
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
20

0 
52

9
B

1
*EP003200529B1*

(11) EP 3 200 529 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
20.01.2021 Bulletin 2021/03

(21) Application number: 15843133.8

(22) Date of filing: 25.09.2015

(51) Int Cl.:
H04W 72/04 (2009.01) H04W 88/02 (2009.01)

(86) International application number: 
PCT/JP2015/077045

(87) International publication number: 
WO 2016/047729 (31.03.2016 Gazette 2016/13)

(54) USER TERMINAL AND CORRESPONDING WIRELESS COMMUNICATION METHOD

BENUTZERENDGERÄT UND ENTSPRECHENDES DRAHTLOSKOMMUNIKATIONSVERFAHREN

TERMINAL UTILISATEUR ET PROCÉDÉ DE COMMUNICATION SANS FIL CORRESPONDANT

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 25.09.2014 JP 2014195797

(43) Date of publication of application: 
02.08.2017 Bulletin 2017/31

(73) Proprietor: NTT DOCOMO, INC.
Chiyoda-ku
Tokyo 100-6150 (JP)

(72) Inventors:  
• TAKEDA, Kazuaki

Tokyo 100-6150 (JP)
• YASUKAWA, Shimpei

Tokyo 100-6150 (JP)
• NAGATA, Satoshi

Tokyo 100-6150 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(56) References cited:  
EP-A1- 2 747 477 WO-A1-2013/049520
WO-A1-2013/049768 US-A1- 2013 083 753

• NEC: ’Frequency diversity transmission for 
enhanced coverage MTC’ 3GPP TSG-RAN 
WG1#76 R1-140416 14 February 2014, 
XP050735959 Retrieved from the Internet: 
<URL:http://www. 
3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_76/Docs
/ R1- 140416.zip>

• HUAWEI ET AL.: ’Frequency location scheduling 
for low cost MTC Ues’ 3GPP TSG-RAN WG1#76B 
R1-141117 04 April 2014, XP050786792 Retrieved 
from the Internet: 
<URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_ 76b/Docs/Rl-141117.zip>

• CATT: ’Downlink bandwidth reduction for low 
cost MTC UE for LTE’ 3GPP TSG-RAN WG1#74 
R1-133018 23 August 2013, XP050716247 
Retrieved from the Internet: <URL:http://www. 
3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_74/Docs
/ R1- 133018.zip>



EP 3 200 529 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

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

Background Art

[0002] In a UMTS (Universal Mobile Telecommunica-
tions System) network, long-term evolution (LTE) has
been standardized for the purposes of further increasing
high-speed data rates and providing low delay, etc. (non-
patent literature 1). Furthermore, for the purpose of
achieving further broadbandization and higher speed,
successor systems to LTE (which are called, e.g., LTE
advanced (hereinafter, "LTE-A"), and FRA (Future Radio
Access), etc.) have also been considered.
[0003] However, in recent years, due to reduction in
cost of transmission devices, technological develop-
ments have been actively carried out with respect to ma-
chine-to-machine (M2M) transmission, in which devices
connected to a network which automatically control by
mutual transmission without the use of human hands. In
particular, 3GPP (Third Generation Partnership Project)
have made progress in the standardization of MTC (Ma-
chine Type Communication) optimization among M2Ms
as a machine-to-machine cellular system (non-patent lit-
erature 2). It is conceivable for an MTC terminal to be
utilized over a vast range of fields, e.g., electric (gas)
meters, automatic vending machines, vehicle bodies, or
other industrial machines, etc.

Citation List

[0004] US 2013/083753 A1 relates to a system for sup-
porting communications at a reduced bandwidth with a
full bandwidth network such as a long-term evolution LTE
network. According to the document, inband assign-
ments such as downlink assignments and/or uplink
grants may be provided and/or received and transmis-
sions may be monitored and/or decoded based on the
inband assignment. Additionally, information associated
with an ePDCCH may be provided and/or received and
ePDCCH resources may be monitored and/or decoded
based on such information.
[0005] An indication for support of a reduced band-
width by the full bandwidth network may also be provided
and/or received and control channels in the reduced or
narrow bandwidth may be monitored and/or decoded
based on the indication.

Non-Patent Literature

[0006]

Non-Patent Literature 1: 3GPP TS 36.300 "Evolved

Universal Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access Network
(E-UTRAN); Overall description; Stage 2".
Non-Patent Literature 2: 3GPP TS 36.888 "Study on
provision of low-cost Machine-Type Communica-
tions (MTC) User Equipment (UEs) based on LTE
(Release 12)".

Summary of Invention

[0007] The invention is defined by the independent
claims. Embodiments are defined by the dependent
claims.

Technical Problem

[0008] Among MTC terminals, there has been an in-
creasing demand for low-cost MTC terminals (low-cost
MTC UEs) that can be implemented in simple hardware
structures to have improvements in regard to cost and
cellular system coverage areas. In regard to lowering
cost of MTC terminals in LTE systems, implementation
of a configuration in which the bandwidth utilized in a
physical downlink shared channel (PDSCH) is made nar-
rower than the system bandwidth, i.e., a configuration
that is limited to a narrower bandwidth than that of normal
terminals, is being considered.
[0009] However, a configuration in which the system
bandwidth and the shared channel bandwidth differ has
not been foreseen by conventional communication sys-
tems. Accordingly, if a conventional control signal (PD-
CCH (Physical Downlink Control channel), etc.), which
assumes that the system bandwidth and the shared
channel bandwidth are the same, is utilized in a low-cost
MTC terminal, there are problems with not being able to
attain a reduction in cost and with an unnecessary com-
munication overhead occurring.
[0010] Accordingly, it is also conceivable to provide a
configuration which reduces the bandwidth allocated for
control signals; however, in such a case, how to allocate
the control signals becomes a problem. Furthermore, if
the control signals that are used in the demodulation of
the data signals is allocated in the narrow bandwidth in
the same manner as the data signals, how to allocate
the control signals and the data signals becomes a prob-
lem.
[0011] The present invention has been devised in view
of the above discussion, and it is an object of the present
invention to provide, in an LTE system, a radio base sta-
tion, a user terminal and a radio communication method
which can appropriately carry out communication even
in the case where a bandwidth utilized in the transmis-
sion/receiving of data signals and control signals is con-
figured narrower than the system bandwidth.

Solution to Problem

[0012] According to the user terminal of the present
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invention, a user terminal is configured to carry out com-
munication with a radio base station using a narrow band-
width that is limited to a narrower bandwidth than a sys-
tem bandwidth. The user terminal includes a decision
section configured to decide a frequency position for the
narrow bandwidth to be arranged, based on given infor-
mation; and a receiving section configured to receive a
control signal and a data signal that are allocated on the
narrow bandwidth based on the frequency position. The
narrow bandwidth is arranged at different frequency po-
sitions per a predetermined period of time.

Technical Advantageous of Invention

[0013] According to the present invention, in an LTE
system, communication can by appropriately carried out
even in the case where a bandwidth utilized in the trans-
mission/receiving of data signals and control signals is
configured narrower than the system bandwidth.

