US 20200112096A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0112096 A1

Mochizuki 43) Pub. Date: Apr. 9, 2020
(54) TRANSMISSION/RECEPTION Publication Classification
BASEBAND-PROCESSING DEVICE, 51) Tnt. €1
METHOD, AND PROGRAM ~ 0 Ho1Q 3726 (200601
. GOGF 17/14 (2006.01)
, , HO4B 1/04 (2006.01)
(71) Applicant: NEC Corporation, Tokyo (JP) HO3F 102 (2006.01)
, N _— (52) US.CL
(72) Inventor: Takuji Mochizuki, Tokyo (JP) CPC oo HOIQ 3/267 (2013.01); GO6F 17/142

(2013.01); H04B 2001/045 (2013.01); HO3F
1/0227 (2013.01); H04B 1/0466 (2013.01)

(57) ABSTRACT

A transmission/reception baseband-processing device
(21) Appl. No.: 16/589,427 includes a calibration-processing unit configured to correct
an input signal input to a transmission unit on the basis of a
first characteristic according to characteristics of the trans-

(73) Assignee: NEC Corporation, Tokyo (JP)

(22) Filed: Oct. 1, 2019 mission unit of a transmission/reception front end-process-
ing unit and a calibration reception unit that is a reception
(30) Foreign Application Priority Data unit of a calibration transmission/reception unit and a second
characteristic according to a characteristic of the calibration
Oct. 3, 2018  (JP) oo 2018-188419 reception unit.
(" stamT )
RECEIVE BF SIGNAL (n) e
BEFORE CORRECTION

!

IDENTIFY RESULT OF MEASUREMENT _~S?
OF LATEST TEMPERATURE

;

IDENTIFY CORRECTION VALUE ASSOCIATED
WITH IDENTIFIED TEMPERATURE

;

IDENTIFY LATEST FIRST 54
AMPLITUDE-PHASE CHARACTERISTIC

é

IDENTIFY BF SIGNAL (n) AFTER CORRECTION

:
< END )

~85

4




US 2020/0112096 A1

Apr. 9,2020 Sheet 1 of 9

Patent Application Publication

SIAVYM 48 /
a3WIS3q

¥

902 102
ﬁw‘ 2. "Ixul-Tvo
Womie Vo
v
50Z-

~¥€0Z_ €502 ?

fog Negoz — 2607 1£02 &

| NEpoz ~¥E0Z_£202 &
o e
R >
uwy XHL o | b Z &
@ +N)BE0Z — 1 2€02 :LE0Z > <
A N)EY0Z ~bE02Z ££02 g8 ~
Al o
~ L , T 25 | |5

) 20z ZE0Z  TIEOT S A
220z ~¥E0Z_££07 =
“..I!r\\\ o B
¢ [E = < S I
1BE0Z — 2807 1802 70z~ 107
0z~

JING
LINOHIO
aNvE3IsYd

[ "DIA

oL




US 2020/0112096 A1

Apr. 9,2020 Sheet 2 of 9

Patent Application Publication

FOIAEd
ONELLDFLEA
LNdNI

902+,

AVAN

og”

Lo e
—

SIAVM 48/
aaISIA |

f
! :
! i
; ;
h v 7
i H A
‘ i
f

MS

R
g

XHL-TVO

&

(

siomieN 1v0

G0z

HOSNIS FHNIVHIdWEL

H 3

{ b &
{ (1-N)EK0Z

Zev07

A

LepQz

0z

807~
—PE0Z €L0¢C ¥ ¥ ¥
P o
= L— \,m = Xl L
. T B === §o-
Negoz — z£0Z 1E0Z m
~bE0Z_ €507 o .
P - m;.. W u
= L xdl o L 2 i
IN)BE0Z 207 180T S 2 I
—PE0Z S€80T - g2 ~ aNva3Isve
wI/,u:\\\. . 12 nw.. <
= “ i ] B8 &
> ! Za W
207~ 207 T IEDT SN
~bE0Z €502 =
r .
el 5 Xul B
) Jﬂlm/ : o
18€0Z— 2602  LE0Z 707/ 10z~ oL




Patent Application Publication  Apr. 9,2020 Sheet 3 of 9 US 2020/0112096 A1

FI1G. 3

202

L

2021

COMMUNICATION-

TRANSMISSION/RECEPTION BASEBAND~PROCESSING DEVICE

PROCESSING UNIT

2023

CALIBRATION
TRANSMISSION

/2022

/RECEPTION UNIT

2025

CALIBRATION-

STORAGE UNIT

/2024
TEMPERATURE

PROCESSING UNIT

INFORMATION
ACQUIRING UNIT

2026

CALIBRATION SIGNAL-

GENERATING UNIT

FIG. 4
o TBLI
TEMPERATURE CO?E’?;E{E“%?ON
-30°C AAAA
0°C BBEB
+25°C CCCC
+50°C oDDD




Patent Application Publication  Apr. 9,2020 Sheet 4 of 9 US 2020/0112096 A1

RECEIVE BF SIGNAL (n) g1
BEFORE CORRECTION

¥
IDENTIFY RESULT OF MEASUREMENT g7
OF LATEST TEMPERATURE

¥
IDENTIFY CORRECTION VALUE ASSOCIATED 53
WITH IDENTIFIED TEMPERATURE i

¥
IDENTIFY LATEST FIRST g4
AMPLITUDE-PHASE CHARACTERISTIC

¥
IDENTIFY BF SIGNAL (n) AFTER CORRECTION 85

{ END




US 2020/0112096 A1

Apr. 9,2020 Sheet S of 9

Patent Application Publication

SIAVM 48/
aAISIA |

m
LIND momf 00 -
DNILO3130 o oo .
AN _ﬂ 2 L XHL-WO
602/
WAOMIBHE YD
coz””
~¥£02_ €802 vy
iy -
Xl [
' W Bl
~1£07 =
_ 0 x
- B8 =
.y« | XMLl z= u
N =L SN
) QLTN)EE0Z 1202 1E02 w g 2
F(-NJBROZE | pe07teg0z 0 =
i ] i oo o]
aS Wwvm_ ...... "1 XL " Z3 S
| ,,,/ j - wm W!
zecoz— 2807 10T = o
~¥E07 £E07 Z
Al[T | E
el
leg0z— z£02 TIE0Z 7oz 10z

AN
LINDYHID
NYE3SYE

/

0z

9 Dld




Patent Application Publication  Apr. 9,2020 Sheet 6 of 9 US 2020/0112096 A1

FIG. 7 202

TRANSMISSION/RECEPTION BASEBAND-PROCESSING DEVICE

/2021

COMMUNICATION-
PROCESSING UNIT 2022

ﬁfzg}zg STORAGE UNIT

CALIBRATICN
TRANSMISSION
/RECEPTION UNIT

/2025

CALIBRATION~
PROCESSING UNIT

2026

CALIBRATION SIGNAL-
GENERATING UNIT

IBENTIFY SECOND AMPLITUDE-PHASE | S11
CHARACTERISTIC ’

¥
RECEIVE BF SIGNAL (n) BEFORE CORRECTION

g
IDENTIFY LATEST FIRST AMPLITUDE-PHASE _~S13
CHARACTERISTIC

¥
IDENTIFY BF SIGNAL (n) AFTER CORRECTION 814

¥

END )



US 2020/0112096 A1

Apr. 9,2020 Sheet 7 of 9

Patent Application Publication

SAAYM 48/
aAISAC |

01z~

¥

902 LOT
HOLVHINID #
........ L
SHOMIBN YD
coz .
~YE07_£807 v
S XL =
Py NEBEOZ — 2602 1802 X
¢ N¥70¢ ~¥E0Z_££02 z > N
_ =5 || §
] T - o] o
EBWEE .KW ...... A/\/J\LW ...... XH i m Qmu %
; e € Z
: ) _(LTN)EEOT—:2€0T :1E0T =8 2
{ (1-N)ev0z ~PE0Z 1EE0Z - g -
__ — s Z
o P e B =20 ]
e RWV ...... A/ﬂ ...... Xdl 22 W
ﬁ e © o ©
) Zee0Z-— 7E0Z TIEDZ =5
A ~VE0Z_£602 @
AL, B XL =
S N Pt .
A iy -
) B0z 2602 TIE0Z  zoz/

LINAD
LIN0d0
aNVE3svE

0z

oL

6 Did




Patent Application Publication  Apr. 9,2020 Sheet 8 of 9 US 2020/0112096 A1

FI1G. 10

202
TRANSMISSION/RECEPTION BASERBAND-PROCESSING DEVICE
2021
COMMUNICATION-
PROCESSING UNIT L2022
2023 STORAGE UNIT
Z
CALIBRATION

TRANSMISSION
/RECEPTION UNIT

/2025

CALIBRATION~
PROCESSING UNIT

2027
L

FFT ANALYSIS UNIT

FIG. 11
(__START )

¥
GENERATE IMPULSE SIGNAL 521

¥

IDENTIFY SECOND AMPLITUDE-PHASE 599
CHARACTERISTIC

¥

RECEIVE BF SIGNAL (n) BEFORE CORRECTION 8523

¥
IDENTIFY LATEST FIRST AMPLITUDE-PHASE 524
OHARACTERISTIC )

ki
IDENTIFY BF SIGNAL (n) AFTER CORRECTION b 525

¥

END )




Patent Application Publication  Apr. 9,2020 Sheet 9 of 9 US 2020/0112096 A1

FIG. 12

/202

2023 2025

CALIBRATION
TRANSMISSION
/RECEPRPTION UNIT

CALIBRATION-
PROCESSING UNIT

¥

FI1G. 13

\\im

. -

GhU

/7 /8 9

o~

MAIN MEMORY STORAGE INTERFACE




US 2020/0112096 Al

TRANSMISSION/RECEPTION
BASEBAND-PROCESSING DEVICE,
COMMUNICATION SYSTEM, CORRECTION
METHOD, AND PROGRAM

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2018-188419, filed Oct. 3, 2018, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a transmission/
reception baseband-processing device, a communication
system, a correction method, and a program.

