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(54) SYNCHRONIZATION METHOD, MOBILE STATION DEVICE, AND BASE STATION DEVICE

(57) The present invention is designed to allow a
communication system employing massive-MIMO to op-
timize its performance. A mobile station apparatus trans-
mits a synchronization signal by controlling the transmis-
sion direction of the transmitting beam for the synchro-
nization signal by means of beamforming using a plurality
of antenna elements, and has a synchronization signal

processing section (62) that generates the synchroniza-
tion signal including identification information of the mo-
bile station apparatus, and changes the beamforming
weight for the synchronization signal at predetermined
time intervals, and a transmitting section (63) that trans-
mits the synchronization signals generated in accord-
ance with each beamforming weight on the uplink.
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Description

Technical Field

[0001] The present invention relates to a synchronization method, a mobile station apparatus and a base station
apparatus in a next-generation mobile communication system.

Background Art

[0002] In a UMTS (Universal Mobile Telecommunications System) network, long term evolution (LTE) is under study
for the purpose of further increasing high speed data rates, providing lower delay and so on (see non-patent literature
1). Also, successor systems of LTE (referred to as, for example, "LTE-advanced" or "LTE enhancement" (hereinafter
referred to as "LTE-A")) are under study for the purpose of achieving further broadbandization and increased speed
beyond LTE.
[0003] In these LTE and LTE-A, when a mobile station apparatus UE communicates with the network, a cell search
process is required to establish synchronization. In the cell search process, the mobile station apparatus UE detects the
synchronization signal (SS: Synchronization Signal) that is transmitted from the base station apparatus at regular time
intervals, and acquires frequency synchronization, timing synchronization and the cell ID (PCI: Physical Cell ID) of the
cell where the mobile station apparatus UE is located (serving cell). Based on the information acquired, the mobile station
apparatus UE determines the serving cell. Note that the synchronization signal includes identification information to
identify the base station apparatus (for example, a base station ID), so that the mobile station apparatus UE can specify
the connecting base station apparatus based on this identification information. Then, by transmitting the RACH (Random
Access CHannel) to the specified base station apparatus, the mobile station apparatus UE can report its presence to
the cell and secure communication resources.

Citation List

Non-Patent Literature

[0004] Non-Patent Literature 1: 3GPP TR 25.913 "Requirements for Evolved UTRA and Evolved UTRAN"

Summary of Invention

Technical Problem

[0005] Now, in LTE-A and later mobile communication systems, for example, the use of MIMO (Massive MIMO (Multi
Input Multi Output)), which uses a large number of miniaturized antenna elements in a high frequency band (hereinafter
referred to as "massive-MIMO" whenever appropriate), is under study. Also, by using many antenna elements as in
massive-MIMO, it becomes possible to realize even more reliable beamforming.
[0006] Here, "beamforming" refers to the technique of allowing transmitting/receiving beams to have directivity and
changing the shape of beams by controlling the amplitude and phase of each transmitting/receiving signal in a plurality
of antenna elements. In this beamforming, generally, a larger number of antenna elements allow more reliable control.
In other words, it is possible to control, in detail, the number of beams, the shape of each beam (the beam width in the
horizontal plane, the beam width in the vertical plane and so on, hereinafter referred to as "beam width" whenever
appropriate) and the direction and gain of beams, depending on the number of antenna elements. For example, high
gain (power density) can be achieved by narrowing the width of beams (that is, by forming thin beams).
[0007] To allow a communication system like this employing massive-MIMO to optimize its performance, it is necessary
to make sure to transmit synchronization signals to mobile station apparatuses UE, and conduct the cell search process
in the mobile station apparatuses UE adequately. However, given the present structures, the situation is likely where
the cell search process cannot be executed adequately on the mobile station apparatus UE side, and therefore it is not
possible to optimize the performance of communication systems.
[0008] The present invention has been made in view of the above, and it is therefore an object of the present invention
to provide a synchronization method, a mobile station apparatus and a base station apparatus, which can allow a
communication system employing massive-MIMO to optimize its performance.

Solution to Problem

[0009] The synchronization method of the present invention provides a synchronization method for transmitting a
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synchronization signal by controlling a transmission direction of a transmitting beam for the synchronization signal by
means of beamforming using a plurality of antenna elements provided in a mobile station apparatus, and this synchro-
nization method includes a synchronization signal processing step of generating the synchronization signal including
identification information of the mobile station apparatus, and changing a beamforming weight for the synchronization
signal at predetermined time intervals, and a transmitting step of transmitting the synchronization signals generated in
accordance with each beamforming weight on uplink.
[0010] The mobile station apparatus of the present invention provides a mobile station apparatus that transmits a
synchronization signal by controlling a transmission direction of a transmitting beam for the synchronization signal by
means of beamforming using a plurality of antenna elements, and this mobile station apparatus has a synchronization
signal processing section that generates the synchronization signal including identification information of the mobile
station apparatus, and changes a beamforming weight for the synchronization signal at predetermined time intervals,
and a transmitting section that transmits the synchronization signals generated in accordance with each beamforming
weight on uplink.
[0011] The base station apparatus of the present invention provides a base station apparatus that transmits a trans-
mitting signal by controlling a transmission direction of a transmitting beam by means of beamforming using a plurality
of antenna elements, and this base station apparatus has a receiving section that receives a synchronization signal
including identification information of a mobile station apparatus, an acquiring section that acquires terminal information,
including the identification information of the mobile station apparatus, from the synchronization signal, and a transmitting
signal processing section that controls the transmission direction of the transmitting signal by using a beamforming
weight to match the terminal information.

Advantageous Effects of Invention

[0012] According to the present invention, it is possible to provide a synchronization method, a mobile station apparatus
and a base station apparatus, which can allow a communication system employing massive-MIMO to optimize its
performance.

Brief Description of Drawings

[0013]

FIG. 1 shows a diagram to explain a transmitting beam coverage in a base station apparatus where massive-MIMO
is employed;
FIG. 2 is a diagram to show an example network structure where the synchronization method according to the
present embodiment is employed;
FIG. 3 is a diagram to explain an example of the operation sequence among a mobile station apparatus, a macro
base station apparatus and a massive-MIMO base station apparatus in the synchronization method according to
the present embodiment;
FIG. 4 provides diagrams to explain a BF-UE synchronization signal transmission method according to a first example;
FIG. 5 provides diagrams to explain a BF-UE synchronization signal transmission method according to a second
example;
FIG. 6 provides diagrams to explain a BF-UE synchronization signal transmission method according to a third
example;
FIG. 7 is a block diagram to explain an example structure of a mobile station apparatus for use in the synchronization
method according to the present embodiment;
FIG. 8 is a block diagram to explain an example structure of a massive-MIMO base station apparatus for use in the
synchronization method according to the present embodiment;
FIG. 9 is a flowchart to explain the operation of a mobile station apparatus which employs the synchronization
method according to the present embodiment; and
FIG. 10 is a flowchart to explain the operation of a massive-MIMO base station apparatus which employs the
synchronization method according to the present embodiment.

