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(57) A mobile communication device and a frequen-
cy control method for the device are provided that can
have an internal reference frequency follow a change in
reception frequency even when the reception frequency
changes abruptly. In a mobile radio communication sys-
tem including a mobile station (54) and a stationary base
station (55), the mobile station includes: a transceiver

(52) that receives a high-frequency signal from the base
station; and an information processing section (53) that
predicts a frequency change in the reception high-fre-
quency signal received from the base station based on
mobile environment information on the mobile station
provided from outside and controls a frequency of a local
oscillator signal of the transceiver section based on a
prediction result.
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Description

[Technical Field]

[0001] The present invention relates to a mobile radio communication system and, more particularly, to a mobile
communication device moving at high speed relatively to a fixedly installed base station, as well as a frequency control
method for the device.

[Background Art]

[0002] In mobile communications systems typified by CDMA (Code Division Multiple Access) cellular telephone sys-
tems, constant considerations are required to changes in radio environment caused by the movements of mobile stations.
The occurrence of a frequency error, which is caused by the interference of reflected waves and the Doppler effect
dependent on the moving velocity of a mobile station, is unavoidable. Data cannot be correctly demodulated if a received
frequency at a mobile station deviates, due to movement, from a frequency that would be received when the mobile
station was stationary, that is, a transmission frequency at a base station. Therefore, mobile stations are provided with
feedback mechanisms to estimate a reference frequency on the base station side and correct a frequency error.
[0003] As an example, a brief description will be given of an automatic frequency control system in a CDMA mobile
telephone device disclosed in PTL 1.
[0004] FIG. 1 is a schematic block diagram showing an example of a transceiver section in a general CDMA mobile
telephone device. The mobile telephone device is provided with a voltage-controlled reference clock generation circuit
10 that generates a reference clock serving as a reference for the operation timing of the entire device. Using the
reference clock generated by the reference clock generation circuit 10 as a reference frequency, a PLL (Phase-Locked
Loop) circuit 11 generates a reception local oscillator signal and a transmission local oscillator signal and outputs them
to a radio receiver section 12 and a radio transmitter section 13, respectively.
[0005] The radio receiver section 12 performs down-conversion and quasi-synchronous demodulation on a reception
high-frequency signal by using the reception local oscillator signal and outputs it as a reception digital baseband signal
to a finger circuit 14. The finger circuit 14 outputs, for each finger, a demodulated signal of the reception digital baseband
signal to a RAKE circuit 15 and pilot data to a frequency offset estimation circuit 16, and the RAKE circuit 15 generates
reception data by using frequency offset amounts from the frequency offset estimation circuit 16.
[0006] The frequency offset estimation circuit 16 calculates, based on the pilot data from each finger, the reception-
frequency offsets to output to the RAKE circuit 15 and also outputs a frequency offset synthesized from these offsets to
an accumulator circuit 17. The accumulator circuit 17 outputs the value of an accumulation of such synthesized frequency
offsets as control voltage data to the reference clock generation circuit 10. In this manner, the reference clock frequency
output from the reference clock generation circuit 10 is automatically controlled through frequency offset estimation,
whereby variations in reception frequency can be corrected. In accordance with the thus corrected frequency clock, the
local oscillator signal for down-conversion and for quadrature demodulation is generated and output to the radio receiver
section 12. Similarly, in accordance with the corrected frequency clock, the local oscillator signal for up-conversion and
for quadrature modulation is generated and output to the radio transmitter section 13. Incidentally, transmission data is
encoded through a predetermined scheme by a channel codec 18 and output to the radio transmitter section 13.
[0007] Note that the reason for the reference clock of the mobile station being configured to follow the downlink signal
frequency from the base station is that a reference clock generation circuit incorporated in a base station is more stable
against changes in temperature and oscillation than a reference clock generation circuit incorporated in a mobile station.
Thus, the stability of frequency in the entire system is enhanced.
[0008] Moreover, in PTL 2, a system is disclosed that is provided with a Doppler shift processor means apart from
automatic frequency control as described above so that an accurate correction can be made even if the scope of frequency
correction is broadened. In this system, a mobile station is configured to measure its moving velocity and location by
using a GPS (Global Positioning System) receiver and calculate a frequency shift due to the Doppler effect, thereby
controlling a voltage-controlled oscillator and adjusting a local oscillator frequency (see FIGS. 2 and 3 of PTL 2).

[Citation List]

[Patent Literature]

[0009]

[PTL 1]
Japanese Patent Application Unexamined Publication No. 2001-157263
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[PTL 2]
Japanese Patent Application Unexamined Publication No. 2001-119333

[Summary of Invention]

[Technical Problem]

[0010] However, a feedback system has an error in general. As changes over time in the frequency of a reception
high-frequency signal become more rapid in particular, the ability of following the changes in frequency through the
above-described frequency offset estimation decreases, resulting in a larger error. Hereinafter, a description will be
given of the Doppler effect occurring when a mobile station passes a base station at high speed, as an example.
[0011] First, assuming that the frequency of a downlink signal transmitted by a base station is fo [Hz], a case will be
considered where a mobile station is moving at velocity v [m/s] in a direction of angle θ viewed from the base station.
In this case, the frequency fd [Hz] of electromagnetic waves arriving from the base station measured at the mobile station
can be represented by the following equation in general.
[0012]

[0013] Here, c is the velocity of light [m/s]. Assuming that θ = 0T when the mobile station is moving toward the base
station, the frequency fd then measured can be represented by the following equation (2), by substituting θ = 0T into the
equation (1).
[0014]

Here, if v << c, it is possible to make an approximation as follows.
[0015]

Accordingly, the equation (2) can be approximated to the following equation (3).
[0016]
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[0017] That is, when the mobile station is approaching the base station at velocity v [m/s], the downlink signal frequency
fd [Hz] from the base station measured at the mobile station can be obtained by the equation (3) due to the Doppler
effect. In other words, since fo is the downlink signal frequency from the base station measured when the mobile station
is stationary, if the mobile station is approaching the base station at high speed, the downlink signal frequency fd from
the base station measured at the mobile station increases (up-shifts) by a frequency ratio of v/c compared to the downlink
signal frequency fo at the time of stationary. As a result, the reference clock frequency in the mobile station correspondingly
changes by the same frequency ratio of v/c, as in the above-described manner.
[0018] Next, when the mobile station passes the vicinity of the base station and moves away from the base station at
velocity v [m/s], a downlink signal frequency fd’ [Hz] measured at the mobile station, due to the Doppler effect, can be
represented by the following equation (4), by substituting θ = 180T into the equation (1) and applying similar approximation. 

[0019] That is, when the mobile station moves away from the base station at high speed, the downlink signal frequency
fd’ from the base station measured at the mobile station decreases (down-shifts) by the frequency ratio of v/c compared
to the downlink signal frequency fo at the time of stationary. Accordingly, when the mobile station passes the base station
at high speed, the frequency shift due to the Doppler effect abruptly changes from up-shift to down-shift. At this time, a
frequency change amount ∆fd measured at the mobile station is given by the following equation (5). 

