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An anchor radio base station 310A comprises: a control unit
316 A that decodes an uplink signal before decoding received
from UE 10, without receiving an uplink signal before decod-
ing from a non-anchor radio base station 310B through a
backhaul network; and an interface 315A that notifies the
non-anchor radio base station of necessity to transmit the
uplink signal before decoding through the backhaul network
in case of failure in decoding the uplink signal before decod-
ing received from the radio terminal. A non-anchor radio base
station 310B comprises: an interface 315B that transmits the
uplink signal before decoding to the anchor radio base station
when the non-anchor radio base station is notified of the
necessity to transmit the uplink signal before decoding, by the
anchor radio base station.
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MOBILE COMMUNICATION SYSTEM AND
MOBILE COMMUNICATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to a mobile communi-
cation system in which a plurality of radio base stations
receive, in cooperation with one another, uplink signals trans-
mitted from a radio terminal, and a mobile communication
method used in the mobile communication system.

BACKGROUND ART

[0002] Conventionally, there has been known a mobile
communication system in which a plurality of radio base
stations receive, in cooperation with one another, uplink sig-
nals transmitted from a radio terminal. In such a mobile
communication system, selective synthesis of the uplink sig-
nals received in the plurality of radio base stations is per-
formed.

[0003] For example, in LTE (Long Term Evolution), the
uplink signal is transmitted through PUSCH (Physical Uplink
Shared Channel).

[0004] Here, the plurality of radio base stations include one
anchor radio base station and remaining non-anchor radio
base stations. The non-anchor radio base stations transmit
uplink signals before decoding to the anchor radio base sta-
tion through a backhaul network. The anchor radio base sta-
tion performs selective synthesis of uplink signals before
decoding, which are transmitted from the radio terminal, and
uplink signals before decoding, which are received from the
non-anchor radio base stations.

[0005] However, in such a case, since the uplink signals
before decoding are transmitted from the non-anchor radio
base stations to the anchor radio base station through the
backhaul network, a load of the backhaul network is
increased.

PRIOR ART DOCUMENT

Non-patent Document

[0006] [Non-patent Document 1] 3GPP technology speci-
fications “TR 36.819 V11.1.0” 22 Dec. 2011

SUMMARY OF THE INVENTION

[0007] A mobilecommunication system according to a first
feature is a system, in which a plurality of radio base stations
receive, in cooperation with one another, uplink signals trans-
mitted from a radio terminal. The plurality of radio base
stations comprise: one anchor radio base station; and a non-
anchor radio base station other than the anchor radio base
station. The anchor radio base station comprises: a control
unit that decodes an uplink signal before decoding received
from the radio terminal, without receiving an uplink signal
before decoding from the non-anchor radio base station
through a backhaul network; and a notification unit that noti-
fies the non-anchor radio base station of necessity to transmit
the uplink signal before decoding through the backhaul net-
work in case of failure in decoding the uplink signal before
decoding received from the radio terminal. The non-anchor
radio base station comprises: a transmission unit that trans-
mits the uplink signal before decoding to the anchor radio

Mar. 12, 2015

base station when the non-anchor radio base station is notified
of'the necessity to transmit the uplink signal before decoding,
by the anchor radio base station.

[0008] In the first feature, the notification unit notifies bit
precision of the uplink signal before decoding which is to be
transmitted through the backhaul network.

[0009] In the first feature, the bit precision is a value for
directly designating precision of the uplink signal before
decoding.

[0010] Inthe first feature, the bit precision is set on the basis
of at least one of received quality of an uplink signal before
decoding, received quality of an uplink signal after decoding,
and a modulation and coding scheme of an uplink signal.

[0011] In the first feature, the bit precision is a value for
relatively designating precision of the uplink signal before
decoding.

[0012] In the first feature, the notification unit notifies the
non-anchor radio base station receiving an uplink signal hav-
ing received quality that satisfies predetermined quality, of
the necessity to transmit the uplink signal before decoding
through the backhaul network.

[0013] In the first feature, when the non-anchor radio base
station is notified of the necessity to transmit the uplink signal
before decoding, by the anchor radio base station, and
receives an uplink signal having received quality that satisfies
predetermined quality, the transmission unit transmits the
uplink signal before decoding to the anchor radio base station
through the backhaul network.

[0014] A mobile communication method according to a
second feature is a method, in which a plurality of radio base
stations receive, in cooperation with one another, uplink sig-
nals transmitted from a radio terminal. The plurality of radio
base stations comprise: one anchor radio base station; and a
non-anchor radio base station other than the anchor radio base
station. The mobile communication method comprises the
steps of decoding, by the anchor radio base station, an uplink
signal before decoding received from the radio terminal,
without receiving an uplink signal before decoding from the
non-anchor radio base station through a backhaul network;
notifying, by the anchor radio base station, the non-anchor
radio base station of necessity to transmit the uplink signal
before decoding through the backhaul network in case of
failure in decoding the uplink signal before decoding received
from the radio terminal; and transmitting, by the non-anchor
radio base station, the uplink signal before decoding to the
anchor radio base station when the non-anchor radio base
station is notified of the necessity to transmit the uplink signal
before decoding, by the anchor radio base station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1is a diagram illustrating a mobile communi-
cation system 100 according to the first embodiment.

[0016] FIG.2is adiagram illustrating the radio frame in the
first communication system.

[0017] FIG. 3 is a diagram illustrating the radio resource in
the first communication system.

[0018] FIG. 4 is a diagram for explaining the application
scene according to the first embodiment.

[0019] FIG. 5 is a block diagram illustrating the anchor
radio base station 310A according to the first embodiment.
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[0020] FIG. 61isablock diagram illustrating the non-anchor
radio base station 310B according to the first embodiment.
[0021] FIG. 7 is a sequence diagram illustrating the opera-
tion of the mobile communication system 100 according to
the first embodiment.

[0022] FIG. 8 is a diagram for explaining the bit precision
according to the first embodiment.

