formula (4), a diagonal matrix S is deter-
mined as described in formula (5) shown below, where
elements s, and s, of a diagonal matrix S correspond to
eigenvalues.

[sl 0 } (:
S =
0 s,
Q12 + Qg1 — 02
\/2+\/2+2005(Tn) 0
= 2+ 2cos
0 @y +an —
@22 x
180
[0085] As described above, in the eigenmode transmis-

sion, signals are transmitted as if a plurality of orthogonal
channels existed in space. The signal-to-noise ratio (SNR) of
each channel is proportional to the eigenvalues s, and s,, and
the channel capacity C is given by formula (6) using SNR.

C=log,(1+SNR) 6

[0086] Thus, the per-stream average channel capacity can
be maximized by determining 6, that results in maximiza-
tion of the average value of the eigenvalues S; and s,.
Because the eigenvalue s; and the eigenvalue s, are both
positive, determining the value of 0, that results in maxi-
mization of the average value of the eigenvalue s, and the
eigenvalue s, is equivalent to determining the value of 0,
that results in maximization of (s, +s,)? in formula (7) shown
below.

(s1+52)" =57 + 25152 +53 @]

180
2+\/2+\/2+2c05(%n)

+ _
\/2—\/2+2&:05(Wﬂ) +

+ _
2- \/2 + ZCOS(WR)

= 2+\/2+2cos(wn) +

+ _
=4+2\/2—ZCOS(WR)
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[0087] From formula (7), it can be seen that (s, +s,)* has a
maximum value when formula (8) shown below is satisfied,
that is, formula (9) shown below is satisfied.

@izt a2 —0 N 8)

sos( = pgy—r) = -1
lotz + @1 — a2l = 180° +360° x N ©
[0088] In formula (9), N is an integer. In the following

discussion, for simplicity, it is assumed that N=0, that is,
oL 540l —0ly, 1=180°.

[0089] ¢, can be represented as a function of the antenna
azimuth angle 0, of the base station 100, the antenna
azimuth angle 0 of the mobile station 200, and coordinates
(X, y, z). Therefore, formula (9) can be rewritten as formula
(10) shown below.

SOr; O, x, 3, 2)=180-l05(07, O, X, 3, )+, (07,

Or X, ¥, 1)=05(07, Og, X, 3, 2)| 10)
[0090] In the present embodiment, D, and Dy are fixed at
constant values, and thus, in a situation in which the trans-
mitting antennas and the receiving antennas are located just
opposite each other, (6, 0z, X, y, 2)=0 is met.
[0091] The transmitting antennas and the receiving anten-
nas are just opposite each other, for example, in a case where
the transmitting antennas 105-1 and 105-2 and the receiving
antennas 201-1 and 201-2 are respectively disposed at
vertices of a rectangle with a long-side length of ¢ and a
short-side length of D, or Dg. Formula (11) shown below
holds for a relative position between another base station
100 and the mobile station 200.

fOr, Og, %, y, 2)>0 (11

[0092] Therefore, to maximize the per-stream average
channel capacity depending on the location of the mobile
station 200, the azimuth angle 0, and the coordinates (%, y,
z) of the mobile station 200 obtained from the mobile station
information 106 are substituted into formula (11), and 6 is
determined at which the (0, 0, X, y, z) has a minimum
value. The rotation angle of the rotation unit 104 is set to the
determined value of 8;. To determine a condition in which
the f(0,, O, X, ¥, z) has a minimum value, for example, a
gradient method may be used.

[0093] In the embodiment, as described above, at the base
station 100, based on the information indicating the direc-
tion of movement of the mobile station 200, the direction of
the set of the transmitting antennas 105-1 and 105-2 is
rotated with respect to the direction of the set of the
receiving antennas 201-1 and 201-2 disposed on the mobile
station 200 such that the receiving antennas 201-1 and 201-2
are symmetric with respect to the direction of movement of
the mobile station 200.

[0094] This suppresses a reduction in the channel capacity
between transmitting and receiving antennas in the LOS-
MIMO communication. Thus, for example, in the LOS-
MIMO communication between an aircraft (the mobile
station 200) and a ground station or a sea station (the base
station 100), it is possible to provide a stable communication
for the aircraft flying in various directions.