Description of Related Art

[0003] With the rapid spread of radio communication,
there is a problem in that frequency bands used for radio
communication have become insufficient. As one of tech-
nologies for effectively using frequency bands, there is
beamforming. Beamforming is a technology that enables
radio communication with a predetermined communication
target by radiating radio waves having directivity and is a
technology capable of inhibiting interference with other
radio systems and the like while maintaining the quality of
signals.

[0004] As a representative technique realizing beamform-
ing, there is a phased array. The phased array is a technology
for strengthening signals in a desired direction by adjusting
phases and amplitudes of radio signals fed to a plurality of
antenna devices in a transmitter and synthesizing radio
waves radiated from the antenna devices in a space.
[0005] As relating technologies, technologies relating to
transmitters are disclosed in PCT International Publication
No. W02011/108103, Japanese Unexamined Patent Appli-
cation, First Publication No. 2006-279902, or Japanese
Unexamined Patent Application, First Publication No. 2005-
348235.

[0006] However, in order for a transmitter to transmit a
signal in a desired direction using the beamforming tech-
nology, it is necessary to perform calibration so as to correct
variations in amplitude-phase characteristics of a plurality of
mounted transmitters and configure the amplitude-phase
characteristics to be the same such that desired signals can
be acquired in each of a plurality of antenna devices.

SUMMARY OF THE INVENTION

[0007] An object of each aspect of the present invention is
to provide a transmission/reception baseband-processing
device, a communication system, a correction method, and
a program capable of solving the problems described above.
[0008] In order to achieve the object described above,
according to one aspect of the present invention, there is
provided a transmission/reception baseband-processing
device, including: a calibration-processing unit configured
to correct an input signal input to a transmission unit on the
basis of a first characteristic according to characteristics of
the transmission unit of a transmission/reception front end-
processing unit and a calibration reception unit that is a
reception unit of a calibration transmission/reception unit
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and a second characteristic according to a characteristic of
the calibration reception unit.

[0009] In order to achieve the object described above,
according to another aspect of the present invention, there is
provided a communication system, including: the transmis-
sion/reception baseband-processing device described above;
and a baseband circuit unit configured to output a beam-
forming signal to the transmission/reception baseband-pro-
cessing device.

[0010] In order to achieve the object described above,
according to one aspect of the present invention, there is
provided a correction method, including: correcting an input
signal input to a transmission unit on the basis of a first
characteristic according to characteristics of the transmis-
sion unit of a transmission/reception front end-processing
unit and a calibration reception unit that is a reception unit
of a calibration transmission/reception unit and a second
characteristic according to a characteristic of the calibration
reception unit.

[0011] In order to achieve the object described above,
according to one aspect of the present invention, there is
provided a program causing a computer to execute: correct-
ing an input signal input to a transmission unit on the basis
of a first characteristic according to characteristics of the
transmission unit of a transmission/reception front end-
processing unit and a calibration reception unit that is a
reception unit of a calibration transmission/reception unit
and a second characteristic according to a characteristic of
the calibration reception unit.

[0012] According to each aspect of the present invention,
transmitters can be correctly calibrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram illustrating a configuration
common to embodiments of the present invention and the
principle of calibration;

[0014] FIG. 2 is a diagram illustrating the configuration of
a communication system according to a first embodiment of
the present invention;

[0015] FIG. 3 is a diagram illustrating the configuration of
a transmission/reception baseband-processing device
according to the first embodiment of the present invention;
[0016] FIG. 4 is a diagram illustrating one example of a
data table according to the first embodiment of the present
invention;

[0017] FIG. 5 is a diagram illustrating a process flow of
the communication system according to the first embodi-
ment of the present invention;

[0018] FIG. 6 is a diagram illustrating the configuration of
a communication system according to a second embodiment
of the present invention;

[0019] FIG. 7 is a diagram illustrating the configuration of
a transmission/reception baseband-processing device
according to the second embodiment of the present inven-
tion;

[0020] FIG. 8 is a diagram illustrating a process flow of
the communication system according to the second embodi-
ment of the present invention;

[0021] FIG. 9 is a diagram illustrating the configuration of
a communication system according to a third embodiment of
the present invention;

[0022] FIG. 10 is a diagram illustrating the configuration
of a transmission/reception baseband-processing device
according to a third embodiment of the present invention;
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[0023] FIG. 11 is a diagram illustrating a process flow of
the communication system according to the third embodi-
ment of the present invention;

[0024] FIG. 12 is a diagram illustrating a transmission/
reception baseband-processing device having a minimal
configuration according to an embodiment of the present
invention; and

[0025] FIG. 13 is a schematic block diagram illustrating
the configuration of a computer according to at least one
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Hereinafter, embodiments will be described in
detail with reference to the drawings.

<Configuration Common to FEach Embodiment and
Principle of Calibration>

[0027] A communication system 1 according to each
embodiment of the present invention corrects differences in
amplitude-phase variations between transmission/reception
units that occur due to aging variations and outside air
temperature variations under long-term operation by
sequentially performing calibration periodically. The com-
munication system 1, for example, is an active antenna
system (AAS).

[0028] Before communication systems 1 according to
embodiments will be individually described, a configuration
common to the communication systems 1 according to the
embodiments and the principle of calibration common to the
embodiments will be described.

Configuration Common to Embodiments

[0029] First, a configuration common to communication
systems 1 according to embodiments of the present inven-
tion will be described.

[0030] The communication system 1, as illustrated in FIG.
1, includes a baseband circuit unit 10 and a communicator
20. The communication system 1 performs communication
using a beamforming technology and transmits a beamform-
ing signal (hereinafter, referred to as a “BF signal”) in a
time-divisional manner at the time of transmission.

[0031] The baseband circuit unit 10 generates a desired BF
signal (corresponding to a BF signal (n) before correction in
Equation (1) to be described later) to be transmitted from
antennas. The baseband circuit unit 10 outputs the generated
BF signal to the communicator 20 as a digital optical signal.
[0032] The communicator 20, as illustrated in FIG. 1,
includes an optical transceiver 201, a transmission/reception
baseband-processing device 202, transmission/reception
front end-processing units 203a1, 20342, . . ., 203a(N-1),
and 203aN, antennas 204al, 204402, . . ., 204a(N-1), and
204aN, a calibration network 205, a switch 206, and a
calibration transmission/reception unit 207.

[0033] The transmission/reception front end-processing
units 20341, 20302, . . ., 203a(N-1), and 203aN will be
collectively referred to as a transmission/reception front
end-processing unit 203. In addition, the antennas 204a1,
20402, . . ., 204a(N-1), and 204aN will be collectively
referred to as an antenna 204.

[0034] The optical transceiver 201 converts an optical
signal into an electrical signal and converts an electrical
signal into an optical signal.
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[0035] For example, when a transmission signal is
received from the baseband circuit unit 10 as a digital optical
signal, the optical transceiver 201 converts the digital optical
signal into a digital electrical signal. The digital transmission
signal converted into the electrical signal by the optical
transceiver 201 is input to the transmission/reception base-
band-processing device 202.

[0036] In addition, for example, when a reception signal is
received from the transmission/reception baseband-process-
ing device 202 as a digital electrical signal, the optical
transceiver 201 converts the digital electrical signal into a
digital optical signal. The digital reception signal converted
into the optical signal by the optical transceiver 201 is input
to the baseband circuit unit 10.

[0037] Each of the transmission/reception front end-pro-
cessing units 203 includes a transmission/reception unit
2031, a transmission amplifier 2032, a reception amplifier
2033, and a switch 2034.

[0038] The transmission/reception unit 2031 is connected
to the transmission/reception baseband-processing device
202, an input of the transmission amplifier 2032, and an
output of the reception amplifier 2033. The switch 2034 is
connected to an output of the transmission amplifier 2032,
an input of the reception amplifier 2033, and a correspond-
ing antenna 204.

[0039] The transmission/reception unit 2031 performs a
process of transmitting an analog transmission signal from
the antenna 204.

[0040] For example, the transmission/reception unit 2031
includes a filter and performs a filter process for an analog
transmission signal such that it has a desired frequency
component. Then, the transmission/reception unit 2031 out-
puts the transmission signal to the transmission amplifier
2032.

[0041] In addition, the transmission/reception unit 2031
performs a process of receiving an analog signal from the
connected antenna 204.

[0042] For example, the transmission/reception unit 2031
includes a filter and performs a filter process for an analog
reception signal received from the antenna 204 through the
reception amplifier 2033 such that it has a desired frequency
component. Then, the transmission/reception unit 2031 out-
puts the reception signal to the transmission/reception base-
band-processing device 202.

[0043] The transmission amplifier 2032 amplifies an ana-
log transmission signal received from the transmission/
reception unit 2031 such that it has a desired amplitude.
[0044] The reception amplifier 2033 amplifies an analog
signal received from the antenna 204 such that it has a
desired amplitude.

[0045] The switch 2034 connects the transmission ampli-
fier 2032 and the antenna 204 at the time of transmission. On
the other hand, the switch 2034 connects the reception
amplifier 2033 and the antenna 204 at the time of reception.
[0046] Each of the antennas 204 radiates a transmission
signal that is an electrical signal output by the transmission
amplifier 2032 as an electromagnetic wave at the time of
transmission. In addition, each of the antennas 204 outputs
a received electromagnetic wave to the transmission/recep-
tion front end-processing unit 203 as an electrical signal at
the time of reception.