Description of Embodiments

[0014] Now, an embodiment of the present invention will be described below in detail with reference to the accompa-
nying drawings. First, a summary of the massive-MIMO transmission scheme that is employed in the synchronization
method according to the present embodiment will be described. The massive-MIMO transmission scheme achieves
improved data rates (spectral efficiency) by, for example, transmitting data by using 100 or more antenna elements.
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Since data is transmitted using 100 or more antenna elements, it becomes possible to improve the efficiency of trans-
mission by virtue of multiplexing compared to when using a small number of antenna elements, and faster radio com-
munication than heretofore becomes possible. Also, since there are a more diverse range of options for combining
antenna elements when beamforming is executed, more reliable beamforming than heretofore becomes possible. By
means of such reliable beamforming, the effects of increasing received signal power by virtue of beamforming gain,
reducing interference and making effective use of radio resources may be anticipated.
[0015] Also, in the massive-MIMO transmission scheme, for example, it is possible to use a high frequency band such
as 10 GHz or higher adequately. Generally, the size of antenna elements is proportional to the wavelength of transmitting
signals. In a high frequency band, the wavelength of transmitting signals is relatively short, so that the antenna element
size can be made small. Consequently, this is favorable for the massive-MIMO transmission scheme which provides a
large number of antenna elements. Also, the rate of the use of high frequency bands is low compared to that of low
frequency bands, so that it is possible easily to secure resources over a wide bandwidth. Meanwhile, propagation loss
increases in signal transmission using a high frequency band. Consequently, when signals are transmitted with the same
transmission power, the intensity of received signals in a mobile station apparatus UE may lower compared to that in
signal transmission using a low frequency band. Nevertheless, this decrease of received signal intensity can be covered
up by beamforming gain.
[0016] Now, the coverage of transmitting beams in a base station apparatus employing the massive-MIMO transmission
scheme (hereinafter referred to as the "massive-MIMO base station") will be described. FIG. 1 provides a diagram to
explain the coverage of transmitting beams in a massive-MIMO base station. FIG. 1A shows the coverage of a transmitting
beam that is output from a general base station apparatus (base station apparatus which does not employ massive-
MIMO), and FIG. 1B shows the coverages of transmitting beams that are output from a massive-MIMO base station.
Note that a case is illustrated here where the massive-MIMO base station shown in FIG. 1B transmits signals using a
high frequency band, and where the base station apparatus shown in FIG. 1A transmits signals using a low frequency
band.
[0017] Since signals are transmitted using a low frequency band in the general base station apparatus eNB1 shown
in FIG. 1A, even when a transmitting beam of a wide beam width (transmitting beam to stretch over a wide range) is
formed, the transmitting beam travels a long distance. Meanwhile, in the massive-MIMO base station eNB2 shown in
FIG. 1B, when a transmitting beam of a wide beam width is formed, the transmitting beam cannot travel a long distance
due to the propagation characteristics in a high frequency band. By contrast with this, when a transmitting beam of a
narrow beam width (a transmitting beam to stretch over a narrow range (local range)) is formed, the transmitting beam
can travel a long distance. Consequently, the massive-MIMO base station, preferably, learns the location (the direction
and distance) of a mobile station apparatus UE of the transmission target, and transmits user data by forming a transmitting
beam having a directivity to that location by way of beamforming.
[0018] When radio communication is carried out with a massive-MIMO base station like this, a mobile station apparatus
UE needs to carry out a cell search process in order to establish synchronization as in LTE and LTE-A. However, if the
synchronization signal (SS: Synchronization Signal) is transmitted from the massive-MIMO base station without beam-
forming while the mobile station apparatus UE is present in a distant location from the massive-MIMO base station, the
received power of the synchronization signal lowers, and the situation might occur where the cell search process cannot
be performed adequately.
[0019] To cope with this situation, it may be possible to apply beamforming to the synchronization signal to use in cell
search and transmit the resulting signal. In this way, by applying beamforming to the synchronization signal, it is possible
to allow the synchronization signal to travel to a long distance location from the massive-MIMO base station. By this
means, it is possible to carry out the cell search process adequately in the mobile station apparatus UE.
[0020] This way of taking a measure by transmitting a synchronization signal that has been subjected to beamforming
transmitted from the massive-MIMO base station is effective when the massive-MIMO base station has identification
information such as a base station ID. However, when the massive-MIMO base station does not have identification
information such as a base station ID, the mobile station apparatus UE cannot specify the connecting base station
(massive-MIMO base station) from the synchronization signal, and cannot perform the cell search process adequately.
Given this background, a defect in the cell search process arises in an environment where the premise is held that the
cell search process is carried out in mobile station apparatuses UE based on synchronization signals from the massive-
MIMO base station. The present inventors have focused upon the fact that defect in the cell search process resulting
from the above-described background and so on can be solved by transmitting a synchronization signal from a mobile
station apparatus UE and carrying out a synchronization process in a massive-MIMO base station based on this syn-
chronization signal, and thereupon arrived at the present invention.
[0021] That is, a gist of the present invention is, in a synchronization method for transmitting a synchronization signal
by controlling the transmission direction of the transmitting beam of the synchronization signal by way of beamforming
using a plurality of antenna elements provided in a mobile station apparatus UE, to generate a synchronization signal
including identification information of the mobile station apparatus UE, and, furthermore, change the beamforming weight
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for the synchronization signal at predetermined time intervals, and transmit synchronization signals that are generated
in accordance with each beamforming weight, on the uplink.
[0022] With the synchronization method according to the present invention, a mobile station apparatus UE generates
and transmits synchronization signals by changing the beamforming weight every predetermined time interval, so that
it is possible to allow the synchronization signals to travel to a massive-MIMO base station that is located at a long
distance from the mobile station apparatus UE. Meanwhile, since the synchronization signals include identification
information of the mobile station apparatus UE, the massive-MIMO base station can specify information related to the
mobile station apparatus UE being the sender. By this means, the synchronization process can be performed adequately
in the massive-MIMO base station, so that it is possible to solve the defect in the cell search process that occurs due to
the fact that the massive-MIMO base station has no base station ID.
[0023] Now, the network structure to employ the synchronization method according to the present embodiment will
be described. FIG. 2 is a diagram to show an example network structure in which the synchronization method according
to the present embodiment is employed. FIG. 2 shows a case of application to a network structure (for example, a
heterogeneous network), in which a massive-MIMO base station overlays the massive-MIMO cell MM in the cell area
of a macro cell M. However, the network structure in which the synchronization method according to the present em-
bodiment is employed is not limited to overlay networks, and can be changed as appropriate.
[0024] In the network structure shown in FIG. 2 where the massive-MIMO cell MM overlays (hereinafter referred to
as an "overlay network" whenever appropriate), the base station apparatus to form the macro cell M (hereinafter referred
to as the "macro base station" whenever appropriate) MeNB and the base station apparatus to form the massive-MIMO
cell MM (hereinafter referred to as "massive-MIMO base station (MM base station)" whenever appropriate) MMeNB are
connected with a central control station CC that is deployed in the macro cell M. This central control station CC is
connected to a core network C-NW. Note that the central control station CC may be, for example, an access gateway
apparatus, a radio network controller (RNC), a mobility management entity (MME) and so on, but is by no means limited
to these.
[0025] Also, in the overlay network structure shown in FIG. 2, for example, the control plane (C (Control)-plane) to
handle control messages is supported by the macro cell M. On the other hand, the user plane (U (User)-plane) to handle
user data is supported by the massive-MIMO cell MM. Also, in the overlay network structure shown in FIG. 2, the macro
cell M and the massive-MIMO cell MM can be operated in different frequency bands. For example, it is possible to
operate the C-plane supported by the macro cell M in the 2 GHz band, and operate the U-plane supported by the
massive-MIMO cell MM in the 10 GHz band.
[0026] For example, when the massive-MIMO cell MM operates in the 10 GHz band, the MM base station MMeNB
and a mobile station apparatus (hereinafter referred to simply as a "mobile station") UE are often connected via a line-
of-sight (LoS) where there is no obstacle. In a communication environment where such a line-of-sight connection is held,
generally, a propagation path with little frequency selectivity is formed.
[0027] The overlay network structure shown in FIG. 2 illustrates a case where the MM base station MMeNB is placed
to overlap the macro cell M. However, the target that the MM base station MMeNB according to the present embodiment
overlaps is not limited to this. For example, like the macro cell M, it is equally possible to place the MM base station
MMeNB according to the present embodiment to overlap a wireless LAN (Local Area Network) or a cable LAN that
covers a wide range. Also, it is not always necessary to place the MM base station MMeNB according to the present
embodiment to overlap other radio base stations or networks.
[0028] In the overlay network structure shown in FIG. 2, the MM base station MMeNB can transmit signals to the
mobile station UE located in the massive-MIMO cell MM by using the massive-MIMO transmission scheme. To be more
specific, by controlling the amplitude and phase of each signal in a plurality of antenna elements, the MM base station
MMeNB can form transmitting beams with a directivity to the mobile station UE (beamforming) and transmit signals.
[0029] Note that, in a communication environment in which support for the C-plane and the U-plane is separated
between a macro cell M and a massive-MIMO cell MM as in the overlay network structure shown in FIG. 2, for example,
control information that is necessary to receive user data from the macro base station MeNB can be transmitted to a
mobile station UE, while user data can be transmitted from the MM base station MMeNB. Also, it is equally possible to
transmits part of the control information from the macro base station MeNB, while transmitting the rest of the control
information and user data from the MM base station MMeNB.
[0030] The mobile station UE is structured to be capable of communicating with the macro base station MeNB when
located in the macro cell M, and communicating with the MM base station MMeNB, in addition to the macro base station
MeNB, when located in the massive-MIMO cell MM. Note that, although the mobile station UE will be described to carry
out radio communication with the macro base station MeNB and the MM base station MMeNB for ease of explanation,
more generally, this can be a user apparatus (UE: User Equipment) which may be either a mobile terminal apparatus
or a stationary terminal apparatus.
[0031] The mobile station UE has multiple (for example, 16) antenna elements. The mobile station UE is structured
to be capable of applying beamforming to transmitting signals and receiving signals by using these antenna elements.
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That is, the mobile station UE can change the directivity of transmitting beams and receiving beams, the shape of beams
and so on, by controlling the amplitude and phase of every transmitting and receiving signal in these antenna elements.
[0032] As will be described in detail later, the mobile station UE is structured to be capable of transmitting a connection
request signal for requesting connecting with the MM base station MMeNB, to the macro base station MeNB. For example,
the mobile station UE transmits the connection request signal to the macro base station MeNB when high speed com-
munication becomes necessary. Also, the mobile station UE is structured to be capable of receiving control information
in response to this connection request signal from the macro base station MeNB. This control information includes an
indication as to whether or not there is an MM base station MMeNB near the mobile station UE that transmitted the
connection request signal, its location information and so on.
[0033] Also, the mobile station UE is structured to be capable of transmitting a synchronization signal (hereinafter
referred to as the "UE synchronization signal" whenever appropriate) that includes terminal-specific identification infor-
mation (for example, a UE-ID), near the subject station, by employing beamforming. This UE synchronization signal is
transmitted so as to establish synchronization with MM base stations MMeNB located near the subject station. For
example, if the control information received from the macro base station MeNB indicates that an MM base station MMeNB
is present near the subject station, the mobile station UE transmits the UE synchronization signal.
[0034] Here, a summary of the operation sequence of a mobile station UE, a macro base station MeNB and an MM
base station MMeNB according to the synchronization method of the present embodiment will be described. FIG. 3 is
a diagram to explain an example of the operation sequence of a mobile station UE, a macro base station MeNB and an
MM base station MMeNB according to the synchronization method of the present embodiment. Note that a case will be
shown in the following description where high speed communication is required in the mobile station UE. Also, assume
that the mobile station UE is located in the macro cell M formed by the macro base station MeNB and the massive-
MIMO cell MM formed by the MM base station MMeNB, and that communication with the macro base station MeNB is
established.
[0035] When high speed communication becomes necessary in the mobile station UE, as shown in FIG. 3, the mobile
station UE transmits a connection request signal to the macro base station MeNB in order to communicate with the MM
base station MMeNB near the subject station (step (hereinafter referred to as "ST") 301). This connection request signal
includes the UE-ID as the mobile station UE’s identification information. Note that the identification information of the
mobile station UE to be included in the connection request signal is not limited to the UE-ID, and can be changed as
appropriate. Note that the macro base station MeNB constitutes a communication apparatus that manages control
information, including whether or not there is an MM base station MMeNB located near the mobile station UE. Also, the
macro base station MeNB constitutes a communication apparatus that manages control information, including location
information of a mobile station UE that is located near the MM base station MMeNB.
[0036] Upon receiving the connection request signal from the mobile station UE, the macro base station MeNB transmits
control information to both the mobile station UE and the MM base station MMeNB (ST302). The control information for
the mobile station UE (hereinafter referred to as "mobile station control information" whenever appropriate) includes
information related to MM base stations MMeNB near the mobile station UE. For example, information as to whether or
not there are MM base stations MMeNB near the mobile station UE, location information of the MM base stations MMeNB
and/or others are included. Meanwhile, the control information for the MM base station MMeNB (hereinafter referred to
as "MM base station control information" whenever appropriate) includes information related to mobile stations UE that
desire communication. For example, information as to whether or not there are mobile stations UE that desire commu-
nication, UE-IDs, location information and so on are included.
[0037] After transmitting the connection request signal, the mobile station UE monitors the receipt of mobile station
control information from the macro base station MeNB. Upon receiving mobile station control information, the mobile
station UE applies beamforming to the UE synchronization signal including the UE-ID, and generates a BF-UE synchro-
nization signal (ST303). Then, the mobile station UE transmits the generated BF-UE synchronization signal near the
subject station (ST304). Note that the generation and transmission of this BF-UE synchronization signal will be described
later in detail.
[0038] After receiving the MM base station control information, the MM base station MMeNB monitors the receipt of
the BF-UE synchronization signal from the mobile station UE. Upon receiving the BF-UE synchronization signal, the
MM base station MMeNB specifies information related to the mobile station UE (UE information) from this BF-UE syn-
chronization signal (ST305). To be more specific, the MM base station MMeNB specifies the UE-ID and location infor-
mation being the identification information of the mobile station UE having transmitted the BF-UE synchronization signal.
[0039] Upon specifying the mobile station UE’s UE-ID and location information, the MM base station MMeNB applies
beamforming to a transmitting signal for this mobile station UE and generates a BF signal (ST306). Then, the MM base
station MMeNB transmits the generated BF signal to the mobile station UE (ST307). Note that this BF signal is generated
by adding a beamforming weight (BF weight) based on the mobile station UE’s location information, to a transmitting signal.
[0040] After transmitting the BF-UE synchronization signal, the mobile station UE monitors the receipt of the BF signal
from the MM base station MMeNB. Upon receiving the BF signal (ST308), the mobile station UE monitors the completion
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of receipt of the BF signal. Then, when the receipt of the BF signal is complete, the mobile station UE finishes commu-
nicating with the MM base station MMeNB.
[0041] Here, the BF-UE synchronization signal that is transmitted from the mobile station UE in the synchronization
method according to the present embodiment will be described. As described earlier, the mobile station UE generates
the BF-UE synchronization signal by applying beamforming to the UE synchronization signal including the UE-ID, and
transmits this BF-UE synchronization signal near the subject station. Meanwhile, since the BF-UE synchronization signal
includes the mobile station UE’s UE-ID, the MM base station MMeNB can specify information related to the mobile
station UE being the sender. By this means, the synchronization process can be carried out adequately in the MM base
station MMeNB, so that it is possible to solve defect in the cell search process and so on due to the fact that the MM
base station MMeNB has no base station ID.
[0042] Now, a plurality of examples of the BF-UE synchronization signal transmission method in the mobile station
UE where the synchronization method according to the present embodiment is employed will be described below.