Brief Description of Drawings

[0014]

FIG. 1 shows diagrams of examples of allocations
of narrow bandwidths used in a user terminal with a
limited bandwidth.
FIG. 2 is an illustrative diagram of system information
allocation, according to a first example.
FIG. 3 is an illustrative diagram of a different example
of system information allocation, according to the
first example.
FIG. 4 is an illustrative diagram of EPDCCH alloca-
tion, according to a second example.
FIG. 5 is an illustrative diagram of EPDCCH and PD-
SCH allocation, according to a third example.
FIG. 6 is an illustrative diagram of a specific example
of EPDCCH and PDSCH allocation, according to the
third example.
FIG. 7 is an illustrative diagram of signal allocation
in a coverage enhancement mode.
FIG. 8 is an illustrative diagram of a schematic con-
figuration of a radio communication system of ac-
cording to an illustrated embodiment of the present
invention.
FIG. 9 is an illustrative diagram of an overall config-
uration of a radio base station according to the illus-
trated embodiment of the present invention.
FIG. 10 is an illustrative diagram of a functional con-
figuration of the radio base station according to the
illustrated embodiment of the present invention.
FIG. 11 is an illustrative diagram of an overall con-
figuration of a user terminal according to the illus-
trated embodiment of the present invention.
FIG. 12 is an illustrative diagram of a functional con-
figuration of the user terminal according to the illus-
trated embodiment of the present invention.

Description of Embodiments

[0015] As described above, in order to achieve a low-
cost MTC terminal (low-cost MTC UE), limiting the band-
width of the downlink data channel (PDSCH) used in
downlink data signals to a predetermined narrow band-
width is being considered. For example, it is conceivable
to carry out communication by limiting the downlink data
channel to 6 resource blocks (RB, PRB (Physical Re-
source Block)). Furthermore, limiting the reception RF
(e.g., setting the reception RF of the user terminal to 1)
in the user terminal is also under consideration.
[0016] Accordingly, in addition to the downlink data sig-
nal, it is conceivable to also limit the bandwidth that the
user terminal utilizes to a narrow bandwidth (e.g.,
1.4MHz) with regard to the control signal transmitted in
the downlink (system information, downlink control infor-
mation (DCI), etc.), and data signals and control signals
transmitted on the uplink.
[0017] Furthermore, if a user terminal that has such a
limited bandwidth is operated in an LTE system, it is nec-
essary to design the user terminal so as to operate on
an LTE system bandwidth, in consideration of the com-
patibility thereof with existing user terminals (normal UEs,
non-MTC UE Category 0 UE); for example, by providing
a design to support frequency-division-multiplexing be-
tween the limited bandwidth user terminal (low-cost MTC
UE, Category 1 UE, etc.) and a user terminal (normal
UE) that carries out communication on the system band-
width without the bandwidth being limited. Furthermore,
it is conceivable to design the limited bandwidth user ter-
minal so as to only support a predetermined bandwidth
(e.g., 1.4MHz) RF in the uplink (UL) and in the downlink
(DL).
[0018] However, if the user terminal carries out com-
munication in the limited narrow bandwidth of the system
bandwidth, a problem occurs with how to arrange the
narrow bandwidth in a frequency axis direction. FIG. 1
shows diagrams of examples of allocations of narrow
bandwidths used in a user terminal with a limited band-
width. For example, it is conceivable to carry out com-
munication with the position of the narrow bandwidth
fixed (e.g., fixed at a center frequency of the system band-
width) with respect to the frequency axis direction (see
FIG. 1A). In this case, since the narrow bandwidth to be
utilized is already determined, there is little burden on
the transmission/receiving control in the user terminal,
however, since a frequency diversity effect cannot be
obtained, there is a risk of the frequency utilization effi-
ciency deteriorating.
[0019] The inventors of the present invention con-
ceived the idea of obtaining a frequency diversity effect
by changing a given timing of the narrow bandwidth used
by the user terminal when carrying out communication
(see FIG. 1B). In addition, with regard to data signal al-
location, the inventors of the present invention paid at-
tention to the problem of the signaling overhead becom-
ing very large when using resource allocation control
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channel information (DCI) in a conventional LTE system,
since the DCI is designed to map resources over the
entire system bandwidth.
[0020] Based on this perspective, the inventors of the
present invention arrived at the present invention upon
examining resource allocation and sequences for obtain-
ing an ideal frequency diversity effect for signals in an
LTE system even in the case where a narrow bandwidth
is used the transmission of data signals and control sig-
nals. According to the present invention, the frequency
utilization efficiency can be improved. Furthermore, the
DCI overhead amount in data signal allocation can be
reduced.
[0021] Details of examples of specific embodiments
will be hereinbelow discussed while referring to the draw-
ings. It should be noted that in the below discussion a
low-cost MTC terminal is assumed as the user terminal;
however, the present invention is not limited thereto. Fur-
thermore, a frequency position indicates a narrow band-
width frequency resource, and can be expressed as, e.g.,
a center frequency or bandwidth that constitutes a narrow
bandwidth.

(First Example: System Information)

[0022] The first example relates to the allocation of the
frequency position of the system information.
[0023] In a conventional LTE system, basic system in-
formation (MIB (Master Information Block)) transmitted
on a PBCH and system information (SIB (System Infor-
mation Block)) transmitted in a downlink shared channel
(PDSCH) are transmitted for Idle mode UEs in a fixed
manner in a predetermined bandwidth (e.g., 1.4MHz
(6RB)) in the center of the system bandwidth.
[0024] Whereas, in the first example, although the
PBCH and part of the SIB (e.g., indicated as SIB-X) is
transmitted in the center of the system bandwidth, the
remainder of the SIB is transmitted in a different band-
width from the center of the system bandwidth.
[0025] Specifically, by including information that indi-
cates the frequency position at which an SIB (e.g., indi-
cated as SIB-Y) other than SIB-X is located in the broad-
cast information of the PBCH and SIB-X (e.g., SIB1, etc.),
it is possible to change the frequency position of this other
SIB.
[0026] FIG. 2 shows an example of system information
allocation according to the first example. While the PBCH
and the SIB-X (e.g., X=1) are allocated at a fixed region
(e.g., a width of 1.4MHz) at the system bandwidth center,
the SIB-Y (e.g., Y>X) is allocated at a different region
from the system bandwidth center.
[0027] It should be noted that broadcast information,
etc., can be configured for transmission dedicated to
MTCs. In such a case, although an MTC terminal can
receive (recognize) broadcast information, a normal ter-
minal cannot. Accordingly, even basic system informa-
tion can be allocated at a location other than at the center
of the system bandwidth. For example, the SIB can be

transmitted using a plurality of predetermined frequency
positions.
[0028] Information on the frequency position for SIB
allocation for dedicated use in an MTC can be preset in
the user terminal, or can be notified by inclusion in the
PBCH. Furthermore, information on the frequency posi-
tion can include, e.g., a bitmap indicating a radio resource
position to which an SIB is allocated per subframe, a
radio resource start position, the number of RBs of the
radio resource, and a hopping pattern of the allocation
radio resource, etc.
[0029] FIG. 3 shows a different example of system in-
formation allocation according to the first example. In this
example, two frequency positions at which SIB-X alloca-
tion is possible are set (candidate position 1, and candi-
date position 2); however, the number of frequency po-
sitions (candidate positions) at which allocation is possi-
ble is not limited thereto.
[0030] In the case of retransmission of the same broad-
cast information at different frequency positions, a better
frequency diversity effect can be obtained than in the
case of a fixed frequency position. For example, in FIG.
3, a frequency diversity effect can be obtained by retrans-
mitting the same broadcast information at candidate po-
sition 1 and candidate position 2 in different subframes.
[0031] A random access procedure will be discussed
hereinbelow. In the random access procedure, the user
terminal transmits a PRACH (Physical Random Access
channel) to a radio base station based on predetermined
broadcasting information. Furthermore, the radio base
station transmits an RAR grant (Random Access Re-
sponse grant) on the PDSCH upon receiving the PRACH.
[0032] In a conventional LTE, the radio base station
transmits a PDCCH (including an RA-RNTI (Random Ac-
cess Radio Network Temporary Identifier)) that indicates
the RAR grant allocation. The PDCCH includes resource
allocation information that indicates the radio resource
which the RAR grant has allocated.
[0033] In the first example, the radio base station trans-
mits an enhanced PDCCH (EPDCCH: Enhanced Phys-
ical Downlink Control channel), which indicates the RAR
grant allocation, in the frequency position to which the
broadcast information is arranged, and transmits the PD-
SCH on which the RAR grant is provided at the frequency
position at which the enhanced PDCCH is transmitted.
Accordingly, the user terminal can implicitly assume the
frequency position of the RAR grant.