[0020] Such a change in frequency becomes larger as the mobile station moves at higher speed, and an error of the
feedback system trying to follow the change also becomes larger. As an error of a reference clock becomes larger, the
error rate of received signals increases, which leads to a decrease in signal transmission throughput and a deterioration
in communication quality, resulting in a disconnection occurring in the worst case.
[0021] It is possible to further increase the processing speed of a frequency offset estimation circuit so that such an
abrupt change in reception frequency can be followed. However, increasing the processing speed of a circuit is not a
desirable solution because it is accompanied with an increase in power consumption and heating value as well as a rise
in cost.
[0022] Moreover, in PTL 2, adopted is a method in which the moving velocity and location of a mobile station are
measured by using a GPS receiver and a Doppler shift is calculated, whereby a local oscillator signal is corrected.
However, this Doppler shift is calculated by measuring the ever-changing current location and velocity of a mobile station,
and a result of the calculation is reflected in a frequency oscillated by a voltage-controlled oscillator. This is feedback
control similar to the frequency offset estimation. Additionally, PTL 2 considers only a case where a mobile station moves
closer to or away from a base station. Therefore, the configuration that simply calculates a Doppler shift by using GPS
and feedback-controls a voltage-controlled oscillator cannot follow an abrupt change in frequency made when a mobile
station passes the vicinity of a base station at high speed as in the above-described equation (3).
[0023] The present invention is made in the light of the foregoing circumstances, and an object thereof is to provide
a mobile communication device and a frequency control method for the device that can have an internal reference
frequency follow a change in reception frequency even when the reception frequency changes abruptly.

[Solution to Problem]

[0024] A mobile radio communication system according to the present invention is a mobile radio communication
system including a mobile station and a stationary base station, characterized in that the base station transmits a high-
frequency signal to the mobile station, and the mobile station predicts a frequency change in the reception high-frequency
signal received from the base station based on mobile environment information on the mobile station provided from
outside and controls a frequency of a local oscillator signal based on a prediction result.
[0025] A mobile radio communication device according to the present invention is a mobile communication device in
a mobile radio communication system including at least one stationary base station, characterized by comprising: a
transmission and reception means for performing radio communication with the base station; and a control means that
predicts a frequency change in a reception high-frequency signal received from the base station based on mobile
environment information provided from outside and controls a frequency of a local oscillator signal of the transmission
and reception means based on a prediction result.
[0026]  A frequency control method according to the present invention is a frequency control method for a mobile
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communication device performing radio communication with a stationary base station, characterized by comprising: by
a transmission and reception means, receiving a high-frequency signal from the base station; and by a control means,
predicting a frequency change in the reception high-frequency signal received from the base station based on mobile
environment information provided from outside and controlling a frequency of a local oscillator signal of the transmission
and reception means based on a prediction result.

[Advantageous Effects of Invention]

[0027] According to the present invention, it is possible that the internal reference frequency of a mobile communication
device follows a change in reception frequency even when the reception frequency changes abruptly.

[Brief Description of Drawings]

[0028]

[Fig. 1]
FIG. 1 is a schematic block diagram showing an example of a transceiver section in a general CDMA mobile telephone
device.
[Fig. 2]
FIG. 2 is a block diagram showing the schematic structure of a mobile radio communications system including a
mobile communication device (mobile station) according to a first exemplary embodiment of the present invention.
[Fig. 3]
FIG. 3 is an explanatory diagram for calculation of mobile station-base station relative velocity in the first exemplary
embodiment of the present invention.
[Fig. 4]
FIG. 4 is a block diagram showing the schematic functional configuration of a transceiver section in a mobile com-
munication device according to a first example of the present invention.
[Fig. 5]
FIG. 5 is a block diagram showing the detailed functional configuration of the transceiver section in the mobile
communication device according to the first example of the present invention.
[Fig. 6]
FIG. 6 is a block diagram showing the detailed functional configuration of an information processing section in the
mobile communication device shown in FIG. 5.
[Fig. 7]
FIG. 7 is a graph showing changes in frequency shift ratio fr with respect to base station-mobile station in-movement-
path-direction distance x.
[Fig. 8]
FIG. 8 is a block diagram of a mobile radio communications system including a mobile communication device (mobile
station) according to a second exemplary embodiment of the present invention.
[Fig. 9]
FIG. 9 is an explanatory diagram for calculation of mobile station-base station along-propagation-path relative
velocity according to a first example of the placement of the mobile station and base station, in the second exemplary
embodiment of the present invention.
[Fig. 10]
FIG. 10 is an explanatory diagram for calculation of the mobile station-base station along-propagation-path relative
velocity according to a second example of the placement of the mobile station and base station, in the second
exemplary embodiment of the present invention.
[Fig. 11]
FIG. 11 is a block diagram showing the detailed functional configuration of a transceiver section in a mobile com-
munication device according to a second example of the present invention.
[Fig. 12]
FIG. 12 is a block diagram of a mobile radio communications system including a mobile communication device
(mobile station) according to a third exemplary embodiment of the present invention.
[Fig. 13]
FIG. 13 is a block diagram showing the detailed functional configuration of an information processing section in the
mobile communication device shown in FIG. 12.
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[Description of Embodiments]

[0029] According to the present invention, mobile environment information is acquired from outside, and a forthcoming
change in frequency is estimated based on that information, whereby predictive control of a local oscillator signal fre-
quency is performed. The mobile environment information is provided from a base station (FIGS. 2 and 8) or from a
vehicle with a mobile communication device mounted thereon (FIG. 12). Hereinafter, embodiments of the present in-
vention will be described in detail.