(First Example)

[0043] First, the BF-UE synchronization signal transmission method according to a first example will be described.
FIG. 4 provides diagrams to explain the BF-UE synchronization signal transmission method according to the first example.
FIG. 4A shows a schematic image of transmission of BF-UE synchronization signals from a mobile station UE near the
subject station. FIG. 4B shows the BF-UE synchronization signals that are transmitted from the mobile station UE, on
the time axis and on the frequency axis.
[0044] With the BF-UE synchronization signal transmission method according to the first example, as shown in FIG.
4, a transmitting beam of a narrow beam width (hereinafter abbreviated as a "narrow beam") is generated to transmit
the BF-UE synchronization signal. Then, by changing the transmission direction of this narrow beam along azimuthal
directions every time interval τ, the BF-UE synchronization signal is transmitted in all directions around the subject station
in a predetermined total time T. That is, the BF-UE synchronization signal transmission method according to the first
example is a method to scan all the MM base stations MMeNB located around a mobile station UE by changing the
transmission direction of the narrow beam for transmitting the BF-UE synchronization signal in azimuthal directions
every time interval τ.
[0045] For example, with the BF-UE synchronization signal transmission method according to the first example, after
the narrow beam is transmitted in a certain direction around the mobile station UE at a timing t1, at a timing t2, the narrow
beam is transmitted by shifting the transmission direction through the beam width Φ in an azimuthal direction (see FIG.
4A). Likewise, the narrow beam repeats being transmitted by changing the transmission direction through the beam
width Φ along azimuthal directions every time interval τ. At a timing tn, the narrow beam is transmitted in a direction to
neighbor that of the narrow beam at the timing t1, so that it is possible to scan all directions around the mobile station
UE. Note that the BF-UE synchronization signals that are transmitted at time intervals τ can be transmitted by using the
whole system bandwidth of the communication system (see FIG. 4B).
[0046] With the BF-UE synchronization signal transmission method according to the first example, the BF-UE syn-
chronization signal S(t) can be determined by, for example, following equation 1: 

