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a_:r;- .
Ay -%‘@3 TN FNy
e
X 3 ' ""
Q"

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CIPO
OPIC - CIPO 191 SRR




CA 2475849 C 2010/12/07

anen 2 475 849
13) C

(57) Abrege(suite)/Abstract(continued):
osclllation signal which Is synchronized with the reference local oscillation signal is obtained. |In the slave station terminal 2, the thus-

obtained local oscillation signal Is fed to a transmission frequency converter (mixer) /7 and a reception frequency converter (mixer)
3. An |IF band transmission modulated signal is fed to the mixer 7 for frequency conversion to a radio frequency band, and the thus-
obtained radio-frequency modulated signal Iis transmitted. Meanwhile, a recelved radio-frequency modulated signal Is fed to the
mixer 8 for down conversion, and the thus-obtained signal Is fed to an |[F band demodulator 10 so as to restore an information
sighal. The present Invention not only solves the problem of deterioration of signal quality stemming from phase noise and
frequency offset generated in a millimeter wave band oscillator, but also improves the efficiency of frequency use.
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ABSTRACT

A reference local oscillation signal transmission
station 1 radiates a reference local oscilliation signal to a
service zone. A portion of the signal received by each radio
slave station terminal 2 is branched and fed to an injection
locked oscillator 6. As a result, a local oscillation signal
which is synchronized with the reference local oscillation
signal is obtained. In the slave station terminal 2, the
thus-obtained local oscillation signal is fed to a
transmission frequency converter (mixer) 7 and a reception
frequency converter (mixer) 8. An IF band transmission
modulated signal is fed to the mixer 7 for frequency
conversion to a radio frequency band, and the thus-obtained
radio-frequency modulated signal is transmitted. Meanwhile,
a received radio-frequency modulated signal is fed to the
mixer 8 for down conversioh, and the thus-obtained signal is
fed to an IF band demodulator 10 so as to restore an
information signal. The present invention not only solves
the problem of deterioration of signal quality stemming from
phase noise and frequency offset generated in a millimeter
wave band oscillator, but alsQ improves the efficiency of

frequency use.
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DESCRIPTION

RADIO COMMUNICATION METHOD AND SYSTEM FOR COMMUNICATIONS

BETWEEN A PLURALITY OF RADIO COMMUNICATION TERMINALS

TECHNICAL FIELD

The present invention relates to a radio communication
method and system for communications between a plurality of

radio communication terminals.

BACKGROUND ART

A radio communication apparatus for transmitting a
high-speed digital signal or a broadband analog signal
generally consists of a transmitter in which a product of an
intermediate-frequency-band modulated signal (IF) and a local
oscillation signal (LO) is obtained for up conversion, and a
thus-generated radio-frequency modulated signal (RF) 1is
transmitted; and’a receiver in which a product of an RF and
an LO is obtained for down conversion, whereby an IF 1is
produced. In such a case, in order to maintain the quality
of a transmitted signal, the IF input to the transmitter and
the IF generated in the receiver must have a known constant
frequency difference therebetween, and variation in the phase

difference with time must be small. Therefore, local
oscillators for generating the LOs in the transmitter and the
receiver must be high in frequency stability and low in phase

noise. In particular, in a microwave or millimeter wave band
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in which radio waves are of high frequency, stable, low-noise
local oscillators are realized by making use of a dielectric
resonator or a PLL (Phase Lock Loop) circuit.

However, with an increase in the frequency to be used
(e.g., in a millimeter wave band of 30 GHz or higher), the
stable, low-noise oscillators become difficult to realize,
and their production cost increases. For example, 1in the
case of a dielectric resonator, its Q value (Quality Factor)
decreases and fails to exhibit a desired performance. In the
case of a PLL circuit, the configuration of a frequency
divider becomes particularly difficult. 1In another method, a
signal from a low-frequency oscillator is frequency-
multiplied so as to obtain an LO. However, this method
generally requires an amplifier for increasing the signal
strength, which raises various problems, 1including increases
in cost, size, and consumption of electrical power.