1. First exemplary embodiment

[0030] First, a brief description will be given of the entire structure of a system with reference to FIGS. 2 and 3. It is
assumed that a mobile radio communications system according to the present embodiment generally includes a mobile
communication device 54 (hereinafter, referred to as mobile station 54) and a base station 55 which is fixedly installed
on the ground and is stationary, as shown in FIG. 2. The mobile station 54 is mobile communication equipment such as
a mobile telephone terminal and includes an antenna 51, a transceiver section (TRX) 52, and an information processing
section 53.
[0031] The base station 55 transmits mobile environment information (x, d, u) on the mobile station 54 to the mobile
station 54 by using a downlink high-frequency signal (radio signal). The mobile environment information (x, d, u) is
location information and velocity information required for the mobile station 54 to obtain its velocity v relative to the base
station 55. A specific example of the mobile environment information (x, d, u) will be described with reference to FIG. 3.
[0032] Referring to FIG. 3, it is assumed that the mobile station 54 is moving at velocity u along a movement path 58
and that the base station 55 is installed at distance d from the movement path 58. In this case, of the mobile environment
information (x, d, u), x is the distance at the current point of time along the movement path 58, d is the distance from
the base station 55 to the nearest point F on the movement path 58, and u is the mobile station’s velocity at the current
point of time along the movement path 58.
[0033] If the mobile station 54 is moving by train along a railroad, x is the distance from the current location of the train
to the nearest point F on the railroad from the base station 55 that is fixedly installed beside the railroad, d is the distance
from the base station 55 to the point F on the railroad, and u is the traveling velocity of the train. In general, railroads
have railroad traffic control systems, which keep track of movement information on trains. Accordingly, the base station
55 can acquire the movement information on a train carrying the mobile station 54 from the railroad traffic control system
and transmit that movement information to the mobile station 54 as the mobile environment information (x, d, u) on the
mobile station 54.
[0034] If the mobile station 54 is moving by vehicle along a roadway, x is the distance from the current location of the
vehicle to the nearest point F on the roadway from the base station 55 that is fixedly installed beside the roadway, d is
the distance from the base station 55 to the point F on the roadway, and u is the traveling velocity of the vehicle. Roadways
have moving vehicle monitoring systems, which recognize moving vehicles and detect their velocities. Accordingly, the
base station 55 can acquire the movement information on a vehicle carrying the mobile station 54 from the moving
vehicle monitoring system and transmit that movement information to the mobile station 54 as the mobile environment
information (x, d, u) on the mobile station 54.
[0035] The transceiver section 52 of the mobile station 54, upon receiving a downlink high-frequency signal from the
base station 55 through the antenna 51, demodulates the downlink high-frequency signal using an under-mentioned
reception local oscillator signal and outputs reception data RDA containing the mobile environment information (x, d, u)
to the information processing section 53. The information processing section 53 extracts the mobile environment infor-
mation (x, d, u) from the reception data RDA and, based on the extracted mobile environment information (x, d, u),
calculates the base station-mobile station relative velocity v. Using this relative velocity v, the information processing
section 53 not only estimates the current frequency of the reception high-frequency signal but also estimates a forthcoming
change in frequency, generates frequency control data FCD, and outputs it to the transceiver section 52 when appropriate.
[0036] The transceiver section 52, using a control signal corresponding to the frequency control data FCD, changes
the frequency of the local oscillator signal controlled through a frequency offset estimation function feedback system.
The frequency control data FCD includes also the estimation of a forthcoming change in frequency. Therefore, even if
an abrupt change occurs in the frequency of the downlink high-frequency signal from the base station 55, the reference
clock of the mobile station 54 can sufficiently follow the change.

2. First example

[0037] Hereinafter, the transceiver section 52 and the information processing section 53 will be described by illustrating
a CDMA mobile communication terminal as a mobile communication device according to a first example of the present
invention.
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2.1) Transceiver section

[0038] As schematically shown in FIG. 4, the mobile communication terminal according to the present example has
a configuration additionally including a voltage data conversion circuit 56 and an adder 57 in comparison with the mobile
communication terminal shown in FIG. 1. Accordingly, those blocks that have the same functions as the circuits shown
in FIG. 1 are denoted by the same reference numerals as in FIG. 1. Hereinafter, the entire configuration will be described.
[0039] A reference clock generation circuit 10 generates a reference clock serving as a reference for the operation
timing of the entire device and is a voltage-controlled oscillator using a temperature-compensated crystal oscillator
(TCXO), for example. Using the reference clock generated by the reference clock generation circuit 10 as a reference
frequency, a PLL (Phase-Locked Loop) circuit 11 generates required local oscillator signals and outputs them to a radio
receiver section 12 and a radio transmitter section 13, respectively.
[0040] The radio receiver section 12 performs down-conversion and quadrature demodulation on a reception high-
frequency signal by using the local oscillator signal for down-conversion and for quadrature demodulation and outputs
a reception digital baseband signal to a finger circuit 14. The finger circuit 14 outputs, for each finger, a demodulated
signal of the reception digital baseband signal to a RAKE circuit 15 and pilot data to a frequency offset estimation circuit
16. The RAKE circuit 15 synthesizes the demodulated signals weighted using frequency offset amounts input from the
frequency offset estimation circuit 16, thereby generating reception data RDA and outputting it to the information process-
ing section 53.
[0041] The frequency offset estimation circuit 16 estimates the reception -frequency offsets based on the pilot data
input from each finger and outputs them to the RAKE circuit 15. In addition, the frequency offset estimation circuit 16
also outputs a frequency offset amount synthesized from these offsets to an accumulator circuit 17. The accumulator
circuit 17 outputs the value of an accumulation of such synthesized frequency offset amounts, as control voltage data,
to a control terminal of the reference clock generation circuit 10 through the adder 57.
[0042] The voltage data conversion circuit 56 converts frequency control data FCD input from the information process-
ing section 53 into corresponding control voltage data FCV and outputs it to the adder 57. The adder 57 adds the control
voltage data obtained through the frequency offset estimation, which is input from the accumulator circuit 17, and the
control voltage data FCV corresponding to the frequency control data, which is input from the voltage data conversion
circuit 56, and outputs a result of the addition, as frequency control voltage data, to the control terminal of the reference
clock generation circuit 10.
[0043] A reference clock frequency to be thus output from the reference clock generation circuit 10 includes not only
automatic control according to the frequency offset estimation but also predictive control of a frequency change estimated
by the information processing section 53. Accordingly, it is possible to follow an abrupt change in reception frequency
occurring when the mobile station passes the base station at high speed. The local oscillator signal for down-conversion
and for quadrature demodulation is generated in accordance with the thus controlled reference clock and output to the
radio receiver section 12. Similarly, the local oscillator signal for up-conversion and for quadrature modulation is generated
in accordance with the controlled reference clock and output to the radio transmitter section 13. Incidentally, transmission
data is encoded through a predetermined scheme by a channel codec 18 and output to the radio transmitter section 13.
Hereinafter, the more detailed configuration of the transceiver section 52 will be described with reference to FIG. 5.
[0044] Referring to FIG. 5, a reception circuit section of the above-described mobile station 54 is mainly composed
of a low noise amplifier 27, a band-pass filter 28, a PLL circuit 29, a quadrature demodulator 30, an automatic gain
control (AGC) amplifier 31, a band-pass filter 32, an A/D converter 33, a reference clock generation circuit 34, a delay
profile search circuit 35, a finger circuit 36, a timing generation circuit 37, a frequency offset estimation circuit 38, a RAKE
circuit 39, an accumulator circuit 40, a frequency-voltage data conversion circuit 56, and an adder 57. A transmission
circuit section is mainly composed of the reference clock generation circuit 34 shared with the reception circuit section,
a channel codec 41, a D/A converter 42, a band-pass filter 43, a PLL circuit 44, a quadrature modulator 45, an AGC
amplifier 46, a band-pass filter 47, and a power amplifier 48.
[0045] The reference clock generation circuit 34 incorporated in the mobile station receives, at a control terminal, an
input of control voltage data that is a result of addition performed by the adder 57 and generates a reference clock based
on the control voltage data. The reference clock generation circuit 34 outputs the reference clock to each of the PLL
circuit 29 at the side of the reception circuit section and the PLL circuit 44 at the side of the transmission circuit section
and also provides it to the timing generation circuit 37. The reception circuit section-side PLL circuit 29 generates a local
oscillator signal based on the input reference clock and outputs it to the quadrature demodulator 30. On the other hand,
the transmission circuit section-side PLL circuit 44 generates a local oscillator signal based on the input reference clock
and outputs it to the quadrature modulator 45.
[0046] From a downlink high-frequency signal received from the base station through an antenna 25, a signal in a
required predetermined frequency band is selected by a duplexer 26 and led to the reception circuit section as a reception
high-frequency signal. The reception high-frequency signal is first amplified by the low noise amplifier 27, further band-
limited by the band-pass filter 28, and then input to the quadrature demodulator 30. The quadrature demodulator 30
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performs quasi-synchronous demodulation of the reception high-frequency signal using the local oscillator signal provided
by the PLL circuit 29 and generates a reception analog baseband signal. The reception analog baseband signal is level-
controlled by the AGC amplifier 31, band-limited by the band-pass filter 32, and then input to the A/D converter 33. The
A/D converter 33 converts the reception analog baseband signal into a reception digital baseband signal. The reception
digital baseband signal is input to each of the delay profile search circuit 35 and the finger circuit 36. Here, the mobile
station can estimate a reference clock of the base station based on pilot data, which has been generated in synchronization
with the reference clock of the base station and superposed onto the reception digital baseband signal. This is equivalent
to that the reference clock of the base station is superposed onto the reception digital baseband signal.
[0047] Moreover, the delay profile search circuit 35 generates a frame timing time-correction amount based on a frame
timing signal generated by the timing generation circuit 37 and on the input reception digital baseband signal and outputs
it to the timing generation circuit 37. The timing generation circuit 37 first generates an ideal frame timing signal based
on the reference clock generated by the reference clock generation circuit 34 in the device and next adds the input frame
timing time-correction amount to the generated ideal frame timing signal, thereby correcting the ideal frame timing signal.
The corrected frame timing signal is input to each of the delay profile search circuit 35 and the finger circuit 36.
[0048] The finger circuit 36 is composed of a plurality of fingers for separating a reception digital baseband signal
received through multipath into individual single-path components. Based on the input corrected frame timing signal,
the finger circuit 36 demodulates the reception digital baseband signal for each finger and outputs them to the RAKE
circuit 39. Further, the finger circuit 36 outputs pilot data contained in the reception digital baseband signal of each finger
to the frequency offset estimation circuit 38 from each finger. The frequency offset estimation circuit 38 calculates a
frequency offset amount for each finger based on the pilot data (synchronized with the reference clock of the base
station) input from each finger and outputs them to the RAKE circuit 39. At the same time, the frequency offset estimation
circuit 38 synthesizes the frequency offset amounts of the individual fingers by weighting and outputs a synthesized
frequency offset amount to the accumulator circuit 40. The above-mentioned RAKE circuit 39 synthesizes the demod-
ulated signals output from the individual fingers by weighting based on the input frequency offset amounts of the individual
fingers, thereby generating reception data RDA. Thus, the reception data RDA from which fading is reduced can be
obtained.
[0049] The accumulator circuit 40 adds the input synthesized frequency offset amount (frequency shift amount) and
a current output value and outputs a result of this addition to the adder 57. Moreover, the frequency-voltage data
conversion circuit 56 converts frequency control data FCD captured from the information processing section 53 into
corresponding frequency control voltage data FCV and outputs it to the adder 57. The adder 57 adds the input output
value of the accumulator circuit 40 and the input frequency control voltage data FCV and outputs a result of the addition
to the reference clock generation circuit 34. The reference clock generation circuit 34 receives, at the frequency control
terminal, an input of control voltage data that is the result of the addition by the adder 57 and generates a reference
clock based on the control voltage data. That is, this is equivalent to having the reference clock of the mobile station 54
follow the reference clock of the base station 55. Thus, the reference clock generation circuit 34 outputs the reference
clock following the reference clock of the base station 55 to each of the PLL circuit 29 of the reception circuit section,
the PLL circuit 44 of the transmission circuit section, and the timing generation circuit 37.