[0023] FIG. 9 is a diagram for explaining the bit precision
according to the first embodiment.

[0024] FIG.10is a diagram for explaining the bit precision
according to the first embodiment.

[0025] FIG.11 is a diagram for explaining the bit precision
according to the first embodiment.

[0026] FIG.12isasequence diagram illustrating the opera-
tion of the mobile communication system 100 according to
the first modification.

[0027] FIG.13is asequence diagram illustrating the opera-
tion of the mobile communication system 100 according to
the second modification.

[0028] FIG.14is asequence diagram illustrating the opera-
tion of the mobile communication system 100 according to
the third modification.

MODES FOR CARRYING OUT THE INVENTION

[0029] Hereinafter, a description will be given of the
mobile communication system according to the embodi-
ments of the present invention, with reference to the draw-
ings. Note that the same or similar reference signs are applied
to the same or similar portions in the drawings.

[0030] It will be appreciated that the drawings are sche-
matically shown and the ratio and the like of each dimension
are different from the real ones. Accordingly, specific dimen-
sions should be determined in consideration of the explana-
tion below. Of course, among the drawings, the dimensional
relationship and the ratio may be different.

Overview of Embodiment

[0031] First, the mobile communication system according
to the embodiment is a system, in which a plurality of radio
base stations receive, in cooperation with one another, uplink
signals transmitted from a radio terminal. The plurality of
radio base stations comprise: one anchor radio base station;
and a non-anchor radio base station other than the anchor
radio base station. The anchor radio base station comprises: a
control unit that decodes an uplink signal before decoding
received from the radio terminal, without receiving an uplink
signal before decoding from the non-anchor radio base sta-
tion through a backhaul network; and a notification unit that
notifies the non-anchor radio base station of necessity to
transmit the uplink signal before decoding through the back-
haul network in case of failure in decoding the uplink signal
before decoding received from the radio terminal. The non-
anchor radio base station comprises: a transmission unit that
transmits the uplink signal before decoding to the anchor
radio base station when the non-anchor radio base station is
notified of the necessity to transmit the uplink signal before
decoding, by the anchor radio base station.

[0032] In the embodiment, the anchor radio base station
notifies the non-anchor radio base station of necessity to
transmit the uplink signal before decoding through the back-
haul network in case of failure in decoding the uplink signal
before decoding received from the radio terminal. Conse-
quently, unnecessary transmission of uplink signals before
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decoding to the anchor radio base station from the non-anchor
radio base station is suppressed, resulting in the suppression
of an increase in the load of the backhaul network.

First Embodiment

[0033] (Mobile Communication System)

[0034] Hereinafter, a mobile communication system
according to a first embodiment will be described. FIG. 1is a
diagram illustrating a mobile communication system 100
according to the first embodiment.

[0035] As illustrated in FIG. 1, the mobile communication
system 100 includes a radio terminal 10 (hereinafter, referred
to as UE 10) and a core network 50. Furthermore, the mobile
communication system 100 includes a first communication
system and a second communication system.

[0036] The first communication system, for example, is a
communication system corresponding to LTE (Long Term
Evolution). The first communication system, for example,
includes a base station 110A (hereinafter, referred to as
MeNB 110A), a home base station 110B (hereinafter,
referred to as HeNB 110B), a home base station gateway
120B (hereinafter, referred to as HeNB-GW 120B), and
MME 130.

[0037] In addition, a radio access network (E-UTRAN;
Evolved Universal Terrestrial Radio Access Network) corre-
sponding to the first communication system is configured by
the MeNB 110A, the HeNB 110B, and the HeNB-GW 120B.
[0038] The second communication system, for example, is
acommunication system corresponding to UMTS (Universal
Mobile Telecommunication System). The second communi-
cation system, includes a base station 210A (hereinafter,
referred to as MNB 210A), a home base station 210B (here-
inafter, referred to as HNB 210B), RNC 220A, a home base
station gateway 220B (hereinafter, referred to as HNB-GW
220B), and SGSN 230.

[0039] In addition, a radio access network (UTRAN; Uni-
versal Terrestrial Radio Access Network) corresponding to
the second communication system is configured by the MNB
210A, the HNB 210B, the RNC 220A, and the HNB-GW
220B.

[0040] The UE 10 is a device (User Equipment) configured
to communicate with the second communication system or
the first communication system. For example, the UE 10 has
a function of performing radio communication with the
MeNB 110A and the HeNB 110B. Alternatively, the UE 10
has a function of performing radio communication with the
MNB 210A and the HNB 210B.

[0041] The MeNB 110A, which manages a general cell
111A, is a device (evolved NodeB) that performs radio com-
munication with the UE 10 being present in the general cell
111A.

[0042] The HeNB 110B, which manages a specific cell
111B, is a device (Home evolved NodeB) that performs radio
communication with the UE 10 being present in the specific
cell 111B.

[0043] The HeNB-GW 120B, which is connected to the
HeNB 110B, is a device (Home evolved NodeB Gateway)
that manages the HeNB 110B.

[0044] The MME 130, which is connected to the MeNB
1104, is a device (Mobility Management Entity) that man-
ages the mobility of the UE 10 having set up of a radio
connection with the MeNB 110A. Furthermore, the MME
130, which is connected to the HeNB 110B via the HeNB-
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GW 120B, is a device that manages the mobility of the UE 10
having set up of a radio connection with the HeNB 110B.
[0045] The MNB 210A, which manages a general cell
211A, is a device (NodeB) that performs radio communica-
tion with the UE 10 being present in the general cell 211A.
[0046] The HNB 210B, which manages a specific cell
211B, is a device (Home NodeB) that performs radio com-
munication with the UE 10 being present in the specific cell
211B.

[0047] The RNC 220A, which is connected to the MNB
210A, is a device (Radio Network Controller) that sets up a
radio connection (RRC connection) with the UE 10 being
present in the general cell 211A.