In order to solve these problems, Japanese Patent
Application Laid-Open (kokai) NO. 2001-53640 has proposed a
radio communication apparatus and a radio communication
method as shown in FIGS. 7(A) and 7(B). In a transmitter of
this example, an intermediate-frequency-band modulated signal
IF, which is obtained through modulation of an input signal,
is mixed, by means of a mixer 83, with a local oscillation
signal LO from a local oscillator 85 so as to obtain a
product therebetween, whereby a radio-frequency modulated
signal RF is generated. The RF is passed through a filter 86

for removal of unnecessary components and is then fed to a
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power mixer 87, at which a portion of the LO is added to the
RF. After the RF is amplified by means of an amplifier 88 so
as to increase its signal level, the RF is transmitted from
an antenna as a radio signal. Meanwhile, in a receiver, a
radio signal received by an antenna is amplified by means of
an amplifier 91 so as to increase its signal level, and is
then passed through a filter 92. Subsequently, the RF is
demodulated to an IF by means of a square-law detector 93.

In this method, the same LO as that used for generation of
the RF signal is transmitted as a radio signal. Therefore,
this method 1s advantageous in that influences of phase noise
of the local oscillator 85 serving as an LO source are
cancelled out at the time of demodulation and that the IF
obtained through demodulation has the same frequency as that
of the original IF input to the transmitter.

The above-described technique is applicable only to an
apparatus and method for one-way radio communications. In
actual communications, two-way radio communications are
necessary. A configuration for such a case has been proposed
by the present inventors in connection with the "Two-Way
Radio Communication System and Two-Way Radio Communication

Method" described in Japanese Patent Application Laid-Open

(kokai) NO. 2002-9655.

DISCLOSURE OF THE INVENTION
However, several problems arise in a radio

communication system configured for N to N communications
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among N terminals. That is, although the above-mentioned
two~-way radio communication system and method are effective
for two-way (bi-directional) communications between two
terminals, when the number of terminals increased to N,
difficulty is encountered in configuring a radio
communication system which solves a problematic signal
deterioration caused by an employed local oscillation signal
and which effectively uses a frequency.

The present invention has been accomplished in view of
the foregoing problems. A radio communication system
according to the present invention is adapted for
communications between a plurality of radio communication
terminals and 1s configured in such a manner that each of the
plurality of radio communication terminals has a transmission
section in which a product of an intermediate-frequency-band
modulated signal and a local oscillation Signal is obtained
sOo as to generate a radio-frequency modulated signal; and a
reception section 1n which a product of the radio-frequency
modulated signal and the local oscillation signal is obtained
for down conversion to an intermediate-frequency-band
modulated signal. Separately from the above-mentioned
terminals, a transmission station for transmitting only a
reference local oscillation signal is provided. Each of the'
radio communication terminals receives the reference local
oscillation signal. After amplification and band-pass
filtering, the received reference local oscillation signal is

fed to an injection locked oscillator so as to reproduce the



CA 02475849 2004-08-10

local oscillation signal synchronized with the reference
local oscillation signal of a proper level. The thus-
reproduced signal is used as a local oscillation signal for
frequency conversion 1in the transmission section and the
reception section. This configuration enables all the
terminals within the network to generate and receive
millimeter wave signals which are synchronized in frequency
and phase. Further, even in the case where the reference
local oscillation signal is produced by inexpensive means and
has large phase nolise and frequency offset, their influences
are cancelled out as a result of transmission and reception
between terminals, whereby high-quality signal transmission
becomes possible.

Alternatively, in the present invention, one of the
terminals serves as a master station; a local oscillation
signal used 1in the master station is transmitted to the air
as a reference local oscillation signal; and each of the
remaining radio communication terminals receives the
reference local oscillation signal. After amplification and
band-pass filtering, the received reference local oscillation
signal 1s fed to an injection locked oscillator so as to
reproduce the local oscillation signal synchronously with the
reference local oscillation signal of a proper level. The
thus-reproduced signal is used as a local oscillation signal
for frequency conversion in the transmission section and the
reception section. This configuration enables all the

terminals within the network to generate and receive
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millimeter wave signals which are synchronized in frequency
and phase. Further, even in the case where the reference
local oscillation signal 1s produced by inexpensive means and
has large phase noilse and frequency offset, their influences
are cancelled out as a result of transmission and reception
between terminals, whereby high-quality signal transmission
becomes possible.

Moreover, 1n the present invention, each of the radio
communication terminals 1s configured to serve as a base
station or a master station. Therefore, without provision of
a special reference signal transmission station or base
station, a network which enables high-quality communications

can be produced instantly at any location.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the configuration of a radio communication
system according to a first embodiment of the present
invention, along with the transmission signal spectrum of
each station.

FIGS. 2(A) and 2(B) respectively show the specific
configurations of a reference local oscillation signal
transmission station and a slave station of the radio
- communication system exemplified in FIG. 1.