[0047] When the transmission/reception baseband-pro-
cessing device 202 is transmitting/receiving no signal
through the antenna 204, the calibration network 205
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receives signals output by the transmission/reception front
end-processing units 203. Then, the calibration network 205
selects a signal that is a measurement target among the
received signals and outputs the selected signal to the
transmission/reception baseband-processing device 202
through the switch 206 and the calibration transmission/
reception unit 207.

[0048] The switch 206 sets the calibration network 205
and the calibration transmission/reception unit 207 to a
connected state or an open state by connecting or opening
terminals thereof on the inside.

[0049] The calibration transmission/reception unit 207 is
disposed for calibration. The calibration transmission/recep-
tion unit 207 includes a reception unit (one example of a
calibration reception unit) and a transmission unit. The
reception unit converts a signal received by each antenna
204 into a signal of a baseband frequency band that can be
read by the transmission/reception baseband-processing
device 202. The transmission unit converts a signal of a
baseband frequency band into a signal of a transmission
frequency band.

[0050] The transmission/reception baseband-processing
device 202 is a processing unit that performs a process of
communication with an external device through the antenna
204. In addition, the transmission/reception baseband-pro-
cessing device 202 performs signal processing for calibra-
tion in the communication system 1.

(Principle of Calibration)

[0051] Next, the principle of calibration common to the
embodiments of the present invention will be described with
reference to FIG. 1.

[0052] Forexample, in a case in which the communication
system 1 is an active antenna system, first, amplitude and
phase characteristics (hereinafter, referred to as an “ampli-
tude-phase characteristics) of the transmission/reception
front end-processing units 203 connected to the plurality of
antennas 204 are calibrated, and differences in variations of
the amplitude-phase characteristics of the transmission/re-
ception front end-processing units 203 are corrected. A
transmission output absolute level is set in the Radio Act, the
3rd Generation Partnership Project (3GPP), and the like. For
this reason, it is important to realize a stable transmission
output absolute level within an allowed range and maintain
the area coverage of a downlink such that it is constant.
[0053] More specifically, calibration of the amplitude-
phase characteristics of the transmission/reception front
end-processing units 203 is based on the principle described
below.

[0054] First, when no signal is transmitted and received
through the antenna 204, the transmission/reception base-
band-processing device 202 switches a connection destina-
tion of the calibration network 205, for example, in order of
the transmission/reception front end-processing units 203al,
203a2, . . ., 203a(N-1), and 203gN. The transmission/
reception baseband-processing device 202 sequentially mea-
sures a measurement target signal 1 passing through a path
1, a measurement target signal 2 passing through a path 2,
. .., a measurement target signal (N-1) passing through a
path (N-1), and a measurement target signal N passing
through a path N.

[0055] Here, the path 1 is a path passing through a
transmission unit of the transmission/reception front end-
processing unit 203a1, the calibration network 205, the
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switch 206, and a reception unit of the calibration transmis-
sion/reception unit 207. In addition, the path 2 is a path
passing through a transmission unit of the transmission/
reception front end-processing unit 20342, the calibration
network 205, the switch 206, and the reception unit of the
calibration transmission/reception unit 207. The path (N-1)
is a path passing through a transmission unit of the trans-
mission/reception front end-processing unit 203a(N-1), the
calibration network 205, the switch 206, and the reception
unit of the calibration transmission/reception unit 207. The
path N is a path passing through a transmission unit of the
transmission/reception front end-processing unit 203aN, the
calibration network 205, the switch 206, and the reception
unit of the calibration transmission/reception unit 207.
[0056] Here, the measurement target signal 1, the mea-
surement target signal 2, . . ., the measurement target signal
(N-1), and the measurement target signal N can be actually
measured by the transmission/reception baseband-process-
ing device 202.

[0057] The measurement target signal 1, the measurement
target signal 2, . . ., the measurement target signal (N-1),
and the measurement target signal N are signals that are each
output from the reception unit of the calibration transmis-
sion/reception unit 207 when the transmission/reception
baseband-processing device 202 inputs a signal of a prede-
termined amplitude and a predetermined phase to the trans-
mission/reception front end-processing units 203 of the
paths 1 to N. For this reason, when signals are received
through the paths 1 to N, the transmission/reception base-
band-processing device 202 can identify an amplitude-phase
characteristic for each of the paths 1 to N on the basis of a
difference between input/output signals.

[0058] The transmission/reception baseband-processing
device 202 stores the path 1 and an amplitude-phase char-
acteristic identified for the path 1 in association with each
other. In addition, the transmission/reception baseband-pro-
cessing device 202 stores the path 2 and an amplitude-phase
characteristic identified for the path 2 in association with
each other. Similarly, the transmission/reception baseband-
processing device 202 stores each of the paths 3 to N and an
amplitude-phase characteristic identified for each of the
paths 3 to N in association with each other.

[0059] Meanwhile, the amplitude-phase characteristic of
the transmission unit of the transmission/reception front
end-processing unit 20341, the amplitude-phase character-
istic of the transmission unit of the transmission/reception
front end-processing unit 20342, . . . , the amplitude-phase
characteristic of the transmission unit of the transmission/
reception front end-processing unit 203a(N-1), and the
amplitude-phase characteristic of the transmission unit of
the transmission/reception front end-processing unit 203aN
are actually desired to be corrected by the transmission/
reception baseband-processing device 202.

[0060] In other words, in the measurement target signal 1,
the measurement target signal 2, . . . , the measurement target
signal (N-1), and the measurement target signal N measured
by the transmission/reception baseband-processing device
202, amplitude-phase characteristics other than the ampli-
tude-phase characteristic of the transmission unit of the
transmission/reception front end-processing unit 203a1, the
amplitude-phase characteristic of the transmission unit of
the transmission/reception front end-processing unit 20342,
. .., the amplitude-phase characteristic of the transmission
unit of the transmission/reception front end-processing unit
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203a(N-1), and the amplitude-phase characteristic of the
transmission unit of the transmission/reception front end-
processing unit 203a¢N that are correction targets are each
included. In other words, the amplitude-phase characteristic
CAL_RX of the reception unit of the calibration transmis-
sion/reception unit 207 that is an error in the correction is
included.

[0061] Thus, in each embodiment of the present invention,
the transmission/reception baseband-processing device 202
measures the amplitude-phase characteristic of the reception
unit of the calibration transmission/reception unit 207 that is
an error in the correction asynchronously with measurement
of the measurement target signal 1, the measurement target
signal 2, . . ., the measurement target signal (N-1), and the
measurement target signal N when no signal is transmitted/
received through the antenna 204.

[0062] The transmission/reception baseband-processing
device 202 corrects a BF signal acquired by the communi-
cator 20 from the baseband circuit unit 10 on the basis of
each of the measurement target signal 1, the measurement
target signal 2, . . ., the measurement target signal (N-1),
and the measurement target signal N that have been mea-
sured and the amplitude-phase characteristic of the reception
unit of the calibration transmission/reception unit 207.
[0063] More specifically, the transmission/reception base-
band-processing device 202 performs weighted correction
for a BF signal acquired from the baseband circuit unit 10 by
using the following Equation (1).

€9

BF signal (n) . .
. = BF signal (n) before correctionX
after correction
second amplitude phase
characteristic CAL_RX
first amplitude phase
characteristic DL,_CAIL Weight(n)

= BF signal (n) before correctionX

second amplitude phase
characteristic CALLRX

transmissionreception

amplitude-phase

front end processing 203an X  characteristic
CAL_RX

[0064] In Equation (1), the BF signal (n) before correction
is a BF signal acquired by the communicator 20 from the
baseband circuit unit 10. Here, n is an integer in the range
of 1 to N.

[0065] In Equation (1), the first amplitude-phase charac-
teristic DI,_CAL_Weight(n) is the amplitude-phase charac-
teristic of each of the paths 1 to N.

[0066] More specifically, the first amplitude-phase char-
acteristic DL._CAL_Weight(n) includes the following infor-
mation when the communication system 1 is transmitting/
receiving no signal through the antenna 204. In other words,
the first amplitude-phase characteristic DL._CAL_Weight(n)
includes characteristics relating to an amplitude and a phase
identified by the transmission/reception baseband-process-
ing device 202 from a difference between input/output
signals of each of the path 1, the path 2, . . . , the path (N-1),
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and the path N while the calibration network 205 switches
the connection destination in order of the transmission/
reception front end-processing units 203a1, 203a2, . . .,
203a(N-1), and 203aN.

[0067] In addition, in this first amplitude-phase character-
istic DL._CAL_Weight(n), the amplitude-phase characteris-
tic CAL_RX of the reception unit of the calibration trans-
mission/reception unit 207 is included.

[0068] In this way, the first amplitude-phase characteristic
DL_CAIL_Weight(n) includes the characteristic of the hard-
ware of the transmission/reception front end-processing unit
203an and the amplitude-phase characteristic CAL_RX of
the reception unit of the calibration transmission/reception
unit 207.

[0069] For example, the first amplitude-phase character-
istic DL._CAIL,_Weight(n) is represented as an equation
“(An)exp(—j0n)”. A first amplitude-phase characteristic
DL_CAIL_Weight(1) is an amplitude-phase characteristic
for the path 1. A first amplitude-phase characteristic
DL_CAIL_Weight(2) is an amplitude-phase characteristic
for the path 2. A first amplitude-phase characteristic
DL_CAIL_Weight(N-1) is an amplitude-phase characteristic
for the path (N-1). A first amplitude-phase characteristic
DL_CAIL_Weight(N) is an amplitude-phase characteristic
for the path N.

[0070] Here, “9” is an imaginary number. In addition,
“An” is a difference between the amplitude of an output
signal and the amplitude of an input signal in measurement
of each path (in other words, information relating to a gain).
“On” is a difference between the phase of an output signal
and the phase of an input signal in measurement of each
path.

[0071] The second amplitude-phase characteristic CAL_
RX in Equation (1) includes a characteristic relating to the
amplitude and the phase identified from a difference
between input/output signals in the measurement for the
reception unit of the calibration transmission/reception unit
207 that is performed for calibration.