2.2) Information processing section

[0050] Next, the configuration of the information processing section 53 included in the mobile station 54 will be described
in detail with reference to FIG. 6. The information processing section 53 according to the present example generally
includes, as shown in FIG. 6, an input circuit 53a, an output circuit 53b, a memory section 53c, a computation section
53d, a timer circuit 53e, an interface circuit 53f, and a control section (CPU) 53g that controls each section of the device.
[0051] The control section 53g of the information processing section 53 allows the input circuit 53a to receive an input
of reception data RDA output from the RAKE circuit 39 of the transceiver section 52 and temporarily stores it in the
memory section 53c. The control section 53g converts the reception data RDA into general reception information and
mobile environment information (x, d, u) and outputs the general reception information through the interface circuit 53f.
Moreover, upon receiving an input of general transmission information through the interface circuit 53f, the control section
53g generates transmission data TDA and outputs it to the transceiver section 52 from the output circuit 53b.
[0052] Further, in the information processing section 53, the computation section 53d, under control of the control
section 53g, executes predictive computation regarding a frequency shift due to the Doppler effect based on the mobile
environment information (x, d, u). The control section 53g sets a timing setting value on the timer circuit 53e to activate
it and, based on timing information from the timer circuit 53e, allows frequency control data FCD obtained by the com-
putation section 53d to be output from the output circuit 53b to the transceiver section 52 at an appropriate time.
[0053] Note that as to the above-described control section 53g and computation section 53d, equivalent functions can
also be implemented by executing programs on a program-controlled processor such as a CPU.
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2.3) Operation

[0054] Next, a description will be given of frequency control-related operation of the transceiver section 52 of the
mobile station 54, with reference to FIG. 5.
[0055] The reference clock generation circuit 34 generates a reference clock and provides it to the reception circuit
section-side PLL circuit 29 and to the transmission circuit section-side PLL circuit 44. The PLL circuits 29 and 44 each
generates a local oscillator signal based on the input reference clock. The reception circuit section-side PLL circuit 29
outputs the generated local oscillator signal to the quadrature demodulator 30, while the transmission circuit section-
side PLL circuit 44 outputs the generated local oscillator signal to the quadrature modulator 45.
[0056]  Reception data RDA containing mobile environment information (x, d, u) received from the base station 55 is
output to the information processing section 53. As described above, at the finger circuit 36, each finger extracts pilot
data contained in a reception digital baseband signal and outputs it to the frequency offset estimation circuit 38. The
frequency offset estimation circuit 38 calculates a frequency offset amount for each finger based on the pilot data input
from each finger, synthesizes the frequency offset amounts of the individual fingers by weighting, and outputs a synthe-
sized frequency offset amount to the accumulator circuit 40.
[0057] The accumulator circuit 40 adds the input synthesized frequency offset amount (frequency shift amount) and
a current output value and outputs a result of this addition to the adder 57. Moreover, the frequency-voltage data
conversion circuit 56 converts frequency control data FDC, which is predictive control data provided by the information
processing section 53, into corresponding frequency control voltage data FCV by using a predetermined conversion
formula or predetermined conversion table and outputs it to the adder 57. The adder 57 adds the input output value of
the accumulator circuit 40 and the frequency control voltage data FCV and outputs a result of the addition to the reference
clock generation circuit 34. The reference clock generation circuit 34 generates a reference clock based on the result
of the addition by the adder 57 and outputs it to each of the PLL circuit 29 of the reception circuit section, the PLL circuit
44 of the transmission circuit section, and the timing generation circuit 37.