[0047] Here, Wn(t,f) is the beamforming weight (hereinafter referred to as "BF weight"), and SSS(t) is the UE synchro-
nization signal.
[0048] Also, with the BF-UE synchronization signal transmission method according to the first example, the total time
T it takes to transmit the BF-UE synchronization signal in all directions around a mobile station UE can be determined
by, for example, following equation 2: 

[0049] Here, τ is the time interval of the BF-UE synchronization signal, and Φ is the beam width of the BF-UE syn-
chronization signal.
[0050] Note that, with the BF-UE synchronization signal transmission method according to the first example, the time
interval τ and the beam width Φ can be configured as parameters to be selected in the communication system. For
example, the time interval τ can be determined based on the signal duration of the UE synchronization signal. It is
possible to make the time interval τ long when the UE synchronization signal has a long signal duration, and make the
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time interval τ short when the UE synchronization signal has a short signal duration. Also, the beam width Φ can be
determined based on the number of antenna elements, the transmission power, the frequency band, the bandwidth and
the total time T. It is possible to narrow the beam width Φ when the number of antenna elements is large, while widening
the beam width Φ when the number of antenna elements is small. The beam width Φ can be widened when the trans-
mission power is high, while narrowing the beam width Φ when the transmission power is low. The beam width Φ can
be narrowed when the frequency band is high, while widening the beam width Φ when the frequency band is low. The
beam width Φ can be narrowed when the bandwidth is wide, while widening the beam width Φ when the bandwidth is
narrow. The beam width Φ can be narrowed when the total time T is long, while widening the beam width Φ when the
total time T is short.
[0051] Also, the time interval τ and the beam width Φ may also be determined in accordance with predetermined
contents. Furthermore, the time interval τ and the beam width Φ may be calculated adaptively depending on the com-
munication environment. The communication environment may concern, for example, the relative locations of MM base
stations that are located around a mobile station UE and the mobile station UE (the distance to the MMeNB, the directions
of the MM base stations, etc.), the number of these MM base stations MMeNB, and so on. Note that this information
about the communication environment can be acquired from, for example, the macro base station MeNB.
[0052] In this way, with the BF-UE synchronization signal transmission method according to the first example, the BF-
UE synchronization signal is generated and transmitted by changing the beamforming weight every time interval τ, so
that it is possible to allow the UE synchronization signal to travel to a massive-MIMO base station MMeNB that is located
at a long distance from a mobile station UE. Meanwhile, since the BF-UE synchronization signal includes a UE-ID that
is specific to the mobile station UE, the MM base station MMeNB can specify information related to the mobile station
UE being the sender. By this means, the synchronization process can be carried out adequately in the MM base station
MMeNB, so that it is possible to solve the defect in the cell search process and so on that arise from the fact that the
MM base station MMeNB has no cell ID.
[0053] Note that, regarding the generation of the BF-UE synchronization signal with the first example, it would make
a preferable embodiment to generate BF weights to correspond to various beam directions and beam shapes (widths)
in advance and store the generated BF weights in a mobile station UE, and execute beamforming by only selecting BF
weights based on the beam direction, width and so on. In this case, the process of generating BF weights based on the
beam direction and width can be omitted, so that it is possible to reduce the load of BF-UE synchronization signal
generation in the mobile station UE.

(Second Example)

[0054] Next, the BF-UE synchronization signal transmission method according to a second example will be described.
The BF-UE synchronization signal transmission method according to the second example is different from the BF-UE
synchronization signal transmission method according to the first example in that elevation directions are added to the
transmission directions of the barrow beam for transmitting the BF-UE synchronization signal. That is, the BF-UE syn-
chronization signal transmission method according to the second example is a transmission method to scan all the MM
base stations MMeNB that are located in all directions around a mobile station UE, by changing the transmission direction
of the barrow beam for transmitting the BF-UE synchronization signal in azimuthal directions and in elevation directions
every time interval τ. In the following description, differences from the BF-UE synchronization signal transmission method
according to the first example will be primarily explained. Note that an "elevation direction" herein is orthogonal to a
horizontal direction, and is defined as directions represented by angles where the angle to show the direction to go
downward (or upward) is 0° and the angle to represent the horizontal direction is 90°.
[0055] FIG. 5 provides diagrams to explain the BF-UE synchronization signal transmission method according to the
second example. FIG. 5A is a diagram to explain elevation directions of BF-UE synchronization signals transmitted from
a mobile station UE. FIG. 5B shows a schematic image of transmission of BF-UE synchronization signals that are
transmitted from the mobile station UE near the subject station. FIG. 5C shows the BF-UE synchronization signals
transmitted from the mobile station UE on the time axis and on the frequency axis.
[0056] The BF-UE synchronization signal transmission method according to the second example presumes that the
mobile station UE is situated in a location off the ground. For example, as shown in FIG. 5A, a mobile station UE for use
in the BF-UE synchronization signal transmission method according to the second example is placed in a location where
the transmitting beam has an angle α in an elevation direction, with respect to a location a certain distance D away from
the subject station on the ground. For example, as shown in FIG. 5A, a mobile station UE for use in the BF-UE synchro-
nization signal transmission method according to the second example can transmit BF-UE synchronization signals to
three areas located around the subject station by generating a transmitting beam having an angle α1 in an elevation
direction, a transmitting beam having an angle α2 in an elevation direction and a transmitting beam having an angle α3
in an elevation direction.
[0057] The BF-UE synchronization signal transmission method according to the second example is different from the
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BF-UE synchronization signal transmission method according to the first example in that, as shown in FIG. 5B and FIG.
5C, transmitting beams that vary in the radial direction of an area of a circular shape around a mobile station UE
(hereinafter referred to as the "circular area" whenever appropriate) are generated. Note that the transmitting beams
that vary in the radial direction of the circular area around the mobile station UE are generated by, for example, a
beamforming technique to provide vertical directivity (3D beamforming).
[0058] Note that, for ease of explanation, FIG. 5B and FIG. 5C will be described assuming that the beam width Φ of
the transmitting beams in the radial direction of the circular area around the mobile station UE has a length half the
radius of the circular area. That is, a case will be described with FIG. 5B and FIG. 5C where two transmitting beams
that vary in the radial direction of a circular area around a mobile station UE are generated. However, the number of
transmitting beams to be generated in the radial direction of the circular area around the mobile station UE is not limited
to this, and can be changed as appropriate.
[0059] For example, with the BF-UE synchronization signal transmission method according to the second example,
after the narrow beam is transmitted at a timing t11 in a certain direction in the inner part of a circular area around a
mobile station UE, at a timing t12, the narrow beam is transmitted by shifting the transmission direction in an elevation
direction through the beam width Φ in the outer part (see FIG. 5B). Furthermore, after the narrow beam is transmitted
at a timing t21 by shifting the transmission direction in an azimuthal direction through the beam width Φ, at a timing t22,
the narrow beam is transmitted by shifting the transmission direction in an elevation direction through the beam width
Φ, in the inner part (see FIG. 5B). Likewise, the narrow beam keeps being transmitted by shifting the transmission
direction in elevation directions and azimuthal directions, through the beam width Φ, every time interval τ. At timings tn1
and tn2, by transmitting narrow beams in directions to neighbor those of the narrow beams at the timings t11 and t12, it
is possible to scan all directions around the mobile station UE.
[0060] Note that, with the BF-UE synchronization signal transmission method according to the second example, the
BF-UE synchronization signal S(t) can be determined by, for example, the above-noted equation 1. Meanwhile, in the
BF-UE synchronization signal transmission method according to the second example, the total time T it takes to transmit
the BF-UE synchronization signal in all directions around a mobile station UE can be determined by, for example,
following equation 3: 