[0072] For example, the second amplitude-phase charac-
teristic CAL,_RX is represented as an equation “(B)exp(-
iP)”. Here, “B” is a difference between the amplitude of an
output signal and the amplitude of an input signal (in other
words, information relating to a gain) in the reception unit
of the calibration transmission/reception unit 207. In addi-
tion, “P” is a difference between the phase of an output
signal and the phase of an input signal in the reception unit
of the calibration transmission/reception unit 207.

[0073] The BF signal (n) after correction is a BF signal
after correcting the BF signal (n) before correction using the
first amplitude-phase characteristic DL_CAL_Weight(n)
(=the transmission/reception front end-processing unit
203an x the amplitude-phase characteristic CAL_RX) and
the second amplitude-phase characteristic CAL_RX.

[0074] When calibration is performed, the transmission/
reception baseband-processing device 202 substitutes the
BF signal (n) before correction received from the baseband
circuit unit 10 and the first amplitude-phase characteristic
DL_CAI_Weight(n) identified for each of the paths 1 to N
and the second amplitude-phase characteristic CAL_RX
into Equation (1).
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[0075] Here, more specifically, a case in which the trans-
mission unit of the transmission/reception front end-pro-
cessing unit 203a1 of the path 1 is corrected will be
illustrated as an example. In this case, the BF signal (1)
before correction for the path 1 received from the baseband
circuit unit 10, the first amplitude-phase characteristic
DL_CAIL_Weight(1) (=the transmission/reception front
end-processing unit 20341 x the amplitude-phase character-
istic CAL_RX), and the second amplitude-phase character-
istic CAL_RX are substituted into Equation (1). A BF signal
(1) after correction that is acquired through the substitution
for Equation (1) is output to the transmission unit of the
transmission/reception front end-processing unit 203a1.

[0076] A case in which the transmission unit of the trans-
mission/reception front end-processing unit 20342 of the
path 2 is corrected will be illustrated as an example. In this
case, the BF signal (2) before correction for the path 2
received from the baseband circuit unit 10, the first ampli-
tude-phase characteristic DL._CAIL,_Weight(2) (=the trans-
mission/reception front end-processing unit 20342 x the
amplitude-phase characteristic CAL_RX), and the second
amplitude-phase characteristic CAL_RX are substituted into
Equation (1). A BF signal (2) after correction that is acquired
through the substitution into Equation (1) is output to the
transmission unit of the transmission/reception front end-
processing unit 203a2.

[0077]
mission/reception front end-processing unit 203a(N-1) of
the path (N-1) is corrected will be illustrated as an example.
In this case, the BF signal (N-1) before correction for the
path (N-1) received from the baseband circuit unit 10, the
first amplitude-phase characteristic DL,_CAL_Weight(N-1)
(=the transmission/reception front end-processing unit 203a
(N-1) x the amplitude-phase characteristic CAL,_RX), and
the second amplitude-phase characteristic CAL_RX are_
CAL_RX into Equation (1). A BF signal (N-1) after cor-
rection that is acquired through the substitution into Equa-
tion (1) is output to the transmission unit of the transmission/
reception front end-processing unit 203a(N-1).

[0078] A case in which the transmission unit of the trans-
mission/reception front end-processing unit 203aN of the
path N is corrected will be illustrated as an example. In this
case, the BF signal (N) before correction for the path N
received from the baseband circuit unit 10, the first ampli-
tude-phase characteristic DI,_CAL_Weight(N) (=the trans-
mission/reception front end-processing unit 203aN x the
amplitude-phase characteristic CAL_RX), and the second
amplitude-phase characteristic CAL._RX are_CAL,_RX into
Equation (1). A BF signal (N) after correction that is
acquired through the substitution into Equation (1) is output
to the transmission unit of the transmission/reception front
end-processing unit 203a(N).

[0079] Accordingly, a transmission BF signal(n) that is
actually transmitted from each antenna 204 when the BF
signal (n) after correction is input to the transmission/
reception front end-processing unit 203ar is represented by
the following Equation (2). The BF signal (n) after correc-
tion in Equation (2) can be substituted in accordance with
Equation (1).

A case in which the transmission unit of the trans-
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Transmission BF signal (n)

BF signal (n) = after comection X transmissionreception front end
processing unit 203an
BF signal (n)
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transmissionreception
second amplitude phase

. X front end-processing
characteristic CAL_RX

unit 203an

first amplitude-phase characteristic
DL_CAL Weight(n)
BF signal (n)
before correction

transmissionreception
second amplitude phase

L. X front end-processing
characteristic CAL_RX

unit 203an

transmission'reception front  amplitude phase

end- processing unit 203ar X  characteristic
CAL_RX
BF signal (n)
= before correction

second amplitude phase characteristic CAL_RX

amplitude phase characteristic CAL_RX

[0080] In Equation (2), the transmission/reception front
end-processing unit 203an is a characteristic of the trans-
mission/reception front end-processing unit 203a#» as hard-
ware at each time.

[0081] Here, the first amplitude-phase characteristic
DL_CAIL_Weight(n) represents the amplitude-phase char-
acteristic CAL_RX at the time of measurement thereof and
a characteristic of the transmission/reception front end-
processing unit 203an as hardware. In Equation (2), a
denominator  “first  amplitude-phase  characteristic
DL_CAIL_Weight(n)” is substituted into “transmission/re-
ception front end-processing unit 203a(») x amplitude-phase
characteristic CAL_RX”.

[0082] In addition, the measurement of the first amplitude-
phase characteristic DI,_CAL_Weight(n) is measurement
that is constantly performed when the communication sys-
tem 1 does not perform communication through the antenna
204. The measurement of the second amplitude-phase char-
acteristic CAL_RX is measurement that is performed at the
time of calibration. In other words, a timing at which the first
amplitude-phase characteristic DL._CAL_Weight(n) is mea-
sured and a timing at which the second amplitude-phase
characteristic CAL,_RX is measured are configured to be
asynchronous. Here, a difference between the two timings
can be regarded as a timing difference of a degree that can
be ignored as a change in the characteristic over time or a
change in the characteristic accompanying a temperature
change.

[0083] For this reason, the term “second amplitude-phase
characteristic CAL_RX x transmission/reception front end-
processing unit 203 an” of the numerator and the term
“transmission/reception front end-processing unit 203a(r) x
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amplitude-phase characteristic CAL,_RX” of the denomina-
tor in Equation (2) are reduced. In other words, in accor-
dance with the transmission/reception front end-processing
units 203a(n), terms of the numerator and the denominator
in Equation (2) are reduced.

[0084] As a result, the transmission BF signal (n) in
Equation (2) can be represented as an equation “BF signal
(n) before correction x second amplitude-phase characteris-
tic CAL_RX/amplitude-phase characteristic CAL_RX”.
Here, if the second amplitude-phase characteristic CAL_RX
can be acquired such that “the second amplitude-phase
characteristic CAL._RX=the amplitude-phase characteristic
CAL_RX?”, these divisional terms are cancelled out. In this
way, only the desired BF signal (n) before correction is
finally radiated with a predetermined transmission output
level absolute value from each transmitter through the
antenna 204.

[0085] On the contrary, in a calibration method disclosed
in a patent document “Japanese Unexamined Patent Appli-
cation, First Publication No. 2005-348335” that is a com-
parison target and the like, the second amplitude-phase
characteristic CAL_RX is handled as a fixed value. For this
reason, since “the second amplitude-phase characteristic
CAL_RX=the amplitude-phase characteristic CAL_RX”,
amplitude-phase variations of all the transmitters are the
same, however, there is a problem in that a transmission
output level absolute value changes from a predetermined
value.

[0086] Thus, in this embodiment, the BF signal (n) before
correction is corrected by applying the first amplitude-phase
characteristic DI,_CAI_Weight(n) measured as described
above and the second amplitude-phase characteristic CAL_
RX to Equation (1). In this way, as represented in Equation
(2), the transmission BF signal (n) can be set as the BF signal
(n) before correction (in other words, a desired BF signal to
be transmitted from the antenna 204).

[0087] The principle of calibration common to embodi-
ments of the present invention has been described above.

First Embodiment

(Configuration of Communication System 1)

[0088] A communication system 1 according to a first
embodiment of the present invention, as illustrated in FIG.
2, includes a baseband circuit unit 10 and a communicator
20. The communication system 1 includes a temperature
sensor 208. The communication system 1 measures a second
amplitude-phase characteristic CAL_RX at each tempera-
ture in advance at the time of a test immediately before
shipment of the communicator 20 or the like. The commu-
nication system 1 stores measurement results in a data table
as correction values and performs calibration using the
correction values.

[0089] In FIG. 2, an input-detecting device 30 used in a
case in which the data table is generated is illustrated. The
input-detecting device 30 will be described together with
generation of a data table TBL1 to be described later.
[0090] The communicator 20 includes an optical trans-
ceiver 201, a transmission/reception baseband-processing
device 202, transmission/reception front end-processing
units 203, antennas 204, a calibration network 205, a switch
206, a calibration transmission/reception unit 207, and a
temperature sensor 208 and an input-detecting unit 209 (not
illustrated in FIG. 2).
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[0091] The input-detecting unit 209, when performing
calibration, detects a signal for calibration that is output by
the transmission/reception baseband-processing device 202
at the position of the switch 206. The input-detecting unit
209 outputs a result of the detection to the transmission/
reception baseband-processing device 202.

[0092] The temperature sensor 208 measures a tempera-
ture at the communicator 20. The temperature sensor 208
outputs a result of the measurement of the temperature to the
transmission/reception baseband-processing device 202. In
addition, it is preferable that the temperature sensor 208 be
disposed near a processing unit of the communicator 20
having the highest influence on calibration when the tem-
perature of the communicator 20 varies, for example, the
calibration transmission/reception unit 207.