(Second Example: EPDCCH)

[0034] The second example, which relates to a phys-
ical downlink control channel allocation method after sys-
tem information has been obtained and an RRC connec-
tion has been established, will be discussed hereinbelow.
In this example, since the user terminal needs to receive
the physical downlink control channel using a narrow
bandwidth, an enhanced PDCCH (EPDCCH) that is fre-
quency-division-multiplexed with a PDSCH is utilized,
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rather than using an existing PDCCH. By utilizing an EP-
DCCH in this manner, the user terminal can limit the
bandwidth that monitors the EPDCCH to within a prede-
termined bandwidth (e.g., 1.4MHz).
[0035] In the second example, the EPDCCH frequency
position is notified by RRC signaling. For example, the
frequency position can be notified at a predetermined
time period unit. As one example, a group of frequency
positions can be notified per unit of a plurality of sub-
frames, such as: subband (SB)#5 at subframe (SF)#0,
SB#1 at SF#1, SB#10 at SF#2, etc. It should be noted
that the frequency band associated with a subframe is
not limited to a subband, providing that the frequency
band is a predetermined bandwidth that is allocated to a
predetermined frequency position. Alternatively, the as-
sociation between the subframe numbers and the pre-
determined frequency bandwidths (e.g., subbands) can
be predefined.
[0036] FIG. 4 shows a diagram of an example of EP-
DCCH allocation in the second example. The frequency
position allocated in the EPDCCH is hopped every sub-
frame.
[0037] The notification of the EPDCCH frequency po-
sition can include, e.g., a bitmap indicating the radio re-
source position that allocates the EPDCCH per sub-
frame, the allocation radio resource start position, and
the number of RBs of the allocation radio resource. It
should be noted that the frequency position notification
is not limited to RRC signaling. For example, information
on the EPDCCH frequency position can be included in
the PBCH, SIB-X and SIB-Y, etc., that are mentioned in
the first example.
[0038] Furthermore, the frequency position that mon-
itors the EPDCCH can be called a "search space". A
search space allocated (set) in the second example may
be a common search space that is common with a plu-
rality of user terminals, or may be a user-terminal specific
search space (UE-specific search space) that is different
for every user terminal. Furthermore, the common search
space and the user-terminal specific search space may
be configured to be allocated in different subframes.
[0039] The subframes to which a common search
space is allocated and the subframes to which a user-
terminal specific search space is allocated may be pre-
determined, or may be informed to the user terminal from
a radio base station by higher layer signaling (e.g., RRC
signaling), or broadcast information (e.g., SIB-X). For ex-
ample, common search spaces may be allocated to
even-numbered subframes (subframe #0, #2, ...), and
user-terminal specific search spaces may be allocated
to odd-numbered subframes (subframe #1, #3, ...).
[0040] Furthermore, the allocation timing of the search
spaces (the search space allocation period, the subframe
index, and the offset, etc.) also may be notified to the
user terminal by RRC signaling.

(Third Example: PDSCH)

[0041] The third example concerns the PDSCH fre-
quency position allocation.
[0042] In the third example, in the case where the PD-
SCH is scheduled in the same subframe as that of the
EPDCCH, the PDSCH is allocated to the resource that
is configured in the RRC signaling of the second example.
Whereas, in the case where the PDSCH is scheduled in
subframe that is different to that of the EPDCCH, in order
to obtain a frequency diversity effect, the PDSCH can be
mapped to another frequency position having a prede-
termined bandwidth (e.g., 1.4MHz).
[0043] Note that the scheduling of the PDSCH to a sub-
frame that is different from that of the EPDCCH is called
"cross-subframe scheduling". In subframes to which the
PDSCH is allocated by cross-subframe scheduling, the
user terminal receives the allocated PDSCH without
monitoring the EPDCCH.
[0044] If cross-subframe scheduling is applied, the us-
er terminal monitors the EPDCCH, which is mentioned
in the second example, detects downlink control infor-
mation (DCI), and obtains the frequency position of the
PDSCH allocated to the subsequent subframe.
[0045] In addition, the inventors of the present inven-
tion discovered a problem with the number of DCI re-
source allocation bits becoming large if the mapping of
the PDSCH to an arbitrary region in the system bandwidth
is enabled, thereby increasing the overhead. For exam-
ple, if PDSCH scheduling between subframes is only ap-
plied to the resource allocation region (or an amended
region thereof) of an existing DCI, in order to obtain a
frequency diversity effect, the resource allocation region
ends up increasing.
[0046] Consequently, in regard to PDSCH allocation,
the inventors of the present invention conceived the idea
of obtaining a frequency diversity effect while reducing
the DCI overhead (the number of resource allocation
bits). Specifically, based on this conceived idea, the in-
ventors of the present invention arrived at a configuration
in which a region to which a PDSCH can be allocated is
limited by semi-static signaling (RRC, etc.) while notifying
the user terminal of the actual allocation region by dy-
namic signaling (EPDCCH).
[0047] In the third example, the radio base station con-
figures a radio resource candidate, to become a prede-
termined PDSCH allocation candidate, for the user ter-
minal. For example, a frequency position that is different
to that of the EPDCCH is configured for the PDSCH as
a radio resource candidate. The radio resource candidate
can be transmitted via higher layer signaling (e.g., RRC
signaling), or via broadcast information (e.g., SIB), etc.
Furthermore, the transmission of the frequency position
of the PDSCH allocation candidate may include, e.g., a
bitmap that indicates the radio resource position allocat-
ing the PDSCH per subframe, the start position of the
allocation radio resource, or the number of RBs of the
allocation radio resource.
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[0048] FIG. 5 is a diagram showing an example of EP-
DCCH and PDSCH allocation of the third example. FIG.
5 shows EPDCCH monitor positions and PDSCH alloca-
tion candidates in four subframes (subframes #0 through
#3).
[0049] For example, in the case where the PDSCH is
scheduled in the same subframe as that of the EPDCCH
in subframe #2, since the EPDCCH monitoring position
and one of the PDSCH allocation candidates overlap
each other, the user terminal can receive the PDSCH at
the frequency position of the EPDCCH monitoring posi-
tion.
[0050] Furthermore, in, for example, the EPDCCH of
subframe #0, if the user terminal detects cross-subframe
scheduling with respect to subframe #1, the PDSCH can
be received by selecting one of the PDSCH allocation
candidates of subframe #1.
[0051] A plurality of radio resource groups can be con-
figured as radio resource candidates. The bandwidth of
each radio resource group is not limited to the bandwidth
of the EPDCCH (e.g., 6RB); a larger bandwidth (e.g.,
8RB, 10RB, etc.) is also possible.
[0052] The radio base station dynamically configures
the PDSCH frequency position with a DCI. Specifically,
a bit field (resource group indicator), which specifies
which of the PDSCH allocation candidates to use, is in-
cluded in the DCI. Furthermore, the bit field can re-read
and use a predetermined field (or a predetermined bit
location) included in a conventional DCI, or can use a
newly specified field. Furthermore, a configuration is pos-
sible in which the bit field is included only in the case
where the DCI indicates cross-subframe scheduling.
[0053] FIG. 6 shows a specific example of EPDCCH
and PDSCH allocation according to the third example.
In FIG. 6, two radio resource groups (Resource group #1
and #2) are set as radio resource candidates. As shown
in FIG. 6A, the frequency positions at which the radio
resource groups are respectively arranged per subframe
may have different configurations.
[0054] FIG. 6B shows an example of a bit field (re-
source group indicator) that is included in the DCI. In FIG.
6, since only two radio resource groups need to be des-
ignated, the corresponding radio resource groups can be
expressed as 0 or 1; note that the bit field configuration
is not limited thereto, the number of bits of the bit field
can be modified if the number of radio resource groups
differ from this configuration.
[0055] The DCI resource allocation region (e.g., the
resource allocation field of DCI format 1A) can indicate
which one of the RBs in the radio resource groups is
allocated to the PDSCH. For example, if the size of the
radio resource group is 6RBs, it is sufficient to allow for
6RBs in the resource allocation region. Accordingly,
since in the third example the size of the resource allo-
cation region can be reduced compared to a RB of a
bandwidth that is the same as that of the system band-
width (100 RBs in the case of the system bandwidth being
20MHz), the overhead can be further lowered.