[0048] The HNB-GW 220B, which is connected to the
HNB 210B, is a device (Home NodeB Gateway) that sets up
a radio connection (RRC Connection) with the UE 10 being
present in the specific cell 211B.

[0049] The SGSN 230 is a device (Serving GPRS Support
Node) that performs packet switching in a packet switching
domain. The SGSN 230 is provided in the core network 50.
Although not illustrated in FIG. 1, a device (MSC; Mobile
Switching Center) that performs circuit switching in a circuit
switching domain may be provided in the core network 50.
[0050] In addition, it is noted that the general cell and the
specific cell are understood as a function of performing radio
communication with the UE 10. However, the general cell
and the specific cell are also used as a term indicating a
coverage area of a cell. Furthermore, cells such as general
cells and specific cells are identified by frequencies, spread-
ing codes, time slots and the like used in the cells.

[0051] Here, a coverage area of the general cell is wider
than a coverage area of the specific cell. The general cell, for
example, is a macro cell provided by a communication pro-
vider. The specific cell, for example, is a femto cell or a home
cell provided by the third party other than the communication
provider. The specific cell may be a CSG (Closed Subscriber
Group) cell or a pico cell provided by the communication
provider.

[0052] Hereinafter, the first communication system will be
mainly described. The following description may also be
applied to the second communication system.

[0053] Inthe first communication system, an OFDMA (Or-
thogonal Frequency Division Multiple Access) scheme is
used as a downlink multiplexing scheme, and an SC-FDMA
(Single-Carrier Frequency Division Multiple Access) scheme
is used as an uplink multiplexing scheme.

[0054] Furthermore, in the first communication system, as
anuplink channel, an uplink control channel (PUCCH; Physi-
cal Uplink Control Channel), an uplink shared channel
(PUSCH; Physical Uplink Shared Channel) and the like exist.
Furthermore, as a downlink channel, a downlink control
channel (PDCCH; Physical Downlink Control Channel), a
downlink shared channel (PDSCH; Physical Downlink
Shared Channel) and the like exist.

[0055] The uplink control channel is a channel that carries
a control signal. The control signal, for example, includes
CQI (Channel Quality Indicator), PMI (Precoding Matrix
Indicator), RI (Rank Indicator), SR (Scheduling Request),
and ACK/NACK.

[0056] The CQI is a signal that notifies a recommended
modulation scheme and an encoding rate to be used in down-
link transmission. The PMI is a signal that indicates a pre-
coder matrix preferably used for the downlink transmission.
The RI is a signal that indicates the number of layers (the
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number of streams) to be used in the downlink transmission.
The SR is a signal that requests the assignment of an uplink
radio resource (a resource block which will be described
later). The ACK/NACK is a signal that indicates whether it is
possible to receive a signal that is transmitted through a down-
link channel (for example, PDSCH).

[0057] Theuplink shared channel is a channel that carries a
control signal (including the aforementioned control signal)
and/or a data signal. For example, the uplink radio resource
may be assigned only to the data signal, or may be assigned
such that the data signal and the control signal are multi-
plexed.

[0058] The downlink control channel is a channel that car-
ries a control signal. The control signal, for example, includes
Uplink SI (Scheduling Information), Downlink SI (Schedul-
ing Information), and a TPC bit.

[0059] The Uplink SI is a signal that indicates the assign-
ment of the uplink radio resource. The Downlink Sl is a signal
that indicates the assignment of a downlink radio resource.
The TPC bit is a signal that indicates increase and decrease in
power of a signal that is transmitted through the uplink chan-
nel.

[0060] The downlink shared channel is a channel that car-
ries a control signal and/or a data signal. For example, the
downlink radio resource may be assigned only to the data
signal, or may be assigned such that the data signal and the
control signal are multiplexed.

[0061] Inaddition, a control signal transmitted through the
downlink shared channel includes TA (Timing Advance). The
TA is transmission timing correction information between the
UE 10 and the MeNB 110A, and is measured by the MeNB
110A on the basis of an uplink signal transmitted from the UE
10.

[0062] Furthermore, a control signal that is transmitted
through a channel other than the downlink control channel
(PDCCH) and the downlink shared channel (PDSCH)
includes the ACK/NACK. The ACK/NACK is a signal that
indicates whether it is possible to receive a signal that is
transmitted through an uplink channel (for example,
PUSCH).

[0063] In addition, the general cell and the specific cell
broadcast information through a broadcast channel (BCCH;
Broadcast Control Channel). The broadcast information, for
example, is information such as MIB (Master Information
Block) or SIB (System Information Block).

[0064] (Radio Frame)

[0065] Hereinafter, a radio frame in the first communica-
tion system will be described. FIG. 2 is a diagram illustrating
the radio frame in the first communication system.

[0066] As illustrated in FIG. 2, one radio frame is config-
ured by 10 subframes and one subframe is configured by two
slots. One slothas a time length of 0.5 msec, one subframe has
atime length of 1 msec, and one radio frame has a time length
of 10 msec.

[0067] In addition, one slot is configured by a plurality of
OFDM symbols (for example, six OFDM symbols or seven
OFDM symbols) in a downlink. Similarly, one slot is config-
ured by a plurality of SC-FDMA symbols (for example, six
SC-FDMA symbols or seven SC-FDMA symbols) in an
uplink.

[0068] (Radio Resource)

[0069] Hereinafter, a radio resource in the first communi-
cation system will be described. FIG. 3 is a diagram illustrat-
ing the radio resource in the first communication system.
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[0070] As illustrated in FIG. 3, a radio resource is defined
by a frequency axis and a time axis. A frequency is configured
by a plurality of subcarriers, and a predetermined number of
subcarriers (12 subcarriers) are collectively called a resource
block (RB). A time has a unit, such as the OFDM symbol (or
the SC-FDMA symbol), the slot, the subframe, or the radio
frame, as described above.