[0093] The transmission/reception baseband-processing
device 202, as illustrated in FIG. 3, includes a communica-
tion-processing unit 2021, a storage unit 2022, a calibration
transmission/reception unit 2023, a temperature informa-
tion-acquiring unit 2024, a calibration-processing unit 2025,
and a calibration signal-generating unit 2026.

[0094] The communication-processing unit 2021 per-
forms a process of communicating with an external device
through the antennas 204.

[0095] For example, the communication-processing unit
2021 includes a DA converter and converts a digital trans-
mission signal received from the baseband circuit unit 10
into an analog transmission signal. Then, the communica-
tion-processing unit 2021 outputs the analog transmission
signal to the transmission/reception front end-processing
unit 203.

[0096] In addition, for example, the communication-pro-
cessing unit 2021 includes an AD converter and converts an
analog reception signal received from the transmission/
reception front end-processing unit 203 into a digital recep-
tion signal. Then, the communication-processing unit 2021
outputs the digital reception signal to the baseband circuit
unit 10 through the optical transceiver 201.

[0097] The storage unit 2022 stores various kinds of
information required for a process performed by the trans-
mission/reception baseband-processing device 202. For
example, the storage unit 2022 stores Equation (1) used for
identifying a BF signal (n) after correction. In addition, for
example, the storage unit 2022 stores a data table TBL1 as
illustrated in FIG. 4 in which a plurality of temperatures of
the communicator 20 and correction values each corre-
sponding to the plurality of temperatures are associated with
each other.

[0098] Temperatures and correction values in the data
table TBL1 are the correction values determined by mea-
suring second amplitude-phase characteristics CAL_RX for
a plurality of temperatures in advance. For example, at the
time of a test immediately before the shipment of the
communicator 20, the communicator 20 is put into a ther-
mostatic chamber, and the temperature of the thermostatic
chamber is changed such that measured values measured by
the temperature sensor 208, for example, become -30
degrees, 0 degrees, 25 degrees, and 50 degrees. A second
amplitude-phase characteristic CAL_RX measured at each
of such temperatures is a correction value at each tempera-
ture.

[0099] In addition, details of the measurement of a second
amplitude-phase characteristic CAL_RX at each tempera-
ture will be described later.
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[0100] The calibration signal-generating unit 2026 outputs
a signal having a predetermined amplitude and a predeter-
mined phase used for generating a data table TBL1 to the
calibration transmission/reception unit 207 through the cali-
bration transmission/reception unit 2023.

[0101] In addition, the calibration signal-generating unit
2026 outputs a signal having a predetermined amplitude and
a predetermined phase to each of the transmission/reception
front end-processing units 203 through the calibration trans-
mission/reception unit 2023.

[0102] For example, when the transmission/reception
baseband-processing device 202 is transmitting/receiving no
signal through the antenna 204, the calibration signal-gen-
erating unit 2026 outputs, through the calibration transmis-
sion/reception unit 2023, the BF signal (n) before correction
received from the baseband circuit unit 10 in order of the
paths 1 to N.

[0103] The temperature information-acquiring unit 2024
acquires a result of measurement of a temperature of the
communicator 20 from the temperature sensor 208 at pre-
determined times. Here, the predetermined time, for
example, is a time representing a time interval at which the
transmission/reception baseband-processing device 202 per-
forms the process of calibration (for example, a time of
about 1 millisecond to several hundreds of milliseconds).
[0104] When a result of measurement of the temperature
of the communicator 20 is acquired, the temperature infor-
mation-acquiring unit 2024 outputs the result of the mea-
surement to the calibration-processing unit 2025.

[0105] The calibration-processing unit 2025 performs the
process of calibration for the communicator 20 on the basis
of signals transmitted and received when the transmission/
reception baseband-processing device 202 is transmitting/
receiving no signal through the antenna 204.

[0106] For example, when the transmission/reception
baseband-processing device 202 is transmitting/receiving no
signal through the antennas 204, the calibration-processing
unit 2025 transmits a predetermined input signal to each of
the paths 1 to N and receives an output signal of each of the
paths. Then, the calibration-processing unit 2025 identifies a
first amplitude-phase characteristic DI,_CAL_Weight(n) on
the basis of a relationship between input/output signals. In
addition, the calibration-processing unit 2025 transmits a
predetermined input signal to the calibration transmission/
reception unit 207 and identifies a second amplitude-phase
characteristic CAL_RX on the basis of transmitted and
received signals. Then, the calibration-processing unit 2025
corrects the BF signal (n) before correction by applying the
first amplitude-phase characteristic DL_CAL_Weight(n)
and the second amplitude-phase characteristic CAL._RX to
Equation (1).

(Generation of Data Table TBL1)

[0107] Next, generation of the data table TBL1 will be
described.
[0108] The generation of the data table TBL.1 is performed

before the shipment of the communicator 20, for example, at
the time of a test immediately before the shipment of the
communicator 20. The input-detecting device 30, as illus-
trated in FIG. 2, is connected to the switch 206. The
input-detecting device 30 is a device that can measure a
signal from the switch 206 using the amplitude and the phase
of an input signal transmitted from the transmission/recep-
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tion baseband-processing device 202 as references and is
disconnected from the switch 206 when the generation of the
data table TBL1 ends.

[0109] Before the shipment of the communicator 20, the
communicator 20 is put into a thermostatic chamber, and the
temperature of the thermostatic chamber is changed. Then,
measurement as below is performed at each temperature,
and a correction value is identified.

[0110] The calibration-processing unit 2025 transmits an
input signal having a predetermined amplitude and a pre-
determined phase to the calibration transmission/reception
unit 207 through the calibration transmission/reception unit
2023 when the data table TBL1 is generated.

[0111] The transmission unit of the calibration transmis-
sion/reception unit 207 receives an input signal from the
transmission/reception baseband-processing device 202 and
outputs an output signal to the switch 206. This output signal
is returned to the transmission/reception baseband-process-
ing device 202 through the reception unit of the calibration
transmission/reception unit 207.

[0112] The input-detecting device 30 measures a signal
from the switch 206. The input-detecting device 30 transmits
a result of the measurement representing the amplitude and
the phase of the measured signal to the transmission/recep-
tion baseband-processing device 202.

[0113] The calibration-processing unit 2025 receives the
result of the measurement representing the amplitude and
the phase from the input-detecting device 30 through the
calibration transmission/reception unit 2023.

[0114] In addition, the calibration-processing unit 2025
receives, through the calibration transmission/reception unit
2023, the signal returned to the transmission/reception base-
band-processing device 202 from the switch 206 through the
reception unit of the calibration transmission/reception unit
207.

[0115] The calibration-processing unit 2025 calculates an
amplitude-phase characteristic of a gain of the transmission
unit of the calibration transmission/reception unit 207 on the
basis of a difference between the result of the measurement
representing the amplitude and the phase received from the
input-detecting device 30 and a predetermined input signal
transmitted to the calibration transmission/reception unit
207.

[0116] In addition, the calibration-processing unit 2025
calculates an amplitude-phase characteristic of a gain com-
bining the transmission unit and the reception unit of the
calibration transmission/reception unit 207 on the basis of a
difference between the signal returned to the transmission/
reception baseband-processing device 202 from the switch
206 through the reception unit of the calibration transmis-
sion/reception unit 207 and the predetermined input signal
transmitted to the calibration transmission/reception unit
207.

[0117] Then, the calibration-processing unit 2025 sub-
tracts the amplitude-phase characteristic of the gain of the
transmission unit of the calibration transmission/reception
unit 207 from the amplitude-phase characteristic of the gain
combining the transmission unit and the reception unit of the
calibration transmission/reception unit 207. The calibration-
processing unit 2025 identifies a result of the subtraction as
a second amplitude-phase characteristic CAL_RX that is an
amplitude-phase characteristic of the gain of the reception
unit of the calibration transmission/reception unit 207. The
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second amplitude-phase characteristic CAL._RX identified
by the calibration-processing unit 2025 is a correction value.
[0118] The calibration-processing unit 2025 writes the
identified correction value and the temperature in the data
table TBL1 in association with each other. One example of
the data table TBL1 is illustrated in FIG. 4.

[0119] The data table TBL1 is generated as described
above.

(Process of Calibration)

[0120] Next, the process of calibration performed by the
communication system 1 will be described.

[0121] Here, the process flow of the communication sys-
tem 1 illustrated in FIG. 5 will be described.

[0122] It is assumed that a data table TBL1 has been
generated in advance and has been written in the storage unit
2022. In addition, it is assumed that, when the transmission/
reception baseband-processing device 202 is transmitting/
receiving no signal through the antennas 204, the calibra-
tion-processing unit 2025 identifies a first amplitude-phase
characteristic DI_CAL_Weight(n) on the basis of a rela-
tionship between input and output signals for each of the
paths 1 to N. Furthermore, it is assumed that the calibration-
processing unit 2025 receives a result of measurement of the
temperature of the communicator 20 measured by the tem-
perature sensor 208 for every predetermined time (for
example, for every one second).

[0123] The baseband circuit unit 10 outputs a BF signal
(n) before correction to the communicator 20.

[0124] The calibration network 205 receives the BF signal
(n) before correction from the baseband circuit unit 10 (Step
S1).

[0125] When the BF signal (n) before correction is
received from the baseband circuit unit 10, the calibration
network 205 identifies a result of measurement of a latest
temperature received from the temperature sensor 208 (Step
S2).

[0126] The calibration network 205 identifies a tempera-
ture that is the closest to the identified temperature in the
data table TBL1. Then, the calibration network 205 identi-
fies a correction value associated with the identified tem-
perature in the data table TBL1 (Step S3).

[0127] In addition, when the BF signal (n) before correc-
tion is received from the baseband circuit unit 10, the
calibration network 205 identifies a latest first amplitude-
phase characteristic DI,_CAL_Weight(n) (Step S4).