[0056] As described above, according to the third ex-
ample, since the radio resource groups are transmitted
by higher layer signaling, and resource allocation can be
applied therein, the overhead can be considerably re-
duced.
[0057] Furthermore, according to the third example,
the user terminal no longer needs to read an existing
PDCCH in order to know the resource to which the PD-
SCH is allocated. Hence, the time taken to read the PD-
CCH (the first 1 through 3 symbols of the subframe) can
be used for aligning (tuning) the frequency position of the
downlink (PDSCH), thereby suppressing deterioration of
the reception quality of the PDSCH.
[0058] Note that in the case where a plurality of radio
resource groups are allocated as described above, it is
desirable from the perspective of improvement in fre-
quency utilization efficiency to select an appropriate MCS
(Modulation and Coding Scheme) in accordance with the
reception quality at each radio resource group. Accord-
ingly, in the third example, each user terminal reports a
CQI (Channel Quality Indicator) corresponding to re-
spective radio resource groups to the base station. In the
case where the PUCCH is used to periodically report to
the base station, one PUCCH radio resource can be used
to report the above-mentioned plurality of CQIs to the
base station, or a plurality of PUCCH radio resources
can be used. Furthermore, in the case where the PUSCH
is used to aperiodically report to the base station, the CQI
to be reported can be indicated in an uplink grant.

(Modified Embodiment)

[0059] The above description has been directed to the
case where each example is applied to a downlink, how-
ever, the present invention is not limited thereto. For ex-
ample, each example can be applied to an uplink. The
user terminal can use higher layer signaling (e.g., RRC
signaling) to configure radio resource candidates for al-
locating PRACH, PUSCH (Physical Uplink Shared chan-
nel), etc., and dynamically notify the radio base station
of information that indicates which of the allocation can-
didates is actually going to be transmitted.
[0060] Furthermore, the above description has been
directed to a case where broadcast information, an en-
hanced PDCCH and a PDSCH are transmitted at each
subframe, however, the signal allocation configuration is
not limited thereto. For example, with the aim to enhance
coverage, the signal allocation configuration may also be
applied to a user terminal adapted for a coverage en-
hancement mode which transmits the same data, and/or
low MCS (low coding rate) data over a plurality of sub-
frames.
[0061] FIG. 7 shows an example of signal allocation of
the coverage enhancement mode. In the example of FIG.
7, system information (PSS (Primary Synchronization
Signal)/SSS (Secondary Synchronization Sig-
nal)/PBCH), broadcast information (PSS/SSS/EPD-
CCH/PDSCH), EPDCCH/PDSCH for unicast transmis-
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sion, and PDSCH candidates (allocation candidates) for
unicast transmission, etc., are transmitted from the base
station to the user terminal. In the coverage enhance-
ment mode in FIG. 7, each signal is transmitted over a
plurality of subframes (e.g., two subframes). Further-
more, the number of the plurality of subframes is not lim-
ited to two. In addition, the plurality of subframes may be
continuous subframes or non-continuous subframes.

(Configuration of Radio Communication System)

[0062] The following description concerns the config-
uration of a radio communication system according to an
embodiment of the present invention. In this radio com-
munication system, a radio communication method is
adopted to which the above-described examples are ap-
plied. Furthermore, each communication method can be
applied independently, or in combination.
[0063] FIG. 8 shows an example of a schematic con-
figuration of the radio communication system according
to an embodiment of the present invention. The radio
communication system is an example that employs an
LTE system in a network domain of a machine commu-
nication system. Carrier aggregation (CA) and/or dual
connectivity (DC), which are integrated fundamental fre-
quency blocks each constituting one unit of a system
bandwidth of an LTE system, can be applied to the radio
communication system.
[0064] In the following descriptions, as an example,
the LTE system is configured to have a maximum of
20MHz system bandwidth in both the downlink and the
uplink, however, the LTE system is not limited thereto. It
should be noted that the radio communication system
used can be called SUPER 3G, LTE-A (LTE-Advanced),
or IMT-Advanced, 4G, 5G FRA (Future Radio Access),
etc.
[0065] As shown in FIG. 8, a radio communication sys-
tem 1 includes a radio base station 10, and a plurality of
user terminals 20A, 20B and 20C wirelessly connected
to the radio base station 10. The radio base station 10 is
connected to a host station apparatus 30, and this host
station apparatus 30 is connected to a core network 40.
[0066] The plurality of user terminals 20A, 20B and
20C can carry out communication with the radio base
station 10 within a cell 50. For example, the user terminal
20A (first communication terminal) is a user terminal
(hereinafter "LTE terminal") that supports LTE (Rel-10)
or LTE-Advanced (including Rel-10 onwards), and the
other user terminals 20B and 20C are MTC terminals
(second communication terminals), which are communi-
cation devices in the machine communication system.
Hereinafter, in the case where there is no need to distin-
guish between the user terminals 20A, 20B and 20C,
these will be referred to as simply "user terminal 20".
[0067] It should be noted that the user terminal 20 can
also include stationary communication terminals in addi-
tion to mobile communication terminals. Furthermore,
the user terminal 20 can carry out communication with