FIG. 3 shows the configuration of a radio communication
system according to a second embodiment of the present
invention, along with the transmission signal spectrum of

each station.
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FIGS. 4(A) and 4(B) respectively show the specific
configurations of a base station and a slave station of the
radio communication system exemplified in FIG. 3.

FIG. 5 shows the configuration of a radio communication
system according to a third embodiment of the present

invention, along with the transmission signal spectrum of

each station.

FIGS. 6(A) and 6(B) respectively show the specific
configurations of a slave station (master mode) and a slave

station (slave mode) of the radio communication system

exemplified 1in FI1G. 5.

FIGS. 7(A) and 7(B) are diagrams showing a conventional

technique.

BEST MODE FOR CARRYING OUT THE INVENTION

(First Embodiment)

FIG. 1 shows the configuration of a radio communication
system according to a first embodiment of the present
invention, along with transmission signal spectrum of each
station. FIGS. 2(A) and 2(B) respectively show the specific
configurations of a reference local oscillation signal
transmission station and a slave station of the radio
communication system of the first embodiment. A reference
local oscillation signal transmission station 1 radiates a
reference local oscillation signal generated at a reference
local oscillator 102 to a service zone via a transmission

antenna 101. Each radio slave station terminal 2 (slave

CAADPETAT A MU I e advad -4 = - .
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station No. 1, slave station No. 2, slave station No. 3,
etc.) receives the reference local oscillation signal via an
antenna 3. The received reference local oscillation signal
is amplified by means of an amplifier 4, and a portion of the
amplified reference local oscillation signal is passed
through a band-pass filter 5 for removal of unnecessary waves
and is fed to an injection locked oscillator 6. As a result,
the injection locked oscillator 6 produces a local
oscillation signal which is synchronized with the reference
local oscillation signal transmitted from the reference local
oscillation signal transmission station 1. In the slave
station terminal 2, the thus-obtained local oscillation
signal is fed to a transmission frequency converter (mixer) 7
and a reception frequency converter (mixer) 8. The mixers 7
and 8 in the slave station terminal 2 are connected to a
generator 9 for generating an intermediate-frequency (IF)
band modulated signal and to a demodulator 10, respectively.
The IF band modulated signal, which 1s the output of the
generator 9 to be transmitted, 1s fed to the mixer 7 for
frequency conversion to a radio frequency band, whereby a
radio-frequency modulated signal is obtained. After removal
of unnecessary waves by means of a band-pass filter 11, the
radio-frequency modulated signal is amplified by means of an
amplifier 12, and is transmitted from a transmission antenna
13. Meanwhile, a radio-frequency modulated signal received
by the reception antenna 3 is amplified by means of the

amplifier 4, and then fed via a branch point to the mixer 8
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for down conversion. The thus-obtained signal is fed to the
IF band demodulator 10 so as to restore an information signal.

In the first embodiment, a station for transmitting
only a reference local oscillation signal 1is provided
separately from the slave station terminals. In the case of
a system having a restricted transmission antenna power per
transmission station, a greater amount of transmission power
can be allocated to the reference local oscillation signal as
compared with the case of a second or third embodiment which
will be described below, whereby the communication area can
be expanded.

(Second Embodiment)

FIG. 3 shows the configuration of a radio communication
system according to the second embodiment of the present
invention, along with the transmission signal spectrum of
each station. FIGS. 4(A) and 4(B) respectively show the
speclfic configurations of a base station and a slave station
of the radio communication system of the second embodiment.
In a base station 14, an IF band modulated signal received
from an IF band modulated signal generator 15 is fed to a
mixer 17, to which a signal from a local oscillator 16 is
supplied. Thus, the IF band modulated signal is converted to
a signal in the radio frequency band. The thus-obtained
radlo signal 1s passed through a band-pass filter 18 so as to
remove unnecessary wave components therefrom. A portion of a
local oscillation signal, which serves as a reference local

oscillation signal within the network, is added to the radio
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signal. A resultant radio signal is amplified by means of an
amplifier 19 and is then transmitted from an antenna 20.
Further, a radio signal transmitted from a slave satiation
terminal to the base station 14 is received by an antenna 21,
and is then amplified by means of an amplifier 22. The
amplified radio signal is fed to a mixer 23, to which a
signal from the local oscillator 16 is supplied. Thus, the
radio signal is frequency-converted to an IF band, and a
resultant IF band modulated signal is fed to an IF band
demodulator 24, whereby an information signal'is restored.