2.4) Prediction of a change in frequency

[0058] Next, a description will be given of an operation of generating the frequency control data FCD in the information
processing section 53 of the mobile station 54, with reference to FIGS. 3, 6, and 7. First, the control section 53g of the
information processing section 53 obtains the base station-mobile station relative velocity v [m/s] from the mobile envi-
ronment information (x, d, u) extracted from the reception data RDA. The base station-mobile station relative velocity v
[m/s] can be obtained by an equation (6) where the base station-mobile station in-movement-path-direction distance x
[m], base station-movement path distance d [m], and mobile station’s along-movement-path velocity u [m/s] are variables.
[0059]

[0060] Here, it is assumed that the base station 55 transmits a downlink high-frequency signal at frequency fo [Hz]
and that the mobile station 54 is moving toward the base station 55 at velocity v [m/s]. At this time, assuming that the
velocity of light is c [m/s], the frequency Fd [Hz] of the downlink high-frequency signal from the base station 55 measured
at the mobile station 54 is given by the equation (3) due to the Doppler effect, as described already. 

When this apparent frequency fd of the downlink high-frequency signal is calculated, a frequency shift fs due to the
Doppler effect is given by the following equation (7), and frequency shift ratio fr is given by the following equation (8). 
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Moreover, the frequency fd’ that will be measured when the mobile station 54 passes the vicinity of the base station 55
and the movement thereof changes from approaching to receding (that is, when an abrupt change occurs in the carrier
frequency of the reception high-frequency signal) can be obtained by using the equation (4), and the frequency change
amount ∆fd made when a forthcoming abrupt change in frequency occurs can be predicted by using the equation (5),
as described already. 

[0061] For reference, FIG. 7 is a graph showing changes in the frequency shift ratio fr with respect to the base station-
mobile station in-movement-path-direction distance x. Specifically, this shows changes in the frequency shift ratio fr
(ppm) with respect to the distance x [m] of the mobile station 54 from the base station in the movement path direction
when the mobile station’s velocity u along the movement path 58 is 300 km/h, by using the base station-movement path
distance d [m] as a parameter.
[0062] The computation section 53d of the information processing section 53 estimates, by using the above-described
arithmetic equations, how the current reception high-frequency signal’s frequency will change and returns a result of the
computation to the control section 53g as frequency control data FCD. The control section 53g outputs the frequency
control data FCD to the transceiver section 52 at an appropriate time. The control section 53g sets the timer circuit 53e
for a time, as a timing setting value, to output the frequency control data FCD, which corresponds to the frequency
control data FCD and has been estimated by the computation section 53d and, when the set time has arrived, outputs
the frequency control data FCD obtained by the computation section 53d to the transceiver section 52 through the output
circuit 53b. Thus, when an abrupt change in frequency is occurring during a period when the frequency may change
abruptly, it is possible to output frequency control voltage data FCV to the adder 57 so that the frequency after the abrupt
change will be followed.
[0063] The above-described computation of the frequency shift fs can be performed before the mobile station 54
passes the vicinity of the base station 55. Therefore, before the mobile station 54 passes the vicinity of the base station
55, the information processing section 53 of the mobile station 54 can predict the reception high-frequency signal
frequency fd and frequency shift fs that will be measured immediately after the mobile station 54 passes the vicinity of
the base station 55.
[0064] For the transceiver section 52 of the mobile station 54, it is desirable that the frequency of the local oscillator
signal output by the PLL circuit 29 (see FIG. 5) be equal to the carrier frequency of the reception high-frequency signal.
The information processing section 53 generates beforehand, through the above-described computation, the frequency
control data FCD corresponding to the reception high-frequency signal frequency predicted to be measured immediately
after the mobile station 54 passes the vicinity of the base station. When the mobile station 54 is actually passing the
vicinity of the base station, the information processing section 53 outputs the frequency control data FCD to the frequency-
voltage data conversion circuit 56 of the transceiver section 52, and the frequency-voltage data conversion circuit 56
converts the frequency control data FCD into the frequency control voltage data FCV and outputs it to the adder 57.
[0065] Here, the frequency control data FCD and frequency control voltage data FCV correspond to the predicted
frequency change amount (frequency shift difference) ∆fd due to the Doppler effect. Since the reference clock generation
circuit 34 generates a reference clock by receiving an output of addition by the adder 57 as control voltage, its oscillation
frequency reflects the reception high-frequency signal frequency affected by the Doppler effect occurring when (imme-
diately after) the mobile station 54 passes the vicinity of the base station. Accordingly, the frequency of the local oscillator
signal generated by the PLL circuit 29 based on the oscillation frequency of the reference clock also reflects the reception
high-frequency signal frequency affected by the Doppler effect.

2.5) Effects

[0066] As described above, according to the present example, even in an environment where a change in frequency
occurs at high speed due to the Doppler effect, the frequency of the local oscillator signal output by the PLL circuit 29
can be following-controlled smoothly so as to be equal to the carrier frequency of the reception high-frequency signal
affected by the Doppler effect. Thus, an error of the feedback system included in the frequency offset estimation func-



EP 2 346 176 A1

11

5

10

15

20

25

30

35

40

45

50

55

tionality can be made small, and the signal error rate and the probability of signal disconnection can be reduced. Ac-
cordingly, even when the mobile station has passed the vicinity of the base station and the movement thereof has
changed from approaching to receding (that is, when an abrupt change has occurred in the carrier frequency of the
reception high-frequency signal), it is possible to avoid decrease in the signal transmission throughput and degradation
in the communication quality.
[0067] Moreover, the mobile station 54 according to the present example can perform predictive control regarding a
frequency shift due to the Doppler effect occurring when (immediately after) the mobile station 54 passes the vicinity of
the base station, based on the mobile environment information provided beforehand. Accordingly, the transceiver section
52 of the mobile station 54 can have the frequency of the local oscillator signal accurately follow the carrier frequency
of the reception high-frequency signal, without dependence on the speedup of the frequency offset estimation circuit
38. Accordingly, a complex and expensive high-speed circuit configuration is not required, and the frequency offset
estimation functionality can be implemented with an inexpensive and simple low-speed circuit configuration, whereby
the circuits can operate with low power consumption and further the heating value can also be suppressed.