other user terminals 20 either directly or via the radio
base station 10.
[0068] The host station apparatus 30 includes, but is
not limited to, an access gateway apparatus, a radio net-
work controller (RNC), and a mobility management entity
(MME), etc.
[0069] In the radio communication system 1, OFDMA
(Orthogonal Frequency Division Multiple Access) is ap-
plied to the downlink and SC-FDMA (Single-Carrier Fre-
quency Division Multiple Access) is applied to the uplink
as radio access schemes. OFDMA is a multi-carrier
transmission scheme to perform communication by di-
viding a frequency band into a plurality of narrow frequen-
cy bands (subcarriers) and mapping data to each sub-
carrier. SC-FDMA is a single carrier transmission
scheme to reduce interference between terminals by di-
viding, per terminal, the system bandwidth into bands
formed with one or continuous resource blocks, and al-
lowing a plurality of terminals to use mutually different
bands. Note that the uplink and downlink radio access
schemes are not limited to the above combinations.
[0070] In the radio communication system 1, a down-
link shared channel (PDSCH: Physical Downlink Shared
Channel) that is shared by each user terminal 20, a
broadcast channel (PBCH: Physical Broadcast channel),
and an L1/L2 control channel, etc., are used as downlink
channels. User data and higher layer control information,
and a predetermined SIB (System Information Block) are
transmitted on the PDSCH. Furthermore, an MIB (Master
Information Block) is transmitted on the PBCH.
[0071] The downlink L1/L2 control channel includes a
PDCCH (Physical Downlink Control Channel), an EPD-
CCH (Enhanced Physical Downlink Control Channel), a
PCFICH (Physical Control Format Indicator Channel),
and a PHICH (Physical Hybrid-ARQ Indicator Channel),
etc. Downlink control information (DCI), etc., which in-
cludes PDSCH and PUSCH scheduling information, is
transmitted by the PDCCH. The number of OFDM sym-
bols used in the PDCCH is transmitted by the PCFICH.
A HARQ delivery acknowledgement signal (ACK/NACK)
for the PUSCH is transmitted by the PHICH. An EPDCCH
that is frequency-division-multiplexed with a PDSCH
(downlink shared data channel) can be used for trans-
mitting the DCI in the same as the PDCCH.
[0072] In the radio communication system 1, an uplink
shared channel (PUSCH: Physical Uplink Shared Chan-
nel) that is shared by each user terminal 20, an uplink
control channel (PUCCH: Physical Uplink Control Chan-
nel), and a random access channel (PRACH: Physical
Random Access Channel), etc., are used as uplink chan-
nels. The PUSCH is used to transmit user data and higher
layer control information. Furthermore, the PUCCH is
used to transmit downlink radio quality information (CQI:
Channel Quality Indicator), and delivery acknowledge-
ment signals. A random access preamble (RA preamble)
for establishing a connection with a cell is transmitted by
the PRACH.
[0073] FIG. 9 is a diagram illustrating an overall con-
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figuration of the radio base station according to the
present embodiment. The radio base station 10 is con-
figured to have a plurality of transmission/reception an-
tennas 101 for MIMO transmission, amplifying sections
102, transmitting/receiving sections 103, a baseband sig-
nal processing section 104, a call processing section 105
and a transmission path interface 106. Furthermore,
each transmitting/receiving section 103 is configured of
a transmitting section and a receiving section.
[0074] User data that is to be transmitted on the down-
link from the radio base station 10 to the user terminal
20 is input from the host station apparatus 30, via the
transmission path interface 106, into the baseband signal
processing section 104.
[0075] In the baseband signal processing section 104,
in regard to the user data, signals are subjected to PDCP
(Packet Data Convergence Protocol) layer processing,
RLC (Radio Link Control) layer transmission processing
such as division and coupling of user data and RLC re-
transmission control transmission processing, MAC (Me-
dium Access Control) retransmission control (e.g.,
HARQ (Hybrid Automatic Repeat reQuest) transmission
processing), scheduling, transport format selection,
channel coding, inverse fast Fourier transform (IFFT)
processing, and precoding processing, and resultant sig-
nals are transferred to the transmission/reception sec-
tions 103. Furthermore, in regard to downlink control sig-
nals, transmission processing is performed, including
channel coding and inverse fast Fourier transform, and
resultant signals are also transferred to the transmis-
sion/reception sections 103.
[0076] Furthermore, the baseband signal processing
section 104 notifies control information (system informa-
tion), for communicating with the cell, to the user terminal
via higher layer signaling (e.g., RRC signaling, broadcast
information, etc.). The information for communication
with the cell includes, e.g., the system bandwidth in the
uplink, and the system bandwidth in the downlink, etc.
[0077] Each transmitting/receiving section 103 con-
verts the baseband signals, output from the baseband
signal processing section 104 after being precoded per
each antenna, to a radio frequency band and transmits
this radio frequency band. The radio frequency signals
that are subject to frequency conversion by the transmit-
ting/receiving sections 103 are amplified by the amplify-
ing sections 102, and are transmitted from the transmis-
sion/reception antennas 101. Based on common recog-
nition in the field of the art pertaining to the present in-
vention, each transmitting/receiving section 103 can cor-
respond to a transmitter/receiver, a transmitter/receiver
circuit or a transmitter/receiver device.
[0078] The transmitting/receiving sections 103 can
transmit and receive control signals, reference signals,
and data signals, etc., on a bandwidth that is limited to a
narrower bandwidth (narrow bandwidth) than that of the
system bandwidth.
[0079] Whereas, in regard to the uplink signals, radio
frequency signals received by each transmission/recep-