[0061] Here, τ is the time interval of the BF-UE synchronization signal, α is the maximum elevation angle of the
transmitting beam, and Φ is the beam width of the BF-UE synchronization signal.
[0062] Also, similar to the first example, with the BF-UE synchronization signal transmission method according to the
second example, the time interval τ and the beam width Φ can be configured as parameters to be selected in the
communication system. Furthermore, as in the first example, the time interval τ and the beam width Φ may also be
determined in accordance with predetermined contents, or may be calculated adaptively depending on the communication
environment.
[0063] Note that, although an example has been described here where the beam width in the horizontal plane (horizontal
beam width) and the beam width in the vertical plane (vertical beam width) are the same beam width Φ, it is also possible
to configure the horizontal beam width and the vertical beam width to be different values. In this case, the total time T
it takes to transmit the BF-UE synchronization signal in all directions around a mobile station UE can be determined by,
for example, following equation 4: 

[0064] Here, τ is the time interval of the BF-UE synchronization signal, α is the maximum elevation angle of the
transmitting beam, ΦH is the horizontal beam width of the BF-UE synchronization signal, and ΦV is the vertical beam
width of the BF-UE synchronization signal.
[0065] Also, when the beam transmitting direction is changed in elevation directions, the situation might occur where
beams of the same width have different ranges (areas) of radiation, depending on the elevation angles of beams. That
is, while the radiation area expands when the elevation angle is high (the angle α is large) (see the angle α1 shown in
FIG. 5A), the radiation range narrows when the elevation angle is low (the angle α is small) (see the angle α3 shown in
FIG. 5A). In these wide and narrow radiation areas, the power density decreases in the former case, and the power
density increases in the latter case. The BF-UE synchronization signal transmission method according to the second
example would make a preferable embodiment if parameters such as the beam width and the time interval are selected
taking into account the above-noted phenomenon as well as the evenness and efficiency of the scan of BF-UE synchro-
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nization signals in the circular area around the mobile station UE. In this case, for example, by adjusting the beam width
and the time interval depending on whether the elevation angle is high or the elevation angle is low, it is possible to
make the total power of beams common, and secure the evenness of scan with BF-UE synchronization signals.
[0066] Note that the order of scan and the range of scan of transmitting beams can also be configured as parameters
to be selected in the communication system. For example, FIG. 5B describes a case where, when the transmission
direction of a transmitting beam is changed in an azimuthal direction, scan is executed from the same direction along
the radial direction of the circular area around the mobile station UE. For example, when the transmission direction of
a transmitting beam is changed in an azimuthal direction and the transmitting beam before the change is in the outer
part in the circular area around the mobile station UE, the transmitting beam is transmitted outward, which is the same
direction. However, the scanning order of transmitting beams is not limited this this, and can be changed as appropriate.
For example, when the transmission direction of a transmitting beam is changed in an azimuthal direction, it is also
possible to execute scan from a different direction along the radial direction of the circular area around the mobile station
UE. For example, when the transmission direction of a transmitting beam is changed in an azimuthal direction and the
transmitting beam before the change is in the outer part in the circular area around the mobile station UE, the transmitting
beam may be transmitted inward, which is a different direction.
[0067] Also, FIG. 5B describes a case where all the directions in the circular area around the mobile station UE are
in the scan range. However, the scan range of transmitting beams is not limited to this, and can be changed as appropriate.
For example, it is possible scan only a certain area in the circular area around the mobile station UE with transmitting
beams. Such selection of localized scanning ranges may be possible when, for example, the location of an MM base
station MMeNB can be acquired in advance from the macro base station MeNB.
[0068] In this way, with the BF-UE synchronization signal transmission method according to the second example, as
in the BF-UE synchronization signal transmission method according to the first example, the BF-UE synchronization
signal is generated and transmitted by changing the beamforming weight every time interval τ, so that it is possible to
allow the UE synchronization signal to travel to a massive-MIMO base station MMeNB that is located at a long distance
from a mobile station UE. Meanwhile, since the BF-UE synchronization signal includes a UE-ID that is specific to the
mobile station UE, the MM base station MMeNB can specify information related to the mobile station UE being the
sender. By this means, the synchronization process can be carried out adequately in the MM base station MMeNB, so
that it is possible to solve the defect in the cell search process and so on that arise from the fact that the MM base station
MMeNB has no cell ID.

(Third Example)