3. Second exemplary embodiment

[0068] In a second exemplary embodiment of the present invention, the influence of a radio wave reflector on the
Doppler effect is taken into consideration. Hereinafter, a mobile radio communications system according to the second
exemplary embodiment of the present invention will be described with reference to FIGS. 8 to 10.

3.1) Configuration

[0069] The different point of the system according to the second exemplary embodiment from the above-described
first embodiment is that information about distance w from a movement path 58 to a reflecting face of a radio wave
reflector (hereinafter, also simply referred to as movement path-radio reflector distance) is further added into the mobile
environment information (x, d, u) of the first exemplary embodiment. Specifically, in this second exemplary embodiment,
mobile environment information (x, d, u, w) is used with consideration given to a case where a radio wave reflector 59a
or 59b exists in the vicinity of the movement path 58, as shown in FIGS. 9 and 10. The second exemplary embodiment
is approximately similar to the above-described first exemplary embodiment in the other points than the existence of the
radio wave reflector (reflecting face) 59a or 59b and the accordingly introduced movement path-radio reflector distance
w. Therefore, in FIGS. 8 to 10, the same reference numerals are used as in FIGS. 2 and 3, and a description thereof
will be omitted or simplified. Moreover, since the circuit configuration of a transceiver section 52 of a mobile station 54
is also similar to the configuration shown in FIG. 5, a description will be given with reference to the circuit in FIG. 5 as
well when appropriate.
[0070] In a case where the mobile station 54 is moving by train along a railroad, the movement path-radio reflector
distance w, for example, corresponds to the distance between the railroad and a tunnel inwall (radio wave reflecting
face) when inside a railroad tunnel, or corresponds to the distance between the railroad and a sound barrier (radio wave
reflecting face) when in an area where the sound barrier is built. Since information about such distances between a
railroad and radio wave reflecting faces is already-known information as railroad management information, a detailed
description of the acquisition of the information will be omitted.
[0071] Moreover, in a case where the mobile station 54 is moving by vehicle along a roadway, the movement path-
radio reflector distance w, for example, corresponds to the distance between a vehicle traveled way and a tunnel inwall
(radio wave reflecting face) when inside a roadway tunnel, or corresponds to the distance between a vehicle traveled
way and a sound barrier (radio wave reflecting face) when in an area where the sound barrier is built. Since information
about such distances between a movement path and radio wave reflecting faces is already-known information as traffic
management information or road management information, a detailed description of the acquisition of the information
will be omitted.

3.2) Operation

[0072] Next, a description will be given of an operation of following a change in frequency caused by the Doppler
effect performed by the mobile station 54 according to the present exemplary embodiment, with reference to FIGS. 8 to 10.
[0073] In the mobile station 54 according to the present exemplary embodiment, upon receiving a downlink high-
frequency signal containing mobile environment information (x, d, u, w) from the base station 55, demodulation processing
is performed by the demodulator 30 as described above, and thereafter reception data RDA is output from the RAKE
circuit 39 to the information processing section 53. The information processing section 53 extracts the mobile environment
information (x, d, u, w) from the reception data RDA and recognizes the base station-mobile station in-movement-path-
direction distance x, base station-movement path distance d, mobile station’s along-movement-path velocity u, and
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further movement path-radio reflector distance w when the radio wave reflector (reflecting face) 59a or 59b exists in the
vicinity of the movement path 58. The information processing section 53 also recognizes whether the radio wave reflector
exists on the opposite side to the base station 55 (the radio wave reflector 59a in FIG. 9) or on the same side as the
base station 55 (the radio wave reflector 59b in FIG. 10) relative to the movement path 58 of the mobile station 54.
[0074] The information processing section 53 obtains the relative velocity v [m/s] between the base station and mobile
station along a propagation path from the mobile environment information (x, d, u, w) extracted from the reception data
RDA. The base station-mobile station along-propagation-path relative velocity v [m/s] can be obtained by the following
equation (9) or (10) where the base station-mobile station in-movement-path-direction distance x [m], base station-
movement path distance d [m], mobile station’s along-movement-path velocity u [m/s], and movement path-radio reflector
distance w [m] are variables.
[0075] When recognizing that the radio wave reflector 59a exists along the movement path 58 on the opposite side
to the base station 55 relative to the movement path 58 as shown in FIG. 9, the information processing section 53
calculates the base station-mobile station along-propagation-path relative velocity v [m/s] by using the equation (9).
[0076]

[0077] On the other hand, when recognizing that the radio wave reflector 59b exists along the movement path 58 on
the same side as the base station 55 relative to the movement path 58 as shown in FIG. 10, the information processing
section 53 calculates the base station-mobile station along-propagation-path relative velocity or [m/s] by using the
equation (10).
[0078]

[0079] When the base station-mobile station along-propagation-path relative velocity v [m/s] is calculated, the downlink
high-frequency signal frequency fd from the base station 55 measured at the mobile station 54, the frequency shift fs
due to the Doppler effect, and the frequency shift ratio fr can be derived from the equations (3), (7), and (8), respectively.
Moreover, the (moving-away) frequency fd’ that will be measured when the mobile station 54 passes the vicinity of the
base station 55 and the movement thereof changes from approaching to moving-away (that is, when an abrupt change
occurs in the carrier frequency of the reception high-frequency signal) and the frequency change amount (forthcoming
frequency change amount) ∆fd can be predicted by using the equations (4) and (5), respectively.
[0080] In this manner, according to the present exemplary embodiment, the information processing section 53 of the
mobile station 54 can generate frequency control data FCD in which a radio wave reflector is taken into consideration
and output it to the transceiver section 52 at an appropriate time.
[0081] Note that functions equivalent to the information processing section 53 can also be implemented by executing
a program on a program-controlled processor such as a CPU.

4. Third exemplary embodiment

4.1) Configuration

[0082] The above-described first and second exemplary embodiments adopt a configuration in which the adder 57 is
provided between the frequency control terminal of the reference clock generation circuit 34 and the output of the
accumulator circuit 17 as shown in FIG. 5 and the frequency control voltage data FCV corresponding to a predicted
frequency change amount is added thereto.
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[0083] On the other hand, in a third exemplary embodiment of the present invention, the frequency control data FCD
corresponding to a predicted frequency change amount is converted into a signal directly controlling a PLL circuit, and
the signal is output to the PLL circuit that generates a receiving-side local oscillator signal.
[0084] Specifically, the frequency control functionality implemented by the voltage data conversion circuit 56, adder
57, and reception circuit-side PLL circuit 29 in FIG. 5, that is, the frequency control performed when the mobile station
54 passes the vicinity of the base station, is implemented by a PLL control circuit 61 and a PLL circuit 62 in FIG. 11.
Since the other configuration is similar to that shown in FIG. 5, the same reference numerals are used, and a description
thereof will be omitted or simplified.
[0085] Referring to FIG. 11, in a transceiver section 60 of a mobile station according to the present embodiment, a
reference clock generated by the reference clock generation circuit 34 is output to the PLL circuit 62 on the reception
circuit side and to the PLL circuit 44 on the transmission circuit side. The PLL circuit 62 generates a local oscillator signal
based on the reference clock and outputs it to the quadrature demodulator 30. Moreover, frequency control data FCD
from the information processing section is converted by the PLL control circuit 61 into PLL control data PCD, which it
then output to the PLL circuit 62.