tion antenna 101 are amplified by each amplifying section
102. The transmitting/receiving sections 103 receive the
uplink signals that are amplified by the amplifying sec-
tions 102, respectively. The transmitting/receiving sec-
tions 103 frequency-convert the received signals into
baseband signals and the converted signals are then out-
put to the baseband signal processing section 104.
[0080] The baseband signal processing section 104
performs FFT (Fast Fourier Transform) processing, IDFT
(Inverse Discrete Fourier Transform) processing, error
correction decoding, MAC retransmission control recep-
tion processing, and RLC layer and PDCP layer reception
processing on user data included in the input uplink sig-
nals. The signals are then transferred to the host station
apparatus 30 via the transmission path interface 106.
The call processing section 105 performs call processing
such as setting up and releasing a communication chan-
nel, manages the state of the radio base station 10, and
manages the radio resources.
[0081] The transmission path interface 106 performs
transmission and reception of signals with the host sta-
tion apparatus 30 via a predetermined interface. Further-
more, the transmission path interface 106 can perform
transmission and reception of signals (backhaul signal-
ing) with a neighboring radio base station 10 via an inter-
base-station interface (for example, optical fiber, X2 in-
terface).
[0082] FIG. 10 is a diagram illustrating the functional
configurations of the radio base station 10 according to
the present embodiment. Note that although FIG. 10
mainly shows functional blocks of the features of the
present embodiment, the radio base station 10 is also
provided with other functional blocks that are necessary
for carrying out radio communication.
[0083] As illustrated in FIG. 10, the baseband signal
processing section 104 provided in the radio base station
10 includes a control section (scheduler) 301, a trans-
mission signal generating section 302, a mapping section
303, and a reception signal processing section 304.
[0084] The control section (scheduler) 301 controls
scheduling (e.g., resource allocation) of downlink data
signals to be transmitted on a PDSCH, and downlink con-
trol signals to be transmitted on either or both of PDCCH
and enhanced PDCCH (EPDCCH). Furthermore, the
control section 301 also controls the scheduling of down-
link reference signals, etc., such as system information,
synchronization signals, CRS (Cell-specific Reference
Signals), and CSI-RS (Channel State Information Refer-
ence Signal), etc. Furthermore, the control section 301
also controls the scheduling of uplink reference signals,
uplink data signals transmitted on a PUSCH, uplink con-
trol signals transmitted on a PUCCH and/or a PUSCH,
and an RA preamble transmitted on a PRACH. Based
on common recognition in the field of the art pertaining
to the present invention, the control section 301 can cor-
respond to a controller, a control circuit or a control de-
vice.
[0085] The control section 301 controls the transmis-
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sion signal generating section 302 and the mapping sec-
tion 303 to allocate and transmit the control signals and
the data signals on a narrow bandwidth. It is desirable
for the narrow bandwidth to be arranged at a different
frequency position per a predetermined period of time
(e.g., per subframe); note, however that the time arrange-
ment of the narrow band is not limited thereto. For ex-
ample, the frequency position of the narrow bandwidth
can be determined in accordance with different rules of
the even subframes and the odd subframes, or can
change to a different frequency position per unit of a plu-
rality of subframes.
[0086] The control section 301 performs a control to
transmit, as the above-mentioned control signals, system
information (MIB, SIB) and EPDCCH allocated on the
narrow bandwidth (first example, second example). Fur-
thermore, the control section 301 performs a control to
transmit, as the above-mentioned data signals, the PD-
SCH allocated on the narrow bandwidth (third example).
Note that other signals can be allocated on the narrow
bandwidth and transmitted thereon.
[0087] The transmission signal generating section 302
generates DL signals (downlink control signals, downlink
data signals, and downlink reference signals, etc.) based
on instructions from the control section 301, and outputs
the generated signals to the mapping section 303. For
example, the transmission signal generating section 302
generates, based on instructions from the control section
301, a DL assignment that notifies downlink signal allo-
cation information, and a UL grant that notifies uplink
signal allocation information. Furthermore, an encoding
process and a modulation process are carried out on the
downlink data signals in accordance with a coding rate
and modulation scheme that are determined based on
channel state information (CSI), etc., from each user ter-
minal 20. Based on common recognition in the field of
the art pertaining to the present invention, the downlink
control signal generating section 302 can correspond to
a signal generator or a signal generating circuit.
[0088] Based on instructions from the control section
301, the mapping section 303 maps the downlink signal
generated in the transmission signal generating section
302 to radio resources to output to the transmitting/re-
ceiving sections 103. Based on common recognition in
the field of the art pertaining to the present invention, the
mapping section 303 can correspond to a mapping circuit
and a mapper.
[0089] The reception signal processing section 304
performs a receiving process (e.g., demapping, demod-
ulation, and decoding, etc.) on UL signals (e.g., a delivery
acknowledgement signal (HARQ-ACK), data signals
transmitted on the PUSCH) transmitted from the user
terminal. Furthermore, the result of this process is output
to the control section 301.
[0090] Furthermore, the reception signal processing
section 304 may measure, using the received signals,
the reception power (e.g., RSRP (Reference Signal Re-
ceived Power)), the reception quality (RSRQ (Reference

Signal Received Quality)), and the channel state, etc.
Furthermore, the measurement results may be output to
the control section 301.
[0091] Based on common recognition in the field of the
art pertaining to the present invention, the reception sig-
nal processing section 304 can correspond to a signal
processor, a signal processing circuit, or a signal
processing device; or can be configured as a measurer,
a measuring circuit or a measuring device.
[0092] FIG. 11 is a diagram showing an overall struc-
ture of a user terminal according to the present embod-
iment. The user terminal 20 is provided with a plurality
of transmitting/receiving antennas 201 for MIMO com-
munication, amplifying sections 202, transmitting/receiv-
ing sections 203, a baseband signal processing section
204 and an application section 205. Note that each trans-
mitting/receiving section 203 is configured of a transmit-
ting section and a receiving section.
[0093] Radio frequency signals that are received in the
plurality of transmitting/receiving antennas 201 are re-
spectively amplified in the amplifying sections 202. Each
transmitting/receiving section 203 receives a downlink
signal that has been amplified by an associated amplify-
ing section 202. The transmitting/receiving sections 203
perform frequency conversion on the reception signals
to convert into baseband signals, and are thereafter out-
put to the baseband signal processing section 204.
Based on common recognition in the field of the art per-
taining to the present invention, the transmitting/receiv-
ing section 203 can correspond to a transmitter/receiver,
a transmitting/receiving circuit or a transmitting/receiving
device.
[0094] The input baseband signal is subjected to an
FFT process, error correction decoding, a retransmission
control receiving process, etc., in the baseband signal
processing section 204. The downlink user data is for-
warded to the application section 205. The application
section 205 performs processes related to higher layers
above the physical layer and the MAC layer. Further-
more, out of the downlink data, broadcast information is
also forwarded to the application section 205.
[0095] On the other hand, uplink user data is input to
the baseband signal processing section 204 from the ap-
plication section 205. In the baseband signal processing
section 204, a retransmission control transmission proc-
ess (e.g., a HARQ transmission process), channel cod-
ing, precoding, a discrete fourier transform (DFT) proc-
ess, an inverse fast fourier transform (IFFT) process, etc.,
are performed, and the result is forwarded to each trans-
mitting/receiving section 203. The baseband signal that
is output from the baseband signal processing section
204 is converted into a radio frequency band in the trans-
mitting/receiving sections 203. Thereafter, the amplifying
sections 202 amplify the radio frequency signal having
been subjected to frequency conversion, and transmit
the resulting signal from the transmitting/receiving anten-
nas 201.
[0096] FIG. 12 is a diagram illustrating the functional
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configurations of the user terminal according to the
present embodiment. Note that FIG. 12 mainly shows
functional blocks of the features of the present embodi-
ment; the user terminal 20 is also provided with other
functional blocks that are necessary for carrying out radio
communication.
[0097] As illustrated in FIG. 12, the baseband signal
processing section 204 provided in the user terminal 20
includes a control section 401, a transmission signal gen-
erating section 402, a mapping section 403, a reception
signal processing section 404, and a decision section
405.
[0098] The control section 401 obtains the downlink
control signals (signals transmitted on a PDCCH/EPD-
CCH) and the downlink data signals (signals transmitted
on a PDSCH), which were transmitted from the radio
base station 10, from the reception signal processing
section 404. The control section 401 controls generation
of the uplink control signals (e.g., delivery acknowledge-
ment signals (HARQ-ACK), etc.) and the uplink data sig-
nals based on the determination result of whether or not
a retransmission control is necessary for the downlink
control signals and the downlink data signals. Specifical-
ly, the control section 401 controls the transmission sig-
nal generating section 402 and the mapping section 403.
Based on common recognition in the field of the art per-
taining to the present invention, the control section 401
can correspond to a controller, a control circuit or a control
device.
[0099] Furthermore, the control section 401 controls
the reception signal processing section 404 to receive
the control signals and/or the data signals that are allo-
cated on the narrow bandwidth based on information,
input from the decision section 405, on the frequency
position at which the narrow bandwidth is arranged.
[0100] The decision section 405 decides the frequency
position at which the narrow bandwidth is arranged based
on given information, and outputs information on the fre-
quency position at which a predetermined signal is allo-
cated to the control section 401. It should be noted that
this given information can be input from the control sec-
tion 401 via a signal received from the transmitting/re-
ceiving sections 203 via a process performed by the re-
ception signal processing section 404.
[0101] Specifically, the decision section 405 can spec-
ify a frequency position of a different SIB based on infor-
mation on the frequency positions included in a PBCH,
SIB, etc. Furthermore, the decision section 405 may in-
clude, as the given information, information on a plurality
of frequency positions that can allocate MTC-dedicated
broadcast information, or may specify, based on this, the
frequency position at which the broadcast information
(SIB, etc.) is allocated.
[0102] Furthermore, the decision section 405 may
specify a frequency position allocated to an EPDCCH
based on information on a frequency position included
in RRC signaling. Furthermore, the decision section 405
may specify a frequency position allocated to a PDSCH