[0128] The calibration network 205 substitutes the BF
signal (n) before correction received from the baseband
circuit unit 10 into the BF signal (n) before correction in
Equation (1). The calibration network 205 substitutes the
latest first amplitude-phase characteristic DL_CAIL,_Weight
(n) into the first amplitude-phase characteristic DL._CAIL,_
Weight(n) in Equation (1) and substitutes the identified
correction value into the second amplitude-phase character-
istic CAL_RX in Equation (1). In this way, the calibration
network 205 identifies a BF signal (n) after correction using
Equation (1) (Step S5). The calibration network 205 outputs
the identified BF signal (n) after correction to a correspond-
ing transmission/reception front end-processing unit 203.
[0129] The process described above is performed when
the calibration network 205 receives a BF signal (n) before
correction from the baseband circuit unit 10.
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[0130] The process of calibration performed by the com-
munication system 1 according to the first embodiment of
the present invention has been described above.

(Summing-Up of First Embodiment)

[0131] The communication system 1 according to the first
embodiment of the present invention has been described
above.

[0132] In order to correct and eliminate variations in the
amplitude-phase characteristics of transmission/reception
units connected to a plurality of antennas within an active
antenna system (AAS) under an operation in a time division
duplex (TDD) mode, it is required to perform calibration of
the transmission/reception units.

[0133] Inaddition, in order to correct differences in ampli-
tude-phase variations between transmission/reception units
that occur due to outside air temperature variations and
aging variations under a long-time operation of the commu-
nication system, it is important to eliminate such differences
by sequentially performing calibration periodically.

[0134] By performing calibration in a communication
system, differences in the amplitudes and phases of a plu-
rality of transmission/reception units are corrected, and the
amplitudes and the phases can be configured to be the same.
At that time, it is required that the transmission output
absolute levels of all the transmitters in the communication
system are within an allowed range. The allowed range of
the transmission output absolute level is set according to
standards standardized by the Radio Act and the Third
Generation Partnership Project (3GPP) and the like, it is
necessary to obey the allowed range, and it is important to
realize a stable transmission output absolute level and to
maintain a down link (DL) area coverage (a service region
of a link from the center of a network such as a base station
or a server to users present in the vicinity thereof) to be
constant.

[0135] In the communicator 20 included in the commu-
nication system 1, the transmission/reception baseband-
processing device 202 includes the calibration transmission/
reception unit 2023 and the calibration-processing unit
2025. The calibration transmission/reception unit 2023
receives a first signal according to the characteristics of the
transmission unit of the transmission/reception front end-
processing unit 203 and the reception unit of the calibration
transmission/reception unit 207 and a second signal accord-
ing to the characteristic of the reception unit of the calibra-
tion transmission/reception unit 207.

[0136] The calibration-processing unit 2025 corrects an
input signal input to the transmission unit of the transmis-
sion/reception front end-processing unit 203 on the basis of
the first signal and the second signal. Then, the calibration-
processing unit 2025 corrects an input signal input to the
transmission unit of the transmission/reception front end-
processing units 203 using a correction value determined in
advance on the basis of a result of measurement of the
temperature of the communicator 20.

[0137] By employing such a configuration, the transmis-
sion/reception baseband-processing device 202 can correct
the characteristic of the communicator 20 relating to the
amplitude and the phase accompanying a temperature
change, and a difference in amplitude and phase variations
between the transmission/reception front end-processing
units 203 can be eliminated.
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[0138] In addition, by employing such a configuration,
“second amplitude-phase characteristic CAL_RX=the
amplitude-phase characteristic CAL_RX” in Equation (2),
and accordingly, a beamforming signal is radiated from the
antennas with a predetermined transmission output level
absolute value. For this reason, the allowed range of the
transmission output absolute level is obeyed, a stable trans-
mission output absolute level is realized, and a DL area
coverage (a service region of a link from the center of a
network such as a base station or a server to users present in
the vicinity thereof) can be maintained to be constant.
[0139] As aresult, in the communication system 1 accord-
ing to the first embodiment of the present invention, ampli-
tude and phase characteristics of the transmission/reception
front end-processing units 203 can be configured to be the
same, and the transmission output absolute level can be
maintained to be constant.

Second Embodiment

(Configuration of Communication System 1)

[0140] A communication system 1 according to a second
embodiment of the present invention, as illustrated in FIG.
6, includes a baseband circuit unit 10 and a communicator
20. The communication system 1 compensates for differ-
ences in amplitude and phase variations between transmis-
sion/reception units that occur due to aging variations and
outside air temperature variations under long-term operation
by sequentially performing calibration periodically.

[0141] More specifically, the communication system 1
according to the second embodiment of the present inven-
tion sequentially estimates a change in the characteristic of
a transmission/reception front end-processing unit 203 on
the basis of a difference between a signal transmitted to a
transmission unit of a calibration transmission/reception unit
207 and a signal returned to a transmission/reception base-
band-processing device 202. The signal transmitted to the
transmission unit of the calibration transmission/reception
unit 207 is transmitted from the transmission/reception
baseband-processing device 202 to the transmission unit of
the calibration transmission/reception unit 207. The signal
returned to the transmission/reception baseband-processing
device 202 passes through the transmission unit of the
calibration transmission/reception unit 207, turned back by
a switch 206, passes through a reception unit of the calibra-
tion transmission/reception unit 207, and returns to the
transmission/reception baseband-processing device 202.
[0142] The communicator 20 includes an optical trans-
ceiver 201, a transmission/reception baseband-processing
device 202, transmission/reception front end-processing
units 203, antennas 204, a calibration network 205, a switch
206, a calibration transmission/reception unit 207, and an
input-detecting unit 209.

[0143] The input-detecting unit 209 detects a calibration
signal output by the transmission/reception baseband-pro-
cessing device 202 at a position of the switch 206 when
calibration is performed. The input-detecting unit 209 out-
puts a result of the detection to the transmission/reception
baseband-processing device 202.

[0144] The transmission/reception baseband-processing
device 202, as illustrated in FIG. 7, includes a communica-
tion-processing unit 2021, a storage unit 2022, a calibration
transmission/reception unit 2023, a calibration-processing
unit 2025, and a calibration signal-generating unit 2026.
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[0145] The storage unit 2022 stores various kinds of
information that is required for a process performed by the
transmission/reception baseband-processing device 202. For
example, the storage unit 2022 stores Equation (1) used for
identifying a BF signal (n) after correction.

(Process of Calibration)

[0146] Next, the process of calibration performed by the
communication system 1 will be described. Here, the pro-
cess flow of the communication system 1 illustrated in FIG.
8 will be described. In addition, it is assumed that, when the
transmission/reception baseband-processing device 202 is
transmitting/receiving no signal through the antennas 204,
the calibration-processing unit 2025 constantly identifies a
first amplitude-phase characteristic DL._CAL_Weight(n) on
the basis of a relationship between input and output signals
for each of the paths 1 to N.

[0147] The calibration-processing unit 2025 transmits an
input signal having a predetermined amplitude and a pre-
determined phase to the calibration transmission/reception
unit 207.

[0148] The transmission unit of the calibration transmis-
sion/reception unit 207 receives an input signal from the
transmission/reception baseband-processing device 202 and
outputs an output signal to the switch 206. This output signal
returns to the transmission/reception baseband-processing
device 202 through the reception unit of the calibration
transmission/reception unit 207.

[0149] The input-detecting unit 209 measures a signal
from the switch 206. The input-detecting unit 209 transmits
a result of the measurement representing the amplitude and
the phase of the measured signal to the transmission/recep-
tion baseband-processing device 202.

[0150] The calibration-processing unit 2025 receives the
result of the measurement representing the amplitude and
the phase from the input-detecting unit 209 through the
calibration transmission/reception unit 2023.

[0151] In addition, the calibration-processing unit 2025
receives, through the calibration transmission/reception unit
2023, the signal returned to the transmission/reception base-
band-processing device 202 from the switch 206 through the
reception unit of the calibration transmission/reception unit
207.

[0152] The calibration-processing unit 2025 subtracts a
result of measurement representing the amplitude and the
phase received from the input-detecting unit 209, in other
words, an amplitude-phase characteristic of the transmission
unit of the calibration transmission/reception unit 207 from
an amplitude-phase characteristic that has passed through
the transmission/reception unit of the calibration transmis-
sion/reception unit 207. Accordingly, the calibration-pro-
cessing unit 2025 calculates a second amplitude-phase char-
acteristic CAL_RX.

[0153] In other words, the calibration-processing unit
2025 calculates an amplitude-phase characteristic of a gain
combining the transmission unit and the reception unit of the
calibration transmission/reception unit 207 on the basis of a
difference between a signal that has returned from the switch
206 to the transmission/reception baseband-processing
device 202 through the reception unit of the calibration
transmission/reception unit 207 and a predetermined input
signal transmitted to the calibration transmission/reception
unit 207.
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[0154] Then, the calibration-processing unit 2025 sub-
tracts the amplitude-phase characteristic of the gain of the
transmission unit of the calibration transmission/reception
unit 207 from the amplitude-phase characteristic of the gain
combining the transmission unit and the reception unit of the
calibration transmission/reception unit 207. The calibration-
processing unit 2025 identifies a result of the subtraction as
a second amplitude-phase characteristic CAL,_RX that is the
amplitude-phase characteristic of the gain of the reception
unit of the calibration transmission/reception unit 207 (Step

S11).
[0155] The calibration network 205 receives the BF signal
(n) before correction from the baseband circuit unit 10 (Step
S12).
[0156] When the BF signal (n) before correction is

received from the baseband circuit unit 10, the calibration
network 205 identifies a latest first amplitude-phase charac-
teristic DL,_CAL_Weight(n) (Step S13).