[0071] Here, the radio resource is assignable to each one
resource block. Furthermore, on the frequency axis and the
time axis, it is possible to divide the radio resources to assign
the same to a plurality of users (for example, user #1 to user
#5).

[0072] Furthermore, the radio resource is assigned by the
MeNB 110A. The MeNB 110A assigns the radio resources to
each UE 10 on the basis of the CQI, the PMI, the RI and the
like.

[0073] (Application Scene)

[0074] Hereinafter, an application scene according to the
first embodiment will be described. FIG. 4 is a diagram for
explaining the application scene according to the first
embodiment. FIG. 4 illustrates a case in which one anchor
radio base station 310A and a plurality of non-anchor radio
base stations 310B are provided as radio base stations. The
anchor radio base station 310A and the non-anchor radio base
stations 310B constitute a radio base station group (a CoMP
set) that receives uplink signals transmitted from the UE 10 in
cooperation with each other.

[0075] As illustrated in FIG. 4, the UE 10 transmits the
uplink signals to the anchor radio base station 310A and the
non-anchor radio base stations 310B. It is noted that the
uplink signals transmitted from the UE 10 are coded. For
example, the uplink signals transmitted from the UE 10, for
example, are transmitted through the aforementioned uplink
shared channel (PUSCH).

[0076] Here, the non-anchor radio base stations 310B
transmit uplink signals before decoding to the anchor radio
base station 310A through a backhaul network. The anchor
radio base station 310A performs selective synthesis of
uplink signals before decoding, which are transmitted from
the UE 10, and uplink signals before decoding, which are
received from the non-anchor radio base stations 310B.
[0077] The backhaul network may be an X2 interface for
directly connecting radio base stations to each other, or an S1
interface for connecting the radio base stations to each other
through an upper node (for example, the MME 130).

[0078] Itis sufficient if the anchor radio base station 310A
and the non-anchor radio base stations 310B are radio base
stations. That is, in the first embodiment, the anchor radio
base station 310A and the non-anchor radio base stations
310B are one of the MeNB 110A, the HeNB 110B, the MNB
210A, and the HNB 210B.

[0079] In such a case, in the first embodiment, the anchor
radio base station 310A decodes the uplink signals before
decoding, which are received from the UE 10, without receiv-
ing the uplink signals before decoding from the non-anchor
radio base stations 310B through the backhaul network. In
case of failure in decoding the uplink signals before decoding,
which are received from the UE 10, the anchor radio base
station 310A notifies the non-anchor radio base station of
necessity to transmit the uplink signal before decoding
through the backhaul network.

[0080] As described above, in case of failure in decoding
the uplink signals before decoding, which are received from
the UE 10, the anchor radio base station 310A performs
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selective synthesis of the uplink signals before decoding,
which are transmitted from the UE 10, and the uplink signals
before decoding, which are received from the non-anchor
radio base stations 310B.

[0081] (Anchor Radio Base Station)

[0082] Hereinafter, an anchor radio base station according
to the first embodiment will be described. FIG. 5 is a block
diagram illustrating the anchor radio base station 310A
according to the first embodiment.

[0083] Asillustrated in FIG. 5, the anchor radio base station
310A includes a reception unit 313A, a transmission unit
314A, an interface 315A, and a control unit 316A.

[0084] The reception unit 313A receives an uplink signal
from the UE 10 connected to a cell managed by the anchor
radio base station 310A. The reception unit 313A, for
example, receives the uplink signal through the uplink shared
channel (PUSCH).

[0085] The transmission unit 314A transmits a downlink
signal to the UE 10 connected to the cell managed by the
anchor radio base station 310A. The transmission unit 314A,
for example, transmits a radio resource (scheduling informa-
tion) assigned by the anchor radio base station 310A.

[0086] The interface 315A is an interface used for perform-
ing communication with another radio base station through
the backhaul network. The interface 315A is an X2 interface
for directly connecting radio base stations to each other.
Alternatively, the interface 315A is an S1 interface for con-
necting the radio base stations to each other through an upper
node (for example, the MME 130).

[0087] In the first embodiment, in case of failure in decod-
ing the uplink signals before decoding, which are received
from the UE 10, the interface 315A configures a notification
unit that notifies the non-anchor radio base station of neces-
sity to transmit the uplink signal before decoding through the
backhaul network.

[0088] The control unit 316A controls the operation of the
anchor radio base station 310A. The control unit 316A, for
example, decodes the uplink signals before decoding, which
are received from the UE 10, without receiving the uplink
signals before decoding from the non-anchor radio base sta-
tions 310B through the backhaul network.

[0089] In the first embodiment, in case of failure in decod-
ing the uplink signals before decoding, which are received
from the UE 10, the control unit 316A performs selective
synthesis of the uplink signals before decoding, which are
transmitted from the UE 10, and the uplink signals before
decoding, which are received from the non-anchor radio base
stations 310B. Specifically, the control unit 316 A may select
anuplink signal before decoding, which has the best received
quality among the uplink signals before decoding, which are
transmitted from the UE 10, and the uplink signals before
decoding, which are received from the non-anchor radio base
stations 310B, and may decode the selected uplink signal
before decoding. Alternatively, the control unit 316A may
synthesize uplink signals before decoding, which have pre-
determined quality or more among the uplink signals before
decoding, which are transmitted from the UE 10, and the
uplink signals before decoding, which are received from the
non-anchor radio base stations 310B, and may decode the
synthesized uplink signal before decoding. In addition, the
control unit 316A may synthesize all of the uplink signals
before decoding, which are transmitted from the UE 10, and
the uplink signals before decoding, which are received from
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the non-anchor radio base stations 310B, and may decode the
synthesized uplink signal before decoding.

[0090] (Non-Anchor Radio Base Station)

[0091] Hereinafter, a non-anchor radio base station accord-
ing to the first embodiment will be described. FIG. 6 is ablock
diagram illustrating the non-anchor radio base station 310B
according to the first embodiment.