[0069] Next, the BF-UE synchronization signal transmission method according to a third example will be described.
the BF-UE synchronization signal transmission method according to the third example is different from the BF-UE
synchronization signal transmission method according to the second example in that the BF-UE synchronization signal
is transmitted by combining a plurality of types of beams with varying beam widths. That is, the BF-UE synchronization
signal transmission method according to the third example is a transmission method to scan all the MM base stations
MMeNB that are located in all directions around a mobile station UE, by changing the transmission direction of multiple
types of beams with varying beam widths for transmitting the BF-UE synchronization signal in azimuthal directions and
in elevation directions every time interval τ. In the following description, differences from the BF-UE synchronization
signal transmission method according to the second example will be primarily explained.
[0070] FIG. 6 provides diagrams to explain the BF-UE synchronization signal transmission method according to the
third example. FIG. 6A and
[0071] FIG. 6B show schematic images of transmission of BF-UE synchronization signals that are transmitted from a
mobile station UE, near the subject station. FIG. 6A shows a case where an area at a short distance, included in a
circular area, is scanned with a beam of a wide beam width, and where, next, an area at a long distance, included in
the circular area, is scanned with a beam of a narrow beam width. FIG. 6B shows a case of repeating scanning the short
distance area included in the circular area and scanning the long distance area corresponding to this short distance
area, with a beam of a wide beam width. In either case illustrated in FIG. 6A and FIG. 6B, it is possible to improve the
efficiency of scan in the circular area. In particular, FIG. 6A is suitable when scan is executed with a focus on the distance
from the mobile station UE, and FIG. 6B is suitable when scan is executed with a focus on the direction seen from the
mobile station UE.
[0072] Note that, in the above description, a case has been shown with the BF-UE synchronization signal transmission
method according to the first example where the direction of transmission is changed only in azimuthal directions, and
cases have been shown with the BF-UE synchronization signal transmission methods according to the second and third
examples where the direction of transmission is changed in azimuthal directions and elevation directions. These BF-UE
synchronization signal transmission methods according to the first to third examples can be combined as well. Here, for
ease of explanation, the scan mode of the BF-UE synchronization signal transmission method according to the first
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example will be referred to as the "two-dimensional (2D) scan mode," and the scan mode of the BF-UE synchronization
signal transmission methods according to the second and third examples will be referred to as the "three-dimensional
(3D) scan mode."
[0073] These scan modes can be configured as parameters to be selected in the communication system. For example,
it is possible to select the 3D scan mode when the circular area around a mobile station UE is relatively large, while
selecting the 2D scan mode when the circular area around a mobile station UE is relatively small. Also, if the circular
area around a mobile station UE can be covered by a beam having a wide beam width in the vertical plane, the 2D scan
mode can be selected. Also, when, for example, the location of an MM base station MMeNB can be acquired in advance
from the macro base station MeNB, it is possible to switch between the 2D scan mode and the 3D scan mode dynamically,
depending on the communication environment such as the situation regarding the placement of MM base stations
MMeNB.
[0074] For example, these scan modes can be switched by selecting between BF weights to control the transmission
direction of the BF-UE synchronization signal in azimuthal directions, and BF weights to control the transmission direction
of the BF-UE synchronization signal in azimuthal directions and elevation directions. Since the 2D scan mode and the
3D scan mode can be switched by selecting BF weights in this way, it is possible to switch the synchronization signal
that is required in the cell search process, flexibly, without requiring complex control.
[0075] Next, examples of the structures of a mobile station UE and an MM base station MMeNB for use in the syn-
chronization method according to the present embodiment will be described. FIG. 7 is a block diagram to explain an
example structure of a mobile station UE for use in the synchronization method according to the present embodiment.
FIG. 8 is a block diagram to explain an example structure of an MM base station MMeNB for use in the synchronization
method according to the present embodiment. Note that the structures of the mobile station UE and the MM base station
MMeNB shown in FIG. 7 and FIG. 8 are simplified in order to explain the present invention, but have structures which
a normal mobile station apparatus and base station apparatus should have. In particular, in the mobile station UE shown
in FIG. 7, components pertaining to data communication are omitted.
[0076] As shown in FIG. 7, the mobile station UE is comprised of a control information processing section 61, a UE
synchronization signal processing section 62, which constitutes a synchronization signal processing section, a trans-
mitting section 63 and a receiving section 64. The control information processing section 61 includes an information
acquiring section 611 and a transmission control information generating section 612. The UE synchronization signal
processing section 62 has a memory section 621, a BF-UE synchronization signal generating section 622 and a trans-
mitting signal generating section 623. The transmitting section 63 has a transmission control section 631 and a signal
transmitting section 632. The receiving section 64 has a receipt control section 641 and a signal receiving section 642.
[0077] The control information processing section 61 generates transmission control information based on a connection
request from an unillustrated application processing section, control information from the macro base station MeNB (the
above-noted mobile station control information) and so on, and outputs the generated transmission control information
to the UE synchronization signal processing section 62 and the transmitting section 63. The information acquiring section
611 acquires the connection request from the application processing section, and, furthermore, acquires the control
information included in receiving signals that arrive from the macro base station MeNB. Then, the information acquiring
section 611 outputs the acquired connection request and control information to the transmission control information
generating section 612. The transmission control information generating section 612 generates transmission control
information based on the connection request and control information received from the information acquiring section
611. This transmission control information includes, for example, information related to a connection request signal for
requesting the macro base station MeNB to connect with the MM base station MMeNB, and the control information
received from the macro base station MeNB. The information related to the connection request signal, includes, for
example, the UE-ID. The control information includes, for example, whether or not there is an MM base station MMeNB,
its location information and so on. The transmission control information generating section 612 outputs the generated
transmission control information to the memory section 621 of the UE synchronization signal processing section 62 and
the transmission control section 631 of the transmitting section 63.
[0078] The UE synchronization signal processing section 62 generates the BF-UE synchronization signal and trans-
mitting signal based on the transmission control information received from the control information processing section
61 (to be more specific, the control information from the macro base station MeNB). The memory section 621 has a
database that memorizes transmission control information and BF weights. In this database, for example, the transmission
control information received from the control information processing section 61, and BF weights that are determined in
advance to transmit signals in each direction around the mobile station UE are stored. The BF-UE synchronization signal
generating section 622 generates the BF-UE synchronization signal based on information stored in the memory section
621 (database). Then, the BF-UE synchronization signal generating section 622 outputs the generated BF-UE synchro-
nization signal to the transmitting signal generating section 623. The transmitting signal generating section 623 generates
a transmitting signal including this BF-UE synchronization signal. Then, the transmitting signal generating section 623
outputs the generated transmitting signal to the transmitting section 63.
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[0079] The transmitting section 63 transmits a connection request signal to the macro base station MeNB based on
the transmission control information received from the control information processing section 61 (to be more specific,
the information related to the connection request signal). The transmitting section 63 and the transmission control
information generating section 612 constitute a connection request transmitting section. Also, the transmitting section
63 transmits the transmitting signal received from the UE synchronization signal processing section 62, near the mobile
station UE. The transmission control section 631 controls the signal transmission by the signal transmitting section 632
based on the transmission control information received from the control information processing section 61. To be more
specific, the transmission control section 631 controls the transmission of the connection request signal in accordance
with the information related to the connection request signal, and also controls the transmission of the transmitting signal
including the BF-UE synchronization signal. Under the control of the transmission control section 631, the signal trans-
mitting section 632 transmits the connection request signal to the macro base station MeNB, and, meanwhile, transmits
the transmitting signal including the BF-UE synchronization signal near the mobile station UE.
[0080] The receiving section 64 receives control information from the macro base station MeNB (the above-noted
mobile station control information), and receives a receiving signal from the MM base station MMeNB. The receipt control
section 641 constitutes a control information receiving section, and receives the control information from the macro base
station MeNB. The receipt control section 641 controls the receipt of signals in the signal receiving section 642 based
on the control information received. Under the control of the receipt control section 641, the signal receiving section 642
receives a receiving signal (BF signal) that arrives from the MM base station MMeNB. The signal receiving section 642
outputs the received signal from the MM base station MMeNB, to an unillustrated application processing section. This
application processing section performs processes that are necessary to decode received signals and so on. Also, the
signal receiving section 642 outputs the control information received in the receipt control section 641 to the control
information processing section 61.
[0081] Meanwhile, as shown in FIG. 8, the MM base station MMeNB is comprised of a control information processing
section 71, a receiving section 72, a UE information acquiring section 73, which constitutes an acquiring section, a
transmitting signal processing section 74, a memory section 75 and a transmitting section 76. The control information
processing section 71 has an information acquiring section 711 and a communication control information generating
section 712. The receiving section 72 has a receipt control section 721 and a signal receiving section 722. The transmitting
signal processing section 74 has a transmitting weight generating section 741 and a transmitting signal generating
section 742. The transmitting section 76 has a transmission control section 761 and a signal transmitting section 762.
[0082] The control information processing section 71 generates communication control information based on the
control information from the macro base station MeNB, and outputs this communication control information to the receiving
section 72, the transmitting signal processing section 74 and the transmitting section 76. The information acquiring
section 711 acquires control information from the macro base station MeNB (the above-noted MM base station control
information). This control information includes, for example, whether or not there is a mobile station UE that desires
communication, its UE-ID, location information and so on. Then, the information acquiring section 711 outputs the
acquired control information to the communication control information generating section 712. The communication control
information generating section 712 generates communication control information based on the control information re-
ceived from the information acquiring section 711 and UE information from the UE information acquiring section 73.
Then, the communication control information generating section 712 outputs the communication control information to
the receipt control section 721 in the receiving section 72, the transmitting weight generating section 741 in the transmitting
signal processing section 74 and the transmission control section 761 in the transmitting section 76. This communication
control information includes control information for receiving signals in the receiving section 72 (receipt control informa-
tion), control information for generating transmitting weights in the transmitting signal processing section 74 (weight
control information), and control information for transmitting signals from the transmitting section 76 (transmission control
information).
[0083] The receiving section 72 receives control information from the macro base station MeNB (MM base station
control information), and, furthermore, receives the BF-UE synchronization signal from the mobile station UE. The receipt
control section 721 controls the receipt of signals in the signal receiving section 722, based on the receipt control
information received from the control information processing section 71. The signal receiving section 722 constitutes a
control information receiving section, and, under the control of the receipt control section 721, receives receiving signals
from the macro base station MeNB and the mobile station UE. The received signal from the macro base station MeNB
includes control information (MM base station control information). The received signal from the mobile station UE
includes the BF-UE synchronization signal. The signal receiving section 722 outputs the MM base station control infor-
mation to the receipt control section 721, the information acquiring section 711 of the control information processing
section 71 and the UE information acquiring section 73.
[0084] The UE information acquiring section 73 acquires information related to the mobile station UE (UE information)
from the MM base station control information received from the signal receiving section 722. This UE information includes
the mobile station UE’s UE-ID and location information. Then, the UE information acquiring section 73 outputs the
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acquired UE information to the communication control information generating section 712 of the control information
processing section 71, and the memory section 75. The UE information that is input in the communication control
information generating section 712 is used to generate communication control information in the communication control
information generating section 712. Meanwhile, the UE information that is input in the memory section 75 is used to
generate transmitting weights in the transmitting weight generating section 741.
[0085] The transmitting signal processing section 74 generates a transmitting signal (BF signal) based on weight
control information from the control information processing section 71. The transmitting weight generating section 741
generates a transmitting weight in accordance with the weight control information received from the control information
processing section 71 and a BF weight memorized in the memory section 75. Then, the transmitting weight generating
section 741 outputs the generated transmitting weight to the transmitting signal generating section 742. From transmission
information that is received from a higher layer, the transmitting signal generating section 742 generates a transmitting
signal (BF signal) based on the transmitting weight from the transmitting weight generating section 741. Then, the
transmitting signal generating section 742 outputs the generated transmitting signal to the signal transmitting section
762 of the transmitting section 76.
[0086] The memory section 75 has a database that memorizes UE information, transmitting weights to use when
generating transmitting signals, and so on. In this database, for example, UE information that is received from the UE
information acquiring section 73, transmitting weights that are determined in advance in order to transmit signals in every
direction around the MM base station MMeNB, and transmitting weights that are generated in the transmitting weight
generating section 741 are stored.
[0087] The transmitting section 76 transmits the transmitting signal (BF signal) to the mobile station UE based on the
transmission control information from the control information processing section 71. The transmission control section
761 controls the signal transmission by the signal transmitting section 762 based on the transmission control information
received from the control information processing section 71. Under the control of the transmission control section 761,
the signal transmitting section 762 transmits the transmitting signal (BF signal) received from the transmitting signal
processing section 74, to the mobile station UE.
[0088] Next, the operations of these mobile station UE and MM base station MMeNB will be described. FIG. 9 is a
flowchart to explain the operation of the mobile station UE in which the synchronization method according to the present
embodiment is employed. FIG. 10 is a flowchart to explain the operation of the MM base station MMeNB in which the
synchronization method according to the present embodiment is employed. Note that a case will be illustrated in the
following description where, when high speed communication becomes necessary in the mobile station UE, a connection
request signal is triggered to be transmitted from the mobile station UE to the macro base station MeNB. However, the
trigger for transmission of the connection request signal is by no means limited to this.
[0089] When high speed communication becomes necessary in the mobile station UE, the information acquiring section
611 of the control information processing section 61 receives a connection request from an unillustrated application
processing section. Upon receiving the connection request, the transmission control information generating section 612
generates transmission control information for the connection request signal, and outputs this to the transmitting section
63. The signal transmitting section 632 of the transmitting section 63 transmits the connection request signal to the
macro base station MeNB under the control of the transmission control section 631 (ST801). This connection request
signal includes the UE-ID.
[0090] After transmitting the connection request signal, the receipt control section 641 of the receiving section 64
monitors the receipt of control information from the macro base station MeNB (the above-noted mobile station control
information). Upon receiving control information from the macro base station MeNB (ST802), the receipt control section
641 decides whether or not there is an MM base station MMeNB around the subject station based on this control
information (ST803). Also, the receipt control section 641 outputs the received control information to the memory section
621 of the UE synchronization signal processing section 62. The memory section 621, upon receiving the control infor-
mation from the receipt control section 641, stores this control information in the database (ST804).
[0091] Referring to the decision in ST803, if no MM base station MMeNB is present, the mobile station UE returns to
the process of ST801, and performs the processes of ST801 to ST804 again. On the other hand, if there is an MM base
station MMeNB, the mobile station UE generates the BF-UE synchronization signal in the BF-UE synchronization signal
generating section 622 of the UE synchronization signal processing section 62, and, furthermore, transmits the BF-UE
synchronization signal via the signal transmitting section 632 of the transmitting section 63 (ST805). Note that this BF-
UE synchronization signal is generated and transmitted in accordance with, for example, the above-described BF-UE
synchronization signal transmission methods according to the first and second examples.
[0092] After transmitting the BF-UE synchronization signal, the BF-UE synchronization signal generating section 622
decides whether the BF-UE synchronization signal has been transmitted in all directions. That is, the BF-UE synchro-
nization signal generating section 622 decides whether scan is complete in all directions around the mobile station UE
(ST806). If scan is not complete in all directions around the mobile station UE, the BF-UE synchronization signal generating
section 622 returns to the process of ST805, and repeats the operations of generating and transmitting the BF-UE