Modifications

[0095] Instead of physically (or mechanically) rotating the
transmitting antennas 105-1 and 105-2 by rotating the rotary
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unit 1041 in the above-described manner, the transmitting
antennas 105-1 and 105-2 may be electronically rotated.

[0096] For example, the direction of the transmitting
antennas 105-1 and 105-2 with respect to the receiving
antennas 201-1 and 201-2 may be rotated electronically. For
example, as shown in FIG. 12, a plurality of pairs of
transmitting antennas (for example, 4 pairs) are disposed
along a circumference of a circle with a radius D2 such
that transmitting antennas of each pair (for example, a pair
of transmitting antennas #1 and #5) are at locations sym-
metric about the center of the circle.

[0097] Transmitting antennas of each pair of transmitting
antennas may correspond to the transmitting antennas 105-1
and 105-2. For example, a pair of transmitting antennas #1
and #5, a pair of transmitting antennas #2 and #6, a pair of
transmitting antennas #3 and #7, and a pair of transmitting
antennas #4 and #8 may each correspond to the pair of
transmitting antennas 105-1 and 105-2.

[0098] Let azimuth angle 6, denote an angle between a
perpendicular bisector, in the XY-plane, of a line segment
connecting the transmitting antennas 105-1 and 105-2 and
the north direction of a meridian. A pair of transmitting
antennas is selected such that 6 ,=0; or 0 ,,~0.

[0099] Alternatively, for example, the pair of transmitting
antennas used (or operated) is switched at fixed time inter-
vals while rotating all transmitting antennas in a fixed
rotation direction. For example, the pair of transmitting
antennas used in operation is switched at time intervals in
the order a pair of transmitting antennas #1 and #5, a pair of
transmitting antennas #2 and #6, a pair of transmitting
antennas #3 and #7, and a pair of transmitting antennas #4
and #8.

[0100] Alternatively, 6, may be determined at which f(6%,
0z, X, ¥, Z) in formula (10) has a minimum value, and a pair
of transmitting antennas may be selected such that 0, is
closest to the determined value of 0,

[0101] By electronically rotating the antenna direction in
the above-described manner, it is possible, for example, to
enhance the response speed in controlling the antenna direc-
tion compared with the case in which the antenna direction
is rotated physically or mechanically. Thus, for example, it
is possible to enhance the tracking performance of the
control of the antenna direction so as to better track the
movement of the mobile station 200, which results in an
improvement in stability of LOS-MIMO communication
between the base station 100 and the mobile station 200.

[0102] In the case where the antenna direction is electroni-
cally rotated, the resolution of the rotation angle can be
increased by increase the number of antennas. On the other
hand, in the case where the antenna direction is mechani-
cally rotated, it is possible to achieve a higher resolution of
the rotation angle with a smaller number of antennas than the
number of antennas necessary to achieve a similar resolution
of the rotation angle by electronically rotating the antenna
direction. Therefore, in the selection as to whether the
antenna direction is to be electronically or mechanically
rotated, a tradeoff may occur, for example, between the
achieved resolution depending on the number of antennas
and the cost for the drive circuit or the mechanism used to
drive and control the rotation.

[0103] In the embodiments and the modifications
described above, the “receiving antennas™ 201-1 and 201-2
of the mobile station 200 may be read as “transmitting
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antennas”, and the “transmitting antennas” 105-1 and 105-2
of the base station 100 may be read as “receiving antennas”.
[0104] In other words, in the LOS-MIMO transmission in
a direction (downlink (DL)) from the base station 100 to the
mobile station 200, the antennas 105-1 and 105-2 of the base
station 100 function as transmitting antennas, while the
antennas 201-1 and 201-2 of the mobile station 200 function
as receiving antennas.

[0105] On the other hand, in the LOS-MIMO transmission
in a direction (uplink (UL)) from the mobile station 200 to
the base station 100, the antennas 201-1 and 201-2 of the
mobile station 200 function as transmitting antennas, while
the antennas 105-1 and 105-2 of the base station 100
function as receiving antennas.

[0106] Embodiments of the present disclosure have been
described above with reference to drawings. However, the
present disclosure is not limited to these embodiments. It
will be apparent to those skilled in the art that many various
modifications or changes may be applicable to the embodi-
ments without departing from the spirit and scope of the
present disclosure. Furthermore, constituent elements of
different embodiments may be combined. Any resultant
combination also falls within the scope of the present
disclosure.