[0092] As illustrated in FIG. 6, the non-anchor radio base
station 310B includes a reception unit 313B, a transmission
unit 314B, an interface 3158, and a control unit 316B.
[0093] The reception unit 313B receives an uplink signal
from the UE 10 connected to a cell managed by the non-
anchor radio base station 310B. The reception unit 313B, for
example, receives the uplink signal through the uplink shared
channel (PUSCH).

[0094] The transmission unit 314B transmits a downlink
signal to the UE 10 connected to the cell managed by the
non-anchor radio base station 310B. The transmission unit
314B, for example, transmits a radio resource (scheduling
information) assigned by the non-anchor radio base station
310B.

[0095] The interface 3158 is an interface used for perform-
ing communication with another radio base station through
the backhaul network. The interface 315B is an X2 interface
for directly connecting radio base stations to each other.
Alternatively, the interface 315B is an S1 interface for con-
necting the radio base stations to each other through an upper
node (for example, the MME 130).

[0096] In the first embodiment, the interface 315B consti-
tutes a transmission unit that transmits the uplink signal
before decoding to the anchor radio base station 310A when
the anchor radio base station 310A notified necessity to trans-
mit the uplink signal before decoding.

[0097] The control unit 316B controls the operation of the
non-anchor radio base station 310B. For example, the control
unit 3168 instructs the interface 315B to transmit the uplink
signal before decoding.

[0098] (Operation of Mobile Communication System)
[0099] Hereinafter, the operation of the mobile communi-
cation system according to the first embodiment will be
described. FIG. 7 is a sequence diagram illustrating the opera-
tion of the mobile communication system 100 according to
the first embodiment.

[0100] As illustrated in FIG. 7, in step 11, the UE 10 trans-
mits uplink signals to the anchor radio base station 310A and
the non-anchor radio base stations 310B.

[0101] In step 12, the anchor radio base station 310A
decodes the uplink signals before decoding, which are
received from the UE 10, without receiving uplink signals
before decoding from the non-anchor radio base stations
310B through the backhaul network.

[0102] Hereinafter, a description will be continued on
assumption that decoding of the uplink signals before decod-
ing, which are received from the UE 10, was failed.

[0103] Instep 13, the anchor radio base station 310A noti-
fies the non-anchor radio base stations 310B of necessity (a
transmission request) to transmit the uplink signals before
decoding through the backhaul network.

[0104] In step 14, the non-anchor radio base stations 310B
transmit the uplink signals before decoding to the anchor
radio base station 310A.

[0105] In step 15, the anchor radio base station 310A per-
forms selective synthesis of the uplink signals before decod-
ing, which are transmitted from the UE 10, and the uplink
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signals before decoding, which are received from the non-
anchor radio base stations 310B.

[0106] Instep 16, the anchor radio base station 310A trans-
mits a decoding result of the uplink signals to the MME 130.
[0107] Here, since the case, in which the anchor radio base
station 310A is the MeNB 110A or the HeNB 110B, is exem-
plified, the decoding result of the uplink signals is transmitted
to the MME 130. However, the embodiment is not limited
thereto. In the case in which the anchor radio base station
310A is the MNB 210A or the HNB 210B, the decoding result
of the uplink signals is transmitted to the RNC 220A.
[0108] (Operation and Effect)

[0109] In the first embodiment, in case of failure in decod-
ing the uplink signals before decoding, which are received
from the UE 10, the anchor radio base station 310A notifies
the non-anchor radio base stations 310B of necessity to trans-
mit the uplink signals before decoding through the backhaul
network. Consequently, transmission of unnecessary uplink
signals before decoding from the non-anchor radio base sta-
tion, to the anchor radio base station is suppressed, thereby
suppressing an increase in the load of the backhaul network.
[0110] [First Modification]

[0111] Hereinafter, a first modification of the first embodi-
ment will be explained. Mainly the differences from the first
embodiment will be described, below.

[0112] Specifically, in the first modification, the anchor
radio base station 310A (the interface 315A) notifies the
non-anchor radio base station 310B of bit precision of the
uplink signal before decoding which is to be transmitted
through the backhaul network. The non-anchor radio base
station 310B (the interface 315B) transmits the uplink signal
before decoding to the anchor radio base station 310A
according to the bit precision notified by the anchor radio base
station 310A.

[0113] Here, the bit precision indicates granularity (here-
inafter, referred to as sampling granularity) by which the
uplink signal before decoding is sampled. In other words, the
bit precision is the number of bits (resolution) indicating 1/Q
components constituting the uplink signal before decoding.
The bit precision may be expressed by an index indicating the
sampling granularity.

[0114] The bit precision, for example, is a value for directly
designating the precision of the uplink signal before decod-
ing. That is, the bit precision is an absolute value indicating
the sampling granularity.

[0115] Insuch a case, the bit precision is determined on the
basis of at least one of received quality of an uplink signal
before decoding, received quality of an uplink signal after
decoding, and a modulation and coding scheme of an uplink
signal.

[0116] The received quality of the uplink signal before
decoding is radio quality before decoding, and for example, is
SNR (Signal-to-Noise Ratio), SINR (Signal-to-Interference
Noise Ratio) and the like. The received quality of the uplink
signal after decoding is quality after decoding, and for
example, is BLER (Block Error Rate) and the like. The modu-
lation and coding scheme of the uplink signal is a value
having an influence on a transmission speed and an error rate
of'data, and is called MCS (Modulation and Coding Scheme).
[0117] Alternatively, the bit precision, for example, is a
value for relatively designating the precision of the uplink
signal before decoding. That is, the bit precision is a relative
value indicating the sampling granularity.