[0157] The calibration network 205 substitutes the BF
signal (n) before correction received from the baseband
circuit unit 10 into the BF signal (n) before correction in
Equation (1). The calibration network 205 substitutes the
latest first amplitude-phase characteristic DL_CAIL,_Weight
(n) into the first amplitude-phase characteristic DL._CAIL,_
Weight(n) in Equation (1) and substitutes the identified
second amplitude-phase characteristic CAL_RX into the
second amplitude-phase characteristic CAL,_RX in Equation
(1). In this way, the calibration network 205 identifies a BF
signal (n) after correction (Step S14). The calibration net-
work 205 outputs the identified BF signal (n) after correction
to a corresponding transmission/reception front end-pro-
cessing unit 203.

[0158] The process described above is performed at every
time interval at which an aging change in the characteristic
of the communicator 20 and a temperature change of the
communicator 20 can be regarded as being sufficiently
small.

[0159] The process of calibration of the communication
system 1 according to the second embodiment of the present
invention has been described above.

(Summing-Up of Second Embodiment)

[0160] The communication system 1 according to the
second embodiment of the present invention has been
described above.

[0161] In the communicator 20 included in the commu-
nication system 1 according to the second embodiment of
the present invention, the transmission/reception baseband-
processing device 202 includes the calibration transmission/
reception unit 2023, the calibration-processing unit 2025,
and the calibration signal-generating unit 2026.

[0162] The calibration transmission/reception unit 2023
receives a first signal according to the characteristics of the
transmission unit of the transmission/reception front end-
processing unit 203 and the reception unit of the calibration
transmission/reception unit 207 and a second signal accord-
ing to the characteristics of the reception unit of the cali-
bration transmission/reception unit 207. The calibration-
processing unit 2025 corrects an input signal input to the
transmission unit of the transmission/reception front end-
processing unit 203 on the basis of the first signal and the
second signal. The calibration signal-generating unit 2026
generates an input signal input to the transmission unit of the
transmission/reception front end-processing unit 203.
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[0163] Then, the calibration transmission/reception unit
2023 outputs the input signal generated by the calibration
signal-generating unit 2026 to the transmission unit of the
calibration transmission/reception unit 207 and acquires the
second signal output by the reception unit of the calibration
transmission/reception unit 207. The calibration-processing
unit 2025 corrects the input signal input to the transmission
unit of the transmission/reception front end-processing unit
203 on the basis of the first signal and the second signal
acquired by the calibration signal-generating unit 2026.
[0164] By employing this configuration, the transmission/
reception baseband-processing device 202 can perform cali-
bration including an aging change in the characteristic of the
communicator 20. By sequentially performing calibration
periodically, a difference in the amplitude-phase variation
between the transmission/reception front end-processing
units 203 can be eliminated.

[0165] In addition, by employing this configuration, “sec-
ond amplitude-phase characteristic CAL_RX=amplitude-
phase characteristic CAL._RX” in Equation (2), and accord-
ingly, a beamforming signal is radiated from the antennas
with a predetermined transmission output level absolute
value. For this reason, the allowed range of the transmission
output absolute level is obeyed, the stable the transmission
output absolute level is realized, and a DL area coverage (a
service region of a link from the center of a network such as
a base station or a server to users present in the vicinity
thereof) can be maintained to be constant.

[0166] As aresult, in the communication system 1 accord-
ing to the second embodiment of the present invention, the
amplitudes and the phases of the transmission/reception
front end-processing units 203 can be configured to be the
same, and the transmission output absolute level can be
maintained to be constant.

Third Embodiment

(Configuration of Communication System 1)

[0167] Next, a communication system 1 according to a
third embodiment of the present invention will be described.
[0168] The communication system 1 according to the third
embodiment of the present invention, as illustrated in FIG.
9, includes a baseband circuit unit 10 and a communicator
20. In the communication system 1, a transmission/reception
baseband-processing device 202 receives, through a calibra-
tion transmission/reception unit 207, an impulse signal input
to a switch 206. The communication system 1 sequentially
estimates and corrects changes in the characteristics of the
transmission/reception front end-processing units 203 by
analyzing a signal received by the transmission/reception
baseband-processing device 202.

[0169] The communicator 20, as illustrated in FIG. 9,
includes an optical transceiver 201, a transmission/reception
baseband-processing device 202, transmission/reception
front end-processing units 203, antennas 204, a calibration
network 205, a switch 206, a calibration transmission/
reception unit 207, and an impulse generator 210.

[0170] The transmission/reception baseband-processing
device 202, as illustrated in FIG. 10, includes a communi-
cation-processing unit 2021, a storage unit 2022, a calibra-
tion transmission/reception unit 2023, a calibration-process-
ing unit 2025, and an FFT analysis unit 2027.

[0171] The impulse generator 210 generates an impulse
signal that is an input signal for a calibration process.
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[0172] The impulse generator 210 outputs the generated
impulse signal from the switch 206 to the calibration trans-
mission/reception unit 207. For example, the impulse gen-
erator 210 outputs an impulse signal used for estimating a
change in the characteristic of the transmission/reception
front end-processing unit 203. The impulse generator 210
sequentially outputs impulse signals to the transmission/
reception baseband-processing device 202 through the
switch 206 and the reception unit of the calibration trans-
mission/reception unit 207 when the transmission/reception
baseband-processing device 202 is transmitting/receiving no
signal through the antennas 204.

[0173] The calibration transmission/reception unit 2023
receives a signal from the impulse generator 210 through the
reception unit of the calibration transmission/reception unit
207. The signal received from the impulse generator 210,
through the reception unit of the calibration transmission/
reception unit 207 by the calibration transmission/reception
unit 2023, has an amplitude smaller than that of the signal
generated by the impulse generator 210 (in other words, a
signal having a “rounded” waveform). The calibration trans-
mission/reception unit 2023 outputs the received impulse
signal to the FFT analysis unit 2027.

[0174] The FFT analysis unit 2027 receives the signal
having the rounded waveform from the impulse generator
210. The FFT analysis unit 2027 stores a frequency spec-
trum including amplitude-phase information of the impulse
signal generated by the impulse generator 210 in advance.
The FFT analysis unit 2027 calculates a difference by
subtracting a frequency spectrum acquired by performing an
FFT analysis (Fourier transform) for the signal having the
rounded waveform received from the calibration transmis-
sion/reception unit 2023 from the frequency spectrum of the
impulse signal stored in advance. Accordingly, the FFT
analysis unit 2027 can identify a reception characteristic
(amplitude-phase frequency characteristic) of the calibration
transmission/reception unit 207. The FFT analysis unit 2027
outputs a result of the Fourier transform to the calibration-
processing unit 2025.

[0175] When the transmission/reception baseband-pro-
cessing device 202 is transmitting/receiving no signal
through the antennas 204, the calibration-processing unit
2025, similar to the calibration-processing unit 2025 accord-
ing to the second embodiment of the present invention,
transmits a predetermined input signal of each of the paths
1 to N and receives an output signal through the path through
which the input signal has been transmitted. Then, the
calibration-processing unit 2025 identifies a first amplitude-
phase characteristic DL._CAL_Weight(n) on the basis of a
difference between input and output signals that have been
transmitted and received.

[0176] In addition, the calibration-processing unit 2025
receives a result of the Fourier transform from the FFT
analysis unit 2027. Here, the result of the Fourier transform
received from the FFT analysis unit 2027 by the calibration-
processing unit 2025 represents an amplitude-phase charac-
teristic for each frequency. For this reason, the calibration-
processing unit 2025 can identify a second amplitude-phase
characteristic CAL_RX that is the amplitude-phase charac-
teristic of the reception unit of the calibration transmission/
reception unit 207 from the result of the Fourier transform.
[0177] Then, the calibration-processing unit 2025 substi-
tutes the BF signal (n) before correction received from the
baseband circuit unit 10 into the BF signal (n) before
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correction in Equation (1). The calibration-processing unit
2025 substitutes the latest first amplitude-phase character-
istic DL_CAL_Weight(n) into the first amplitude-phase
characteristic DI,_CAI_Weight(n) in Equation (1) and sub-
stitutes the identified second amplitude-phase characteristic
CAL_RX into the second amplitude-phase characteristic
CAL_RX in Equation (1). In this way, the calibration-
processing unit 2025 identifies a BF signal (n) after correc-
tion.

(Process of Calibration)

[0178] Next, the process of calibration performed by the
communication system 1 will be described. Here, the pro-
cess flow of the communication system 1 illustrated in FIG.
11 will be described. In addition, it is assumed that, when the
transmission/reception baseband-processing device 202 is
transmitting/receiving no signal through the antennas 204,
the calibration-processing unit 2025 constantly identifies a
first amplitude-phase characteristic DL._CAL_Weight(n) on
the basis of a relationship between input and output signals
for each of the paths 1 to N.

[0179] The impulse generator 210 generates an impulse
signal that is an input signal used for a calibration process
(Step S21). The impulse generator 210 outputs the generated
impulse signal from the switch 206 to the calibration trans-
mission/reception unit 207.

[0180] The reception unit of the calibration transmission/
reception unit 207 receives an impulse signal from the
impulse generator 210 and outputs an output signal to the
transmission/reception baseband-processing device 202.
[0181] The FFT analysis unit 2027 receives the output
signal from the reception unit of the calibration transmis-
sion/reception unit 207 through the calibration transmission/
reception unit 2023.

[0182] The FFT analysis unit 2027 calculates a frequency
spectrum including amplitude-phase information of the sig-
nal received from the reception unit of the calibration
transmission/reception unit 207. The FFT analysis unit 2027
identifies a second amplitude-phase characteristic CAL._RX
by subtracting the calculated frequency spectrum from the
frequency spectrum of the impulse signal, which has been
stored, generated by the impulse generator 210 (Step S22).
[0183] The calibration network 205 receives the BF signal
(n) before correction from the baseband circuit unit 10 (Step
S23).