EP 3 043 606 A1

14

5

10

15

20

25

30

35

40

45

50

55

synchronization signal.
[0093] On the other hand, if scan is complete in all directions around the mobile station UE, the receipt control section
641 monitors the receipt of signals from the MM base station MMeNB. Then, when signals are received from the MM
base station MMeNB (ST807), the BF-UE synchronization signal generating section 622 decides whether or not all
signals have been received successfully (ST808). If not all signals have been received successfully, the mobile station
UE returns to the process of ST801, and performs the processes of ST801 to ST808 again. On the other hand, if all
signals have been received successfully, the mobile station UE finishes the series of processes.
[0094] In this way, the mobile station UE according to the present embodiment generates and transmits the BF-UE
synchronization signal by changing the BF weight every predetermined time interval, so that it is possible to allow the
BF-UE synchronization signal to travel to an MM base station MMeNB that is located at a long distance from the mobile
station UE. Meanwhile, since the BF-UE synchronization signal includes the mobile station UE’s UE-ID, the MM base
station MMeNB can specify information related to the mobile station UE being the sender. By this means, the synchro-
nization process can be carried out adequately in the MM base station MMeNB, so that it is possible to solve the defect
in the cell search process and so on that arise from the fact that the MM base station MMeNB has no base station ID.
[0095] Note that a case has been illustrated with the above description where the mobile station UE receives signals
from the MM base station MMeNB when the mobile station UE has transmitted the BF-UE synchronization signal in all
directions around the subject station (when scan is complete in all directions). However, the transmission of the BF-UE
synchronization signal from the mobile station UE and the receipt of signals from the MM base station MMeNB are not
limited to these, and can be changed as appropriate. For example, it is equally possible to receive signals from the MM
base station MMeNB without waiting until the transmission of BF-UE synchronization signals is complete in all directions
around the mobile station UE.
[0096] Also, regarding the BF-UE synchronization signal, it is preferable to control the direction of transmission (range
of transmission) in accordance with control information from the macro base station MeNB and/or others (the above-
noted mobile station control information). In this case, it is possible to reduce the load of the BF-UE synchronization
signal transmission process in the mobile station UE, and reduce the power consumption.
[0097] As an example of controlling the range of transmission, for example, it is possible to control the transmission
direction of the BF-UE synchronization signal by using BF weights to match location information of the MM base station
MMeNB that is included in the control information from the macro base station MeNB. In particular, it is preferable to
predict location information of the MM base station MMeNB by using information acquired from electronic compass,
GPS and gyro sensors and so on mounted on the mobile station UE, and transmit the BF-UE synchronization signal
only in a specific direction based on the predicted result.
[0098] Also, it may be possible to attach priority information regarding the transmission direction of the BF-UE syn-
chronization signal, to the control information from the macro base station MeNB and/or others. For example, when
there are a plurality of MM base stations MMeNB around the mobile station UE and every MM base station MMeNB has
a varying distance from the mobile station UE, the transmission direction of the BF-UE synchronization signal for an MM
base station MMeNB at a short distance from the mobile station UE is assigned information to indicate high priority. In
this case, the mobile station UE may control the transmission direction of the BF-UE synchronization signal by using a
BF weight to match that priority information. In this case, for example, it becomes possible to select the MM base station
MMeNB at the shortest distance from the mobile station UE and transmit the BF-UE synchronization signal, and therefore
communicate with the MM base station MMeNB that is the most suitable for high speed communication and so on.
[0099] Furthermore, also, if information (for example, location information) related to other mobile stations UE located
around the mobile station UE is included in control information from the macro base station MeNB and/or others, the
mobile station UE may control the transmission direction of BF-UE synchronization signals by using BF weights that
reduce the interference against the other mobile stations UE. In this case, the interference against the other mobile
stations UE can be reduced, so that becomes possible to prevent the decrease of communication quality in the other
mobile stations UE, and improve the throughput performance of the communication system as a whole.
[0100] Furthermore, it may also be possible to keep record of actual transmission results of the BF-UE synchronization
signal in the past, predict the present location information and the positional relationship with the MM base station
MMeNB, and transmit the BF-UE synchronization signal. To predict the present location information and the positional
relationship with the MM base station MMeNB, for example, it is possible to use information acquired from electronic
compass, GPS and gyro sensors and so on mounted on the mobile station UE. In this case, for example, under certain
conditions such as when there are actual results of BF-UE synchronization signal transmission, it is possible to transmit
the BF-UE synchronization signal in specific directions, without receiving control information from the macro base station
MeNB and/or others. As a result of this, it is possible to skip communication control with respect to the macro base
station MeNB, and, furthermore, reduce the load of the BF-UE synchronization signal transmission process in the mobile
station UE.
[0101] On the other hand, in the MM base station MMeNB, during the idle state, the receipt control section 721 monitors
the receipt of control information from the macro base station MeNB (the above-noted MM base station control informa-
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tion). Then, upon receiving control information from the macro base station MeNB (ST901), the receipt control section
721 decides whether all control information has been received successfully (ST902). Here, if all of the control information
has not been received yet, the receipt control section 721 returns to the process of ST901, and performs the process
of ST901 again.
[0102] In ST902, if all control information has been received, the receipt control section 721 monitors the receipt of
BF-UE synchronization signals from the mobile station UE (ST903). Then, upon receiving BF-UE synchronization signals
from the mobile station UE, the receipt control section 721 decides whether all the BF-UE synchronization signals have
been received successfully (ST904). Here, if all the BF-UE synchronization signals have not been received, the receipt
control section 721 returns to the process of ST903, and performs the process of ST903 again.
[0103] If all the BF-UE synchronization signals have been received, the UE information acquiring section 73 specifies
UE information from the BF-UE synchronization signals (ST905). By this means, the mobile station UE’s UE-ID, location
information and so on are specified. By using the mobile station UE’s UE-ID, location information and so on specified
thus, the MM base station MMeNB can perform the synchronization process adequately. The UE information acquiring
section 73 outputs the acquired UE information to the communication control information generating section 712 and
the memory section 75. In the communication control information generating section 712, the communication control
information that is generated based on the UE information is output to the transmitting weight generating section 741 in
the transmitting signal processing section 74. The UE information that is input in the memory section 75 is stored in the
database (ST906).
[0104] Upon receiving communication control information (to be more specific, weight control information), the trans-
mitting weight generating section 741 generates a transmitting weight (BF weight) based on the UE information stored
in the memory section 75 (database) (ST907). Based on this transmitting weight, transmitting signals (BF signals)
generated in the transmitting signal generating section 742 is output to the transmitting section 76.
[0105] Under the control of the transmission control section 761, the signal transmitting section 762 in the transmitting
section 76 transmits the transmitting signals (BF signals) to the mobile station UE (ST908). Then, when all the transmitting
signals (BF signals) have been transmitted to the mobile station UE, the MM base station MMeNB finishes the series
of processes.
[0106] In this way, the MM base station MMeNB according to the present embodiment receives BF-UE synchronization
signals that include the UE-ID of the mobile station UE, and acquires UE information (terminal information) from the BF-
UE synchronization signals. Then, since the transmission direction of transmitting signals is controlled by using BF
weights to match the UE information, it is possible to transmit transmitting signals (BF signals) adequately even when
the mobile station UE is located at a long distance from the MM base station MMeNB.
[0107] Note that a case has been shown in the above description where, after control information is received from the
macro base station MeNB and/or others, the receipt of BF-UE synchronization signals is monitored without executing
special control. However, if the control information from the macro base station MeNB and/or others includes location
information of the mobile station UE, controlling the receiving direction of BF-UE synchronization signals by using
receiving weights to match that location information would make a preferable embodiment (which is commonly referred
as to "receiving beamforming). In this case, the time the MM base station MMeNB monitors BF-UE synchronization
signals can be shortened, so that it is possible to reduce the time until BF signals are transmitted to the mobile station UE.
[0108] In particular, when the control information from the macro base station MeNB and/or others includes the trans-
mission timing of BF-UE synchronization signals in the mobile station UE, it is preferable to execute receiving beamforming
in accordance with that transmission timing. In this case, it is possible to reduce the power consumption the MM base
station MMeNB requires to monitor BF-UE synchronization signals.
[0109] Also, as for the monitoring of BF-UE synchronization signals, the macro base station MeNB and/or others may
configure control information so that a specific range is monitored. For example, it may be possible to configure location
information and/or priority information to specify a specific monitoring range, in control information. In this case, the
macro base station MeNB and/or others can control the monitoring range of BF-UE synchronization signals in the MM
base station MMeNB, so that, for example, even when a plurality of MM base stations MMeNB are arranged close to
each other, it is still possible to improve the received quality of BF-UE synchronization signals in each MM base station
MMeNB.
[0110] The present invention is by no means limited to the above embodiment and can be implemented with various
changes. For example, it is possible to change the method of transmitting BF-UE synchronization signals, the number
of processing sections in the mobile station UE or the MM base station MMeNB and the order of processes in the above
description, as appropriate, and still implement the present invention, without departing from the scope of the present
invention. Besides, the present invention can be implemented with various changes, without departing from the scope
of the present invention.
[0111] The disclosure of Japanese Patent Application No. 2013-185658, filed on September 6, 2013, including the
specification, drawings and abstract, is incorporated herein by reference in its entirety.
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Claims