Meanwhile, in a slave station terminal 25, a reference
local oscillation signal transmitted from the base station 14
and received by a reception antenna 26 is amplified by means
of an amplifier 27. A portion of the amplified reference
local oscillation signal 1s branched and passed through a
band-pass filter 28 for removal of unnecessary waves, and is
fed to an injection locked oscillator 29. As a result, the
injection locked oscillator 29 produces a local oscillation
signal which 1s synchronized with the reference local
oscillation signal transmitted from the base station 14. The
thus-obtailned local oscillation signal is fed to a
transmission mixXxer 30 and a reception mixer 31. A radio-
frequency modulated signal which the slave station terminal
25 receives by means of the reception antenna 26 is amplified
by means of the amplifier 27, and then fed via a branch point
to the reception mixer 31, whereby the radio-frequency

modulated signal is converted to an IF band modulated signal.

10
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The thus-obtained IF band modulated signal is fed to an IF
band demodulator 32 so as to restore an information signal.
Transmission of a signal from the slave station terminal 25
is performed as follows. First, an IF band modulated signal,
which 1s obtained from an IF band modulated signal generator
33 is fed to the transmission mixer 30 for frequency
conversion to a radio frequency band, whereby a radio-
frequency modulated signal is obtained. After removal of
unnecessary waves by means of a band-pass filter 34, the

radio-frequency modulated signal is amplified by means of an

amplifier 35, and 1is transmitted from a transmission antenna

36.

(Third Embodiment)

FIG. 5 shows the configuration of a radio communication
system according to a third embodiment of the present
invention, along with the transmission signal spectrum of
each station. FIGS. 6(A) and 6(B) respectively show the
specific configurations of a slave station (master mode) and
a slave station (slave mode) of the radio communication
system of the third embodiment. The present radio
communication system consists of a plurality of slave station
terminals (slave station No. 1, slave station No. 2, slave
station No. 3, etc.). However, each of the terhinals is
designed in such a manner that it can selectively assume
elther of two states; i.e., a master mode and a slave mode,
and that, in a'single network, only one slave station can

operate 1in the master mode, that slave station being

11
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determined by a protocol of an upper layer with resect to the
physical layer. 1In a slave station 37 having entered the
master mode, a switch 38 1s switched to a master mode side by
means of a switch control section 39. As a result, an IF
band modulated signal received from an IF band modulated
signal generator 33 1s fed to a transmission mixer 30, to
which a free-run signal from an injection locked oscillator
29 is supplied. Thus, the IF band modulated signal is
converted to a signal in the radio frequency band. The thus-
obtained radio signal is passed through a band-pass filter 34
s0 as to remove unnecessary wave components therefrom. A
portion of the above-mentioned free-run local oscillation
signal, which serves as a reference local oscillation signal
within the network, 1s added to the radio signal. A
resultant signal radio signal is amplified by means of an
amplifier 35 and is then transmitted from an antenna 36.
Further, a radio signal which the slave station in the maser
mode receives from another slave station terminal in the
slave mode 1s received by an antenna 26, and is then
amplified by means of an amplifier 27. The amplified radio
signal 1s fed to a reception mixer 31, to which a signal from
the injection locked oscillator 29 is supplied. Thus, the
radio signal is frequency-converted to an IF band, and a

resultant IF band modulated signal is fed to an IF band
demodulator 32, whereby an information signal is restored.

Meanwhile, in a slave station terminal 40 in the slave

mode, the switch 38 is switched to a slave mode side by means

12
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of the switch control section 39. A reference local
oscillation signal transmitted from the master-mode terminal
37 and received by the reception antenna 26 is amplified by
means of the amplifier 27. A portion of the amplified
reference local oscillation signal 1s branched and passed
through a band-pass filter 28 for removal of unnecessary
waves, and is fed to the injection locked oscillator 29. As
a result, the injection locked oscillator 29 produces a local
oscillation signal which is synchronized with the reference
local oscilillation signal transmitted from the slave station
in the master mode. The thus-obtained local oscillation
signal is fed to the transmission mixer 30 and the reception
mixer 31. A radio-frequency modulated signal which the slave
station terminal in the slave mode receives by means of the
reception antenna 26 is amplified by means of the amplifier
27, and then fed via a branch point to the reception mixer 31,
whereby the radio-frequency modulated signal is converted to
an IF band modulated signal. The thus-obtained IF band
modulated signal is fed to the IF band demodulator 32 so as
to restore an information signal. Transmission of a signal
from the slave station terminal is performed as follows.
First, an IF band modulated signal, which is obtained from
the IF band modulated signal generator 33, is fed to the
transmission mixer 30, whereby a radio-frequency modulated
signal is obtained. After removal of unnecessary waves by
means of the band-pass filter 34, the radio-frequency

modulated signal is amplified by means of the amplifier 35,

13
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and is transmitted from the transmission antenna 36.
In the third embodiment, since the base station (master
station) and the slave stations are not required to have

different configurations, a network can be formed at any

location.