US 2015/0071199 Al

[0118] In such a case, the bit precision is a value (herein-
after, referred to as UP) indicating an increase in the sampling
granularity, a value (hereinafter, referred to as KEEP) indi-
cating the maintenance of the sampling granularity, or a value
(hereinafter, referred to as DOWN) indicating a decrease in
the sampling granularity. As the bit precision, for example,
UP is selected in case of failure in decoding an uplink signal
of a previous time, and KEEP or DOWN is selected when
succeeded in decoding the uplink signal of the previous time.
[0119] (Bit Precision)

[0120] Hereinafter, bit precision according to the first
modification will be described. FIG. 8 to FIG. 11 are dia-
grams for explaining the bit precision according to the first
modification. The bit precision is a value indicating sampling
granularity. Here, the bit precision is expressed in the form of
an index. Here, it is noted that the larger the value of the bit
precision is, the finer the sampling granularity is.

[0121] For example, as illustrated in FIG. 8, the bit preci-
sion is an absolute value and is determined on the basis of
SNR. For example, when SNR is equal to or more than “20”,
“4” is selected as the bit precision. When SNR is equal to or
more than “10” and smaller than “20”, “8” is selected as the
bit precision. When SNR is equal to or more than “0” and
smaller than “10”, “16” is selected as the bit precision. In this
way, the lower the SNR is, the finer the sampling granularity
of the bit precision is selected.

[0122] Alternatively, as illustrated in FIG. 9, the bit preci-
sion is an absolute value and is determined on the basis of
MCS. For example, when MCS is QPSK, “4” is selected as
the bit precision. When MCS is 16QAM, “8” is selected as the
bit precision. When MCS is 64QAM, “16” is selected as the
bit precision. In this way, the higher a transmission speed is,
the finer the sampling granularity of the bit precision is
selected.

[0123] Alternatively, as illustrated in FIG. 10, the bit pre-
cision is an absolute value and is determined based on BLER.
For example, when BLER is equal to or more than “0.001”
and smaller than “0.01”, “4” is selected as the bit precision.
When BLER is equal to or more than “0.01”” and smaller than
“0.17, “8” is selected as the bit precision. When BLER is
equal to or more than “0.1”, “16” is selected as the bit preci-
sion. In this way, the higher the BLER is, the finer the sam-
pling granularity of the bit precision is selected.

[0124] Alternatively, as illustrated in FIG. 11, the bit pre-
cision is a relative value and is determined on the basis of a
decoding result of a previous time. For example, when the
decoding result of a previous time is NG, that is, in case of
failure in decoding an uplink signal of a previous time, UP is
selected as the bit precision. Meanwhile, when the decoding
result of a previous time is OK, that is, in case of success in
decoding the uplink signal of a previous time, KEEP or
DOWN is selected as the bit precision.

[0125] (Operation of Mobile Communication System)
[0126] Hereinafter, the operation of a mobile communica-
tion system according to the first modification will be
described. FIG. 12 is a sequence diagram illustrating the
operation of the mobile communication system 100 accord-
ing to the first modification.

[0127] As illustrated in FIG. 12, in step 21, the UE 10
transmits uplink signals to the anchor radio base station 310A
and the non-anchor radio base stations 310B.

[0128] In step 22, the anchor radio base station 310A
decodes the uplink signals before decoding, which are
received from the UE 10, without receiving uplink signals

Mar. 12, 2015

before decoding from the non-anchor radio base stations
310B through the backhaul network.

[0129] Hereinafter, a description will be continued on
assumption that decoding of the uplink signals before decod-
ing, which are received from the UE 10, was failed.

[0130] Instep 23, the anchor radio base station 310A deter-
mines bit precision of the uplink signals before decoding
which are to be transmitted through the backhaul network.
[0131] In step 24, the anchor radio base station 310A noti-
fies the non-anchor radio base stations 310B of the bit preci-
sion of the uplink signals before decoding which are to be
transmitted through the backhaul network, together with
necessity (the transmission request) to transmit the uplink
signals before decoding through the backhaul network.
[0132] In step 25, the non-anchor radio base stations 310B
transmit the uplink signals before decoding to the anchor
radio base station 310A according to the bit precision notified
by the anchor radio base station 310A.

[0133] In step 26, the anchor radio base station 310A per-
forms selective synthesis of the uplink signals before decod-
ing, which are transmitted from the UE 10, and the uplink
signals before decoding, which are received from the non-
anchor radio base stations 310B.

[0134] Instep 27, the anchor radio base station 310A trans-
mits a decoding result of the uplink signals to the MME 130.
[0135] Here, since the case, in which the anchor radio base
station 310A is the MeNB 110A or the HeNB 110B, is exem-
plified, the decoding result of the uplink signals is transmitted
to the MME 130. However, the embodiment is not limited
thereto. In the case in which the anchor radio base station
310A is the MNB 210A or the HNB 210B, the decoding result
of the uplink signals is transmitted to the RNC 220A.
[0136] (Operation and Effect)

[0137] In the first modification, the non-anchor radio base
stations 310B transmit the uplink signals before decoding to
the anchor radio base station 310A according to the bit pre-
cision notified by the anchor radio base station 310A. In other
words, the uplink signals before decoding are transmitted
with proper bit precision. Consequently, an increase in the
load of the backhaul network is suppressed.

[0138] [Second Modification]

[0139] A description will be given below of a second modi-
fication of the first embodiment. Mainly the differences from
the first embodiment will be described, below.

[0140] Specifically, in the second modification, the anchor
radio base station 310A (the interface 315A) notifies the
non-anchor radio base station 310B of necessity to transmit
the uplink signal before decoding through the backhaul net-
work, wherein the non-anchor radio base station 310B
receives an uplink signal having received quality that satisfies
predetermined quality.

[0141] (Operation of Mobile Communication System)
[0142] Hereinafter, the operation of a mobile communica-
tion system according to the second modification will be
described. FIG. 13 is a sequence diagram illustrating the
operation of the mobile communication system 100 accord-
ing to the second modification.

[0143] As illustrated in FIG. 13, in step 31, the UE 10
transmits uplink signals to the anchor radio base station 310A
and the non-anchor radio base stations 310B.