4.2) Operation

[0086] Next, operation of the transceiver section 60 of the present embodiment will be described with reference to
FIG. 11. Frequency control data FCD input from the information processing section is converted by the PLL control
circuit 61 into PLL control data PCD, which is input to the reception circuit-side PLL circuit 62. Based on the PLL control
data PCD, the PLL circuit 62 determines the frequency of a local oscillator signal to output to the quadrature demodulator
30. Specifically, a frequency-dividing number of a frequency divider included in the PLL circuit 62 is configured to depend
on the value of the PLL control data PCD, whereby the frequency of a local oscillator signal to be output can be determined.
Accordingly, the transceiver section 60 can implement frequency-capturing and frequency-following functions similar to
those of the transceiver section 52 (FIG. 5) described in the first embodiment.
[0087] Moreover, similar functions to those described above can also be implemented by making a configuration, as
a means of controlling the frequency of the PLL circuit 62, such that the PLL control data PCD is converted into an
analog voltage by a D/A converter (not shown), and the value of this analog voltage is added to control voltage for a
voltage-controlled oscillator (VCO) in the PLL circuit by using an adder (not shown).

5. Fourth exemplary embodiment

[0088] Although the mobile environment information is provided from the base station in the above-described first to
third exemplary embodiments, the present invention is not limited to this configuration. It is also possible to acquire the
mobile environment information from a vehicle with a mobile station mounted thereon, which will be described next.
[0089] Referring to FIG. 12, in a mobile radio communications system according to this exemplary embodiment, a
mobile unit 64 such as a train or vehicle with a mobile station 63 mounted thereon is provided with a mobile environment
information providing section 65. Specifically, in this embodiment, the mobile environment information is not contained
in a downlink high-frequency signal from a base station 66 as the reception high-frequency signal, and a configuration
is made such that the mobile environment information (x, d, u) or (x, d, u, w) regarding the mobile station 63 is provided
instead from the mobile environment information providing section 65 included in the mobile unit 64 to the mobile station
63.
[0090] The mobile station 63 includes an antenna 67 for performing radio communication with the base station 66, a
transceiver section 68, and an information processing section 69 as shown in FIG. 12 and moves along a movement
path such as a railroad or roadway by being mounted on the mobile unit 64. The mobile environment information providing
section 65 has mobile environment information (x, d, u) or (x, d, u, w) on the mobile unit 64, or acquire the mobile
environment information from a traffic management system or the like managing the mobile unit 64, and outputs it to
the information processing section 69 of the mobile station 63. The information processing section 69 of the mobile
station 63 generates frequency control data FCD based on the input mobile environment information (x, d, u) or (x, d,
u, w) as described already and outputs it to the transceiver section 68. According to this configuration, it can be thought
that the location information x and velocity information u on the mobile unit 64 (mobile environment information providing
section 65) are the location information x and velocity information u on the mobile station 63, respectively.
[0091] Next, the information processing section 69 included in the mobile station 63 will be described in detail with
reference to FIG. 13. The information processing section 69 of the mobile station 63 according to the present embodiment
generally includes an input circuit 69a, an output circuit 69b, a memory section 69c, a computation section 69d, a timer
circuit 69e, an interface circuit 69f and a control section (CPU) 69g that controls each section of the device.
[0092] The control section 69g of the information processing section 69 allows the input circuit 69a to receive an input
of reception data RDA from the transceiver section 68 and temporarily stores it in the memory section 69c. Moreover,
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the control section 69g converts the reception data RDA into general received information and then outputs the obtained
reception information through the interface circuit 69f. In addition, upon receiving general transmission information
through the interface circuit 69f, the control section 69g generates transmission data TDA and outputs it to the transceiver
section 68 from the output circuit 69b.
[0093] Further, upon receiving an input of the mobile environment information (x, d, u) or (x, d, u, w) from the mobile
environment information providing section 65 through the interface circuit 69f, the control section 69g executes predictive
computation regarding a frequency shift due to the Doppler effect based on the mobile environment information and
thereby generates frequency control data (control information) FCD. At this time, the control section 69g sets a timing
setting value onto the timer circuit 69e, whereby the frequency control data FCD is output from the output circuit 69b to
the transceiver section 68 at an appropriate time in accordance with timing information from the timer circuit 69e.
[0094] A description will be given of operation performed when the mobile station 63 is moving by train along a railroad.
A railroad traffic management system, which has location information and velocity information on individual trains in
general, has location information on the base station 66 placed along the railroad as well here. In the present embodiment,
the railroad traffic management system can also have location information on a radio wave reflector such as a tunnel
or sound barrier as needed. The above-described traffic management system generates mobile environment information
(x, d, u) or (x, d, u, w) on a train (the mobile unit 64 in FIG. 12) based upon the velocity information, location information
on various objects, and the like and transmits it to the corresponding train (mobile unit 64). Upon receiving the mobile
environment information from the traffic management system, the train (mobile unit 64) temporarily stores it in the mobile
environment information providing section 65. The mobile environment information providing section 65 transmits the
temporarily stored mobile environment information to the information processing section 69 of the mobile station 63
mounted on the train. The information processing section 69 of the mobile station 63 generates frequency control data
FCD based on the provided mobile environment information and outputs it to the transceiver section 63 of the mobile
station 63. In this manner, functions of predicting a change in frequency and correspondingly controlling frequency that
are approximately similar to those described in the first embodiment (FIGS. 5 and 6) can be implemented.
[0095] A description will be given of operation performed when the mobile station 63 is moving by vehicle along a
roadway. A car navigation system, which has location information and velocity information on individual vehicles in
general, has location information on the base station 66 placed along the roadway as well here. In the present exemplary
embodiment, the car navigation system can also have location information on a radio wave reflector such as a tunnel
or sound barrier as needed. The above-described car navigation system generates mobile environment information (x,
d, u) or (x, d, u, w) on a vehicle (the mobile unit 64 in FIG. 12) based upon the velocity information, location information
on various objects, and the like and transmits it to the corresponding vehicle (mobile unit 64). The vehicle (mobile unit
64) temporarily stores the mobile environment information received from the car navigation system in the mobile envi-
ronment information providing section 65. The mobile environment information providing section 65 transmits the tem-
porarily stored mobile environment information to the information processing section 69 of the mobile station 63 (mounted
on the vehicle). The information processing section 69 of the mobile station 63 generates frequency control data FCD
based on the provided mobile environment information and outputs it to the transceiver section 63 of the mobile station
63. In this manner, functions of predicting a change in frequency and correspondingly controlling frequency that are
approximately similar to those described in the first embodiment (FIGS. 5 and 6) can be implemented.
[0096] Note that as to the above-described control section 69g and computation section 69d, equivalent functions can
also be implemented by executing programs on a program-controlled processor such as a CPU.
[0097] Hereinabove, embodiments of the present invention have been described with reference to the drawings.
However, specific configurations are not limited to these embodiments, and changes and the like made in design without
departing from the gist of the present invention are included in the present invention. For example, although a description
is given of the case where the frequency-voltage data conversion circuit 56 converts the frequency control data FCD
into the frequency control voltage data FCV by using the conversion formula in the above-described embodiments, a
conversion table may be used instead to convert the frequency control data FCD into the frequency control voltage data
FCV. Moreover, the movement path is not limited to a straight road but is extensively applicable also to a winding road
or a gradient road. Furthermore, the mobile environment information may also include azimuth information instead of,
or in addition to, the location information.