based on a DCI included in the EPDCCH.
[0103] The transmission signal generating section 402
generates UL signals (uplink control signals, uplink data
signals, and uplink reference signals, etc.) based on in-
structions from the control section 401, and outputs these
UL signals to the mapping section 403. For example, the
transmission signal generating section 402 generates
uplink control signals, such as a delivery acknowledge-
ment signal (HARQ-ACK) and channel state information
(CSI), etc., based on instructions from the control section
401. Furthermore, the transmission signal generating
section 402 generates uplink data signals based on in-
structions from the control section 401. For example, in
the case where a UL grant is included in the downlink
control signal that is transmitted from the radio base sta-
tion 10, the control section 401 instructs the transmission
signal generating section 402 to generate an uplink data
signal. Based on common recognition in the field of the
art pertaining to the present invention, the transmission
signal generating section 402 can correspond to a signal
generator, a signal generating circuit, or a signal gener-
ating device.
[0104] The mapping section 403 maps the uplink signal
generated by the transmission signal generating section
402, based on instructions from the control section 401,
and outputs the generated signal to the transmitting/re-
ceiving sections 203. Based on common recognition in
the field of the art pertaining to the present invention, the
mapping section 403 can correspond to a mapper, a map-
ping circuit or a mapping device.
[0105] The reception signal processing section 404
performs reception processing (e.g., a downlink control
signal transmitted from the radio base station, downlink
data signals transmitted on the PDSCH, etc.) on the DL
signals (e.g., demapping, demodulation, decoding, etc.).
The reception signal processing section 404 outputs the
information received from the radio base station 10 to
the control section 401. The reception signal processing
section 404 outputs, e.g., broadcast information, RRC
signaling, DCIs, etc., to the control section 401.
[0106] Furthermore, the reception signal processing
section 404 may use the received signals to measure the
received power (RSRP), received quality (RSRQ), and
the channel state, etc. Furthermore, the measurement
results may be output to the control section 401.
[0107] Based on common recognition in the field of the
art pertaining to the present invention, the reception sig-
nal processing section 404 can correspond to a signal
processor, a signal processing circuit, or a signal
processing device; or can be configured as a measurer,
a measuring circuit or a measuring device.
[0108] Furthermore, the block diagrams used in the
above description of the present embodiment indicate
function-based blocks. These functional blocks (config-
ured sections) are implemented via a combination of
hardware and software. Furthermore, the implementa-
tion of each functional block is not limited to a particular
means. In other words, each functional block may be

17 18 



EP 3 200 529 B1

11

5

10

15

20

25

30

35

40

45

50

55

implemented by a single device that is physically con-
nected, or implemented by two or more separate devices
connected by a fixed line or wirelessly connected.
[0109] For example, some or all of the functions of the
radio base station 10 and the user terminal 20 may be
implemented by using hardware such as ASICs (Appli-
cation Specific Integrated Circuits), PLDs (Programma-
ble Logic Devices) and FPGAs (Field Programmable
Gate Arrays), etc. Furthermore, the radio base station 10
and the user terminal 20 may be each implemented by
a computer device that includes a processor (CPU), a
communication interface for connecting to a network, a
memory and a computer-readable storage medium that
stores a program(s).
[0110] The processor and memory, etc., are connect-
ed to buses for communication of information. Further-
more, the computer-readable storage medium includes,
e.g., a flexible disk, a magnetic-optical disk, ROM,
EPROM, CD-ROM, RAM, or a hard disk, etc. Further-
more, the program(s) may be transmitted from a network
via electric telecommunication lines. Furthermore, the ra-
dio base station 10 and the user terminal 20 may also
include an input device such as input keys, and an output
device such as a display.
[0111] The functional configurations of the radio base
station 10 and the user terminal 20 may be implemented
using the above-mentioned hardware, may be imple-
mented using software modules that are run by a proc-
essor, or may be implemented using a combination of
both thereof The processor controls the entire user ter-
minal by operating an operating system. Furthermore,
the processor reads a programs, software modules and
data from the storage medium into a memory, and per-
forms the various processes thereof accordingly. The
above-mentioned program only needs to be a program
that can perform the operations described in the above
embodiment on a computer. For example, the control
section 401 of the user terminal 20 may be stored in the
memory, and implemented by the processor operating a
control program, and the other above-mentioned func-
tional blocks can also be implemented in the same man-
ner.
[0112] Hereinabove, the present invention has been
described in detail by use of the foregoing embodiments.
However, it is apparent to those skilled in the art that the
present invention should not be limited to the embodi-
ment described in the specification. For example, the
above-described embodiments can be used separately
or as a combination thereof. The description of the spec-
ification is intended for illustrative explanation only and
does not impose any limited interpretation on the present
invention.

Claims

1. A user terminal (20) communicating with a radio base
station using a narrow bandwidth that is limited to a

part of a system band, the user terminal comprising:

a decision section (405) configured to decide a
frequency position for the narrow bandwidth
based on downlink control information that is no-
tified using a radio resource of an enhanced
physical downlink control channel, EPDCCH;
and
a receiving section (203) configured to receive
a downlink data signal allocated to the narrow
bandwidth based on the frequency position for
the narrow bandwidth,
wherein:

the decision section (405) is further config-
ured to decide a frequency position of the
EPDCCH based on Radio Resource Con-
trol, RRC, signaling, and
the receiving section (203) is further config-
ured to monitor the radio resource of the
EPDCCH in a common search space that
is common to a plurality of user terminals,
wherein the common search space corre-
sponds to a frequency position that moni-
tors the EPDCCH;
the user terminal being characterized in
that:
the receiving section (203) is further config-
ured to use the time taken to read first to
third symbols of a subframe to tune the fre-
quency position for the narrow bandwidth.

2. The user terminal (20) according to claim 1, wherein

the receiving section (203) further configured to
monitor the radio resource of the EPDCCH in
the common search space and a user terminal-
specific search space that varies among user
terminals, and
the common search space and the user termi-
nal-specific search space are allocated to differ-
ent subframes.

3. The user terminal (20) according to claim 1 or 2,
wherein the decision section (405) further configured
to decide a subframe to which the common search
space is allocated on the basis of information pro-
vided from a radio base station.

4. A radio communication method for a user terminal
(20) communicating with a radio base station using
a narrow bandwidth that is limited to a part of a sys-
tem band, the radio communication method compris-
ing:

deciding a frequency position for the narrow
bandwidth based on downlink control informa-
tion that is notified using a radio resource of an
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enhanced physical downlink control channel,
EPDCCH; and
receiving a downlink data signal allocated to the
narrow bandwidth based on the frequency po-
sition for the narrow bandwidth,
wherein:

in the step of deciding, a frequency position
of the EPDCCH is decided based on Radio
Resource Control, RRC, signaling, and
in the step of receiving, the radio resource
of the EPDCCH is monitored in a common
search space that is common to a plurality
of user terminals, wherein the common
search space corresponds to a frequency
position that monitors the EPDCCH;
the method being characterized by com-
prising:
using the time taken to read first to third sym-
bols of a subframe to tune the frequency
position for the narrow bandwidth.