[0184] When the BF signal (n) before correction is
received from the baseband circuit unit 10, the calibration
network 205 identifies a latest first amplitude-phase charac-
teristic DL._CAL_Weight(n) (Step S24).

[0185] The calibration network 205 substitutes the BF
signal (n) before correction received from the baseband
circuit unit 10 into the BF signal (n) before correction in
Equation (1). The calibration network 205 substitutes the
latest first amplitude-phase characteristic DI_CAL_Weight
(n) into the first amplitude-phase characteristic DL._CAIL,_
Weight(n) in Equation (1) and substitutes the second ampli-
tude-phase characteristic CAIL_RX identified by the FFT
analysis unit 2027 into the second amplitude-phase charac-
teristic CAL,_RX in Equation (1). In this way, the calibration
network 205 identifies a BF signal (n) after correction (Step
S25). The calibration network 205 outputs the identified BF
signal (n) after correction to a corresponding transmission/
reception front end-processing unit 203.
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[0186] The process described above is performed at every
time interval at which an aging change in the characteristic
of the communicator 20 and a temperature change of the
communicator 20 can be regarded as being sufficiently
small.

[0187] The process of calibration of the communication
system 1 according to the third embodiment of the present
invention has been described above.

[0188] The communication system 1 according to the third
embodiment of the present invention has been described
above.

[0189] In the communicator 20 included in the commu-
nication system 1 according to the third embodiment of the
present invention, the transmission/reception baseband-pro-
cessing device 202 includes the calibration transmission/
reception unit 2023, the calibration-processing unit 2025,
and the FFT analysis unit 2027.

[0190] The calibration transmission/reception unit 2023
receives a first signal according to the characteristics of the
transmission unit of the transmission/reception front end-
processing unit 203 and the reception unit of the calibration
transmission/reception unit 207 and a second signal accord-
ing to the characteristics of the reception unit of the cali-
bration transmission/reception unit 207. The calibration-
processing unit 2025 corrects an input signal input to the
transmission unit of the transmission/reception front end-
processing unit 203 on the basis of the first signal and the
second signal. The FFT analysis unit 2027 calculates a
difference between the frequency spectrum acquired by
performing a Fourier transform for the second signal
received by the calibration transmission/reception unit 2023
and the impulse signal stored in advance.

[0191] Then, the calibration-processing unit 2025 corrects
an input signal input to the transmission unit of the trans-
mission/reception front end-processing unit 203 on the basis
of the first signal and the result of the Fourier transform.

[0192] By employing this configuration, the transmission/
reception baseband-processing device 202, similar to the
communication system 1 according to the second embodi-
ment of the present invention, can perform calibration
including an aging change in the characteristic of the com-
municator 20. By sequentially performing calibration peri-
odically, a difference in the amplitude-phase variation
between the transmission/reception front end-processing
units 203 can be eliminated.

[0193] In addition, by employing this configuration, “sec-
ond amplitude-phase characteristic CAL_RX=amplitude-
phase characteristic CAL._RX” in Equation (2), and accord-
ingly, a beamforming signal is radiated from the antennas
with a predetermined transmission output level absolute
value. For this reason, the allowed range of the transmission
output absolute level is obeyed, the stable transmission
output absolute level is realized, and a DL area coverage (a
service region of a link from the center of a network such as
a base station or a server to users present in the vicinity
thereof) can be maintained to be constant.

[0194] As aresult, in the communication system 1 accord-
ing to the third embodiment of the present invention, the
amplitudes and the phases of the transmission/reception
front end-processing units 203 can be configured to be the
same, and the transmission output absolute level can be
maintained to be constant.
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[0195] The transmission/reception baseband-processing
device 202 having a minimal configuration according to an
embodiment of the present invention will be described.
[0196] The transmission/reception baseband-processing
device 202 having the minimal configuration according to an
embodiment of the present invention, as illustrated in FIG.
12, includes a calibration transmission/reception unit 2023
and a calibration-processing unit 2025.

[0197] The calibration transmission/reception unit 2023
receives a first signal according to the characteristics of the
transmission unit of the transmission/reception front end-
processing unit and the reception unit of the calibration
transmission/reception unit and a second signal according to
the characteristic of the reception unit described above.
[0198] The calibration-processing unit 2025 corrects an
input signal input to the transmission unit described above
on the basis of the first signal described above and the
second signal described above.

[0199] By configuring the transmission/reception base-
band-processing device 202 in this way, the transmitters can
be correctly calibrated. As a result, the transmission/recep-
tion baseband-processing device 202 can configure the
amplitudes and the phases of the transmission/reception
front end-processing units of the transmitter to be the same
and maintain the transmission output absolute level to be
constant.

[0200] In addition, regarding processes according to an
embodiment of the present invention, the order of the
processes may be changed in a range in which appropriate
processes can be performed.

[0201] Each of the storage unit 2022 and other storage
devices according to an embodiment of the present invention
may be provided at any position in a range in which
information can be appropriately transmitted and received.
In addition, a plurality of storage units 2022 or a plurality of
other storage devices may be present, and data may be stored
therein in a distributed manner in a range in which infor-
mation can be appropriately transmitted and received.
[0202] While the embodiments of the present invention
have been described, each of the transmission/reception
baseband-processing device 202 described above and the
other control devices may include a computer system on the
inside thereof. The procedure of the process described above
is stored in a computer-readable recording medium in the
form of a program, and the process described above is
performed by a computer reading and executing the pro-
gram. A specific example of the computer is illustrated
below.

[0203] FIG. 13 is a schematic block diagram illustrating
the configuration of a computer according to at least one
embodiment.

[0204] The computer 5, as illustrated in FIG. 13, includes
a CPU 6, a main memory 7, a storage 8, and an interface 9.
[0205] For example, each of the transmission/reception
baseband-processing device 202 described above and other
control devices is mounted in the computer 5. An operation
of each processing unit described above is stored in the
storage 8 in the form of a program. The CPU 6 reads the
program from the storage 8, expands the program in the
main memory 7, and executes the process described above
in accordance with the program. In addition, the CPU 6
secures a storage area corresponding to each storage unit
described above in the main memory 7 in accordance with
the program.



US 2020/0112096 Al

[0206] Examples of the storage 8 include a hard disk drive
(HDD), a solid-state drive (SSD), a magnetic disk, a mag-
neto-optical disk, a compact disc read-only memory (CD-
ROM), a digital versatile disc read-only memory (DVD-
ROM), a semiconductor memory, and the like. The storage
8 may be an internal medium directly connected to a bus of
the computer 5 or an external medium connected to the
computer 5 through the interface 9 or a communication line.
In addition, in a case in which the program is transmitted to
the computer 5 using a communication line, the computer 5
that has received the program may expand the program into
the main memory 7 and execute the process described
above. The storage 8 is a non-transitory type storage
medium in at least one embodiment.

[0207] In addition, the program described above may
realize a part of the function described above. Furthermore,
the program described above may be a file that can realize
the function described above in combination with another
program stored in the computer system in advance, in other
words, a so-called differential file (differential program).
[0208] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and are
not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made without
departing from the spirit or scope of the present invention.
Accordingly, the invention is not to be considered as being
limited by the foregoing description, and is only limited by
the scope of the appended claims.

What is claimed is:

1. A transmission/reception baseband-processing device,
comprising:

a calibration-processing unit configured to correct an

input signal input to a transmission unit on the basis of
a first characteristic according to characteristics of the
transmission unit of a transmission/reception front end-
processing unit and a calibration reception unit that is
a reception unit of a calibration transmission/reception
unit and a second characteristic according to a charac-
teristic of the calibration reception unit.

2. The transmission/reception baseband-processing
device according to claim 1, wherein the calibration-pro-
cessing unit corrects the second characteristic using a cor-
rection value determined in advance on the basis of a result
of measurement of a temperature of a communicator.

3. The transmission/reception baseband-processing
device according to claim 1, further comprising:

a calibration signal-generating unit configured to generate

the input signal; and

a calibration transmission/reception unit configured to

output the input signal generated by the calibration
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signal-generating unit from the transmission unit of the
calibration transmission/reception unit to the calibra-
tion reception unit,

wherein the calibration-processing unit acquires the sec-
ond characteristic according to the characteristic of the
calibration reception unit by subtracting the input sig-
nal from a signal that has reached the calibration
reception unit and corrects the input signal input to the
transmission unit on the basis of the first characteristic
and the second characteristic.

4. The transmission/reception baseband-processing
device according to claim 1, further comprising:

a calibration transmission/reception unit configured to
input an impulse to the calibration reception unit; and

an FFT analysis unit configured to have a function of a
Fourier transform acquiring the second characteristic
according to the characteristic of the calibration recep-
tion unit by subtracting a frequency spectrum of the
impulse at an output of the calibration reception unit
from a frequency spectrum of the input impulse stored
in advance,

wherein the calibration-processing unit corrects the input
signal input to the transmission unit on the basis of the
first characteristic and the second -characteristic
acquired as a result of the Fourier transform.

5. A communication system, comprising:

the transmission/reception baseband-processing device
including a calibration-processing unit configured to
correct an input signal input to a transmission unit on
the basis of a first characteristic according to charac-
teristics of the transmission unit of a transmission/
reception front end-processing unit and a calibration
reception unit that is a reception unit of a calibration
transmission/reception unit and a second characteristic
according to a characteristic of the calibration reception
unit; and

a baseband circuit unit configured to output a beamform-
ing signal to the transmission/reception baseband-pro-
cessing device.

6. A correction method, comprising:

correcting an input signal input to a transmission unit on
the basis of a first characteristic according to charac-
teristics of the transmission unit of a transmission/
reception front end-processing unit and a calibration
reception unit that is a reception unit of a calibration
transmission/reception unit and a second characteristic
according to a characteristic of the calibration reception
unit.