[0144] In step 32, the anchor radio base station 310A
decodes the uplink signals before decoding, which are
received from the UE 10, without receiving uplink signals
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before decoding from the non-anchor radio base stations
310B through the backhaul network.

[0145] Hereinafter, a description will be continued on
assumption that decoding of the uplink signals before decod-
ing, which are received from the UE 10, was failed.

[0146] Instep 33, each non-anchor radio base station 310B
measures received quality of the uplink signal.

[0147] Instep 34, each non-anchor radio base station 310B
notifies the anchor radio base station 310A of the received
quality of the uplink signal.

[0148] Instep 35, the anchor radio base station 310A deter-
mines the non-anchor radio base station 310B that is to trans-
mit the uplink signal before decoding through the backhaul
network. Specifically, the anchor radio base station 310A
determines a non-anchor radio base station, notified of the
received quality in the step 34 that satisfies predetermined
quality, as the non-anchor radio base station 310B that is to
transmit the uplink signal before decoding.

[0149] In step 36, the anchor radio base station 310A noti-
fies a non-anchor radio base station 310B of a necessity (a
transmission request) to transmit the uplink signal before
decoding through the backhaul network, wherein the non-
anchor radio base station 310B receives an uplink signal
having received quality (for example, SNR or SINR) that
satisfies the predetermined quality.

[0150] In step 37, the non-anchor radio base station 310B
transmits the uplink signals before decoding to the anchor
radio base station 310A, wherein the non-anchor radio base
station 310B was notified of the necessity to transmit the
uplink signal before decoding, by the anchor radio base sta-
tion 310A.

[0151] In step 38, the anchor radio base station 310A per-
forms selective synthesis of the uplink signals before decod-
ing, which are transmitted from the UE 10, and the uplink
signals before decoding, which are received from the non-
anchor radio base stations 310B.

[0152] Instep 39, the anchor radio base station 310A trans-
mits a decoding result of the uplink signals to the MME 130.
[0153] Here, since the case, in which the anchor radio base
station 310A is the MeNB 110A or the HeNB 110B, is exem-
plified, the decoding result of the uplink signals is transmitted
to the MME 130. However, the embodiment is not limited
thereto. In the case in which the anchor radio base station
310A is the MNB 210A or the HNB 210B, the decoding result
of the uplink signals is transmitted to the RNC 220A.
[0154] (Operation and Effect)

[0155] In the second modification, the anchor radio base
station 310A notifies a non-anchor radio base station 310B of
a necessity to transmit the uplink signal before decoding
through the backhaul network, wherein the non-anchor radio
base station 310B receives an uplink signal having received
quality that satisfies the predetermined quality. Consequently,
unnecessary transmission of uplink signals before decoding
to the anchor radio base station 310A from the non-anchor
radio base station 310B is suppressed, resulting in the sup-
pression of an increase in the load of the backhaul network.
[0156] [Third Modification]

[0157] A description will be given below of a third modi-
fication of the first embodiment. Mainly the differences from
the first embodiment will be described, below.

[0158] Specifically, in the third modification, when the
non-anchor radio base station 310B (the interface 315B) is
notified of necessity to transmit the uplink signal before
decoding, by the anchor radio base station 310A, and receives
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an uplink signal having received quality that satisfies the
predetermined quality, the non-anchor radio base station
310B transmits the uplink signal before decoding to the
anchor radio base station 310A through the backhaul net-
work.

[0159] Inother words, in the second modification, the non-
anchor radio base station 310B (the interface 315B) does not
transmit the uplink signal before decoding to the anchor radio
base station 310A when the non-anchor radio base station
310B receives an uplink signal having received quality that
does not satisfy the predetermined quality.

[0160] Here, the predetermined quality may be notified, by
the anchor radio base station 310A (the interface 315A), to
the non-anchor radio base station 310B before the uplink
signal is received from the UE 10. Alternatively, the prede-
termined quality may be determined in advance.

[0161] (Operation of Mobile Communication System)
[0162] Hereinafter, the operation of a mobile communica-
tion system according to the third modification will be
described. FIG. 14 is a sequence diagram illustrating the
operation of the mobile communication system 100 accord-
ing to the third modification.

[0163] As illustrated in FIG. 14, in step 41, the UE 10
transmits uplink signals to the anchor radio base station 310A
and the non-anchor radio base stations 310B.

[0164] In step 42, the anchor radio base station 310A
decodes the uplink signals before decoding, which are
received from the UE 10, without receiving uplink signals
before decoding from the non-anchor radio base stations
310B through the backhaul network.

[0165] Hereinafter, a description will be continued on
assumption that decoding of the uplink signals before decod-
ing, which are received from the UE 10, was failed.

[0166] In step 43, the anchor radio base station 310A noti-
fies the non-anchor radio base stations 310B of necessity (a
transmission request) to transmit the uplink signal before
decoding through the backhaul network.

[0167] Instep 44, each non-anchor radio base station 310B
measures received quality of the uplink signal.

[0168] In step 45, the non-anchor radio base station 310B
transmits the uplink signal before decoding to the anchor
radio base station 310A through the backhaul network,
wherein the non-anchor radio base station 310B receives an
uplink signal having received quality (for example, SNR or
SINR) that satisfies the predetermined quality. That is, when
the non-anchor radio base station 310B is notified of neces-
sity (the transmission request) to transmit the uplink signal
before decoding and receives an uplink signal having
received quality (for example, SNR or SINR) that satisfies the
predetermined quality, the non-anchor radio base station
310B transmits the uplink signals before decoding.

[0169] In step 46, the anchor radio base station 310A per-
forms selective synthesis of the uplink signals before decod-
ing, which are transmitted from the UE 10, and the uplink
signals before decoding, which are received from the non-
anchor radio base stations 310B.