1. A synchronization method for transmitting a synchronization signal by controlling a transmission direction of a
transmitting beam for the synchronization signal by means of beamforming using a plurality of antenna elements
provided in a mobile station apparatus, the synchronization method comprising:

a synchronization signal processing step of generating the synchronization signal including identification infor-
mation of the mobile station apparatus, and changing a beamforming weight for the synchronization signal at
predetermined time intervals; and
a transmitting step of transmitting the synchronization signals generated in accordance with each beamforming
weight on uplink.

2. The synchronization method according to claim 1, further comprising:

a connection request step of transmitting, from the mobile station apparatus, a connection request signal for
requesting a communication apparatus that manages control information, including whether or not there is a
base station apparatus located around the mobile station apparatus, to connect with the base station apparatus;
and
a control information receiving step of receiving the control information from the communication apparatus in
the mobile station apparatus,

wherein, in the synchronization signal processing step, when information to indicate the presence of the base station
apparatus is included in the control information received from the communication apparatus, the synchronization
signal is generated, and the beamforming weight for the synchronization signal is changed at predetermined time
intervals.

3. The synchronization method according to claim 2, wherein, when the information to indicate the presence of the
base station apparatus is not included in the control information received from the communication apparatus, the
connection request step and the control information receiving step are repeated.

4. The synchronization method according to claim 2, wherein, in the synchronization signal processing step, when
location information of the base station apparatus is included in the control information received from the commu-
nication apparatus, the transmission direction of the synchronization signal is controlled by using a beamforming
weight to match the location information of the base station apparatus.

5. The synchronization method according to claim 2, wherein, in the synchronization signal processing step, when
priority information regarding the transmission direction of the synchronization signal is included in the control
information received from the communication apparatus, the transmission direction of the synchronization signal is
controlled by using a beamforming weight to match the priority information.

6. A mobile station apparatus that transmits a synchronization signal by controlling a transmission direction of a trans-
mitting beam for the synchronization signal by means of beamforming using a plurality of antenna elements, the
mobile station apparatus comprising:

a synchronization signal processing section that generates the synchronization signal including identification
information of the mobile station apparatus, and changes a beamforming weight for the synchronization signal
at predetermined time intervals; and
a transmitting section that transmits the synchronization signals generated in accordance with each beamforming
weight on uplink.

7. The mobile station apparatus according to claim 6, further comprising:

a connection request transmitting section that transmits a connection request signal for requesting a commu-
nication apparatus that manages control information, including whether or not there is a base station apparatus
located around the mobile station apparatus, to connect with the base station apparatus; and
a control information receiving section that receives the control information from the communication apparatus,

wherein, when information to indicate the presence of the base station apparatus is included in the control information
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received from the communication apparatus, the synchronization signal processing section generates the synchro-
nization signal, and changes the beamforming weight for the synchronization signal at predetermined time intervals.

8. The mobile station apparatus according to claim 7, wherein, when the information to indicate the presence of the
base station apparatus is not included in the control information received from the communication apparatus, the
transmission of the connection request signal by the connection request transmitting section and the receipt of the
control information by the control information receiving section are repeated.

9. A base station apparatus that transmits a transmitting signal by controlling a transmission direction of a transmitting
beam by means of beamforming using a plurality of antenna elements, the base station apparatus comprising:

a receiving section that receives a synchronization signal including identification information of a mobile station
apparatus;
an acquiring section that acquires terminal information, including the identification information of the mobile
station apparatus, from the synchronization signal; and
a transmitting signal processing section that controls the transmission direction of the transmitting signal by
using a beamforming weight to match the terminal information.

10. The base station apparatus according to claim 9, further comprising a control information receiving section that
receives control information from a communication apparatus that manages the control information, including location
information of a mobile station apparatus that is located around the base station apparatus,
wherein the receiving section controls a receiving direction of the synchronization signal by using a receiving weigh
to match the location information of the mobile station apparatus included in the control information.
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