[0107] In the embodiments described above, it is assumed
by way of example that the present disclosure is imple-
mented using hardware. However, the present disclosure
may be implemented using software in cooperation with
hardware.

[0108] Each functional block according to the embodi-
ments described above may be typically realized by an
integrated circuit such as an LSI (Large Scale Integration)
circuit having an input terminal and an output terminal. Each
of the functional blocks may be formed individually on one
chip, or part or all of the functional blocks may be formed
on one chip. The system LSI may also be referred to as an
IC, an LSI circuit, a super LSI circuit, or an ultra LSI circuit
depending on the degree of integration.

[0109] Furthermore, the technique of implementing the
integrated circuit is not limited to the LS, but the integrated
circuit may be realized in the form of a dedicated circuit or
a general-purpose processor. The integrated circuit may also
be realized using an FPGA (Field Programmable Gate
Array) that can be programmed after the manufacture of the
LSI or a reconfigurable processor that is allowed to be
reconfigured in terms of the connection or the setting of
circuit cells in the inside of the LSI.

[0110] When a new integration circuit technique other
than LSI techniques are realized in the future by an advance
in semiconductor technology or related technology, the
functional blocks may be realized using such a new tech-
nique. A possible example of a new technique is biotech-
nology.

Summary of the Present Disclosure

[0111] In an aspect, the present disclosure provides a base
station including a first antenna and a second antenna
disposed at locations symmetric with respect to a symmetry
axis, and an antenna rotation mechanism that rotates, based
on information indicating a direction of movement of a
mobile station, a direction of a set of the first antenna and the
second antenna with respect to a direction of a set of a third
antenna and a fourth antenna disposed on the mobile station,
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the third antenna and the fourth antenna being at locations
symmetric with respect to the direction of movement of the
mobile station.

[0112] In the base station according to the aspect of the
present disclosure, the antenna rotation mechanism may
rotate the set of the first antenna and the second antenna
about the symmetry axis taken as a rotation axis.

[0113] In the base station according to the aspect of the
present disclosure, the antenna rotation mechanism may set
a rotation angle of the set of the first antenna and the second
antenna to a rotation angle at which a minimum value is
obtained in terms of a difference between a first azimuth
angle and a second azimuth, the first azimuth angle being
defined by an angle, with respect to a reference azimuth, of
a perpendicular bisector of a line segment connecting, in a
horizontal plane, the first antenna and the second antenna,
the second azimuth angle being defined by an angle, with the
reference azimuth, of the direction of movement in the
horizontal plane.

[0114] In the base station according to the aspect of the
present disclosure, the antenna rotation mechanism may
rotate the set of the first antenna and the second antenna at
a rotation speed greater than or equal to a speed threshold.
[0115] In the base station according to the aspect of the
present disclosure, the speed threshold may be determined
based on a time period during which an average channel
capacity between the first and second antennas and the third
and fourth antennas is continuously smaller than or equal to
a capacity threshold value.

[0116] In the base station according to the aspect of the
present disclosure, minimizing the difference between the
first azimuth angle and the second azimuth is equivalent to
minimizing 180°—(a first phase difference+a second phase
difference-a third phase difference), where the first phase
difference is a phase difference between a first channel
directed from the first antenna to the third antenna and a
second channel directed from the second antenna to the third
antenna, the second phase difference is a phase difference
between the first channel and a third channel directed from
the first antenna to the fourth antenna, and the third phase
difference is a phase difference between the first channel and
a fourth channel directed from the second antenna to the
fourth antenna.

[0117] In the base station according to the aspect of the
present disclosure, the antenna rotation mechanism may
include a rotary unit rotatable about a rotation axis given by
the symmetry axis, and the first antenna and the second
antenna may be disposed on the rotary unit, and the center
of'a line segment connecting the first antenna and the second
antenna may be coincident with the rotation axis.

[0118] In the base station according to the aspect of the
present disclosure, the antenna rotation mechanism may
include a plurality of antennas disposed along a circumfer-
ence of a circle whose center is at a location coincident with
the symmetry axis, and the antenna rotation mechanism may
select a pair of antennas at locations corresponding to a
diameter of the circle from the plurality of antennas disposed
along the circumference and may employ the selected pair of
antennas as the set of the first and second antennas.