Patentansprüche

1. Benutzerendgerät (20), das mit einer Funkbasissta-
tion unter Verwendung einer schmalen Bandbreite
kommuniziert, die auf einen Teil eines Systembands
begrenzt ist, wobei das Benutzerendgerät umfasst:

einen Entscheidungsabschnitt (405), der konfi-
guriert ist, eine Frequenzposition für die schma-
le Bandbreite basierend auf Downlink-Steuerin-
formationen zu entscheiden, die unter Verwen-
dung einer Funkressource eines verbesserten
physischen Downlink-Steuerkanals, EPDCCH,
gemeldet werden; und
einen Empfangsabschnitt (203), der konfiguriert
ist, ein Downlink-Datensignal zu empfangen,
das der schmalen Bandbreite basierend auf der
Frequenzposition für die schmale Bandbreite
zugeordnet ist,
wobei:

der Entscheidungsabschnitt (405) weiter
konfiguriert ist, eine Frequenzposition des
EPDCCH basierend auf Funkressourcen-
steuerungs-, RRC, Signalisierung zu ent-
scheiden, und
der Empfangsabschnitt (203) weiter konfi-
guriert ist, die Funkressource des EPDCCH
in einem gemeinsamen Suchraum zu über-
wachen, der einer Vielzahl von Benutze-
rendgeräten gemein ist, wobei der gemein-
same Suchraum einer Frequenzposition
entspricht, die den EPDCCH überwacht;
wobei das Benutzerendgerät dadurch ge-
kennzeichnet ist, dass:

der Empfangsabschnitt (203) weiter konfi-
guriert ist, die Zeit zu verwenden, die zum
Lesen erster bis dritter Symbole eines Sub-
frames aufgewendet wird, um die Fre-
quenzposition für die schmale Bandbreite
abzustimmen.

2. Benutzerendgerät (20) nach Anspruch 1, wobei
der Empfangsabschnitt (203) weiter konfiguriert ist,
die Funkressource des EPDCCH in dem gemeinsa-
men Suchraum und einem Benutzerendgerät-spe-
zifischen Suchraum, der unter Benutzerendgeräten
variiert, zu überwachen, und
der gemeinsame Suchraum und der Benutzerend-
gerät-spezifische Suchraum verschiedenen Subfra-
mes zugewiesen sind.

3. Benutzerendgerät (20) nach Anspruch 1 oder 2, wo-
bei der Entscheidungsabschnitt (405) weiter konfi-
guriert ist, einen Subframe, dem der gemeinsame
Subframe zugewiesen ist, auf Basis von Informatio-
nen zu entscheiden, die von einer Funkbasisstation
bereitgestellt werden.

4. Funkkommunikationsverfahren für ein Benutze-
rendgerät (20), das mit einer Funkbasisstation unter
Verwendung einer schmalen Bandbreite kommuni-
ziert, die auf einen Teil eines Systembands begrenzt
ist, wobei das Funkkommunikationsverfahren um-
fasst:

Entscheiden einer Frequenzposition für die
schmale Bandbreite basierend auf Downlink-
Steuerinformationen, die unter Verwendung ei-
ner Funkressource eines verbesserten physi-
schen Downlink-Steuerkanals, EPDCCH, ge-
meldet werden; und
Empfangen eines Downlink-Datensignals, das
der schmalen Bandbreite basierend auf der Fre-
quenzposition für die schmale Bandbreite zuge-
ordnet ist,
wobei:

in dem Schritt zum Entscheiden eine Fre-
quenzposition des EPDCCH basierend auf
Funkressourcensteuerungs-, RRC, Signa-
lisierung entschieden wird, und
in dem Schritt zum Empfangen die Funkres-
source des EPDCCH in einem gemeinsa-
men Suchraum überwacht wird, der einer
Vielzahl von Benutzerendgeräten gemein
ist, wobei der gemeinsame Suchraum einer
Frequenzposition entspricht, die den EPD-
CCH überwacht;
wobei das Verfahren dadurch gekenn-
zeichnet ist, dass es umfasst:
Verwenden der Zeit, die zum Lesen erster
bis dritter Symbole eines Subframes aufge-
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wendet wird, um die Frequenzposition für
die schmale Bandbreite abzustimmen.

Revendications

1. Terminal utilisateur (20) communiquant avec une
station de base radio en utilisant une largeur de ban-
de étroite qui est limitée à une partie d’une bande
de système, le terminal utilisateur comprenant :

une section de décision (405) configurée pour
décider d’une position de fréquence pour la lar-
geur de bande étroite sur la base d’informations
de commande de liaison descendante qui sont
notifiées en utilisant une ressource radio d’un
canal de commande de liaison descendante
physique amélioré, EPDCCH ; et
une section de réception (203) configurée pour
recevoir un signal de données de liaison des-
cendante attribué à la largeur de bande étroite
sur la base de la position de fréquence pour la
largeur de bande étroite,
dans lequel :

la section de décision (405) est en outre
configurée pour décider d’une position de
fréquence de l’EPDCCH sur la base d’une
signalisation de commande de ressources
radio, RRC, et
la section de réception (203) est en outre
configurée pour surveiller la ressource radio
de l’EPDCCH dans un espace de recherche
commun qui est commun à une pluralité de
terminaux utilisateur, dans lequel l’espace
de recherche commun correspond à une
position de fréquence qui surveille
l’EPDCCH ;
le terminal utilisateur étant caractérisé en
ce que :
la section de réception (203) est en outre
configurée pour utiliser le temps mis pour
lire des premier à troisième symboles d’une
sous-trame pour accorder la position de fré-
quence pour la largeur de bande étroite.

2. Terminal utilisateur (20) selon la revendication 1,
dans lequel
la section de réception (203) est en outre configurée
pour surveiller la ressource radio de l’EPDCCH dans
l’espace de recherche commun et un espace de re-
cherche spécifique à un terminal utilisateur qui varie
parmi les terminaux utilisateur, et
l’espace de recherche commun et l’espace de re-
cherche spécifique à un terminal utilisateur sont at-
tribués à différentes sous-trames.

3. Terminal utilisateur (20) selon la revendication 1 ou

2, dans lequel la section de décision (405) est en
outre configurée pour décider d’une sous-trame à
laquelle l’espace de recherche commun est attribué
sur la base d’informations fournies à partir d’une sta-
tion de base radio.

4. Procédé de communication radio pour un terminal
utilisateur (20) communiquant avec une station de
base radio en utilisant une largeur de bande étroite
qui est limitée à une partie d’une bande de système,
le procédé de communication radio comprenant :

une décision d’une position de fréquence pour
la largeur de bande étroite sur la base d’infor-
mations de commande de liaison descendante
qui sont notifiées en utilisant une ressource ra-
dio d’un canal de commande de liaison descen-
dante physique amélioré, EPDCCH ; et
une réception d’un signal de données de liaison
descendante attribué à la largeur de bande étroi-
te sur la base de la position de fréquence pour
la largeur de bande étroite,
dans lequel :

à l’étape de décision, une position de fré-
quence de l’EPDCCH est décidée sur la ba-
se d’une signalisation de commande de res-
sources radio, RRC, et
à l’étape de réception, la ressource radio de
l’EPDCCH est surveillée dans un espace
de recherche commun qui est commun à
une pluralité de terminaux utilisateur, dans
lequel l’espace de recherche commun cor-
respond à une position de fréquence qui
surveille l’EPDCCH ;
le procédé étant caractérisé en ce qu’il
comprend :
une utilisation du temps mis pour lire des
premier à troisième symboles d’une sous-
trame pour accorder la position de fréquen-
ce pour la largeur de bande étroite.
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