INDUSTRIAL APPLICABILITY

The present invention enables realization of a radio
communication system for N to N communications among N
terminals, which system solves the problem of signal
deterioration caused by an employed local oscillation signal
and effectively uses frequency.

The present invention enables all the terminals within
the network to generate and receive millimeter wave signals
which are synchronized in frequency and phase. At the same
time, even in the case where a reference local oscillation
signal 1is generated by inexpensive means, and has large phase
noise and frequency offset, their influences are cancelled
out as a result of transmission and reception between
terminals, whereby high-quality signal transmission becomes
possible.

Moreover, in the present invention, each of the radio
communication terminals is configured to serve as a base
station or a master station. Therefore, a network which
enables high-quality communications can be produced instantly

at any location.

14
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The embodiments of the invention, in which an exclusive property or privilege

is claimed, are defined as follows:

1. A radio communication method for communications
between a plurality of radio communication terminals,
wherein each of the plurality of radio communication
terminals has a transmission section i1in which a product
of an intermediate-frequency-band modulated signal and a
local oscillation signal is obtained so as to generate a
radio-frequency modulated signal, and a reception section
in which a product of the radio-frequency modulated
signal and a local oscillation signal 1s obtained for
down conversion to an i1ntermediate-frequency-band
modulated signal, the method being characterized in that

each of the plurality of radio communication
terminals has an injection locked oscillator whose state
is switched to either of a master mode and a slave mode
by means of a switch;

a selected one of the plurality of radio
communication terminals which serves as a base station or
master station 1s switched to the master mode by
controlling the switch, so that the selected radio
communication terminal uses, as a local oscillation
signal, a free-run signal from the injection locked
oscilllator, and transmits, along with a radio-frequency
modulated signal, the free-run signal as reference local
oscillator signal; and

each of the remaining communication terminals, which
serve as slave stations, 1s switched to the slave mode by
controlling the switch, so that each of the remaining
radio communication terminals receives and amplifies the
reference local oscillation signal transmitted from the
base station or the master station, passes the amplified
reference local oscillation signal through a band-pass
filter, feeds the filtered reference local oscillation
signal to the i1njection locked oscillator so as to

reproduce the reference local oscillation signal, and

uses the reference local oscillation signal as the local

15
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oscillation signals in frequency conversion sections of

the transmission section and the reception section.

2. A radio communication system for communications
between a plurality of radio communication terminals,
wherein each of the plurality of radio communication
terminals has a transmission section 1n which a product
of an intermediate-frequency-band modulated signal and a
local oscillation signal 1s obtained so as to generate a
radio-frequency modulated signal, and a reception section
in which a product of the radio-frequency modulated
signal and a local oscillation signal 1s obtalned for
down conversion to an intermediate-frequency-band
modulated signal, the system being characterized in that

each of the plurality of radio communication
terminals has an 1injection locked oscillator whose state
1s swlitched to either of a master mode and a slave mode
by means of a switch;

a selected one of the plurality of radio
communication terminals which sexrves as a base station or
master station i1s switched to the master mode by
controlling the switch, so that the selected radio
communication terminal uses, as a local oscillation
signal, a free-run signal from the injection locked
oscillator, and transmits, along with a radio-frequency
modulated signal, the free-run signal as a reference
local oscillation signal; and

each of the remaining radio communication terminals,
which serve as slave stations, 1s switched to the slave
mode by controlling the switch, so that each of the
remalning radio communication terminals receives and
amplifies the reference local oscillation signal
transmitted from the base station or the master station,
passes the amplified reference local oscillation signal
through a band-pass filter, feeds the filtered reference
local oscillation signal to the injection locked
osclllator so as to reproduce the reference local
oscillation signal, and uses the reference local

osclllation signal as the local oscillation signals in

16
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frequency conversion sections of the transmission section

and the reception section.

17
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FIG. 4(A)
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