[0170] Instep 47, the anchor radio base station 310A trans-
mits a decoding result of the uplink signals to the MME 130.
[0171] Here, since the case, in which the anchor radio base
station 310A is the MeNB 110A or the HeNB 110B, is exem-
plified, the decoding result of the uplink signals is transmitted
to the MME 130. However, the embodiment is not limited
thereto. In the case in which the anchor radio base station
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310A is the MNB 210A or the HNB 210B, the decoding result
of the uplink signals is transmitted to the RNC 220A.
[0172] (Operation and Effect)

[0173] In the third modification, the non-anchor radio base
station 310B transmits the uplink signal before decoding to
the anchor radio base station 310A through the backhaul
network when the non-anchor radio base station 310B
receives the uplink signal having received quality that satis-
fies the predetermined quality. Consequently, unnecessary
transmission of uplink signals before decoding to the anchor
radio base station 310A from the non-anchor radio base sta-
tion 310B is suppressed, resulting in the suppression of an
increase in the load of the backhaul network.

Other Embodiments

[0174] The present invention has been described according
to the embodiments described above. However, it should not
be understood that the discussions and drawings constituting
a part of this disclosure limit the present invention. From this
disclosure, various alternative embodiments, examples and
operational techniques will be apparent to those skilled in the
art.

[0175] Particularly not mentioned in the embodiment, it is
noted that the uplink signal before decoding transmitted from
the non-anchor radio base station 310B to the anchor radio
base station 310A includes a result (a bit sequence) obtained
by sampling I/Q components constituting uplink signals
received in the non-anchor radio base station 310B.

[0176] It is preferable that the uplink signal before decod-
ing is transmitted from the non-anchor radio base station
310B to the anchor radio base station 310 A in each subframe.
Itis preferable that the uplink signal before decoding includes
a subframe number, and an identifier for identifying the UE
10, in addition to the result (the bit sequence) obtained by
sampling the I/Q components. Alternatively, it is preferable
that the uplink signal before decoding includes, besides these
pieces of information, the type of a scheme (for example, a
legacy scheme, a carrier aggregation scheme) in which the
UE 10 transmits the uplink signal.

[0177] In addition, the entire content of US Provisional
Application No. 61/612,571 (filed on Mar. 19, 2012) is incor-
porated in the present specification by reference.

INDUSTRIAL APPLICABILITY

[0178] Asdescribed above, the mobile communication sys-
tem and the mobile communication method according to the
present invention is applicable in the field of the mobile
communication field, as unnecessary transmission of uplink
signals before decoding to the anchor radio base station from
the non-anchor radio base station is suppressed, resulting in
the suppression of an increase in the load of the backhaul
network.

1-8. (canceled)

9. A mobile communication system, in which a plurality of
radio base stations receive, in cooperation with one another,
uplink signals transmitted from a radio terminal, wherein

the plurality of radio base stations comprise: one anchor

radio base station; and a non-anchor radio base station
other than the anchor radio base station,

the anchor radio base station comprises:

a notification unit that notifies the non-anchor radio base
station of necessity to transmit the uplink signal
before decoding through a backhaul network, and
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the non-anchor radio base station comprises:

a transmission unit that transmits the uplink signal
before decoding to the anchor radio base station when
the non-anchor radio base station is notified of the
necessity to transmit the uplink signal before decod-
ing, by the anchor radio base station.

10. The mobile communication system according to claim
9, wherein

the anchor radio base station comprises:

a control unit that decodes an uplink signal before
decoding received from the radio terminal, without
receiving an uplink signal before decoding from the
non-anchor radio base station through a backhaul net-
work, wherein,

the notification unit notifies the non-anchor radio base

station of necessity to transmit the uplink signal before

decoding through the backhaul network in case of fail-
ure in decoding the uplink signal before decoding
received from the radio terminal.

11. The mobile communication system according to claim
10, wherein

the notification unit notifies bit precision of the uplink

signal before decoding which is to be transmitted

through the backhaul network.

12. The mobile communication system according to claim
11, wherein,

the bit precision is a value for directly designating preci-

sion of the uplink signal before decoding.

13. The mobile communication system according to claim
12, wherein

the bit precision is set on the basis of at least one of received

quality of an uplink signal before decoding, received

quality of an uplink signal after decoding, and a modu-
lation and coding scheme of an uplink signal.

14. The mobile communication system according to claim
11, wherein,

the bit precision is a value for relatively designating preci-

sion of the uplink signal before decoding.

15. The mobile communication system according to claim
10, wherein

the notification unit notifies the non-anchor radio base

station receiving an uplink signal having received qual-

ity that satisfies predetermined quality, of the necessity
to transmit the uplink signal before decoding through the
backhaul network.

16. The mobile communication system according to claim
10, wherein

when the non-anchor radio base station is notified of the

necessity to transmit the uplink signal before decoding,
by the anchor radio base station, and receives an uplink
signal having received quality that satisfies predeter-
mined quality, the transmission unit transmits the uplink
signal before decoding to the anchor radio base station
through the backhaul network.

17. A mobile communication method, in which a plurality
of radio base stations receive, in cooperation with one
another, uplink signals transmitted from a radio terminal,
wherein

the plurality of radio base stations comprise: one anchor

radio base station; and a non-anchor radio base station

other than the anchor radio base station, comprising the
steps of:
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notifying, by the anchor radio base station, the non-anchor
radio base station of necessity to transmit the uplink
signal before decoding through a backhaul network; and

transmitting, by the non-anchor radio base station, the
uplink signal before decoding to the anchor radio base
station when the non-anchor radio base station is noti-
fied of the necessity to transmit the uplink signal before
decoding, by the anchor radio base station.

18. The mobile communication method according to claim

17, comprising the step of

decoding, by the anchor radio base station, an uplink signal
before decoding received from the radio terminal, with-
out receiving an uplink signal before decoding from the
non-anchor radio base station through a backhaul net-
work, wherein

the anchor radio base station notifies the non-anchor radio
base station of necessity to transmit the uplink signal
before decoding through the backhaul network in case of
failure in decoding the uplink signal before decoding
received from the radio terminal.

#* #* #* #* #*
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