[Industrial Applicability]

[0098] The mobile radio communications systems and mobile communication devices according to the present inven-
tion can be applied not only to mobile telephone devices but widely to mobile communication terminals, as well as to
automobile telephones, automobile radios, fixed telephones installed on trains, and the like.
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[Reference Signs List]

[0099]

10 Reference clock generation circuit
11 PLL circuit
12 Radio receiver section
13 Radio transmitter section
14 Finger circuit
15 RAKE circuit
16 Frequency offset estimation circuit
17 Accumulator circuit
18 Channel codec
10 Reference clock generation circuit
11 PLL circuit
29, 44 PLL circuit
34 Reference clock generation circuit
36 Finger circuit
38 Frequency offset estimation circuit
39 RAKE circuit
40 Accumulator circuit
51 Antenna
52 Transceiver section
53 Information processing section
54 Mobile station (mobile communication device)
55 Base station
56 Frequency-voltage data conversion circuit
57 Adder
58 Movement path
59a, 59b Radio wave reflector
61 PLL control circuit
62 PLL circuit
63 Mobile station (mobile communication device)
64 Mobile unit
65 Mobile environment information providing section
66 Base station
67 Antenna
68 Transceiver section
69 Information processing section

Claims

1. A mobile radio communication system including a mobile station and a stationary base station, characterized in that
the base station transmits a high-frequency signal to the mobile station, and
the mobile station predicts a frequency change in a reception high-frequency signal received from the base station
based on mobile environment information on the mobile station provided from outside and controls a frequency of
a local oscillator signal based on a prediction result.

2. The mobile radio communication system according to claim 1, characterized in that the mobile environment infor-
mation includes location information on the mobile station and on the base station and velocity information on the
mobile station along a movement path thereof, the location information and velocity information being required to
calculate relative velocity of the mobile station along a direction in which radio waves from the base station arrive.

3. The mobile radio communication system according to claim 2, characterized in that the mobile environment infor-
mation further includes location information on a radio wave reflector that changes the direction in which radio waves
from the base station arrive.
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4. The mobile radio communication system according to any one of claims 1 to 3, characterized in that at timing of
passing the base station, the mobile station predicts the frequency change from a reception high-frequency signal
frequency immediately before the passing to a reception high-frequency signal frequency immediately after the
passing and performs following-control of the frequency of the local oscillator signal.

5.  The mobile radio communication system according to any one of claims 1 to 4, characterized in that the base
station provides the mobile environment information to the mobile station.

6. The mobile radio communication system according to any one of claims 1 to 4, characterized in that the mobile
radio communication system further includes a mobile unit with the mobile station mounted thereon, and the mobile
unit provides the mobile environment information to the mobile station.

7. A mobile communication device in a mobile radio communication system including at least one stationary base
station, characterized by comprising:

a transmission and reception means for performing radio communication with the base station; and
a control means that predicts a frequency change in a reception high-frequency signal received from the base
station based on mobile environment information provided from outside and controls a frequency of a local
oscillator signal of the transmission and reception means based on a prediction result.

8. The mobile communication device according to claim 7, characterized in that the mobile environment information
includes location information on the mobile communication device and on the base station and velocity information
on the mobile communication device along a movement path thereof, the location information and velocity information
being required to calculate relative velocity of the mobile communication device along a direction in which radio
waves from the base station arrive.

9. The mobile communication device according to claim 8, characterized in that the mobile environment information
further includes location information on a radio wave reflector that changes the direction in which radio waves from
the base station arrive.

10. The mobile communication device according to any one of claims 7 to 9, characterized in that at timing of passing
the base station, the control means predicts the frequency change from a reception high-frequency signal frequency
immediately before the passing to a reception high-frequency signal frequency immediately after the passing and
performs following-control of the frequency of the local oscillator signal.

11. The mobile communication device according to any one of claims 7 to 10, characterized in that the mobile envi-
ronment information is received from the base station.

12. The mobile communication device according to any one of claims 7 to 10, characterized in that the mobile radio
communication system further includes a mobile unit capable of communicating with the mobile communication
device, and the mobile environment information is acquired from the mobile unit when the mobile communication
device is mounted on the mobile unit.

13. A frequency control method for a mobile communication device performing radio communication with a stationary
base station, characterized by comprising:

by a transmission and reception means, receiving a reception high-frequency signal from the base station; and
by a control means, predicting a frequency change in the reception high-frequency signal received from the
base station based on mobile environment information provided from outside and controlling a frequency of a
local oscillator signal of the transmission and reception means based on a prediction result.

14. The frequency control method according to claim 13, characterized in that the mobile environment information
includes location information on the mobile communication device and on the base station and velocity information
on the mobile communication device along a movement path thereof, the location information and velocity information
being required to calculate relative velocity of the mobile communication device along a direction in which radio
waves from the base station arrive.

15. The frequency control method according to claim 14, characterized in that the mobile environment information
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further includes location information on a radio wave reflector that changes the direction in which radio waves from
the base station arrive.

16. The frequency control method according to any one of claims 13 to 15, characterized in that at timing of passing
the base station, the control means predicts the frequency change from a reception high-frequency signal frequency
immediately before the passing to a reception high-frequency signal frequency immediately after the passing and
performs following-control of the frequency of the local oscillator signal.

17. The frequency control method according to any one of claims 13 to 16, characterized in that the mobile environment
information is acquired from the base station.

18. The frequency control method according to any one of claims 13 to 16, characterized in that the mobile commu-
nication device is mounted on a mobile unit, and the mobile environment information is acquired from the mobile unit.

19. A program causing a control processor of a mobile communication device in a mobile radio communication system
including at least one stationary base station to execute frequency control processing, characterized by causing
the control processor to execute the processing of:

allowing a transmission and reception means to receive a reception high-frequency signal from the base station;
predicting a frequency change in the reception high-frequency signal received from the base station based up
mobile environment information provided from outside; and
controlling a frequency of a local oscillator signal of the transmission and reception means based upon a
prediction result.

20. The program according to claim 19, characterized by causing the control processor to execute the processing of,
at timing of passing the base station, predicting the frequency change from a reception high-frequency signal fre-
quency immediately before the passing to a reception high-frequency signal frequency immediately after the passing
and performs following-control of the frequency of the local oscillator signal.
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