[0119] In the base station according to the aspect of the
present disclosure, the selecting of the set of the first and
second antennas may include selecting, in a time-division
manner, a different pair of antennas at locations correspond-
ing to a diameter of the circle.
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[0120] In an aspect, the present disclosure provides an
antenna control method including acquiring, at a base station
having a first antenna and a second antenna disposed at
locations symmetric with respect to a symmetry axis, infor-
mation indicating a direction of movement of a mobile
station, and rotating, based on the information indicating the
direction of movement, a direction of a set of the first
antenna and the second antenna with respect to a direction
of a set of a third antenna and a fourth antenna disposed on
the mobile station, the third antenna and the fourth antenna
being at locations symmetric with respect to the direction of
movement of the mobile station.

[0121] The present disclosure is applicable to a wireless
communication system, and more specifically, for example,
to a mobile communication system in which LOS-MIMO
transmission is performed between a base station and a
mobile station.

What is claimed is:
1. A base station comprising:

a first antenna and a second antenna disposed at locations
symmetric with respect to a symmetry axis; and

an antenna rotation mechanism that rotates, based on
information indicating a direction of movement of a
mobile station, a direction of a set of the first antenna
and the second antenna with respect to a direction of a
set of a third antenna and a fourth antenna disposed on
the mobile station, the third antenna and the fourth
antenna being at locations symmetric with respect to
the direction of movement of the mobile station.

2. The base station according to claim 1, wherein the
antenna rotation mechanism rotates the set of the first
antenna and the second antenna about the symmetry axis
taken as a rotation axis.

3. The base station according to claim 2, wherein the
antenna rotation mechanism sets a rotation angle of the set
of'the first antenna and the second antenna to a rotation angle
at which a minimum value is obtained in terms of a
difference between a first azimuth angle and a second
azimuth, the first azimuth angle being defined by an angle,
with respect to a reference azimuth, of a perpendicular
bisector of a line segment connecting, in a horizontal plane,
the first antenna and the second antenna, the second azimuth
angle being defined by an angle, with the reference azimuth,
of the direction of movement in the horizontal plane.

4. The base station according to claim 1, wherein the
antenna rotation mechanism rotates the set of the first
antenna and the second antenna at a rotation speed greater
than or equal to a speed threshold.

5. The base station according to claim 4, wherein the
speed threshold is determined based on a time period during
which an average channel capacity between the first and
second antennas and the third and fourth antennas is con-
tinuously smaller than or equal to a capacity threshold value.

6. The base station according to claim 3, wherein

minimizing the difference between the first azimuth angle

and the second azimuth is equivalent to minimizing
180°-(a first phase difference+a second phase differ-
ence-a third phase difference),

where the first phase difference is a phase difference

between a first channel directed from the first antenna
to the third antenna and a second channel directed from
the second antenna to the third antenna,
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the second phase difference is a phase difference between
the first channel and a third channel directed from the
first antenna to the fourth antenna, and

the third phase difference is a phase difference between
the first channel and a fourth channel directed from the
second antenna to the fourth antenna.

7. The base station according to claim 1, wherein

the antenna rotation mechanism includes a rotary unit
rotatable about a rotation axis given by the symmetry
axis,

the first antenna and the second antenna are disposed on
the rotary unit, and

the center of a line segment connecting the first antenna
and the second antenna is coincident with the rotation
axis.

8. The base station according to claim 1, wherein

the antenna rotation mechanism includes a plurality of
antennas disposed along a circumference of a circle
whose center is at a location coincident with the
symmetry axis, and

the antenna rotation mechanism selects a pair of antennas
at locations corresponding to a diameter of the circle
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from the plurality of antennas disposed along the
circumference and employs the selected pair of anten-
nas as the set of the first and second antennas.
9. The base station according to claim 8, wherein the
selecting of the set of the first and second antennas includes
selecting, in a time-division manner, a different pair of
antennas at locations corresponding to a diameter of the
circle.
10. An antenna control method comprising:
acquiring, at a base station having a first antenna and a
second antenna disposed at locations symmetric with
respect to a symmetry axis, information indicating a
direction of movement of a mobile station; and

rotating, based on the information indicating the direction
of movement, a direction of a set of the first antenna
and the second antenna with respect to a direction of a
set of a third antenna and a fourth antenna disposed on
the mobile station, the third antenna and the fourth
antenna being at locations symmetric with respect to
the direction of movement of the mobile station.
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